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EXECUTIVE SUMMARY 1 

 2 

Nova Scotia Power Inc.’s (NS Power, Company) vision is to be a trusted, customer-focused, 3 

community-based organization that safely, efficiently and cost effectively delivers electricity to 4 

Nova Scotians.  The investments proposed by NS Power in its 2018 ACE Plan are focused on the 5 

value provided to customers, whether through reliability of power production and delivery, 6 

through compliance with regulatory requirements including the adoption of clean, renewable 7 

energy, or through improvements to the customer experience.  These investments are pursued 8 

only where needed in accordance with NS Power’s asset management methodologies, grounded 9 

in affordability for customers. 10 

 11 

In this Application, NS Power is requesting approval from the Board of 105 capital work orders 12 

and the 2018 capital routine program for an aggregate total of $204 million.  The majority of 13 

capital work orders submitted for approval are less than $1 million each: 43 projects are forecast 14 

between $250,000 and $500,000, 34 are forecast between $500,000 and $1 million, and 28 exceed 15 

$1 million.  The 2018 ACE Plan total budget is over $40 million less than the total budget in 16 

2017.  The 2018 total budget is also consistent with what NS Power forecasted in the 2017 ACE 17 

Plan application for anticipated necessary capital investment in 2018. 18 

 19 

NS Power’s ACE Plan Application is critical to NS Power’s capital investments program as it 20 

provides customers, the Nova Scotia Utility and Review Board (Board, UARB), and other 21 

stakeholders with a comprehensive and transparent overview of the Company’s capital 22 

investments for the year ahead.  As with previous ACE Plans, NS Power’s forecast capital 23 

spending in 2018 is focused on providing value to customers.  The benefits and opportunities that 24 

are enabled by NS Power’s 2018 capital program are: 25 

 26 

• The 2018 capital program reduces upward pressure on rates - NS Power’s capital 27 

investments for 2018 are projected to reduce upward pressure on rates and revenue 28 

requirement cumulatively over the next five years.  This takes into account the additional 29 

fixed cost recovery as a result of customer growth achieved through the capital 30 

investments made to serve new customers. 31 
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• The 2018 capital program is focused on maintaining safe and reliable service for 1 

customers - The 2018 capital plan is required for sustaining and compliance capital work 2 

on the Company’s system.  These projects include rebuilding or refurbishing aging and 3 

deteriorated plant and equipment, compliance with Provincial regulations and continuing 4 

to improve the reliability of the distribution and transmission system for customers.  The 5 

Performance Standards came into effect on January 1, 2017, and all transmission and 6 

distribution projects in the 2018 ACE Plan will contribute to meeting those metrics; as 7 

noted by NS Power during the Performance Standards proceeding, no additional capital 8 

investment beyond the regular sustaining capital investments NS Power makes through its 9 

ACE Plan program are required to meet these standards.  In addition, the 2018 capital 10 

spending will include strategic projects, such as Advanced Metering Infrastructure (AMI 11 

Application) pending Board approval, the upgrade of NS Power’s Transmission and 12 

Distribution Work and Asset Management System, and transmission upgrades required to 13 

integrate the Maritime Link. 14 

 15 

• The 2018 capital program continues to place a strong focus on improvements and 16 

efficiencies for customers through investment in Information Technology (IT) – 17 

Increases in IT regulatory and legal compliance, technology turnover and obsolescence, 18 

and cyber-related threats continue to drive corresponding increases in IT-related capital 19 

investments.  This trend related to IT investment began with NS Power’s application for 20 

the Enterprise Resource Planning (ERP) project, and will continue with future strategic IT 21 

projects such as T&D Work & Asset Management in 2018 in accordance with NS Power’s 22 

IT investment plan.1 Accordingly, the 2018 ACE Plan includes several IT projects planned 23 

for subsequent submission. 24 

 25 

• The 2018 capital program enhances customer experience – NS Power is committed to 26 

improving the customer experience and is doing so through valuable capital investments, 27 

largely in IT.  Some customer experience projects have already been completed, 28 

                                                      
1 2017 ACE Plan, NSUARB IR-71 Attachment 1, M07745, January 5, 2017.  
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improving areas such as outage information and customer self-service.  These investments 1 

will continue into 2018 and beyond.  2 

 3 
• The 2018 capital program is an investment in communities throughout Nova Scotia – 4 

Each year the Company invests millions of dollars in capital assets in communities 5 

throughout the province where they are needed most.  Transmission and distribution 6 

capital investments in 2018, for example, provide direct reliability benefits to all counties 7 

in which they are undertaken.  For example, over $3 million will be invested in Yarmouth 8 

County, over $9 million in Halifax County, and over $12 million on Cape Breton Island.  9 

Millions in capital investments associated with the 2018 ACE Plan are distributed 10 

throughout all of Nova Scotia.  These investments provide direct benefits to communities 11 

across the Province and the customers served in those communities.  NS Power is 12 

committed to continued investment in all Nova Scotian communities now and into the 13 

future, providing customers with affordable, safe and reliable service.  14 

 15 

• The changing industry environmental landscape will result in innovative solutions 16 

that change the way NS Power serves customers into the future - The Company and 17 

customers have undertaken a significant evolution over the last decade with the transition 18 

from fossil fuel based generation to renewable generation and through compliance with 19 

emissions hard caps. Since 2005, NS Power has tripled its renewable generation to 28 20 

percent as of the end of 2016. Over the same period, greenhouse gas emissions were 21 

reduced by 34 percent.  This reduction, in compliance with Provincial requirements, 22 

surpasses the Federal target of reducing CO2 emissions by 30 percent from 2005 levels by 23 

2030.  In addition, in 2016, installed wind generation on the NS Power system reached 24 

approximately 600 MW.  NS Power remains on track to reach 40 percent renewable 25 

generation by 2020. 26 

 27 
Given new Federal and Provincial carbon reduction requirements coming forward in the 28 

future, Nova Scotia will continue to make transitions into a cleaner future.  In addition, the 29 

electric industry and electricity customers are together seeing change through 30 

opportunities presented through new technologies.  The provision of electricity service 31 
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will look and feel different for customers in the future.  A recent example of an innovative 1 

capital project brought forward by NS Power and approved by the UARB was the 2 

Intelligent Feeder project approved in 2017 which will explore the viability of grid scale 3 

battery storage systems, their value in supporting the integration of variable renewable 4 

energy, and the provision of other reliability services on the power system.  Innovation 5 

projects will prepare NS Power for the future impact of renewable energy and evolving 6 

customer expectations; some will enable the Company to respond to Federal and 7 

Provincial environmental policy, while others will position the Company to bring 8 

improved solutions to customers to meet their needs and expectations in a changing 9 

electrical landscape. 10 

 11 

• The 2018 ACE Plan is designed to achieve improvements in regulatory efficiency - 12 

The capital investments proposed in the ACE Plan are vetted and planned in accordance 13 

with the UARB-approved asset management ranking methodologies.2  These are provided 14 

in the Capital Expenditure Justification Criteria (CEJC) which confirms proper 15 

prioritization of annual investments for customers pursuant to the approved ranking 16 

methodology.  All projects within the 2018 ACE Plan are in compliance with the CEJC.  17 

In an effort to reduce the number of filings throughout 2018, and increase the transparency 18 

of the Company’s 2018 planned capital expenditures, NS Power included a larger number 19 

of capital projects for approval in the 2018 ACE Plan.  The 2017 ACE Plan included 71 20 

projects for approval, compared to 105 in the 2018 ACE Plan.  This reduces the number of 21 

projects forecast for subsequent approval throughout 2018.  This effort will create better 22 

regulatory efficiency for the Board, regulatory participants and NS Power.  In addition, 23 

prior to filing this Application, NS Power met with customer representatives to provide an 24 

overview of the 2018 ACE Plan.  NS Power has made a “no surprises” commitment to 25 

interested parties that it will engage with them and seek their feedback in advance of all 26 

major filings before the UARB and has been doing so throughout the past year.  NS Power 27 

is committed to continuing with this approach with a view to better transparency and 28 

                                                      
2 Summary CEJC, approved by the UARB October 24, 2017, M08278. 
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mutual understanding of concerns and areas of interest, and of continuing to gain 1 

regulatory efficiencies for the Board and regulatory participants. 2 
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2018 ACE PLAN STRUCTURE 1 

 2 

The 2018 Annual Capital Expenditure (ACE) Plan application is intended to provide the UARB, 3 

regulatory participants, and customers with a comprehensive and transparent view of NS Power’s 4 

planned capital expenditures for 2018.  The following provides an overview of how the 2018 5 

ACE Plan is organized.   6 

 7 

• Section 1.0 - Introduction - This section provides a high-level summary of the overall 8 

expenditures in the 2018 ACE Plan, including a breakdown of expenditures into various 9 

categories such as sustaining and strategic capital, as well as a forecast of expenditures in 10 

those categories for the next five years. 11 

 12 

• Section 2.0 - Asset Class Overview - This section provides narratives for Generation, 13 

Transmission & Distribution, and General Plant asset classes, highlighting factors 14 

influencing capital investments in each area. It also provides descriptions of emerging 15 

trends influencing the Company’s capital investments now and into the future.  These 16 

include Innovation and Customer Experience initiatives. 17 

 18 

• Section 3.0 - 2017 ACE Plan Follow-Up - This section addresses the status of items from 19 

the 2017 ACE Plan, including a list of capital items pending submission in 2017 from the 20 

2017 ACE Plan, the 2017 ACE Plan deferred and cancelled items, and the outcome of the 21 

2017 ACE Plan stakeholder engagement process.  This section responds to the Board’s 22 

2017 ACE Plan directive to include a list of projects which appear as items for subsequent 23 

submission in a prior year’s ACE Plan filing, which have not been submitted for approval 24 

at the time of an ACE Plan filing, but which NS Power intends to submit by the end of the 25 

calendar year.3 26 

 27 

• Section 4.0 - 2018 ACE Plan Summary - This section provides a summary of all 2018 28 

capital expenditures.  These include the list of projects for which NS Power is seeking 29 
                                                      
3 2017 ACE Plan, UARB Order, M07745, April 4, 2017. 
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approval, the list of projects forecast for subsequent submission, the list of projects with a 1 

value of less than $250,000, and the list of projects for the Point Aconi Generating station.  2 

Capital projects under $250,000 and Point Aconi projects do not require UARB approval 3 

under the Public Utilities Act4; however, the Company has traditionally included them in 4 

its ACE Plan for information purposes and to provide a complete picture of all annual 5 

capital expenditures on NS Power’s system. 6 

 7 

• Section 5.0 - Generation - This section lists all Generation capital projects submitted for 8 

approval, as well as related carry-over spending.  Generation assets generate electricity 9 

through a variety of methods and fuel sources, including hydro, coal, oil and gas, biomass, 10 

and wind. 11 

 12 

• Section 6.0 - Transmission - This section lists all Transmission capital projects submitted 13 

for approval, as well as related carry-over spending.  Transmission assets transmit 14 

electricity from the generation plants to the distribution system throughout the province.  15 

Transmission includes assets and equipment operating at 69 kV level or higher. 16 

 17 

• Section 7.0 - Distribution - This section lists all Distribution capital projects submitted 18 

for approval, as well as related carry-over spending.  Distribution assets include 19 

equipment for delivering electric energy from points on the transmission system to 20 

customers served at voltages below 69 kV. 21 

 22 

• Section 8.0 - General Plant - This section lists all General Plant capital projects 23 

submitted for approval, as well as related carry-over spending.  General Plant assets 24 

include computer infrastructure and communication equipment, which comprise the 25 

majority of capital expenditures incurred under this function.  Other items such as office 26 

equipment, vehicles, construction equipment, buildings (except generating and substation 27 

facilities) are also included under this function. 28 

                                                      
4 Public Utilities Act R.S.N.S., c.380, as amended s. 35 and 36. 
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• Section 9.0 - Routine Capital Program - This section lists all Routine Capital items, by 1 

Generation, Transmission, Distribution, and General Plant submitted for approval.  2 

Routine capital items are recurring annual expenditures for replacement of equipment 3 

(like-for-like replacement), additions to existing equipment base resulting from system 4 

growth, and addition of customers to the system. 5 

 6 

• Section 10.0 - Directives and Miscellaneous – This section provides information from 7 

the Company in response to the various directives issued by the Board in respect to the 8 

Company’s ACE Plan over the years as well as other miscellaneous information 9 

traditionally included in the Company’s Application.  The Board’s directives include 10 

requests for information on revenue requirement impacts, transmission and distribution 11 

investment reliability impacts, and the ranking of projects submitted in the ACE Plan for 12 

approval. 13 

 14 

The 2018 ACE Plan also includes the following information provided as separate appendices: 15 

 16 

• Confidentiality Matrix (Appendix A) - The confidentiality matrix provides a listing of 17 

all capital items submitted for approval, their attachments, and their confidential status so 18 

that the Board may evaluate the confidential portions of the ACE Plan.  As it does with all 19 

its filings, NS Power has minimized the information for which it seeks confidential 20 

treatment in this Application in order to facilitate the overall transparency of the ACE 21 

Plan. 22 

 23 

• Database of all 2018 ACE Plan projects in Excel format (Appendix B) - A complete 24 

database of all 2018 ACE Plan projects is provided in Excel format.  This provides the 25 

Board and interested parties a convenient reference of all expenditures in 2018, regardless 26 

of whether they are submitted for approval in the ACE Plan.  Details include Capital Item 27 

Numbers (CI #s), names, functional class, and spend details. 28 

 29 

• Updated Q3 Capital Reports (Appendix C) – NS Power’s Q3 capital reports, initially 30 

submitted to the UARB on October 30, 2017, have been updated with 2018 ACE Plan 31 
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projects submitted for approval and subsequent submittal, and provided in Excel format.  1 

The updated Q3 capital reports provide the Board and stakeholders a comprehensive 2 

listing of the status of all “active” projects (i.e. those that have been submitted to the 3 

UARB or referenced on the ACE Plan subsequent submittal list, and are currently 4 

underway). 5 

 6 

• The Excel version of NS Power’s Long-Term Capital Planning & Revenue 7 

Requirement table found in Section 10.1.1 (Appendix D) - The Excel version of NS 8 

Power’s Revenue Requirement table provides the Board and interested parties the data 9 

required to fully examine the calculation and assumptions used to calculate the revenue 10 

requirement associated with NS Power’s ACE Plan expenditures. 11 
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1.0 INTRODUCTION 1 

 2 

1.1 2018 ACE Plan Summary 3 

 4 

The Company’s overall 2018 capital budget (inclusive of capital projects under $250,000 5 

and Point Aconi projects that do not require UARB approval, carryover spending, capital 6 

routines, and subsequent submittal items) is $355 million.  NS Power is requesting UARB 7 

approval of 105 capital work orders and the 2018 capital routine program, for a total 8 

approval amount of $204 million. 9 

 10 

The increase in capital projects submitted for approval over the 2017 ACE Plan amount of 11 

projects submitted is due to NS Power’s efforts to advance scoping of these projects that 12 

may have otherwise been previously included in the ACE Plan as subsequent submittal 13 

items.  The 2018 ACE Plan forecasts only 24 projects for subsequent submittal during 14 

2018 in the amount of $30 million, compared to 83 subsequent submittal items in 2017 in 15 

the amount of $109 million, a decrease in 59 capital work orders and $79 million.  As a 16 

result, over 80 percent of 2018 capital work orders eligible for UARB submission are 17 

included in the 2018 ACE Plan for review and approval.  In the 2017 ACE Plan, 71 capital 18 

work orders were submitted for approval.  This effort to include more projects for 19 

approval is intended to provide greater transparency to customers, the Board and other 20 

stakeholders with respect to NS Power’s overall planned capital expenditures for 2018.  21 

Including more projects in the ACE Plan for approval rather than for subsequent submittal 22 

later in the year is also intended to create regulatory efficiencies throughout the year by 23 

reducing the number of capital projects subsequently submitted to the Board for approval.  24 

All projects within the 2018 ACE Plan are compliant with the Board approved CEJC. 25 

 26 

Capital expenditures in 2017, and those forecast for 2018, have increased compared to 27 

historical averages due to the inclusion of necessary strategic capital projects.  Strategic 28 

capital investments are generally considered to be those investments that either add new 29 

utility assets or significantly change/replace current utility assets, or how the Company 30 

uses them.  Strategic capital investments, such as the installation of AMI (pending Board 31 
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approval), the upgrade of the transmission and distribution (T&D) Work & Asset 1 

Management system, increased investment related to the Rights-of-Way widening 2 

program, and the completion of Maritime Link transmission system upgrades, require 3 

capital investments in 2018.  Hydro infrastructure investment, which includes re-4 

development of the Mersey Hydro System and a mid-life extension of NS Power’s Wreck 5 

Cove Hydro Generating Station, will contribute to increases in Hydro capital expenditures 6 

in 2019 and beyond. 7 

 8 

Figure 1 and Figure 2 below illustrate NS Power’s total capital budget for 2018 and 9 

forecast spend for 2019 through to 2022, as well as NS Power’s total annual capital 10 

expenditures by function. 11 

 12 

Figure 1: NS Power Total Capital Spend: Historical, Budget and Forecast ($M) 13 

 14 

 15 
F = Forecast, B = Budget in above figure   16 
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Figure 2:  Total Annual Capital Expenditures by Function ($M) 1 

 2 

  
                  

 

 
Actuals 

  

ACE 
Plan Forecast 

Year 2013 2014 2015 2016 2017 2017 2018 2019 2020 2021 2022 

 
    

Q3 F ACE 
Budget 

          

 
 

     
      

Generation 68.4 66.0 110.4 115.8 $124.4 $106.0 116.5 146.9 165.5 155.9 175.8 

New Renewables 15.2 82.8 17.1 - - - - - - - - 

Transmission 31.0 51.0 54.4 57.5 90.4 91.2 $75.7 65.0 57.0 58.0 59.0 

Distribution 62.9 52.8 62.5 68.8 76.1 83.9 $108.1 125.8 121.6 72.9 74.2 

General Plant 29.9 21.7 27.1 66.5 106.0 116.9 $54.6 55.0 43.3 54.9 39.4 

Total   $207.4 $274.3 $271.5 $308.5 $397.0 $398.0 $354.9 $392.6 $387.3 $341.7 $348.4 

       
  

    Note: Figures presented may include $0.1M in rounding differences on some line items. 3 
Note: Includes Maritime Link Transmission Spend that is currently removed from rate base. 4 
 5 

The Company’s capital program continues to focus on sustaining capital assets, 6 

representing cost-effective investments to maintain system performance for customers.  7 

The emphasis continues to be on making timely investments based on equipment 8 

condition and criticality and maintaining the performance of assets for customers. 9 

 10 

Generation, Transmission, Distribution and Information Technology projects in the 2018 11 

ACE Plan are subject to the Board approved project selection and asset management 12 

methodologies pursuant to Section 6.2 of the CEJC.  Only projects that provide the best 13 

value to customers are put forward for approval and completion.  This year, NS Power 14 

expanded its formal asset management practice, creating a new asset management 15 

methodology for technically justified Information Technology projects, based closely on 16 

the Board-approved condition and criticality asset management methodology used to 17 

manage generation, transmission and distribution capital projects. 18 

 19 
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As shown in Figure 3 and Figure 4 below, NS Power’s investments toward sustaining the 1 

Company’s assets, customer driven investments, and investments required by regulatory 2 

or environmental standards are forecast to be relatively stable over the next five years. 3 

 4 

Figure 3:  Breakdown of Capital Forecast by Investment Type ($M) 5 

 6 

  7 
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Figure 4:  Breakdown of Capital Forecast by Investment Type ($M) 1 

 2 

Investment Type5 2018 2019 2020 2021 2022 

Sustaining Capital 207.0 197.2 199.7 201.0 184.1 
Customer Driven 23.9 29.7 29.8 29.9 30.0 
Regulatory / Compliance 50.0 23.0 23.5 23.9 24.4 
LED Streetlight Replacement 4.8 5.5 0.0 0.0 0.0 
Right-of-Way Widening 15.1 15.4 15.4 15.4 15.4 
Maritime Link Transmission 5.8 0.0 0.0 0.0 0.0 
Metro Transmission Upgrades 3.5 0.0 0.0 0.0 0.0 
T&D Work & Asset Management 14.5 28.6  0.0  0.0 0.0 
AMI / Smart Grid 29.0 50.0 50.0 0.0 0.0 
Hydro Infrastructure Investment 1.2 43.2 69.0 71.5 94.5 

  354.9 392.6 387.3 341.7 348.4 
Note: Totals may be off slightly due to rounding. 3 
Note: These figures are the Company’s current forecast.  The accuracy of these estimates will improve over time as new information 4 
informs the potential investments. 5 
 6 

Section 10.1.1 of this Application (Impact of 2018 ACE Plan on Revenue Requirement 7 

and Affordability) shows that NS Power’s capital expenditures for 2018 reduce upward 8 

pressure on rates and revenue requirement cumulatively over the next five years.  This 9 

takes into account the additional fixed cost recovery as a result of customer growth 10 

achieved through these capital investments made to serve new customers. 11 

 12 

1.2 Forecast Capital Spending 13 

 14 

The 2018 ACE Plan and future ACE Plans will continue to focus on capital required to 15 

meet the company’s obligations to provide customers with affordable, safe and reliable 16 

electricity service, together with larger strategic projects.  However, changing 17 

environments and new emerging trends will influence NS Power’s capital investments into 18 

the future.  Furthermore, based on technological trends and customer expectations, 19 

                                                      
5 The Sustaining, Customer Driven, and Regulatory/Compliance Capital portion of the annual forecast in 2018 – 2021 
is more certain than the large scale strategic capital profile.  The Sustaining Capital estimates are built up from well-
established asset management and replacement programs.  Strategic Capital reflects projections of spending in later 
years, and is based on estimates subject to change as project scope becomes better defined. 
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additional capital investments could be required to enable NS Power to meet customers’ 1 

expectations for both service delivery and customer experience. 2 

 3 

1.3 Impact of Performance Standards 4 

 5 

The Performance Standards approved by the UARB relating to metrics in reliability and 6 

customer service are now in effect.6  The majority of T&D projects in the 2018 ACE Plan 7 

will contribute to meeting these performance standards requirements; as noted by NS 8 

Power during the Performance Standards proceeding, no additional capital investment 9 

beyond the regular sustaining capital investments NS Power makes through its ACE Plan 10 

program are required to meet these standards.  Please refer to Section 2.1.2 (Transmission 11 

and Distribution) and Section 10.1.7 (Impact of Reliability Projects) for further detail. 12 

 13 

1.4 Generation Utilization and Optimization 14 

 15 

In 2017, the UARB advised that it would be engaging Synapse Energy Economics Inc. 16 

(Synapse) to undertake an independent analysis of optimal utilization of generation 17 

resources and potential options that may be more economical for Nova Scotia ratepayers 18 

(the Generation Utilization and Optimization study or GUO study).7  The scope of the 19 

exercise is not focused on near-term necessary and prudent capital generation investments 20 

required to serve customers.  The ACE Plan process advances projects required to 21 

maintain safe, reliable and affordable electricity service.  Sustaining the steam generation 22 

fleet through continued prudent and cost effective capital investment, in accordance with 23 

Board-approved methodologies established in the CEJC, is necessary to serve NS Power 24 

customers.  Please refer to Section 2.1.1 (Generation).  25 

                                                      
6 Performance Standards, UARB Order, M07387, December 20, 2016.  
7 Generation Utilization and Optimization Terms of Reference, July 7, 2017, (M08059). 
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1.5 Innovation Initiatives 1 

 2 

Innovation capital projects refer to non-traditional capital investments that focus on 3 

technologies, solutions or enhancements in order to adapt to Federal and Provincial 4 

environmental policy, or to better meet customer needs and expectations within an 5 

evolving electricity sector. 6 

 7 

With a view to minimizing the costs of innovation projects for customers, NS Power is 8 

seeking government funding for certain innovation projects.  Please refer to Section 2.2.1 9 

(Innovation Initiative) for further discussion on the innovation initiative. 10 

 11 

1.6 Customer Experience Projects 12 

 13 

Customers are now accustomed to advanced technologies - such as smart phones and 14 

software applications – and expect service providers to keep pace by offering services as 15 

conveniently as possible, which often requires the integration of new technologies when 16 

delivering services to customers. 17 

 18 

NS Power has pursued improvements to customer interactions with the Company through 19 

customer experience initiatives.  These initiatives are aimed at key customer interactions 20 

and improving the customer’s overall experience with the Company during those 21 

interactions.  Please refer to Section 2.2.2 (Customer Experience) for a discussion of this 22 

initiative. 23 

 24 

1.7 Relief Sought from the Board 25 
 26 

NS Power respectfully requests Board approval of the following, in accordance with 27 

Section 35A of the Public Utilities Act: 28 

 29 

• 105 Capital Items with 2018 budget spending of $92 million and total project 30 

spending of $120 million (please refer to Section 4.2); and 31 
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2.0 ASSET CLASS OVERVIEWS 1 

 2 

2.1 Asset Class Overviews  3 
 4 

This section provides an overview of the traditional asset classes (generation, transmission 5 

and distribution, and general plant) and describes emerging trends that are influencing 6 

capital investment now and are expected to into the future. 7 

 8 

NS Power’s selection of capital investments for generation, transmission, distribution and 9 

information technology (which falls under general plant) is based on the methodologies 10 

described in Section 6.2 of the CEJC.  This allows NS Power to determine how to best 11 

invest sustaining capital in assets critical to the safe and reliable delivery of electricity to 12 

NS Power customers. 13 

 14 

 Generation  2.1.115 

 16 

Generation includes replacements and additions to NS Power’s Thermal, Hydro, Wind, 17 

Tidal, Combustion Turbine and Biomass facilities.  The increase in investment in future 18 

years from the 2017/2018 investment levels is largely attributable to the investment in the 19 

Mersey Hydro System Re-Development and the Wreck Cove Hydro System Life 20 

Extension & Modernization (LEM) projects.  Figure 5, below, illustrates NS Power’s 21 

capital spending on Generation, including historical, forecast and budget.  22 
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Figure 5:  Generation Spend – Historical, Forecast and Budget ($M) 1 

 2 

 3 
F = Forecast, B=Budget in above figure 4 

Figures 6 and 7 provide a breakdown of the 2018 generation spend by investment type.   5 
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Figure 6:  2018 Thermal Spend by Investment Type 1 

 2 

 3 
 4 

Figure 7:  2018 Renewable Generation Spend by Investment Type 5 

 6 

 7 
As noted above, in May 2017, the UARB advised that it would be engaging Synapse to 8 

undertake an independent analysis of optimal utilization of generation resources and 9 

potential options that may be more economical for Nova Scotia ratepayers.  Pursuant to 10 
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the Terms of Reference approved by the UARB on August 22, 2017, the objective of the 1 

GUO study is as follows:  2 

 3 
The main objective of the analysis will be to determine the extent to which 4 
it is cost-effective to ratepayers to retain NSPI’s thermal fleet through 5 
2030, and possibly beyond.  Critically, this will require comparison of the 6 
costs of retention of the thermal fleet to alternative options.  Alternative 7 
options will include some mix of thermal unit retirement (i.e., less than full 8 
retention of the fleet), capacity utilization and energy provision from the 9 
remaining portion of the thermal fleet, and capacity and energy supply (or 10 
avoidance of supply) from replacement resources (i.e., demand-side and 11 
supply side options).  The analysis will strive to address all reasonable 12 
alternatives, including those that require transmission system reinforcement 13 
and/or expansion.  The analysis will assess the sensitivity of the results to 14 
input assumptions that will exhibit different degrees of uncertainty.8 15 

 16 
The GUO study is currently being prepared by Synapse which has indicated that it expects 17 

to file a report with the UARB in early 2018.  NS Power understands the Board is 18 

anticipating a hearing process following the filing of the report.  The scope of the exercise 19 

is not focused on near-term necessary and prudent capital generation investments required 20 

to serve customers.  The ACE Plan process advances projects required to maintain service 21 

to customers for safe, reliable and affordable electricity service.  The 2018 ACE Plan 22 

includes capital investments on steam related generation, totaling approximately $54.7 23 

million in 2018 expenditures.  Sustaining the steam generation fleet through continued 24 

prudent and cost effective capital investment, through Board-approved methodologies 25 

found in the CEJC, is necessary to serve NS Power customers.  The capital investments 26 

provided in the 2018 ACE Plan are required to maintain the generating system for the safe 27 

and reliable provision of electricity to customers.  28 

                                                      
8 Generation Utilization and Optimization, Terms of Reference, M08059, July 7, 2017. 
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NS Power’s selection of generation related capital investment is based on an asset 1 

management approach as described in Section 6.2 of the CEJC.  Asset Management 2 

enables NS Power to determine how to best mitigate risks arising from aging units, 3 

changes in unit utilization, and renewable integration using a range of measures. 4 

 5 

The Company’s asset health and risk profiling methodology determines the condition and 6 

criticality of equipment and allows the most appropriate risk mitigation strategy to be 7 

implemented, including effective investment of sustaining capital.  This enables NS Power 8 

to have the information necessary to prioritize decisions to invest in assets only when 9 

necessary to maintain safety and reliability, while managing costs for customers.  10 

Date Filed:  November 22, 2017          Page 0028 of 2371          REDACTED



2018 Annual Capital Expenditure Plan 
CONFIDENTIAL (Attachment Only) 

 

 
 

Key elements of NS Power’s asset management approach include: 1 

 2 

• fleet-wide asset class programs;  3 

• application of the latest technologies to enhance understanding of asset health;  4 

• effective operational support tools and infrastructure; and 5 

• risk-based inspection programs. 6 

 7 

NS Power engages industry experts to augment the assessment of risks and mitigating 8 

measures for the generation fleet. 9 

 10 

NS Power’s generation asset management approach is focused on optimizing generation 11 

resources by mitigating risks through operating procedures, monitoring and assessing 12 

assets, and capital investment.  The approach also focuses on continuing to develop and 13 

improve asset health profiling and risk assessment as the transformation of the utilization 14 

of the generating fleet continues.  Coal fired generating units will retire in the future.  15 

Until that time, capital investments are still required to meet the electricity demands of NS 16 

Power customers, avoid customer interruptions, and adhere to safety and regulatory 17 

requirements.  These capital investments are also frequently economically justified. 18 

 19 

It is clear there are questions about the future of NS Power’s steam fleet.  Capital 20 

investment in NS Power’s legacy steam fleet is essential to providing reliable electricity 21 

supply to customers while NS Power completes its transition to clean energy generation in 22 

the most cost effective manner for customers.  The total energy production of the coal 23 

fleet declines year over year; however, the value that the coal fired units bring to the 24 

power system persists.  Flexible unit operation responds to the need to integrate variable 25 

renewable generation on the power system.  While valuable, flexibility does result in more 26 

unit starts, stops and load swings, which increase the wear on the units, which contributes 27 

to continued capital investments. 28 

 29 

NS Power is confident that the level of investment proposed for these units in the 2018 30 

ACE Plan is in the best interests of NS Power’s customers and that these investments will 31 
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remain unchanged if, for example, the coal fired generating units are retired on an 1 

advanced timeline. 2 

 3 

A large percentage of the generation projects included in the 2018 ACE Plan are required 4 

to be completed in order for NS Power to be in a position to operate these units.  These 5 

projects are primarily safety-related (e.g. fire protection, high energy piping), a result of 6 

environmental regulations or requirements (e.g. ash site investment), or required to meet 7 

other regulatory requirements such as Department of Labour (DOL) codes (e.g. selective 8 

boiler tube replacement, due to minimum tube wall thickness requirements).  NS Power 9 

will not be able to operate these units if these projects are not completed. 10 

 11 

The Company acts proactively to mitigate risks on assets prior to failure and the 12 

associated outages or unit deratings.  This is the most prudent approach to asset 13 

management and investment, which has been evident in sustained steam unit reliability 14 

(Derated Adjusted Forced Outage Rates (DAFOR)) despite the significant change in unit 15 

utilization triggered by renewables integration. 16 

 17 

Alternative run to failure strategies will result in higher DAFOR, which increases the risk 18 

of safety issues, collateral component damage, potentially high cost replacement energy, 19 

and customer interruptions.  If multiple failures were to occur at the same time, customers 20 

could experience service outages due to a generating capacity shortfall.  A proactive 21 

approach to capital investment maintains operational reliability for the betterment of the 22 

power system.  All projects included in the 2018 ACE Plan are required to be completed 23 

in order for the continued reliable operation of these units, even if changes to present 24 

utilization plans were to call for retirements on an advanced timeline. 25 

 26 

Investment in coal fired units is based on condition assessments and associated 27 

maintenance strategy.  Steam units typically require a planned major outage (such as a 28 

significant turbine or generator investment) every 8 to 10 years, depending on the unit’s 29 

utilization.  In situations where a plant may be anticipated for retirement beyond that 30 
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timeframe, investment is still warranted to allow for the safe and reliable operation of that 1 

unit through to the next planned major outage. 2 

 3 

Many other steam generation projects are justified, in part, on economics.  For these 4 

capital projects included in the 2018 ACE Plan, the majority of projects have a payback 5 

period of less than five years, with the longest payback period being 5.6 years, as outlined 6 

in Section 10.6 – Summary of Economically justified projects.  That is, the benefit that 7 

customers receive in avoided replacement energy and repair cost savings over the first five 8 

years after completing that capital investment outweigh the total capital cost of the project.  9 

In other words, the capital investment is a more cost effective alternative than the “do 10 

nothing” alternative.  In cases like this, if the currently forecasted unit retirement is 11 

outside the payback period window, then that investment is the proper decision. 12 

 13 

As of the time of filing this Application, in the GUO study process, Synapse has proposed 14 

for comment by interested parties, two retirement tracks for coal-fleet retirement.  Even 15 

under the most aggressive of the proposed retirement scenarios, investments will be 16 

required in the coal fleet to preserve the safe and reliable operation of the units to meet the 17 

needs of the system until such time that replacement capacity (be it supply side or demand 18 

side) is available. 19 

 20 

In summary, all generation capital investments in the 2018 ACE Plan are required, 21 

regardless of the future retirement of units, to enable the safe and reliable operation of 22 

these units for customers over the near term.  These projects are either required for 23 

regulatory compliance purposes, to maintain the reliable operation of the units, or are 24 

economically justified with payback to customers provided in less than 5 years in most 25 

cases. 26 

 27 

Port Hawkesbury Biomass 28 

 29 

As an outcome of the 2017 ACE Plan process, NS Power and interested parties agreed to 30 

take consideration of the projects proposed in relation to the Port Hawkesbury Biomass 31 
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(PHB) facility offline to a separate stakeholder consultation process.  Following this 1 

consultation, NS Power reported to the Board and confirmed that the Consumer Advocate 2 

(CA), Small Business Advocate (SBA) and counsel to the IG (Industrial Group) advised 3 

that they did not oppose NS Power proceeding with the 2017 PHB Projects but reserved 4 

the right to further examine the usefulness of the PHB assets in future applications.9  NS 5 

Power subsequently submitted CI 49499 for the 2017 PHB Boiler Refurbishment project 6 

for approval and the Board approved the CI, stating: 7 

 8 
The Board understands refurbishment of the boiler at the Port Hawkesbury 9 
Biomass (“PHB”) Plant is a project that needs to be performed on an 10 
annual basis in order to maintain safe and reliable operation of this unit. 11 
NSPI stated that, in accordance with Section 5(2A) of the Renewable 12 
Electricity Regulations, it is required to maintain the PHB Plant as a base 13 
load cogeneration facility, and operate the plant on an economic dispatch 14 
basis or as required for system reliability.  15 
 16 
In accordance with the Consensus document, the Board withheld its 17 
approval of the PHB Plant projects in its 2017 ACE Plan Decision. The 18 
Board directed NSPI to advise, no later than August 4, 2017, whether the 19 
stakeholders have reached agreement on these projects. 20 
 21 
On June 21, 2017, NSPI provided an update on the stakeholder process 22 
related to the 2017 PHB Plant projects. NSPI stated in part: 23 
 24 

The discussion with stakeholders on the 2017 PHB Projects 25 
took place on May 10, 2017, and was attended by the 26 
Consumer Advocate (CA), Small Business Advocate (SBA), 27 
and counsel to the Industrial Group (IG). 28 
 29 
The CA, SBA and counsel to the IG have advised that they 30 
do not oppose NS Power proceeding with the 2017 PHB 31 
Projects. Stakeholders have, however, indicated that they 32 
reserve the right to further examine the usefulness of the 33 
PHB assets in future applications. 34 
 35 

In its July 31, 2017, letter to the Board regarding the status of stakeholder 36 
discussions of issues outlined in Appendix “A” to the Consensus document, 37 
NSPI confirmed that the parties to the 2017 ACE Plan Proceeding were not 38 
opposing the 2017 PHB Plant capital expenditures. 39 
 40 

                                                      
9 NS Power correspondence to UARB dated June 21, 2017 respecting 2017 PHB Capital Expenditures. 
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Based on the above, the Board accepts this project is necessary and the 1 
corresponding cost is justified. Accordingly, this will confirm that the 2 
Board has approved NSPI’s request in the amount of $593,740, with 3 
respect to this work order.10 4 

 5 

The 2018 ACE Plan includes CI 51818 PHB Boiler Refurbishment for $440,315 for 6 

approval as well as five projects and three routine expenditures, each below the $250,000 7 

threshold.  These expenditures continue to be required in order to maintain safe and 8 

reliable operation of this unit to allow NS Power to comply with the Renewable Electricity 9 

Regulations.  They are required to maintain the PHB plant as a base load cogeneration 10 

facility, and to continue to allow NS Power to operate the plant on an economic dispatch 11 

basis or as required for system reliability. 12 

 13 

Wreck Cove Life Extension and Modernization 14 

 15 

The Wreck Cove Hydro Generating Station was commissioned in 1978.  It is NS Power’s 16 

largest hydro generation station in terms of installed capacity and annual electricity 17 

production, providing approximately 330 GWh a year on average in valuable renewable 18 

generation.  Existing condition assessments, conducted in 2012 and 2013 by external 19 

experts, concluded that there is considerable opportunity to improve equipment condition, 20 

enhance reliability, and invest in end of life equipment, preserving the Wreck Cove Hydro 21 

generating station and the renewable energy it produces. 22 

 23 

The objective of the LEM initiative is to enable the Wreck Cove Generating station to 24 

continue to provide renewable generation and system stability value from a fleet portfolio 25 

perspective for the next 40 years.  This will be done through: 26 

 27 

• Upgrades, refurbishments and replacements necessary to retain existing MW peak 28 

capacity at minimum initial capital outlay. 29 

 30 
                                                      
10 M08177 – UARB Approval of 2017 Capital Work Order (P-128.17), August 4, 2017 (P-128.17). 
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• Upgrades, refurbishments and replacements necessary to maximize the energy 1 

output while maintaining the geographic footprint of the system within the 2 

watershed and staying within current environmental regulatory constraints; 3 

 4 

• Maintaining and/or exceeding typical annual generation profile with stable, 5 

reliable and smooth operation range from low to full load (0-110MW).  Today, the 6 

units have a minimum operating limit of 45MW to mitigate turbine runner 7 

cavitation issues, but greater operating range would assist system operators in wind 8 

integration and load following activities; 9 
 10 

• Investigating various turbine runner options to increase maximum peak output 11 

(MW) with an acceptable efficiency curve and favorable operating range. 12 

 13 

There are no capital investments in the 2018 ACE Plan related to the Wreck Cove LEM 14 

initiative.  However, related preliminary engineering will continue to occur in 2018 with 15 

corresponding capital work order submissions due to be submitted to the UARB as part of 16 

the 2019 ACE Plan.  17 
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Mersey Hydro System Re-Development 1 

 2 

The Mersey Hydro System is comprised of twelve generating units, commissioned 3 

between 1929 and 1955.  It is NS Power’s second largest hydro system with a total 4 

capacity of approximately 45 MW and an average annual generation of 299 GWH. 5 

 6 

Due to the age, condition and dam safety requirements of the Mersey Hydro System, it 7 

requires a re-development of the powerhouses, generating equipment and water retaining 8 

structures in order to continue the generation of renewable energy into the future.  This re-9 

development is currently planned to begin in 2018 (under CI 39472 Mersey Hydro System 10 

Re-Development) and will continue until 2029. 11 

 12 

The broad scope of this re-development will include: 13 

 14 

• Replacement of the six powerhouses on the Mersey System 15 

• Replacement of the 12 generating units within those six powerhouses 16 

• Refurbishment of the dams and water retaining structures 17 

• Refurbishment of the water control structures (spillways and sluiceways) 18 

• Refurbishment of five switchyards 19 

 20 

This re-development is expected to be completed over a 10 to 12 year timeframe, 21 

completing the construction on all components in a staged approach to mitigate the 22 

amount of lost generation due to construction. The current high-level estimate for the 23 

completion of the full scope listed above is approximately $500 - $600 million, based on a 24 

Class 5 estimate.  25 

 26 

 Transmission and Distribution  2.1.227 

 28 

Transmission includes items for replacement, reinforcement or expansion of the 29 

transmission system, which transmits electrical energy from the generation plants to 30 

distribution substations throughout the province.  Transmission includes assets and 31 
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equipment operating at 69 kV or higher.  NS Power operates over 5,000 km of 1 

transmission circuits and related protection, controls and substation equipment.  The 2 

decreased investment in 2018 is primarily driven by Maritime Link transmission work 3 

being largely completed in 2017.  Figure 8 below illustrates NS Power’s capital spending 4 

on Transmission, including historical, forecast and budget. 5 

 6 

Figure 8:  Transmission Spend – Historical, Forecast and Budget ($M) 7 

 8 

 9 
F = Forecast, B=Budget in above figure   10 
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Figure 9 provides a breakdown of the 2018 transmission spend by investment type. 1 

 2 

Figure 9:  2018 Transmission Spend by Investment Type 3 

 4 

 5 
 6 

Distribution includes replacement of and additions to equipment for delivering electricity 7 

from points on the transmission system to customers served at voltages below 69 kV.  NS 8 

Power operates 26,972 km of distribution circuits and related protection, controls and 9 

transformers.  The increased investment levels in 2018-2020 are primarily due to forecast 10 

investment in the Advanced Metering Infrastructure project.  Figure 10 below illustrates 11 

NS Power’s capital spending on Distribution, including historical, forecast and budget.  12 
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Figure 10:  Distribution Spend – Historical, Forecast and Budget ($M) 1 

 2 

 3 
F = Forecast, B=Budget in above figure  4 
 5 

Figure 11 provides a breakdown of the 2018 distribution spend by investment type.  6 

 7 

Figure 11:  2018 Distribution Spend by Investment Type 8 

 9 

 10 
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T&D investment in the 2018 ACE Plan is driven by the asset management approach as 1 

described in Section 6.2 of the CEJC.  The asset management approach evaluates 2 

condition and criticality to determine the failure risk of different asset groups and provides 3 

priorities for the maintenance and replacement of these assets.  NS Power’s asset 4 

management strategy and inspection program results feed up into this selection process, 5 

aimed largely at sustaining capital investments.  This provides NS Power the ability to 6 

appropriately invest in assets only where needed, keeping costs as low as possible for the 7 

benefit of our customers. 8 

 9 

Inspection programs are established for Transmission Line, Substation and Distribution 10 

Line assets.  The frequency for inspection varies by asset class and ranges from on-line 11 

monitoring to monthly or bi-annual assessments.  The inspection results play an important 12 

role in identifying deteriorated equipment and are used to identify and prioritize capital 13 

projects.  Regulatory and compliance requirements also drive T&D projects, such as the 14 

T&D polychlorinated biphenyl (PCB) contaminated equipment replacement projects 15 

included in the 2018 ACE Plan. 16 

 17 

As noted above, the Performance Standards approved by the Board came into effect on 18 

January 1, 2017.11  All T&D projects in the 2018 ACE Plan will contribute to meeting 19 

these performance standards targets.  T&D projects in the 2018 ACE Plan are selected 20 

based on the asset management methodology pursuant to section 6.2 of the CEJC, guiding 21 

investments to where they are needed most.  As noted by NS Power during the 22 

Performance Standards proceeding, no additional capital investment beyond the regular 23 

sustaining capital investments NS Power makes through its ACE Plan program are 24 

required to meet these standards.   25 

 26 

Increases in storm reliability focused investments are being pursued as a result of weather 27 

events such as Post-Tropical Storm Arthur (PTSA).  As a result of the findings of the 28 

PTSA proceeding, increases in the transmission and distribution right-of-way widening 29 

                                                      
11 Performance Standards, UARB Order, M07387, December 20, 2016.    
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routines (T010 and D010, respectively) were proposed in the 2016 ACE Plan.  This year, 1 

consistent with the 2017 ACE Plan and in accordance with the Board’s 2016 ACE Plan 2 

Decision and Order, the investment related to transmission right-of-way widening has 3 

been separated into an individual capital work order for Board approval (CI 51969).  The 4 

increased investment related to D010, the distribution right-of-way widening routine, has 5 

also been separated into an individual capital work order for Board approval (CI 6 

C0001950). 7 

 8 

T&D capital expenditures in the 2018 ACE Plan are benefiting customers by focusing on 9 

sustaining capital to maintain the significant reliability gains achieved in recent years, and 10 

to improve storm related reliability through T010, CI 51969, CI C0001950 and D010. 11 

 12 

Pole Testing  13 

 14 

The UARB’s decision with respect to CI 50772 – 37N‐412 Glooscap Trail Rebuild 15 

provided as follows:  16 

 17 

In response to IR-3, NSPI stated that the average service life for 18 
distribution poles is 38 years; however, verification of the state of pole 19 
deterioration was based on visual inspection rather than on pole testing 20 
methods. The Board will address this issue separately at a later time.12 21 
 22 

The UARB’s decision with respect to CI 49862 – 50N‐410 Trenton Rebuild also 23 

provided as follows:  24 

 25 

NSPI has stated that the existing poles are approximately 52 years old and 26 
have reached the end of their service life. In response to IR-3, NSPI stated 27 
that the average service life for distribution poles is 38 years, however, 28 
verification of the state of pole deterioration was based on visual inspection 29 
rather than on pole testing methods. The Board will address this issue 30 
separately at a later time. 31 

 32 

                                                      
12 CI 50772 – 37N‐412 Glooscap Trail Rebuild, UARB Decision Letter, M07997, August 21, 2017. 
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NS Power’s current practice for evaluating pole condition for replacement 1 
or upgrade is based on visual inspection by a Regional Planner qualified in 2 
assessing distribution assets.  This visual inspection practice has served as 3 
an adequate method for evaluating poles, and feeds into the Board 4 
approved T&D asset management methodology as described in Section 6.2 5 
of the CEJC.13 6 

 7 

NS Power continually explores opportunities to supplement and improve upon its 8 

practices.  As such, NS Power obtained four pole testing drills for distribution poles, one 9 

pole testing drill for transmission poles, and the supporting software.  Preliminary trials 10 

were conducted in 2017 to examine how drilled pole testing might supplement NS 11 

Power’s practice of visual inspections.  NS Power will be developing engineering 12 

practices, work methods and associated processes to incorporate some measure of pole 13 

testing into the T&D inspection and capital management programs in 2018. 14 

 15 

 General Plant  2.1.316 
 17 

General Plant includes information technology, computer infrastructure and 18 

communication equipment, which comprise the majority of capital expenditures incurred 19 

under this function.  Other items such as office equipment, vehicles, and construction 20 

equipment are also included under this function. 21 

 22 

The General Plant function also includes all buildings except generating and substation 23 

facilities.  It primarily pertains to customer service, work depot and head office facilities.  24 

The increased investment in 2017 was driven by the Enterprise Resource Planning (ERP) 25 

project (CI 44671).  Figure 12 below illustrates NS Power’s capital spending on General 26 

Plant, including historical, forecast and budget.  27 

                                                      
13 CI 49862 – 50N‐410 Trenton Rebuild, UARB Decision Letter, M07998, August 21, 2017. 
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Figure 12:  General Plant Spend – Historical, Forecast and Budget ($M) 1 

 2 

 3 
F = Forecast, B=Budget in above figure  4 

 5 

Figure 13 provides a breakdown of the 2018 general plant spend by investment type.  6 

 7 

Figure 13:  2018 General Plant Spend by Investment Type 8 

 9 

 10 
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IT is the largest of asset investments in the General Plant category in the 2018 ACE Plan.  1 

NS Power has historically maintained relatively low investments on IT capital assets to the 2 

benefit of customers.  These low cost investments were aligned to the conditions and 3 

requirements at that time – a period of relative stability with the information technology 4 

platforms which were managed to sustain them and extend their useful life to the 5 

maximum extent possible, as outlined in the information technology investment plan.14 6 

 7 

Over the past several years, there has been an increase in technology requirements. 8 

Drivers influencing the pace of change in NS Power’s technology requirements include: 9 

 10 

1. An increase in customer expectations to access information, control services, and 11 

conduct business with NS Power through multiple technology platforms, making 12 

interactions with NS Power easier and quicker and enabling customers to conduct 13 

business with NS Power 24 hours a day, 7 days a week.  Please refer to Section 14 

2.2.2 below. 15 

 16 

2. An increase in regulatory15 and legal compliance requirements to implement new 17 

controls and provide information in more detail and in a timely manner. 18 

 19 

3. An increase in the level of integration of business processes within the Company 20 

and with external businesses and agencies. 21 

 22 

4. Software vendors increasing the frequency of new releases and expanding the 23 

amount of business functionality. 24 

 25 

5. Acceleration in technology turnover has resulted in increased technology 26 

obsolescence.  27 

                                                      
14 2017 ACE Plan, NSUARB IR-71 Attachment 1, M07745, January 5, 2017. 
15 NS Power is required to comply with the NERC reliability standards that fall under the Critical Infrastructure 
Protection (CIP) program. 
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6. An increase in the volume and sophistication of cyber-related threats. 1 

 2 

NS Power will need to continue to make more investments in its IT assets as a result of 3 

these changes. 4 

 5 

NS Power adopted an IT asset management methodology and justification criteria for 6 

technically justified IT projects, which is based on the Board approved Generation, 7 

Transmission, and Distribution asset management methodology, both of which are found 8 

in section 6.2 of the CEJC.  The IT asset management methodology evaluates assets on 9 

condition and criticality, providing a methodology for NS Power to prioritize and select 10 

those IT projects that are most needed at that time.  NS Power also introduced new 11 

Technical, Customer Experience, and Economic sub-justifications to IT projects contained 12 

in section 17.13 of the CEJC. 13 

 14 

NS Power has a number of major IT assets that are at or near end-of-life.  For example, 15 

the Board approved ERP project (CI 44671), which is nearing completion, and is justified, 16 

in part, by the obsolescence of those assets and their criticality in running the day-to-day 17 

operations of the Company.  Major IT projects and initiatives and their forecasted 18 

timelines are outlined in the Figure 14 below. 19 

 20 

Figure 14:  Schedule of Major IT Projects 21 

 22 

2014 2015 2016 2017 2018 2019 2020 2021 2022  

     
Customer Information 

System (CIS) 
$40M 

   T&D Work & Asset Management    $46M 

 Enterprise Resource Planning (ERP)      $90M 

  CyberSecurity   $15M 

Foundational IT Assets & Services    $28M 

 23 
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All of these large IT projects and initiatives are critical to the operation of the Company, 1 

many are highly complex, and have significant levels of uncertainty early in their 2 

development.  NS Power is on track with this forecasted plan and expects to file the 3 

capital work order for the T&D Work and Asset Management Project in 2018. 4 

 5 

As noted above, NS Power’s IT capital expenditures over the next several years will be 6 

higher than the historical investment profile.  These investments will address many of the 7 

aforementioned changes currently facing NS Power, and set the Company up for more 8 

regular, incremental IT upgrades to keep pace with the rapid evolution of technology and 9 

customer demands.  NS Power has developed a governance model to manage these IT 10 

assets so that they are appropriately evaluated and justified, risks are mitigated, and are 11 

cost effective, providing clear benefits to customers. 12 

  13 

2.2 Emerging Trends 14 

 15 

In addition to the traditional capital asset classes and the factors influencing corresponding 16 

investments, innovation and customer experience projects will feature more prominently 17 

in NS Power’s capital expenditures going forward. 18 

 19 

 Innovation Initiative  2.2.120 

 21 

Innovation capital projects refer to non-traditional capital investments that focus on 22 

technologies, solutions or enhancements in order to adapt to Federal and Provincial 23 

environmental policy, or to better adapt to evolving customer needs and expectations 24 

within an equally evolving electricity sector.  The value of these projects is expected to go 25 

beyond the assets themselves, providing NS Power with data and learnings on how best to 26 

tackle modern problems and how to best serve customers. 27 

 28 

Projects aimed at adapting to environmental policy feature prominently in these 29 

investments.  The Provincial and Federal governments are moving toward a low carbon 30 

future, putting in place increasing environmental policies.  In Nova Scotia, the Renewable 31 
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Electricity Regulations prescribe that NS Power must provide 25 percent of energy from 1 

qualifying renewable resources, increasing to 40 percent in 2020. 2 

 3 

On November 21, 2016, the Government of Canada announced that it would accelerate 4 

coal phase out, to be completed by 2030.  An Agreement in Principle was signed between 5 

the Federal and Provincial governments to arrive at a modified Equivalency Agreement in 6 

order to continue coal unit operation past 2030 in Nova Scotia, to protect value for 7 

customers and acknowledge that they have already invested in advancing carbon reduction 8 

in this jurisdiction.  On September 29, 2017, the Province of Nova Scotia introduced Bill 9 

No. 15 - An Act to Amend Chapter 1 of the Acts of 1994-95, the Environment Act which 10 

is enabling legislation needed to establish a cap and trade system within the province.  The 11 

bill passed through the Nova Scotia Legislature and received Royal Assent on October 26, 12 

2017. 13 

 14 

NS Power is a part of this change.  NS Power is integrating innovation technologies onto 15 

the grid through various capital projects for the benefit of customers.  This is exemplified 16 

by NS Power’s Intelligent Feeder Project (CI 49787), which was approved by the UARB 17 

on August 21, 2017.  This project is exploring the viability of grid scale battery storage 18 

systems, their value in supporting the integration of variable renewable energy, and the 19 

provision of other reliability services on the power system.  The Intelligent Feeder project 20 

will receive partial funding from government bodies: Sustainable Development 21 

Technology Canada is providing funding in the amount of approximately $625,000.  This 22 

funding will significantly reduce the overall capital costs for NS Power’s customers. 23 

 24 

Another example is NS Power’s application for approval of an Electric Vehicle Charging 25 

Station Network Pilot Project (CI 50295) which is before the Board as of the time of this 26 

Application.  The purpose of the proposed Pilot Project is to enable NS Power to 27 

understand the impacts on its electrical system of the use of fast charging stations, which 28 

will inform future decisions to ensure grid stability as EV adoption increases.  29 

Approximately fifty percent of the proposed Pilot Project funding has been conditionally 30 
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approved to come from Natural Resources Canada, providing an opportunity for NS 1 

Power to examine EV fast charging stations at a lower cost for customers. 2 

 3 

There is significant federal funding available to help public and private sectors enable new 4 

innovation opportunities to strengthen infrastructure and accelerate towards a low carbon 5 

future in line with Canada’s environmental commitments.16  NS Power is pursuing these 6 

opportunities to expand innovation programs and services, and leverage incremental 7 

benefits for customers while reducing costs for customers. 8 

 9 

The value of grid innovation and new customer solutions projects is expected to go well 10 

beyond the physical assets themselves, providing NS Power with data and learnings on 11 

how best to tackle modern problems and how to best serve customers.  The development 12 

of core knowledge related to new innovation solutions needs to be paired with the 13 

understanding of NS Power’s existing system in order to determine the feasibility of 14 

integrating them into the grid and the best means to maximize customer benefits as NS 15 

Power adapts to the energy future. 16 

 17 

 Customer Experience  2.2.218 

 19 

Customer expectations are changing.  Rapid advances in technology, the offerings 20 

customers receive from other service providers, and the availability and control of 21 

information 24 hours a day are driving changes in customer expectations.  The widespread 22 

adoption of smart phones is a prime example of how quickly technology can shape the 23 

way that we interact with each other and with our service providers. 24 

 25 

Customers measure NS Power against other service offerings and businesses, many of 26 

whom have embraced technology to provide customers with better service and 27 

                                                      
16 http://www.infrastructure.gc.ca/plan/placemat-tableausynthese-eng.html.  
http://www.budget.gc.ca/2017/docs/plan/chap-02-en.html 
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experiences.  Today’s customers have access to web-available information and portals on 1 

the services they use, providing greater ease of access to their service providers and a 2 

better customer experience. 3 

 4 

As described above, NS Power has historically kept IT investment relatively low in an 5 

effort to keep costs low for customers while mitigating risks related to cyber security, at a 6 

time when the pace of technology and customer expectations did not demand great 7 

investment.  However, as customer expectations have changed, greater investment in IT 8 

assets to enhance the customer experience is warranted. 9 

 10 

Accordingly, NS Power is committed to improving the customer experience, and is doing 11 

so through IT capital investments.  Customers have advised NS Power through regular 12 

contact with the Company and transactional research (contacting customers for their 13 

feedback after a transaction with the Company) of their expectations and areas that could 14 

use some improvement.  Customer experience capital investments are targeted to meet 15 

customer expectations regarding 1) keeping our commitments, 2) doing it right the first 16 

time, and 3) communicating proactively. 17 

 18 

With these in mind, NS Power has identified eight key customer experiences for 19 

improvements through capital investment: 20 

 21 

1. Customer Tree Trimming 22 

2. Billing 23 

3. Outage  24 

4. Building & Wire Inspection 25 

5. Reno & Wire Inspection 26 

6. Streetlights 27 

7. Arrears 28 

8. Move in/Move out 29 

 30 
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Full end-to-end redesigns of the key experiences will be carried-out over the next three to 1 

five years in order to address process improvement opportunities. 2 

 3 

NS Power has already completed or is currently executing several Board-approved 4 

customer experience projects, including: 5 

 6 

• CI 48234 - Customer Support System Enhancement  7 

• CI 46739 - IT ‐ Outage Map Technology Upgrades  8 

• CI 49212 - IT - My Account Single Sign-On 9 

• CI 48238 - Customer Billing Experience Improvements 10 

• CI 48236 - Customer Experience Self-Serve Development Phase 1 11 

 12 

Remaining customer experience projects that form NS Power’s overall customer 13 

experience initiative will be submitted for approval and execution in 2018, 2019 and 2020. 14 

 15 

In order to aid the UARB and stakeholders in their review of customer experience 16 

projects, NS Power has added a “Customer Experience” sub-justification criteria under 17 

Section 17.13 Information Technology Application and Hardware System of the CEJC.  18 

Although certain customer experience projects may result in cost savings, these project are 19 

not based on economics – as stated above, their primary justification is the improvement 20 

of customers’ experience with the Company. 21 

 22 

NS Power is committed to keeping pace with our customers as the technology they use 23 

and their expectations continue to evolve.  NS Power will keep pace and improve 24 

customer experience through the customer experience initiative, and the redesign of the 25 

eight key customer experiences.  This will provide tangible, “front facing” benefits to our 26 

customers. 27 

  28 

There are no customer experience capital projects submitted for approval in the 2018 ACE 29 

Plan.  However, two customer experience projects are scheduled for submission separately 30 
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in 2018 as noted in Section 4.3 - 2018 ACE Plan Capital Items Forecast for Subsequent 1 

Approval. 2 
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3.0 2017 ACE PLAN FOLLOW-UP  1 

 2 

Before providing in detail the 2018 ACE Plan capital expenditures in Sections 4.0 to 9.0, 3 

Section 3.0 addresses items from the 2017 ACE Plan.  These items include a summary of 4 

the outcome of stakeholder engagement discussions, a list of subsequent submittal capital 5 

items from the 2017 ACE Plan that are planned to be submitted before year-end, as well as 6 

items from the 2017 ACE Plan that have been deferred or cancelled.  This is a new section 7 

in the 2018 ACE Plan intended to provide additional clarity for the Board and 8 

stakeholders. 9 

 10 

3.1 Stakeholder Engagement 11 
 12 

NS Power engaged in stakeholder consultations as an outcome of the 2017 ACE Plan 13 

proceeding, consistent with years prior.  In the 2017 ACE Plan Decision, the Board 14 

acknowledged that “[i]t is now undeniable that discussions between stakeholders have 15 

greatly improved the quality of NSPI’s ACE Plan filings and allowed for their more 16 

efficient review”,17 and directed NS Power to lead the consultative process18 on the 2017 17 

ACE Plan Terms of Consensus items.  Stakeholder consultation sessions were held 18 

throughout 2017, and a report regarding these was submitted to the UARB on September 5, 19 

2017, along with a revised Detailed and Summary CEJC for the Board’s information and 20 

approval, respectively. Highlights of those discussions and the report are provided below. 21 
 22 

 CEJC Updates 3.1.123 
 24 

Revisions to the CEJC were proposed by NS Power for review by stakeholders.  These 25 

revisions were discussed in detail during the 2017 stakeholder engagement sessions.  The 26 

substantive revisions to the CEJC include the following: 27 

 28 

                                                      
17 2017 ACE Plan, UARB Decision, M07745, April 4, 2017, para 79.   
18 2017 ACE Plan, UARB Decision, M07745, April 4, 2017 para 145.  
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• Information Technology Investment Governance – Language incorporated in 1 

sections 6.1, 6.2 and 17.13 describing the newly developed IT investment 2 

governance including investment planning process, prioritization, and investment 3 

justification criteria.  This addresses the Board’s 2017 ACE Plan Order directive 4 

#6 for the provision of an IT governance model. 5 

 6 

• Scope Change Capital Work Orders – Revisions to sections 1.0, 10.0, 12.1 and 7 

12.2 have been made to separate Scope Change capital work orders from ATO 8 

capital work orders.  This reflects the mutually exclusive nature of Scope Change 9 

capital work orders and ATOs. 10 

 11 

The revised Summary and Detailed CEJC were submitted to the UARB on September 5, 12 

2017 for the UARB’s approval and information, respectively.  The Board approved the 13 

Summary CEJC on October 24, 2017. 14 

 15 

 Revenue Requirement 3.1.216 

 17 

NS Power has continued to work with stakeholders and their consultants on the issue of 18 

the revenue requirement directive (Section 10.1.1).  The 2017 ACE Plan Terms of 19 

Consensus (Terms of Consensus) provided the following:  20 

 21 

NS Power agrees to amend the stakeholder version of the Revenue 22 
Requirement table in the ACE Plan to address the CA’s concerns.  Parties 23 
agree to defer discussion of the specific amendments to a subsequent 24 
stakeholder analysis between NS Power and interested stakeholders, for 25 
implementation into the 2018 ACE Plan.19 26 
 27 

The stakeholder version of the 2017 ACE Plan “Long-Term Capital Planning & Revenue 28 

Requirement” table was provided in Excel format to the consultants for the CA and SBA.  29 

The consultant for the CA subsequently provided suggested revisions and a corresponding 30 

mock-up of its version of the table using its methodology.  This revised version of the 31 
                                                      
19 2017 ACE Plan, UARB Decision, M07745, April 4, 2017, Attachment 1 - Terms of Consensus, page 1 of 3.   
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stakeholder revenue requirement table has been incorporated into the 2018 ACE Plan 1 

alongside NS Power’s table.  This is in Section 8.1.1 – Impact of 2017 ACE Plan on 2 

Revenue Requirement and Affordability. 3 

 4 

 Replacement Energy Calculation (REC) 3.1.35 

 6 

The 2017 ACE Plan Terms of Consensus provided the following: 7 

 8 

NS Power will consult with stakeholders on its replacement energy cost 9 
calculations for hydro and non‐hydro generation, including discussions on 10 
locational costs, capacity factor and seasonal generation output.  Parties 11 
agree no further amendments to the replacement energy cost calculation 12 
methodology are required at this time and to further discuss this issue as 13 
part of a subsequent stakeholder consultation process.20 14 

 15 

NS Power and interested parties have not reached agreement on the overall REC 16 

calculation methodology.  NS Power maintains its position as set out in Section 8.1.9 of 17 

the 2017 ACE Plan: NS Power’s current Variable Dispatch REC calculation methodology 18 

is best suited for today’s power system based on years of refinement and experience with 19 

other methodologies.  NS Power is committed to further discussion on this topic with 20 

stakeholders as part of the 2018 ACE Plan proceeding. 21 

 22 

NS Power proposed revisions to the calculation of the hydro generation component of the 23 

REC calculation methodology, which replaces hydro energy with only dispatchable 24 

Renewable Energy Standards (RES) compliant sources of electricity.  NS Power submits 25 

that the proposed change to the hydro REC calculation methodology reflects the reality of 26 

RES compliance and is consistent with the stated approach filed with the 2017 ACE Plan 27 

engagement report.  No parties have expressed opposition to the Company’s proposed 28 

hydro generation replacement energy methodology.  29 

                                                      
20 Ibid, page 1 of 3.  
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 Projects Under $250,000 3.1.41 

 2 

The 2017 ACE Plan Terms of Consensus provides the following: 3 

 4 

NS Power provided clarification regarding the number and selection of 5 
capital expenditures under $250,000 in the 2017 ACE Plan.  NS Power 6 
agrees to the CA’s recommendation for the Board to monitor the trend on 7 
these expenditures.  The Parties also agree to further discuss the selection 8 
process for projects under $250,000 as part of a subsequent stakeholder 9 
consultation process.21 10 

 11 

NS Power provided clarification to interested parties regarding the selection of projects 12 

under $250,000, and also proposed additional detail in the under $250,000 project list in 13 

future ACE Plans.  Interested parties reviewed and provided feedback, including a request 14 

for historical information on those projects.  NS Power and interested parties reached 15 

agreement on the final revised table which now includes: 16 

 17 

• (i) the number of projects under $250,000 for the past five years per asset class; 18 

and (ii) the dollar value associated with each asset class; 19 

• a brief description of the work to be completed under the project, and 20 

• the ranking of the project pursuant to NS Power’s asset management methodology. 21 

 22 

Please refer to Section 4.4 for the new Capital Items under $250,000 table. 23 

 24 

 Information Technology Capital Investments  3.1.525 

 26 

The 2017 ACE Plan Terms of Consensus provided: 27 

 28 

                                                      
21 Ibid, page 2 of 3.  
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NS Power agrees to hold a separate stakeholder session specifically with 1 
respect to providing additional information to stakeholders on the 2 
Company’s future IT investments and overall IT strategy.22 3 

 4 

The Board’s Order approving the 2017 ACE Plan directed as follows:  5 

 6 

The Board directs NSPI to develop the new IT governance model as soon 7 
as possible and to file it with the Board once completed, and in any case, no 8 
later than with the next ACE Plan filing.23 9 

 10 

In compliance with the 2017 ACE Plan Terms of consensus, NS Power held a technical 11 

conference regarding the Company’s future IT investments and strategy on April 6, 2017. 12 

 13 

With respect to the new IT governance model, pursuant to the Board’s 2017 ACE Plan 14 

Order, NS Power developed a new IT investment governance methodology and 15 

incorporated it into the CEJC.  The IT investment governance details and the 16 

corresponding revisions to the CEJC were presented to interested parties and Board staff. 17 

 18 

This IT investment methodology is based on the current Board approved Generation, 19 

Transmission and Distribution asset management methodology pursuant to Section 6 of 20 

the Summary CEJC.  The Company sought to provide clarity to interested parties and the 21 

Board by aligning its IT investment methodology with that of its existing Generation, 22 

Transmission, and Distribution methodology. 23 

 24 

3.2 2017 Capital Items Pending Submission 25 

 26 

The UARB provided the following directive in its 2017 ACE Plan Order: 27 

 28 

9. The Board directs NSPI to include, as part of their annual ACE Plan 29 
submissions, a list of projects which appear as items for subsequent 30 
submission in a prior years’ ACE Plan filing, which have not been 31 

                                                      
22 Ibid, page 2 of 3. 
23 2017 ACE Plan, UARB Order, M07745, April 4, 2017. 
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submitted for approval at the time of an ACE Plan filing, but which NSPI 1 
intends to submit by the end of the calendar year.24 2 

 3 

Figure 15 identifies projects included in the 2017 ACE Plan as items for subsequent 4 

approval, but not yet submitted to the Board.  NS Power anticipates these projects will be 5 

filed for approval in late 2017.  These 2017 projects will carry over into 2018 and total 6 

$864,059 of 2018 forecast spending.  These budget numbers were estimates at the time the 7 

2017 ACE Plan was prepared and are subject to change when the scope and details of the 8 

projects are refined and provided for approval. 9 

 10 

Figure 15:  Pending 2017 Subsequent Submittal Items 11 

 12 

CI # Project Title 
2018 

Budget ($) 
Project 

Total ($) 
Gas Turbine 
49940 LM6000 TUC5 Control System Upgrade 811,559 811,559 
  This project includes the upgrade of the control system on the Tufts 

Cove Unit #5 LM6000.   
      
Total New Steam Spending for Subsequent Approval $811,559 $811,559 
 
General Plant 
48837 AMO Fleet Environmental Data Management 52,500 259,380 
  This project includes development and integration of an Environmental 

Data Management System to improve consistency, eliminate 
duplication and increase automation with respect to environmental 
reporting). 

  

        
Total New Wind Spending for Subsequent Approval $52,500 $259,380 

      
Total New Generation Spending for Subsequent Approval $864,059 $1,070,940 

 13 

3.3 2017 ACE Plan Subsequent Submittal List Status Update (Schedule C from 2017 14 

ACE Plan Decision) 15 

 16 

                                                      
24 2017 ACE Plan, UARB Order, M07745, April 4, 2017. 
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Figure 16 below provides an update to Schedule C from the UARB’s 2017 ACE Plan 1 

Decision. 2 

 3 

Figure 16: Subsequent Submittal List Status Update 4 

 5 

CI# Project Title 
2017 Budget 

($) 
Project 

Total ($) 
2017 Budget 

($) 
Project 

Total ($) Status 

Generation 
39472 HYD Mersey Hydro System Re-

Development 
300,000 84,000,000 1,223,368 83,595,607 ACE 2018 Subsequent 

Submittal 
29807 HYD - Tusket Falls Main Dam 3,697,643 9,940,664 633,477 18,157,609 Submitted, Awaiting 

UARB Review & 
Approval 

47654 HYD - Gulch Penstock & Surge Tank 
Replacement 

3,526,825 3,629,655 4,941,095 4,970,542 Approved 

48533 HYD - Lequille Headpond Water 
Retaining Structures Refurbishment 

1,809,228 1,919,166 4,209,710 4,472,369 Submitted in ACE 2018 
for Approval 

48052 HYD - Annapolis HVAC Upgrade 1,420,463 1,498,367 1,489,457 1,573,596 Approved 

47648 HYD - Lequille Pipeline Replacement 1,329,928 1,384,448 1,099,345 1,121,253 Approved 

47876 HYD - Lequille Overhaul 1,075,450 1,155,418 1,282,307 1,395,229 Approved 

38931 HYD - HYD Harmony Site Stabilization 586,469 1,106,122 436,088 931,942 Submitted, Awaiting 
UARB Review & 

Approval 
49596 HYD - Hells Gate 2 Overhaul 962,316 970,827 1,174,411 1,204,263 Approved 

47678 Prince Mine Dam Decommissioning 761,647 819,451 725,992 815,792 Pt Aconi project 

47682 HYD - Lequille Switchgear Replacement 651,251 698,659 761,326 776,391 Approved 

48913 HYD - Tusket Facility Refurbishment 656,308 657,956 516,273 1,183,470 Submitted, Review 
Deferred 

49835 HYD - Dive Site Risk Mitigation 315,851 650,533 - - Cancelled 

49598 HYD - Gisborne Switchgear Replacement 593,754 623,814 747,450 747,450 Approved 

47166 HYD - McAskill Brook Decommissioning 459,736 562,684 5,422 531,701 Deferred to 2019 

48914 HYD - Malay Falls Facility 
Refurbishment 

444,589 446,237 473,203 1,034,045 Submitted, Awaiting 
UARB Review & 

Approval 
48396 HYD - Bridge Remediation 338,935 404,616 594,252 677,591 Submitted, Awaiting 

UARB Review & 
Approval 

47660 HYD - Dickie Brook Controls Upgrade 94,032 307,251 228,354 863,451 ACE 2018 Subsequent 
Submittal 

49039 HYD - Lequille Controls Upgrade 298,302 304,121 757,515 762,912 Approved 

46499 Stator Rewind Kit Capital Spare 2,668,808 5,219,939 2,809,254 2,871,003 Approved 

48893 TUC3 IP Turbine Refurbishment 4,338,274 4,798,475 4,788,455 4,871,454 Approved 

47531 TRE6 Turbine Refurbishments 1,500,000 2,322,487 875,667 1,704,784 Approved 

49438 LIN A Gallery Floor Replacement 593,814 593,814 591,761 591,761 Approved 

49499 PHB - Boiler Refurbishment 2017 484,730 484,730 593,740 593,740 Approved 

49111 POT - Air heater refurbishment 462,168 471,204 263,054 272,538 Approved 

49538 TRE6 Generator Refurbishment 411,766 411,766 784,610 784,610 Approved 

47553 TRE6 Turbine Main Valves 392,887 392,887 570,600 570,600 Approved 

49674 TUC2 Boiler Selective Waterwall Tube 
Replacements  

390,898 390,898 421,518 421,518 Approved 
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CI# Project Title 
2017 Budget 

($) 
Project 

Total ($) 
2017 Budget 

($) 
Project 

Total ($) Status 
49060 POT - Condenser Dog Bone Expansion 

Joint Replacement 
298,253 298,253 139,182 139,182 Now less than $250k 

48868 AMO Fleet TWIP Upgrades 257,442 280,608 - - Cancelled 

44776 CT - TUC#5 LM6000 Generator Stator 
Re-wedge 

1,041,614 1,073,280 1,331,547 1,361,301 Approved 

49273 CT-BGT2 Engine Refurbishment 908,102 1,019,832 2,036,393 2,170,157 Submitted, Awaiting 
UARB Review & 

Approval 
49940 LM6000 TUC5 Control System Upgrade 1,018,769 1,018,769 811,559 811,559 Pending 2017 

Subsequent Submittal  
49594 LM6000 TUC5 Airhouse Upgrade 833,200 833,200 830,287 916,391 ACE 2018 Subsequent 

Submittal 
49926 LM6000 TUC4 Airhouse Upgrade 815,633 815,633 417,303 417,303 Awaiting Submission, 

no 2018 Spend 
49949 LM6000 TUC4 Control System 

Replacement 
710,815 710,815 12,178 856,847 Deferred to 2019 

47118 CT Tusket Hydraulic Starter 317,015 317,015 - - Cancelled 

Transmission 
43678 Separate L8004/L7005 on Canso Crossing 

Double Circuit Tower(DCT) 
13,892,444 16,183,691 16,663,946 19,251,601 Awaiting Submission, 

no 2018 Spend 
45053 69Kv Structure Replacements West 321,656 4,818,017 - 4,818,017 Deferred to 2019 

50342 Western Transmission System Voltage 
Support 

300,000 4,000,000 - - Cancelled 

49879 77V-T52 Replacement 746,631 775,082 766,073 772,208 Approved 

50021 91H Tufts Cove Bus and Line Upgrades  417,178 417,178 - 200,000 Deferred to 2019 

49928 3S Gannon Rd. Bus Reconfiguration 364,777 364,777 371,395 371,395 Approved 

49922 Western Switching Upgrades 353,906 353,906 378,843 378,843 Approved 

49929 Tap Changer Replacements 262,526 262,526 318,236 318,236 Approved 

Distribution 
50343 Advanced Metering Infrastructure 11,352,709 111,707,380 - - Combined as part of 

47124 
47124 Advanced Metering Infrastructure  5,756,276 8,274,738 4,212,234 133,228,952 Submitted, Awaiting 

UARB Review & 
Approval 

47776 111S Prime Brook Feeder Exits & Feeders 456,805 1,503,986 457,449 1,504,630 Approved 

47787 2H Armdale New Feeder 1,253,299 1,285,679 988,498 988,498 Approved 

47760 85S-402 Re-Insulate 499,495 1,259,666 665,520 1,551,859 Approved 

44749 Tiverton Tower Refurbishment 689,416 1,058,200 132,611 1,465,132 Submitted, Awaiting 
UARB Review & 

Approval 
50341 2017 Substation Recloser Replacements 577,388 577,388 604,889 604,889 Approved 

49899 10H Halifax 4kV Conversion Year 4 254,608 254,608   Now less than $250k 

General Plant 
46075 IT -  Work & Asset Management 8,008,495 28,027,680 14,498,734 45,509,963 ACE 2018 Subsequent 

Submittal 
43202 Replace Mobile Radio System 2,975,666 6,537,700 3,495,425 6,296,878 Approved 

49857 IT - Storage Infrastructure Upgrade 945,955 5,045,955 1,753,387 1,901,189 Submitted, Awaiting 
UARB Review & 

Approval 
49860 IT - Sharepoint Upgrade 1,971,915 4,021,915 1,737,452 3,903,594 Submitted, Awaiting 

UARB Review & 
Approval 

49093 IT - Security Operations Center (SOC) 
and Security Information Event 
Monitoring (SIEM)  

2,191,284 2,476,976 - 2,476,976 Deferred to 2019 

49787 Intelligent Feeder/Storage Project (SDTC) 1,276,653 2,399,368 2,530,028 2,782,384 Approved 
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CI# Project Title 
2017 Budget 

($) 
Project 

Total ($) 
2017 Budget 

($) 
Project 

Total ($) Status 
49859 IT - Windows Server 2008 Upgrade 158,886 2,069,258 - 2,069,258 Deferred to 2019 

49855 Window 10 Migration Project 1,804,339 2,013,034 3,182,591 4,620,516 Submitted, Awaiting 
UARB Review & 

Approval 
50153 Self Serve Development Phase 2 1,827,720 1,827,720 469,376 1,160,528 Submitted, Awaiting 

UARB Review & 
Approval 

49094 IT - Identity Access Management 
Infrastructure 

1,500,000 1,711,147 800,000 977,498 ACE 2018 Subsequent 
Submittal 

49858 IT - Microsoft Exchange Upgrade 1,500,000 1,500,000 1,555,597 1,555,597 ACE 2018 Subsequent 
Submittal 

48773 IT - VOIP Expansion to NSPI sites 1,400,000 1,499,731 253,858 1,708,923 Submitted, Awaiting 
UARB Review & 

Approval 
49480 IT - Disaster Recovery 1,270,691 1,483,365 494,282 6,312,277 ACE 2018 Subsequent 

Submittal 
49601 IT - Data loss Prevention 1,158,633 1,199,013 - 1,166,334 Deferred to 2019 

49600 IT - Network Architecture Redesign 1,033,597 1,183,826 - 2,409,750 Deferred to 2019 

49876 Real Time Economic Dispatch 816,638 1,161,618 - 1,161,618 Deferred to 2019 

50112 Consolidated Customer Web Portal 770,977 770,977 654,004 1,190,588 ACE 2018 Subsequent 
Submittal 

50113 Customer Experience - Streetlight 
improvements 

679,394 679,394 366,223 875,836 Submitted, Awaiting 
UARB Review & 

Approval 
47751 Dynamic Transmission Limits 524,616 537,466 - 537,466 Deferred to 2019 

49603 IT - Patch Management 500,970 536,350 - - Cancelled 

48238 Customer Billing Experience 
Improvements 

124,280 490,878 162,279 405,324 Approved 

48044 Bentley Nevada Upgrade and Integration 
to Fleet Monitoring 

383,621 401,459 - 401,459 Deferred to 2019 

48155 2016 SCADA Application Upgrade 261,387 400,688 261,387 400,688 Approved 

50295 Electric Vehicle Infrastructure 
Deployment 

300,000 400,000 415,068 419,908 Submitted, Awaiting 
UARB Review & 

Approval 
50132 Joint Regulation 236,175 387,704 - 387,704 Deferred to 2019 

49953 IT - CIS High Availability 354,578 354,578 437,788 519,023 Submitted, Awaiting 
UARB Review & 

Approval 
50292 FAC - Kempt Road Depot Truck Bay 340,656 340,655 601,282 1,095,720 Submitted, Awaiting 

UARB Review & 
Approval 

50115 Customer Support System Enhancement 310,647 332,847 - - Cancelled 

48837 AMO Fleet Environmental Data 
Management 

304,404 317,215 206,880 259,380 Pending 2017 
Subsequent Submittal  

49856 IT - ITSM Replacement 300,000 300,000 - - Cancelled 
 1 

3.4 2017 ACE Capital Items Deferred / Cancelled  2 

 3 

NS Power’s list of deferred and cancelled capital work orders relative to the 2017 ACE 4 

Plan are noted in Figure 17.  Given the timing of the filing of this Application, Figure 17 5 

does not include 2017 ACE Plan Subsequent Submittal items that are planned to be 6 
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submitted after this Application has been filed and prior to 2017 year-end and does not 1 

include additional 2018 expenditures. 2 

 3 

Of the 65 projects listed, no projects were included in the 2017 ACE Plan for approval.  28 4 

of these projects were listed in the 2017 ACE Plan subsequent submittal list, to be filed 5 

separately as individual capital items.  The remaining 37 projects were listed in the 2017 6 

ACE Plan as projects under $250,000. 7 

 8 

These 65 projects were originally included in the 2017 ACE Plan with a forecasted spend 9 

of $31million in 2017.  17 of these projects have been cancelled, while 48 have been 10 

deferred to future years. 11 

 12 

Figure 17:  2017 ACE Items – Deferred or Cancelled  13 

 14 

CI# Project Title 

2017 ACE 
Project 
Total 

Cancelled/ 
Deferred 

Deferred 
To 

Prior 
Approval 

Prior ACE 
Plan 

Reference 

2018 ACE 
Plan 

Reference 
Generation       

  
      

39472 HYD Mersey Hydro System Re-
Development 

84,000,000 Deferred 2018  Subsequent 
Submittal 

Subsequent 
Submittal 

  
Further consultation with First 
Nations was required in 2017 in 
order to proceed with this 
project, pushing the start of this 
project to late 2018 

   

        
48533 HYD - Lequille Headpond 

Water Retaining Structures 
Refurbishment 

1,919,166 Deferred 2018  Subsequent 
Submittal 

Request 
Approval 

  
Further analysis of the most 
recent flood study completed on 
Lequille is required to validate 
the dam classification. 

   

 
 

      
49594 LM6000 TUC5 Airhouse 

Upgrade 
833,200 Deferred 2018  Subsequent 

Submittal 
Subsequent 
Submittal 

  
Vendor fabrication of 
components could not be 
completed to align with the 
planned TUC5 annual outage. 

   

 
 

      
49949 LM6000 TUC4 Control System 710,815 Deferred 2019  Subsequent  
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CI# Project Title 

2017 ACE 
Project 
Total 

Cancelled/ 
Deferred 

Deferred 
To 

Prior 
Approval 

Prior ACE 
Plan 

Reference 

2018 ACE 
Plan 

Reference 
Replacement Submittal 

  
Internal review of control 
systems is ongoing. NS Power 
expects to complete controls 
upgrade on TUC5 in 2018, and 
TUC4 in 2019. 

   

 
 

      
49835 HYD - Dive Site Risk 

Mitigation 
650,533 Cancelled   Subsequent 

Submittal 
 

  
Changes in procedure and dive 
requirements have mitigated the 
risk and negated the requirement 
for project. 

   

        
47166 HYD - McAskill Brook 

Decommissioning 
562,684 Deferred 2019  Subsequent 

Submittal 
 

  
Project delayed as engagement 
with First Nations is undertaken. 

   

        
47118 CT Tusket Hydraulic Starter 317,015 Cancelled   Subsequent 

Submittal 
 

  
A new valve technology has led 
to the replacement of the air 
start system no longer being 
required. 

   

        
47660 HYD - Dickie Brook Controls 

Upgrade 
307,251 Deferred 2018  Subsequent 

Submittal 
Subsequent 
Submittal 

  
Project originally scheduled for 
a late 2017 start, has been 
pushed to a 2018 start as other 
control projects are being 
completed. 

   

        
48868 AMO Fleet TWIP Upgrades 280,608 Cancelled   Subsequent 

Submittal 
 

  
This project was for a fleet wide 
upgrade. However, this is being 
split amongst the individual 
steam plants to better align with 
timing. 

   

        
49912 ICP - Armour Stone 

Refurbishment Phase 2 
242,644 Cancelled   Less than 

$250k 
 

  
This work is being completed 
under CI 49869 ICP Armour 
Stone Replacement U&U, 
approved on March 10, 2017. 

   

        
47834 ICP Ranger Motor Upgrade 242,512 Deferred 2018  Less than Less than 
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CI# Project Title 

2017 ACE 
Project 
Total 

Cancelled/ 
Deferred 

Deferred 
To 

Prior 
Approval 

Prior ACE 
Plan 

Reference 

2018 ACE 
Plan 

Reference 
 This project is deferred to 2018 

as conveyor modifications were 
found to be required prior to a 
motor upgrade. 

   $250k $250k 

        
49452 LIN3 Heater Level Controls 

Upgrade 
235,135 Deferred 2018  Less than 

$250k 
Less than 

$250k 
  

NS Power has deferred the 
planned outage on Lingan 3 in 
2017; therefore this project will 
be completed in 2018. 

   

        
49874 CT-BGT Replace Halon Fire 

Protection 
226,366 Deferred 2019  Less than 

$250k 
 

  
Fire protection at Tusket and 
Victoria Junction are being 
completed in 2017, which has 
reduced vendor availability to 
complete this work. 

   

        
47659 HYD - Fall River Controls 

Upgrade 
226,054 Deferred 2018  Less than 

$250k 
Subsequent 
Submittal 

  
Project originally scheduled for 
a late 2017 start, has been 
pushed to a 2018 start as other 
control projects are being 
completed.. 

   

 
 

      
49666 TUC1 South Boiler Feedpump 

Refurbishment 
226,025 Deferred 2019  Less than 

$250k 
 

  
This project is deferred while NS 
Power addresses an issue on the 
north boiler feed pump which 
needs to be in operation to allow 
for the south boiler feed pump to 
come offline to complete this 
project. 

   

 
 

      
47655 HYD - Paradise Controls 

Upgrade 
207,802 Deferred 2018  Less than 

$250k 
Request 

Approval 
  

Project originally scheduled for 
a late 2017 start, has been 
pushed to a 2018 start as other 
control projects are being 
completed.  Now included in 
ACE 2018 for approval. 

   

 
 

      
49546 TRE6 FW Heater Level Control 187,434 Deferred 2018  Less than Less than 
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CI# Project Title 

2017 ACE 
Project 
Total 

Cancelled/ 
Deferred 

Deferred 
To 

Prior 
Approval 

Prior ACE 
Plan 

Reference 

2018 ACE 
Plan 

Reference 
 Based on the daily monitoring of 

feedwater heater drain 
temperatures, the temperatures 
and level controls are stable. 
Therefore, this upgrade can be 
safely deferred to 2018. 

   $250k $250k 

 
 

      
49547 TRE5 5-1 BFP Refurbishment 185,294 Deferred 2018  Less than 

$250k 
Request 

Approval   
Condition assessments 
completed in 2017 determined 
the condition of the Boiler Feed 
Pumps allowed for this project 
to be safely deferred to 2018. 
Now included in ACE 2018 for 
approval. 

   

        
49667 TUC1 Oil Purifier I&C Heater 

Replacement 
160,593 Deferred 2019  Less than 

$250k 
 

  
This project is deferred while NS 
Power confirms that the 
technology installed on TUC3 
works as expected. Once this is 
confirmed, this project will 
proceed. 

   

        
49991 TUC1 CEMS Replacement 159,167 Deferred 2019  Less than 

$250k 
 

  
Temporary repairs on TUC1 
CEM allowed this project to be 
deferred to 2019 to allow for 
CEMS replacements on TUC3, 4 
and 5 which were found to be 
higher priority, 

   

        
49676 TUC2 CEMS Replacement 150,374 Deferred 2018  Less than 

$250k 
Request 

Approval   
This project is being deferred to 
2018 to allow for CEMS 
replacements on TUC3, 4 and 5 
which were found to be higher 
priority, Now included in ACE 
2018 for approval. 

   

        
45832 TUC6 Boiler Purge Credit 138,864 Deferred 2019  Less than 

$250k 
 

  
This project is dependent on 
similar work being implemented 
on TUC4 & 5, and those 
projects are still being 
developed. 

   

        
49654 TUC Refurbishment Gas 

Compressor 6A/6B 
133,870 Cancelled   Less than 

$250k 
 

Date Filed:  November 22, 2017          Page 0063 of 2371          REDACTED



2018 Annual Capital Expenditure Plan 
CONFIDENTIAL (Attachment Only) 

 

 
 

CI# Project Title 

2017 ACE 
Project 
Total 

Cancelled/ 
Deferred 

Deferred 
To 

Prior 
Approval 

Prior ACE 
Plan 

Reference 

2018 ACE 
Plan 

Reference 
  

This project was initiated as a 
Steam project, however these 
compressors are better 
considered Gas Turbine projects 
related to the Tufts Cove 4 / 5 
units, therefore two CIs (51731 
and 51798) replaced this work. 
No change to the actual work 
completed. 

   

        
49711 TUC Low Load Oil Operation,  

Flue Gas monitoring 
130,429 Cancelled   Less than 

$250k 
 

  
This project is cancelled as 
efforts are now focused on 
TUC3 low load operation 

   

        
49622 HYD - Fourth Lake PLC 

Upgrades 
116,767 Cancelled   Less than 

$250k 
 

  
This project will now be 
completed as part of a larger 
Sissiboo River Controls 
Upgrade, currently planned for 
2020. 

   

        
49456 LIN1 Electric Motor 

Refurbishment 
113,171 Cancelled   Less than 

$250k 
 

  
Further analysis has shown the 
condition of the motors is such 
that investment is not required. 

   

        
49457 LIN3 Electric Motor 

Refurbishment 
111,829 Cancelled   Less than 

$250k 
 

  
Further analysis has shown the 
condition of the motors is such 
that investment is not required. 

   

        
49670 TUC1 4kv/600V Breaker 

Replacement 
104,851 Deferred 2018  Less than 

$250k 
Less than 

$250k 
  

Further analysis indicated the 
breakers scheduled for 
replacement can be safely 
deferred to 2018. 

   

        
49715 TUC Upgrade PLC Control 

Panel 
99,875 Deferred 2019  Less than 

$250k 
 

  
Other DCS / PLC priorities are 
required to be completed prior 
to this project. Project can be 
safely deferred to 2019. 
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CI# Project Title 

2017 ACE 
Project 
Total 

Cancelled/ 
Deferred 

Deferred 
To 

Prior 
Approval 

Prior ACE 
Plan 

Reference 

2018 ACE 
Plan 

Reference 
49699 TUC6 Access Doors 64,304 Deferred 2019  Less than 

$250k 
 

  
It has been determined that these 
areas do not require investment 
at this time. Current expectation 
is that it will be needed in 2019 
as operating hours accumulate. 

   

        
49515 POT - Replacement of Graver 

valves and solenoids 
59,496 Cancelled   Less than 

$250k 
 

  
Repairs completed on the 
existing valves and equipment 
mitigated the need for capital 
investment. 

    

 
 

      
49688 TUC3 Analytical Panel 

Upgrades 
55,050 Deferred 2018  Less than 

$250k 
Less than 

$250k 
  

Further analysis of the 
Analytical Panel determined this 
project could be deferred until 
2018 

   

        
49945 HYD - Malay Falls Switchgear 

Replacement 
54,729 Deferred 2018  Less than 

$250k 
Request 

Approval 
  

The amount included in the 2017 
ACE Plan was for preliminary 
engineering which has been 
underway, with full construction 
scheduled for 2018. Now 
included in ACE 2018 for 
approval. 

   

        
49700 TUC6 Vacuum Cooler 54,610 Deferred 2019  Less than 

$250k 
 

  
The condition of the vacuum 
cooler has allowed for a deferral 
to 2019. An inspection of the 
coating solution on the vacuum 
cooler completed in 2017 will 
further determine the required 
timing of the project. 

   

        
47909 TUC Nat Gas Valves 

Refurbishment 
54,153 Deferred 2019  Less than 

$250k 
 

  
Further analysis of the natural 
gas valves indicated that this 
project could be safely deferred. 

   

        
49653 TUC Dehumidifier Air Unit 51,073 Deferred 2019  Less than 

$250k 
 

 Due to the higher utilization of 
the TUC Units in 2017 than 
anticipated, the need for an 
additional dehumidifier is not 

   

Date Filed:  November 22, 2017          Page 0065 of 2371          REDACTED



2018 Annual Capital Expenditure Plan 
CONFIDENTIAL (Attachment Only) 

 

 
 

CI# Project Title 

2017 ACE 
Project 
Total 

Cancelled/ 
Deferred 

Deferred 
To 

Prior 
Approval 

Prior ACE 
Plan 

Reference 

2018 ACE 
Plan 

Reference 
required. 

        
49701 TUC6 Turbine Control Valves 50,584 Deferred 2019  Less than 

$250k 
 

  
As this turbine is of similar 
vintage to the Port Hawkesbury 
Biomass generating station, a 
determination of what is 
required on this turbine will be 
made based on the condition of 
the PHB turbine which will be 
assessed as part of the 2017 
planned outage. This will 
determine the requirements of 
this project for 2019. 

   

        
49673 TUC1 Extraction Pump Rotork 

Valve Actuator 
48,479 Deferred 2019  Less than 

$250k 
 

  
Further analysis indicated the 
Rotork Valve Actuator can be 
safely deferred to 2019. 

   

        
47907 TUC6 Vacuum Pumps' Seal 

Water Cooler Upgrade 
40,501 Cancelled   Less than 

$250k 
 

  
The scope of this project will be 
completed as part of CI 49700 
TUC6 Vacuum Cooler Upgrade. 

   

        
49932 CT - TUC 4 LM6000 Roof Skid 

Access 
33,161 Deferred 2018  Less than 

$250k 
Less than 

$250k 
  

Further analysis determined 
additional requirements were 
required to the roof skid. 
Additional planning and a 
longer outage are required. Due 
to this change in project scope, 
the project is deferred to 2018. 

   

        
49933 CT - TUC 5 LM6000 Roof Skid 

Access 
33,161 Deferred 2018  Less than 

$250k 
Less than 

$250k 
  

Further analysis determined 
additional requirements were 
required to the roof skid. 
Additional planning and a 
longer outage are required. Due 
to this change in project scope, 
the project is deferred to 2018. 

   

        
49959 CT - VJ Varec Gauges 

Upgrade/Refurbishment 
29,904 Deferred 2019  Less than 

$250k 
 

 Temporary repairs have been 
made to restore level indication 
which has allowed the deferral 
of this project to 2019. 
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CI# Project Title 

2017 ACE 
Project 
Total 

Cancelled/ 
Deferred 

Deferred 
To 

Prior 
Approval 

Prior ACE 
Plan 

Reference 

2018 ACE 
Plan 

Reference 
        

Transmission 
      

        

45053 69kV Structure Replacements 
West 

4,818,017 Deferred 2019  Subsequent 
Submittal 

 

  
The planning study for this 
project is still underway and will 
be completed throughout 2018, 
leading to project construction 
in 2019. 

   

        
50342 Western Transmission System 

Voltage Support 
4,000,000 Cancelled   Subsequent 

Submittal 
 

  
Further analysis completed in 
2017 has shown this project is 
no longer required. 
 

   

50021 91H Tufts Cove Bus and Line 
Upgrades 

 417,178  Deferred 2019  Subsequent 
Submittal 

 

 Further analysis of the 
engineering solutions was 
ompleted in 2017 and has shown 
this project can be safely 
deferred to 2019, and is also 
now under $250,000. 

      

        

Distribution 
      

        

46305 103W-311G Gold River 
Reconductor - Phase 3 

118,563 Cancelled   Less than 
$250k 

 

  
This project was a duplicate of 
CI 43177, approved as part of 
ACE 2014, and completed in 
2017 

   

        

General Plant       
 

 
      

46075 IT -  Work & Asset Management 28,027,680 Deferred 2018  Subsequent 
Submittal 

Subsequent 
Submittal   

Project has been deferred to 
better align with availability of 
resources required to complete 
the work, and to finish the 
project scoping / detailed 
design. Project will be filed in 
2018. 

   

49093 IT - Security Operations Center 
(SOC) and Security Information 
Event Monitoring (SIEM)  

2,476,976 Deferred 2019  Subsequent 
Submittal 
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CI# Project Title 

2017 ACE 
Project 
Total 

Cancelled/ 
Deferred 

Deferred 
To 

Prior 
Approval 

Prior ACE 
Plan 

Reference 

2018 ACE 
Plan 

Reference 
  

Implementation of ERP resulted 
in constrained resources and NS 
Power chose to minimize the 
disruption to the business. 
Further evaluation revealed that 
this work could be deferred to 
2019. 

   

        
49859 IT - Windows Server 2008 

Upgrade 
2,069,258 Deferred 2019  Subsequent 

Submittal 
 

  
Implementation of ERP resulted 
in constrained resources and NS 
Power wanted to minimize 
disruption to the business. 
Further evaluation revealed that 
this work could be deferred to 
2019. 

   

        
49094 IT - Identity Access 

Management Infrastructure 
1,711,147 Deferred 2018  Subsequent 

Submittal 
Subsequent 
Submittal 

  
Subsequent to the 2017 ACE 
Plan, NS Power reexamined the 
resource availability / 
requirements with the 
implementation of the ERP 
project in 2017 and determined 
that these projects would carry 
less risk during implementation 
if completed in 2018. 

   

        
49858 IT - Microsoft Exchange 

Upgrade 
1,500,000 Deferred 2018  Subsequent 

Submittal 
Subsequent 
Submittal 

  
The assessment on whether this 
project will include an on-
premises or a cloud solution is 
currently being completed which 
led the project to be deferred to 
2018. 

   

        
49480 IT - Disaster Recovery 1,483,365 Deferred 2018  Subsequent 

Submittal 
Subsequent 
Submittal   

Project scoping had revealed 
that further work is required to 
determine the project 
requirements. 

   

        
49876 Real Time Economic Dispatch 1,161,618 Deferred 2019  Subsequent 

Submittal 
 

  
Continued project planning is 
required in 2018 to understand 
the full scope of the RTED 
implementation, in particular, 
how to deal with transmission 
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CI# Project Title 

2017 ACE 
Project 
Total 

Cancelled/ 
Deferred 

Deferred 
To 

Prior 
Approval 

Prior ACE 
Plan 

Reference 

2018 ACE 
Plan 

Reference 
constraints and locational 
reserves 

        
49601 IT - Data loss Prevention 1,199,013 Deferred 2019  Subsequent 

Submittal 
 

  
Subsequent to the 2017 ACE 
Plan, NS Power reexamined this 
project and determined that this 
project could be safely deferred 
to 2019. 

   

        
49600 IT - Network Architecture 

Redesign 
1,183,826 Deferred 2019  Subsequent 

Submittal 
 

  
Subsequent to the 2017 ACE 
Plan, NS Power reexamined the 
resource availability / 
requirements with the 
implementation of the ERP 
project in 2017 and determined 
that these projects would carry 
less risk during implementation 
if completed in 2018 

   

        
50112 Consolidated Customer Web 

Portal 
770,977 Deferred 2018  Subsequent 

Submittal 
Subsequent 
Submittal 

  
Project has been deferred to 
allow for further scoping and 
customer engagement. 

   

        
47751 Dynamic Transmission Limits 537,466 Deferred 2019  Subsequent 

Submittal 
 

  
Further analysis is required 
before this project is pursued. 

   

        
49603 IT - Patch Management 536,350 Cancelled   Subsequent 

Submittal 
 

  
Project scoping has determined 
the solution for this project is 
not capital investment. 

   

        
48044 Bentley Nevada Upgrade and 

Integration to Fleet Monitoring 
401,459 Deferred 2019  Subsequent 

Submittal 
 

  
Operational Technology 
Infrastructure required for 
implementation delayed this 
project due to identified Cyber 
Security concerns.  Once the 
infrastructure is deployed to 
ensure a secure gateway into the 
Plant environment, this project 
will be executed. 
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2017 ACE 
Project 
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Cancelled/ 
Deferred 

Deferred 
To 

Prior 
Approval 

Prior ACE 
Plan 

Reference 

2018 ACE 
Plan 

Reference 
50132 Joint Regulation 387,704 Deferred 2019  Subsequent 

Submittal 
 

  
Further analysis is required 
before this project is pursued. 

   

        
50115 Customer Support System 

Enhancement 
332,847 Cancelled   Subsequent 

Submittal 
 

  
Project has been cancelled as 
the scope has been consolidated 
into other customer experience 
capital projects. 

   

        
49856 IT - ITSM Replacement 300,000 Cancelled   Subsequent 

Submittal 
 

  
Subsequent to the 2017 ACE 
Plan, NS Power reexamined the 
options to address this need and 
determined that a capital project 
is not necessary. 

   

        
49602 IT - Internal Vulnerability 

Assessment 
238,543 Cancelled   Less than 

$250k 
 

  
Project scoping has determined 
the solution for this project is 
not capital investment. 

   

        
49825 Radio Site Grounding Review & 

Upgrade 
228,414 Deferred 2018  Less than 

$250k 
Less than 

$250k 
  

This project is deferred as 
internal resources are focusing 
on other, higher priority, 
telecommunication projects. 

   

        
49832 Victoria Junction Substations 

Fiber Links 
65,972 Deferred 2018  Less than 

$250k 
Less than 

$250k 
  

This project is deferred as 
internal resources are focusing 
on other, higher priority, 
telecommunication projects.  

    1 
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4.0 2018 ANNUAL CAPITAL EXPENDITURE PLAN 1 

 2 

4.1 Summary of Expenditures 3 

 4 

Figure 18 below provides the proposed capital investment by category for NS Power’s 5 

2018 ACE Plan filing.  This Application seeks UARB approval of the 2018 routine capital 6 

and other 2018 projects, which total approximately $176 million of forecast spending in 7 

2018.  Certain items do not require UARB approval, but are included in NS Power’s 8 

annual capital plan for transparency and stakeholders’ information.  The 2018 ACE Plan 9 

budget also includes spending on multi-year projects that were previously approved by the 10 

UARB (Carryover Projects). 11 

 12 

Figure 18:  2018 Capital Investments by Category 13 

 14 

2018 ACE Spend 

2018 UARB 
Approval 
Request 

 ($M) 

UARB 
Approval Not 

Required 
($M) 

Capital Items 
Forecast for Later 
Filing & Approval 

in 2017/2018  
($M) 

Previously 
Approved Capital 
Projects with 2018 

Carryover ($M) 

2018 
ACE 
Plan  
($M) 

Capital Item Approval Sought 
through the 2018 ACE Process 
(Including Routine Capital 
Projects)  

175.9 
   

175.9 

2017 ACE Plan Items Pending 
Submission in 2017   

0.9 
 

0.9 

Capital Items Submitted for 
Later Approval in 2018   

29.8 
 

29.8 

2018 Carryover Projects 
   

119.8 119.8 

Capital Items Less Than $250K 
 

17.9 
  

17.9 

Point Aconi Capital Spend 
 

10.6 
  

10.6 

2018 ACE Plan $175.9 $28.6 $30.6 $119.8 $354.9 

Note: NS Power is seeking approval of $84 million of Routine spending in 2018. 15 
Note: Figures presented in the ACE Plan document reflect rounding which may cause $0.1 million in rounding differences on some line 16 
items.  17 
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4.2 2018 ACE Plan Capital Items Submitted for Approval 1 

 2 

Figure 19 below provides the list of new Capital Items for which NS Power seeks UARB 3 

approval in the 2018 ACE Plan, totaling approximately $176 million of spending in 2018, 4 

with a total forecast spend of approximately $204 million. 5 

 6 

In an effort to reduce the number of filings throughout the year in 2018, and to increase 7 

transparency and review of capital projects during the 2018 ACE Plan proceeding, NS 8 

Power dedicated efforts to including more capital projects for approval in this year’s ACE 9 

Plan, compared to 2017.  The 2017 ACE Plan included 71 projects for approval, compared 10 

to 105 in the 2018 ACE Plan; an increase in 34 capital work orders.  This has the effect of 11 

reducing the number of projects that would have otherwise been forecast for subsequent 12 

approval throughout 2018.  This was made possible by initiating the capital work order 13 

development process earlier in the year.   14 

 15 

Some of the new projects in the 2018 ACE Plan, including those noted in the table below, 16 

use a new Capital Item numbering system as a result of the ERP upgrade to the capital 17 

planning software program PowerPlan.  The previous version of PowerPlan used a five 18 

digit system (e.g. CI 51236 - HYD - WRC Tailrace Rock Bolting), whereas the new 19 

version of PowerPlan uses an eight digit system (e.g. C0001419 - TRE HFO 20 

Refurbishment Phase 1).  Going forward, new projects created in the new version of 21 

PowerPlan will use the eight digit CI system.  22 

 23 

Figure 19: 2018 Capital Items Submitted for Approval 24 

 25 

Tab # CI# Project Title 
2018 Budget 

($) Project Total ($) 
Hydro 

   
     G01 51236 HYD - WRC Tailrace Rock Bolting 8,677,118 8,861,996 

G02 48533 HYD Lequille Headpond Refurbishment 4,209,710 4,472,369 
G03 49033 HYD WRC Tunnel T-2 Intake Replacement 2,525,419 2,851,582 
G04 51235 HYD - WRC Main Access Rd Refurbishment 2,574,654 2,686,075 
G05 51234 HYD - WRC HVAC Upgrade 266,738 1,876,537 
G06 49943 HYD - Ruth Falls Facility Refurbishment 1,217,177 1,234,931 
G07 49942 HYD - Tidewater Facility Refurbishment 1,230,442 1,234,178 
G08 49946 HYD - Fourth Lake Overhaul 978,404 1,025,769 
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Tab # CI# Project Title 
2018 Budget 

($) Project Total ($) 
G09 49945 HYD - Malay Falls Switchgear Replacement 957,136 958,631 
G10 52262 HYD - Hells Gate 1 Overhaul 854,993 854,993 
G11 51972 HYD Nictaux Canal Embank Refurbishment 779,686 789,918 
G12 51866 HYD - 4th Lake Penstock Refurbishment 663,326 696,963 
G13 47655 HYD - Paradise Controls Upgrade 218,179 639,991 
G14 49944 HYD - Dickie Brook Penstock Refurbishment 478,820 478,820 
G15 48712 HYD - Dam Instrumentation Upgrade 395,505 476,207 
G16 52018 HYD - RES Revenue Meter Replacement 368,897 378,248 

     Total New Hydro Spending 26,396,205 $29,517,209 

     Steam 
   Boiler     G17 51802 TRE5 Boiler Refurbishment 2018 1,212,228 1,212,228 

G18 51805 LIN4 Boiler Refurbishment 2018 739,657 739,657 
G19 47684 LIN3 Boiler Refurbishment 2018 739,657 739,657 
G20 51825 POT Boiler Refurbishment 2018 568,740 568,740 
G21 52252 LIN1 SH5 Tube Replacement 521,259 521,259 
G22 52253 LIN3 Economizer Header Refurbishment 499,951 499,951 
G23 51821 TRE5 Air Heater Refurbishment 487,376 487,376 
G24 51824 LIN3 ID Fan Damper and VIV Refurbishment 443,311 443,311 
G25 51818 PHB Boiler Refurbishment 2018 440,315 440,315 
G26 51807 TUC2 Boiler Lower Vestibule Refurbishment 412,872 412,872 
G27 51849 LIN3 RH Tube Replacement 399,546 399,546 
G28 51850 LIN4 RH Tube Replacement 399,546 399,546 
G29 49547 TRE5 5-1 BFP Refurbishment 345,523 345,523 
G30 51857 TRE5 Burner Refurbishments 2018 332,497 332,497 

Turbine     G31 49534 TRE6 EHG/Turbine Controls Upgrade 2,507,264 2,725,344 
G32 51820 TRE5 Reheat Turbine Valves 450,408 450,408 
G33 51862 TRE6 Lube Oil Cooler Refurbihsment  341,769 341,769 
G34 43429 TRE5 Lube Oil Cooler Retube 338,398 338,398 
G35 51853 LIN3 Turbine Valve Refurb 2018 295,709 295,709 

Generator     G36 51803 TUC2 Generator Flux Probe Installation 840,158 840,158 
Environmental    G37 50577 TRE6 CEMS Replacement 715,562 715,562 

G38 49676 TUC2 CEMS Replacement 380,140 380,140 
Balance of Plant    G39 51806 LIN Mill Refurbishment 2018 673,153 673,153 

G40 52093 ICP Rail Crossing Refurbishment 592,402 592,402 
G41 51811 LIN Reclaim Refurbishment Phase 2 534,666 534,666 
G42 51815 LIN CW Pump Refurbishment 2018 520,436 520,436 
G43 51861 TRE6 CW Screen Replacement 2018 513,192 513,192 
G44 51816 TRE Asbestos Abatement 2018 509,035 509,035 
G45 51835 TUC2 H2 Panel Upgrades 454,886 454,886 
G46 51836 TRE5 Mill Refurbishments 2018 409,458 409,458 
G47 47871 LIN Stack Re-Coating 381,034 381,034 
G48 51839 LIN Coal Plant Structural Refurbishment 354,067 354,067 
G49 51851 LIN CW Screen Refurbishment 2018 350,534 350,534 
G50 C0001419 TRE HFO Refurbishment Phase 1 340,618 340,618 
G51 51804 LIN3&4 ACW Duplex Strainer Replacement 333,808 333,808 
G52 51852 POT Mill Refurbishment 2018 327,267 327,267 
G53 52156 LIN Vaccuum Pump Upgrades 302,714 302,714 
G54 51860 TRE5 PF Mill Line Replacement 258,761 258,761 

     Total New Steam Spending $20,267,916 $20,485,995 

     Gas Turbine Generation 
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Tab # CI# Project Title 
2018 Budget 

($) Project Total ($) 
G55 52143 LM6000 Engine 191-332 Hot Section 1,776,275 1,776,275 

     Total New Gas Turbine Spending 1,776,275 1,776,275 
        Total New Generation Spending $48,440,395 $51,779,479 

     Transmission 
   T01 51969 2018 Transmission ROW Widening 69kV 5,487,686 5,487,686 

T02 51975 5P Mobile Substation Replacement 3,225,405 4,829,458 
T03 52258 2018/2019 Isolated Structure Replacement 1,094,899 4,818,521 
T04 51403 2018 PCB Removal Program 1,478,161 4,402,342 
T05 51402 2018/2019 Sacrificial Anode Installation 703,416 3,023,668 
T06 C0001900 Mount Hope 69-25kV Substation 1,397,158 2,982,338 
T07 52314 1C-GT1/UT1 Replacement 1,162,188 2,032,393 
T08 51398 2018/2019 Steel Tower Refurbishment 461,426 1,992,692 
T09 52320 L6549 2018 Replacements & Upgrades 657,710 1,406,535 
T10 51406 2018/2019 Transmission Switch & Breaker Replacement 1,311,498 1,405,891 
T11 51405 2018 Wood Pole Retreatment Program 680,538 1,361,076 
T12 48131 48H-T1 Replacement 648,122 1,281,449 
T13 52328 56N-T1 Transformer Upgrades 703,817 1,279,271 
T14 49779 L6537 Replacements and Upgrades 587,041 1,255,220 
T15 49777 L7002 Replacements and Upgrades 437,128 926,777 
T16 52241 16V-T2 Weymouth Hydro Transformer Replacement 889,253 889,253 
T17 52102 L5014-2018 Replacements and Upgrades 849,700 849,700 
T18 49788 L5564 Replacements and Upgrades 691,417 738,853 
T19 52059 L5039 - 2018 Replacements and Upgrades 719,825 719,825 
T20 49783 L5027A Replacements and Upgrades 648,292 648,292 
T21 52119 L5054 2018 Replacements and Upgrades 560,143 560,143 
T22 52238 2018/2019 Capacitor Bank Breaker Replacement 243,830 433,719 
T23 43268 9W-B53 Tusket Replace Structure 375,523 375,523 
T24 51797 2018 Oil Containment Program 331,507 331,507 
T25 52305 2018 Substation Insulator Replacement 316,348 316,348 
T26 51863 2018 Tap Changer Replacements 306,102 306,102 

     Total New Transmission Spending $25,968,132 $44,654,581 

     Distribution 
   D01 C0001950 New Distribution Rights-of-Way Ph 3 6,870,749 9,822,493 

D02 52271 2018 Padmount Replacement 1,286,340 1,657,205 
D03 51493 2018 PCB Pole Top Transformer Replacement 842,163 1,360,354 
D04 52184 37N-412-Glooscap Trail Rebuild Phase 2 858,046 858,046 
D05 52224 532N-Elm Street Conversion Phase 2 433,695 722,113 
D06 C0001802 54C-211 Queen Street Conversion 705,316 705,316 
D07 52185 50N-410 Rebuild Phase 2 695,098 695,098 
D08 43218 88W-323A Tusket Islands Phase 3 347,162 654,721 
D09 51400 2018 Sub Recloser Replacements    644,710 644,710 
D10 52194 6S-223 Harold Street Conversion 642,368 642,368 
D11 52200 65V-301 Brickton Reconductor 288,048 594,362 
D12 52205 30N-412 Hwy 242 Fundy Shore Rebuild 536,670 536,670 
D13 51744 30N-411 Maccan River Rebuild 473,044 473,044 
D14 52204 87W-312G-Tancook Island Replacement 208,236 454,096 
D15 52267 16W-302H-Brenton Rd Rebuild 258,839 387,767 
D16 52207 678H-211 McNab’s Island  Replacement 162,232 350,176 
D17 51500 2018 Pin Insulator Replacements  329,944 350,100 
D18 52192 54H-303 Underground Device Replacement 289,957 309,230 
D19 52206 20V-311-Bishop Ville Rd 303,533 303,533 
D20 52186 4S Feeder Exit Cable Replacement Phase 1 276,129 293,509 
D21 52208 3S Feeder Exit Cable Replacement Phase 2 293,228 293,228 
D22 52201 55V-314GA-Welsford Reconductor 275,161 275,161 
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Tab # CI# Project Title 
2018 Budget 

($) Project Total ($) 
Total New Distribution Spending $17,020,666 $22,383,299 

     General Plant 
   

     GP01 52308 2018 RTU Replacement Program 298,792 988,056 
GP02 52233 2018 Telecom Building Replacement 314,929 314,929 

     Total New General Plant Spending 613,720 1,302,985 

     Total New Capital Spending $92,042,914 $120,120,344 
        Total Routine Capital Spending $83,861,643 $83,861,643 
        Total Capital Items for which Approval is Sought $175,904,557 $203,981,987 

 1 

4.3 2018 ACE Plan Capital Items Forecast for Subsequent Approval 2 

 3 

Figure 20 below identifies 2018 projects that are not yet ready for submission to the 4 

UARB, and that NS Power anticipates will be filed for review and approval throughout 5 

2018.  NS Power estimates approximately $30 million of spending in 2018 on these 6 

projects, which are currently estimated for total spending of approximately $152 million.  7 

The budget numbers indicated below are estimates as NS Power needs additional time to 8 

refine the specific project budget proposals.  This section of NS Power’s filing is designed 9 

to provide an indication of these anticipated 2018 projects. 10 

 11 

As noted in Section 3.2 above, NS Power significantly increased the number of capital 12 

projects submitted for approval compared to 2017. This correspondingly reduces the 13 

number of projects forecast for subsequent approval throughout 2018.  The 2017 ACE 14 

Plan included 83 projects for subsequent approval for a total 2017 spend of $109 million, 15 

compared to 24 in the 2018 ACE Plan for a total 2018 spend of $30 million; a decrease of 16 

59 capital work orders and $79 million.  This will reduce the regulatory burden for NS 17 

Power, the UARB and stakeholders throughout 2018.  18 
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Figure 20: 2018 Capital Items Forecast for Subsequent Submittal 1 

 2 

CI# Project Title 
2018 Budget 

($) 
Project Total 

($) 

Hydro   
  39472 HYD Mersey System Re-Development 1,223,368 83,595,607 

  
This project is the first phase of the re-development of the Mersey Hydro 
System and includes the replacement of the Big Falls PowerHouse and 
Lower Great Brook Dam Structure.   

48791 HYD - WRC Safety Standards Upgrades 440,182 1,019,928 

  
Project includes addition of alternate egress routes from lowest level of 
plant, higher capacity sump pumps, and a back-up power source for 
spherical valve closing.   

51775 HYD Fixed Ladder & Machine Guard 906,249 999,149 

 

Project includes installation of floor grating and shaft guards as well as 
increased instrumentation in the wheel pit area of the hydraulic turbine. It 
also will replace or modify ladders in order to meet regulation.    

47660 HYD - Dickie Brook Controls Upgrade 228,354 885,586 

 

This project will cover new instrumentation installations, Programmable 
Logic Controller (PLC) replacements, Distributed Control System (DCS) 
installation at the Dickie Brook Generating Station.   

52017 HYD ANN Exciter Replacement 465,855 473,350 

 
The replacement of the excitation system for the Annapolis tidal generation 
station.     

51772 HYD Arc Flash Mitigation 262,654 403,175 

 

This project includes mitigation measures to reduce or eliminate arc flash 
potential in hydro generating stations. This may include protection upgrades 
or switchgear modification or replacement.    

47659 HYD - Fall River Controls Upgrade 104,320 302,867 

 

This project will cover new instrumentation installations, Programmable 
Logic Controller (PLC) replacements, Distributed Control System (DCS) 
installation at the Fall River Generating Station.   

      
  Total New Hydro Spending for Subsequent Approval 3,630,982 87,679,662 

Gas 
Turbine   

  C0002978 CT's Motor Control Centre Upgrades 1,199,221 1,199,221 

  This project includes the upgrade of the Motor Control Centre for the 
combustion turbine fleet.    

49594 LM6000 TUC5 Airhouse Upgrade 830,287 916,391 

  This project includes the upgrade of the air house and its components on the 
Tufts Cove Unit #5 LM6000.   

      
  Total New Gas Turbine Spending for Subsequent Approval 2,029,508 2,115,612 
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CI# Project Title 
2018 Budget 

($) 
Project Total 

($) 

Steam    

51808 TUC HFO Piping Refurbishment 1,291,933 1,291,933 

  This project includes the replacement of pipe supports on Heavy Fuel Oil 
(HFO) piping at the Tufts Cove Generating Station.   

52107 TUC6 CW Screen Replacement 1,000,676 1,029,787 

  This project includes the replacement of the Cooling Water screens on the 
Tufts Cove #6 Generating Station   

52321 TUC3 Air Heater Refurbishment 535,728 570,623 

  This project includes the refurbishment of the Air Heater on the Tufts Cove 
#3 Unit.   

      
  Total New Steam Spending for Subsequent Approval 2,828,337 2,892,343 

      
  Total New Generation Spending for Subsequent Approval $8,488,827 $92,687,617 

Distribution     

47794 Heckman Island Underwater Cable Replacement 762,186 1,524,923 

  

This project provides for the replacement of the underwater cable to 
Heckman’s Island near Lunenburg.  The targeted underwater cable has 
reached its end of life due to age, condition and risk.  In addition, the load 
on this cable has increased since its original installation and the cable can 
no longer support cold load pick up. 

  

      
  Total New Distribution Plant Spending for Subsequent Approval 762,186 1,524,923 

General Plant   

46075 IT -  Work and Asset Management 14,498,734 45,509,963 

  

This project will upgrade NS Power's Maximo and ESRI GIS systems to the 
current release from the vendor and integrate the Maximo system with the 
NS Power GIS system, enabling a spatial view of work and assets in Maximo 
on a platform that is supported by the vendor. 
 

  

49480 IT - Disaster Recovery 494,282 6,312,277 

  

This project will review, design, and deploy the necessary infrastructure to 
ensure disaster recovery capabilities and processes are in place for all NS 
Power IT systems based on their classification of criticality. 
 

  

49858 IT - MS Exchange Upgrade 1,555,597 1,555,597 

  

This project will upgrade the Microsoft Exchange environment as part of NS 
Power’s technology lifecycle management. Microsoft Exchange 2010 is the 
platform that manages and delivers all email to NS Power employees, 
schedules calendars and manages contacts.  
 

  

50112 Customer Experience Consolidated Customer Web Portal 654,004 1,190,588 
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CI# Project Title 
2018 Budget 

($) 
Project Total 

($) 

  

This project will develop a common strategy, development and execution 
plan for an enhanced online customer experience.  The project will include 
solutions related to customer service requests, information requests and 
access and usage of MyAccount (existing customer online access tool), 
particularly as it relates to the AMI (Smart Meter) project.  In addition, the 
Customer Portal project will be adaptable to include other online assets that 
currently exist or will be developed in future. 
 

  

49094 IT - Identity Access Mgmt Infrastructure 800,000 977,498 

  
This project will assess, design, and deploy  hardware and software related 
to controlled access and use of NS  Power IT systems and applications. 
   

C0002241 IT-Generation Operation Upgrade 511,673 511,673 

  

This is a required tool for the economic dispatch of the NS Power generation 
fleet.  NS Power is currently operating on a legacy product that does not 
have the required support for an essential and required dispatch tool.   This 
project will upgrade to the current version. 
 

  

52335 IT-Automate Manual Billing 506,403 506,403 

  

This project will develop an application to enable large scale one-time 
uploading of transactions to customer accounts in CIS.  This will include 
solutions for billing adjustments, payment adjustments, fixed charges, and 
account details.  Some additional updates may be required in the existing 
CIS system to accommodate this application and process improvement. 
 

  

52337 IT-Group Billing Experience 505,823 505,823 

  

This project will introduce fixes to the CIS group billing application to 
correct billing inaccuracies. The project will also develop, test, and 
implement a solution to allow Group Billing customers streamlined access 
to their consolidated invoices and individual bills for their accounts through 
MyAccount. In addition, the project will align internal processes to provide 
sustainable and consistent support to Group Billing customers. 
 

  

C0002130 ADMS Distribution Fault Location 473,660 473,660 

  

This project provides for integration of the distribution fault location 
functionality into the ADMS system.  This functionality will provide 
predictions on potential fault locations during outage events.  
 

  

C0002106 Vegetation Inventory System Upgrade 260,172 260,172 

 
This project includes the upgrade to the current vegetation inventory system. 
    

C0002254 IT- MV90 Upgrade 254,062 254,062 

  
MV 90 is an automatic meter reading system used for collecting meter reads 
from large industrial and load research customers.  This project will 
upgrade this software to a supported version.   

      
  Total New General Plant Spending for Subsequent Approval 20,514,410 $58,057,716 
      
  Total Capital Items for Subsequent Approval $29,765,423 $152,270,257 

  1 
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4.4 2018 ACE Plan Capital Items with Estimated Total Project Cost of Less Than 1 

$250,000 2 

 3 

Figure 23 below sets out capital items with a total project cost of less than $250,000.  In 4 

accordance with Section 35 of the Public Utilities Act, these projects do not require UARB 5 

approval but are provided for transparency and informational purposes. 6 

 7 

The information in this section has been expanded in the 2018 ACE Plan in accordance 8 

with the agreement reached with stakeholders pursuant to NS Power’s report provided to 9 

the UARB on September 5, 2017.  Historical dollar values and numbers of projects are 10 

now provided in Figures 21 and 22 below respectively.  The table of projects under 11 

$250,000 now includes brief descriptions of all projects and rankings of those projects in 12 

accordance with NS Power’s asset management methodology as described in section 6.2 13 

of the CEJC.  Compared to 2017, there are 35 fewer projects in NS Power’s annual capital 14 

budget that fall below the $250,000 threshold, for a $3.6 million reduction from 2017 in 15 

total budget for projects in this category. 16 

 17 

Figure 21:  Historical Value of Projects Less Than $250,000 18 

 19 
Function 2015 2016 2017 2018 

Gas Turbine 0.6 0.6 1.7 1.2 

Steam 8.4 12.2 16.0 12.5 

Hydro 0.3 0.1 0.9 0.8 

Transmission 0.8 0.6 0.1 0.2 

Distribution 0.8 0.6 1.3 1.2 

General Plant 1.4 1.2 1.6 1.9 

Total $12.3 $15.3 $21.5 $17.9  
Note: Totals in the tables above may be off slightly due to rounding  20 
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Figure 22:  Historical Number of Projects Less Than $250,000 1 

 2 
Function 2015 2016 2017 2018 

Gas Turbine 7 7 19 15 

Steam 59 85 116 87 

Hydro 2 1 8 7 

Transmission 4 5 1 1 

Distribution 4 4 9 6 

General Plant 8 9 14 16 

Total 84 111 167 132 
Note: Totals in the tables above may be off slightly due to rounding 3 

 4 

Figure 23:  2018 Capital Items with Estimated Total Project Cost of Less than 5 

$250,000 6 
 7 

CI# Project Title 2018 Budget 
($) 

Project Total 
($) 

Criticality Condition Ranking  

Hydro 
       C0002103 HYD WRC U1 WG Thrust Assembly 200,574 200,574 4 4 16 

 This project includes replacement of the Wreck Cove Unit 1 thrust assembly and spherical valve upstream seal 

52256 HYD WRC Helipad Construction 160,435 161,695 4 4 16 

 This project includes the construction of a helicopter landing area for life flight support services due to the remote location of the site. 

C0001578 HYD WRC Bus Duct Monitors 158,439 158,439 4 5 20 

 This project installs online monitoring of the Wreck Cove bus duct temperature. 

51848 HYD - ANN Warehouse Refurbishment 118,275 147,187 3 5 15 

 This project renovates an office area at the Annapolis Tidal Plant warehouse to provide material control, meeting space and a customer 
interaction point.  
C0002231 HYD DHA Purchase 50,000 50,000 4 4 16 

 This project procures portable dehumidification units for the Wreck Cove generator pits to minimize unit dryout on startup.  

51868 HYD - 4th Lake Butterfly Valve 
Refurbishment 

48,006 48,174 5 3 15 

 This project is to modify the plant isolation valve with a lock-out mechanism on the 4th Lake generating unit on the Sissiboo Hydro System. 

47649 HYD - Salmon Tail Gate Pedestal 
Replacement 

36,227 38,576 3 5 15 

 This project is to replace the sluice gate actuation pedestal, actuator and gate on the Black River Hydro System. 

        
    Total Hydro Items Less Than $250,000 $771,957 $804,645 
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CI# Project Title 2018 Budget 
($) 

Project Total 
($) 

Criticality Condition Ranking  

Steam 

52040 LIN Grating Refurb (Boiler House)  244,596 244,596 4 4 16 

 This project includes the refurbishment of grating in the Boiler house.  Defects in grating represent a risk to plant safety.  

52037 LIN1 Main FW Control Valve & 
Actuator 

241,216 241,216 4 4 16 

 This project includes the refurbishment of Lingan Unit 1 feedwater control valve and actuator.  This valve controls the flow of water to the 
boiler.  
52035 LIN Plant Lighting Upgrade Phase 2 237,079 237,079 3 5 15 

 This project includes the replacement of out of service plant lighting with LED fixtures.  The main driver to project is to improve lighting in 
high risk areas improving plant safety, with the added benefit of reducing station service requirements.   
49452 LIN3 FW Heater Level Controls 

Upgrade 
236,285 236,285 4 4 16 

 This project includes the replacement of Obsolete Feedwater heater level controls with improved technology that reduces heat rate implications 
and damage mechanisms.  
47834 ICP Ranger Motor Upgrade 235,643 235,643 4 4 16 

 This project is the replacement of the vessel unloading conveyor belt.  The conveyor is used to transport fuel from the vessel to the coal yard.  

52041 LIN Siding Refurbishment Phase 2 233,676 233,676 4 4 16 

 This project includes the select replacements of deteriorated siding containing asbestos.  There is currently a risk of siding detaching from the 
building, impacting people and property. 
52101 ICP Rail Car Rebuild 233,505 233,505 4 4 16 

 This project includes the rebuilding of rail cars deteriorated from erosion and corrosion.   The rail cars are part of the fuel delivery system.  

52097 ICP Water Truck 232,000 232,000 4 4 16 

 This project includes the replacement of the existing water truck.  The water truck is used for dust control and debris cleaning of access roads. 

52222 TUC2 Breaker Replacements and 
Upgrade 

229,831 229,831 3 5 15 

 This project includes the select replacement of obsolete breakers.  

52050 LIN4 Misc. Valve Refurbishment 223,217 223,217 3 5 15 

 This project includes the select refurbishment of defective valves.  Valves are selected based on condition assessment and associated 
maintenance strategy 
52243 POT Asbestos Abatement 221,668 221,668 5 3 15 

 This project includes strategic abatement of asbestos from plant equipment 

52182 TRE5 Condenser Tubesheet Coating 220,699 220,699 4 4 16 

 This project includes the refurbishment of the condenser tube sheet coating to prevent exposure to seawater.   

52104 ICP Rail Car Truck Program 220,461 220,461 4 4 16 

 This project includes the refurbishment of the rail car trucks which can also be referred to as wheel assemblies.    

52062 LIN Forklift Replacement  219,740 219,740 3 5 15 

 This project includes the replacement of the forklift primarily used for removal of specification fuel from the coal feeders.  

52242 POT West CW Pump Overhaul 219,146 219,146 3 5 15 

 This project includes the refurbishment of the cooling water circulation pump based on condition assessment and recommended maintenance 
strategy. 
52197 TUC2 Main Feedwater Control Valve 

Refurbishment 
216,249 216,249 4 4 16 
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This project includes the refurbishment of the TUC 2 main feedwater control valve based on condition assessment and recommended 
maintenance strategy. 
52052 LIN1 Misc. Valve Refurbishment 214,536 214,536 3 5 15 

 This project includes the refurbishment of defective valves based on condition assessment and associated maintenance strategy 

52051 LIN3  Misc. Valve Refurbishment  213,302 213,302 3 5 15 

 This project includes the refurbishment of defective valves based on condition assessment and associated maintenance strategy. 

52049 LIN PF Line Replacement  212,325 212,325 3 5 15 

 This project includes the replacement of pulverized fuel piping.   Pulverized fuel is transported from the mills to the boiler through this piping.  
Spool pieces are replacement due to erosion/corrosion. 
52053 LIN3 Air heater and Aux Air Dampers 212,031 212,031 4 4 16 

 This project includes the refurbishment of the boiler air preheater and associated dampers to improve control and support more flexible unit 
operation.   
52291 POT 4160V Motor Controls Upgrade 203,735 203,735 3 5 15 

 This project includes the upgrade of the push buttons on the motor control system to allow operation from the Main Operator Control System. 

C0002059 LIN - Exterior Security Light Upgrade 202,950 202,950 4 4 16 

 This project includes the addition of security lighting at Lingan Generating station to improve perimeter security based on NERC requirements 

52296 TUC Asbestos Abatement 200,000 200,000 5 3 15 

 This project includes strategic abatement of asbestos from plant equipment.  

52046 LIN Precipitator Controls Upgrade 197,953 197,953 4 5 20 

 This project includes the controls upgrade to static precipitators.  Precipitators are used to remove particulates from stack emissions. 

51900 TRE5 PLC Upgrade WTP/Polisher   193,112 193,112 4 4 16 

 This project includes the upgrade of the plant water treatment and Polishing Control System.  These systems are using to treat water to meet 
boiler and steam turbine requirements 
49546 TRE6 FW Heater Level Control 187,315 187,315 4 5 20 

 This project includes the replacement of obsolete feedwater heater level controls with improved technology that reduces heat rate implications 
and damage to mechanisms.  
52248 POT Boiler Gas Temp Monitors 182,984 182,984 3 5 15 

 This project includes the upgrade of boiler gas temperature indicators which are required for unit startup.  

52058 LIN3 ID Fan Shaft Refurbishment 179,967 179,967 4 4 16 

 This project includes the refurbishment of the ID fan shaft based on condition assessment.  The refurbishment will remove corrosion sites 
extending the life of the fan.  
51854 PHB Conveyors and Handling Systems 176,943 176,943 3 5 15 

 This project includes the replacement of components on the secondary biomass fuel handling system, including wear components on a drag 
chain conveyor, belt conveyor, screws, and other fuel handling equipment 
52179 TRE5 Valve Refurbishments 2018 176,207 176,207 3 5 15 

 This project includes select valve refurbishments based on condition assessment and associated maintenance strategy. 

52177 TRE6 Valve Refurbishments 2018 176,141 176,141 3 5 15 

 This project includes select valve refurbishments based on condition assessment and associated maintenance strategy. 

52042 LIN Plant Heating Upgrade 171,552 171,552 3 5 15 
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This project includes refurbishment of the plant heating system to provide adequate temperature control and freeze protection 

52038 LIN Precip Pressurizing Fan 168,048 168,048 4 4 16 

 This project includes the refurbishment of the static precipitator fan based on condition assessment.  The fan is used to ensure adequate 
operating conditions of the precipitator cells. 
52043 LIN A Coal Chute Replacement 162,228 162,228 3 5 15 

 This project includes the replacement of the Lingan A coal chute due to erosion and corrosion based on condition assessment.  The coal chute is 
part of the fuel delivery system. 
52239 TUC6 Main and Induction Stop Valve  160,053 160,053 4 4 16 

 This project includes the refurbishment of the main and induction steam valves based on recommended maintenance strategy.  These valves 
ensure control of steam to the turbine.   
51394 LIN34 Control Panel Button Upgrade 125,816 154,864 4 5 20 

 This project includes the replacement of control panel switches and buttons that are defective and pose risk to operators and equipment.  

52249 POT Breaker Replacements / Upgrades 154,859 154,859 3 5 15 

 This project includes select refurbishment of electrical breakers based on condition assessment. 

52154 TRE Ash Site Management 2018 153,269 153,269 4 5 20 

 This project includes the intermediate cover of exposed ash, pending final capping.  This is required to meet environmental compliance. 

52155 TRE6 Conveyor Refurbishment 2018 151,482 151,482 4 4 16 

 This project includes the refurbishment of conveyor components, including belts, pulleys, scrappers and structural/electrical components. This 
conveyor is part of the fuel delivery system.    
52175 TRE5 Mill Platform Access 151,402 151,402 4 4 16 

 This project includes the construction of a platform to support fuel mill access, improving mill maintenance safety 

52231 TUC6 Turbine Bypass Valve 
Refurbishment 

151,072 151,072 4 4 16 

 This project includes of the refurbishment of the bypass valve. The bypass line is used during startup to meet turbine startup requirements 

52244 PHB Replace Mini-Bins 149,828 149,828 3 5 15 

 This project includes the refurbishment of the mini-bins which are part of the fuel delivery system.  

52300 TUC Facilities Upgrade Phase 2 149,504 149,504 4 4 16 

 This project includes the upgrade of existing plant infrastructure.  Improved facilities for the women’s and men's washrooms/locker rooms, etc. 

C0001538 LIN4 Sequence of Event Recorder  137,666 137,666 3 5 15 

 This project includes the installation of a sequence of events recorder to improve unit reliability and troubleshooting 

52121 LIN Boiler Fill Pump Suc. Repl. Phase 2 132,439 132,439 4 4 16 

 This project includes the replacement of deteriorated boiler fill piping with superior material that will allow for improved quality of makeup 
water.  This system is used to fill the boiler during unit startup.  
52063 LIN Facilities Upgrade  131,777 131,777 3 5 15 

 This project includes the upgrade of the main lunch room, men’s washroom and the control room washrooms. 

52048 LIN Contractor Trailer 130,486 130,486 4 4 16 

 This project includes the refurbishment of the Lingan washroom trailer exterior to the plant.  This washroom is used for external contractors.   

52153 TRE5 Stack Refurbishment 127,579 127,579 4 4 16 
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This project includes the refurbishment of Trenton 5 stack.  

52054 LIN BFP Discharge Valve (Capital 
Spare) 

120,696 120,696 3 5 15 

 This project includes supply of a boiler feed pump discharge valve as a critical spare.  This valve is part of the feedwater control system and is 
common to all four units at Lingan Generating Station. 
C0001498 ICP-#2 Gate Upgrade Phase 2 119,647 119,647 3 5 15 

 This project includes the upgrade of the coal chute gate.  The gate is used to divide the fuel either into the coal yard or directly to the rail 
loading system.   
52251 POT Misc. Valve/Component 

Replacement 
119,550 119,550 3 5 15 

 This project includes select valve refurbishment based on condition assessment and associated maintenance strategy. 

52240 TUC2 Stack Refurbishment 116,335 116,335 4 4 16 

 This project includes the refurbishment of TUC2 Stack.  Activities include refurbishment of access platforms, stack top, protective coatings, and 
miscellaneous electrical components.   
52318 TUC CW Inlet Structural Steel 

Refurbishment 
116,181 116,181 4 5 20 

 This project includes the refurbishment of structural steel due on the cooling water intakes.  

52292 TUC Heavy Fuel Oil Tank Dyke 
Refurbishment 

110,668 110,668 5 4 20 

 This project includes the refurbishment of the heavy fuel oil tank dyke.   The dyke is used to prevent oil from entering the environment. 

50855 TRE Chemical Storage Area 100,057 107,616 5 4 20 

 This project includes the upgrade of the chemical storage area to improve access and mitigate safety concerns.  Ramps and grating will be 
installed to improve accessibility. 
49670 TUC1 4kv/600V Breaker Replacement 106,420 106,420 3 5 15 

 This project includes the select replacements of defective electrical breakers based on condition assessments. 

49451 LIN Fan Positioner Replacement 105,915 105,915 4 4 16 

 This project includes the replacement of the fan positioners from pneumatic to electric.  The fans are used to control air flow into and out of the 
boiler.  
47674 POT - CW Pumphouse Motor Control 

Centre Upgrade 
104,638 104,638 3 5 15 

 This project includes the upgrade of the cooling water pumphouse motor control center.   

52061 LIN 4160  600V Breaker Refurbishment 104,433 104,433 3 5 15 

 This project includes select replacements of defective electrical breakers based on condition assessments. 

52139 TRE Common Water Piping 
Replacement 

103,524 103,524 3 5 15 

 Replacement of deteriorated piping on the common water system at Trenton Generating Station 

52140 TRE5 4 kV Motor Refurbishments 2018 101,780 101,780 3 5 15 

 Select refurbishment of 4160 V Motors based on condition assessment 

49657 TUC Sequence of Events Recorder SEL 101,586 101,586 3 5 15 

 This project includes the installation of a sequence of events recorder to improve performance monitoring and event response. 

52013 TRE Floor Plates/Grating Refurbishment 101,388 101,388 4 4 16 

 This project includes select refurbishment of pedestrian grating based on condition assessment.  

52276 TUC1 Obsolete Valve Replacement 101,355 101,355 3 5 15 
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This project includes select replacement of defective and obsolete valves based on condition assessment and associated maintenance strategy 

52274 POT Coal Chute Refurbishments 100,440 100,440 4 4 16 

 Coal chute refurbishment due to erosion and corrosion based on condition assessment. 

52223 TUC1 Air Heater Roof Replacement 99,086 99,086 4 4 16  

This project includes replacement of the air heater roof on the TUC1 Generating Unit. 

52138 TRE5 Conveyor Refurbishment 2018 98,389 98,389 4 4 16 

 This project includes refurbishment of conveyor components including belts, pulleys, etc. 

52257 TUC3 Breaker Replacements and 
Upgrade 

98,105 98,105 3 5 15 

 This project includes select replacements of defective electrical breakers based on condition assessments. 

52152 TRE5 Relay Room Fire Protection 96,940 96,940 4 4 16 

 Fire protection improvements to Trenton 5 relay room based on insurance and industry recommendations. 

52036 LIN CW Screen Wash Piping Upgrade 95,138 95,138 4 4 16 

 This project includes upgrading the wash piping to improve removal of seawater debris from the circulating water screens.  This circulating 
water is used to cool the condenser and auxiliary equipment. 
C0001158 ICP High Rail Truck Replacement 95,000 95,000 3 5 15 

 This project includes the replacement of the rail maintenance truck.  This truck can be used on the railtrack and on highway 

52039 LIN Automated Sweeper 94,842 94,842 4 4 16 

 This project includes the replacement of the automated sweeper to improve housekeeping at Lingan.  The sweeper is used to remove coal dust 
and other debris. 
51840 LIN C Belt Replacement 93,628 93,628 4 4 16 

 This project includes the replacement of the Lingan C coal belt which is part of the fuel delivery system.   

52137 TRE A Conveyor Structural 
Refurbishment 

85,483 85,483 4 4 16 

 This project includes the structural refurbishment of the Trenton A coal conveyor which is part of the fuel delivery system. 

52245 PHB Trancel Screw Refurbishment 80,366 80,366 3 5 15 

 This project includes the refurbishment of trancel feed screws.  Trancel screws feed fuel into the boiler. 

52298 TUC6 Auxiliary Cooling Piping Upgrade 74,526 74,526 4 4 16 

 Upgrade of TUC6 cooling water piping with superior materials that will resist corrosion from seawater. 

52047 LIN Diesel Light Oil Emergency Shutoff 
Valve Installation 

67,410 67,410 4 4 16 

 This project includes installation of fast acting shut off valves on the light oil system that supplies emergency power generators.  

C0001303 PHB - HVAC System Upgrades 2018 66,262 66,262 4 5 20 

 This project includes upgrades to the HVAC system to ensure adequate temperature control of critical system environments 

52281 POT South Air Compressor 
Refurbishment 

62,212 62,212 3 5 15 

 This project includes refurbishment of Point Tupper south air compressor based on condition assessment and associated maintenance strategy. 
The air compressor is required for control of pneumatic equipment 
52136 TRE5 Jacking Oil Pump Replacement 60,692 60,692 4 4 16 
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This project includes the replacement of Trenton 5 jacking oil pump.  The jacking oil pump is used to provide lubrication when the turbine is on 
turning gear.  
52280 PHB Rotary Valve Replacements 57,912 57,912 3 5 15 

 This project includes the replacement of rotary valves on the Port Hawkesbury Generation Unit  

52178 POT - Fuel Oil Supply Shutoff Valve 
Installation 

54,857 54,857 4 4 16 

 This project includes installation of fast acting shut off valves on the light oil system that supplies emergency power generators.  

52135 TRE5 Nitrogen Generator Installation 54,471 54,471 3 5 15 

 This project includes the installation of a nitrogen generator to layup steam and water touched components improving plant layup and flexible 
unit operation. 
52120 TRE Fuel Oil Emerg Valve Fire 

Protection 
50,866 50,866 4 4 16 

 This project includes installation of a fast acting shut off valve on the light oil system that supplies emergency power generators 

52266 TUC2 Oil Spill Containment 45,000 45,000 4 4 16 

 This project includes oil spill containment for TUC2 to prevent the spread of flammable lube oil in the event of a fire.  

52290 TUC1 Opacity Meter Replacement 40,000 40,000 4 4 16 

 This project includes the replacement of the TUC1 opacity meter based on condition.  The Opacity Meter is used to ensure compliance against 
emissions requirements. 
49688 TUC3 Analytical Panel Upgrades 31,527 31,527 4 4 16 

 This project includes an upgrade to TUC3 cycle chemistry instrumentation including the addition of cation conductivity monitoring 
recommended by EPRI.  

    
      Total Steam Items Less Than $250,000 $12,540,895 $12,577,502 

    
Gas Turbine 

      49932 CT - TUC 4 LM6000 Roof Skid Access 176,559 176,559 3 5 15 

 This project includes constructing infrastructure to enable the CT staff to safely gain access to the generator and turbine vent fans for quarterly 
maintenance, annual maintenance, and possible motor or fan removals. 
49933 CT - TUC 5 LM6000 Roof Skid Access 176,559 176,559 3 5 15 

 This project includes constructing infrastructure to enable the CT staff to safely gain access to the generator and turbine vent fans for quarterly 
maintenance, annual maintenance, and possible motor or fan removals. 
52145 CT TUC 4 Thrust Balance Valve 

Replacement 
157,285 157,285 4 4 16 

 This project includes the replacement of the thrust balance valve on TUC4.   

52149 CT TUC 5 Thrust Balance Valve 
Replacement 

157,285 157,285 4 4 16 

 This project includes the replacement of the thrust balance Valve on TUC5.   

52115 CT VJ Fuel Level Monitoring Upgrade 82,285 82,285 4 4 16 

 This project includes the upgrade of the fuel level monitoring system at Victoria Junction to improve the Environmental Monitoring and Fuel 
Consumption Program. 
47812 BGT Fuel Tank 3 Refurbishment 72,091 72,091 4 4 16 

 This project includes the refurbishment of Burnside Fuel Tank 3.  Activities include refurbishment of coating to prevent against corrosion. 

49970 CT - TUS Exhaust Stack Refurbishment 66,592 66,592 4 4 16 

 This project includes the refurbishment of the Tusket Combustion Turbine Stack.   
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52106 CT BGT Fuel Level Monitoring Upgrade 65,828 65,828 4 4 16 

 This project includes the upgrade of the fuel level monitoring system at Burnside to improve the Environmental Monitoring and Fuel 
Consumption Program. 
47937 BGT1 Clutch Refurbishment 61,000 61,000 4 4 16 

 This project includes the refurbishment of the clutch on the Burnside Unit 1 Turbine. 

52142 CT Tusket Plant Coating 43,885 43,885 4 4 16 

 This project includes the re-coating of the Tusket Plant to prevent against corrosion 

52144 CT TUC 4 & 5 Engine Pad Installation 43,885 43,885 4 4 16 

 This project includes installation of a pad that will enable the safe removal of the engine and reduce the safety and equipment risks while 
transferring from crane to shipping container. 
52159 CT VJ1 Varec Gauges Upgrades 35,000 35,000 4 4 16 

 This project includes the upgrade of Varec gauges to meet calibration and reliability requirements 

52160 CT VJ2 Varec Gauges Upgrades 35,000 35,000 4 4 16 

 This project includes the upgrade of Varec gauges to meet calibration and reliability requirements. 

C0002858 CT's TUS Operator Interface Upgrade 30,167 30,167 3 5 15 

 This project includes upgrading the operator interface at Tusket to improve performance and reliability.  

C0002980 CT BGT Plenum Floor Refurbishment 28,879 28,879 4 4 16 

 This project includes the refurbishment of the plenum floor at Burnside.  This refurbishment will prevent flaking concrete from entering the unit 
and causing subsequent damage to the turbine.   

        
    

Total Gas Turbine Items Less Than $250,000 $1,232,300 $1,232,300 

    
        

    
Total Generation Items Less Than $250,000 $14,545,152  $14,614,447  

    

        
Transmission 

      52261 83V-503 & 83V-504 - Bring Switches  212,968 212,968 3 5 15 

 This project includes the relocation of two switches (83V-503 & 83V-504) to roadside for ease of access.  

    
    

Total Transmission Items Less Than $250,000 $212,968 $212,968 

    

        
Distribution 

      51499 2018 Downline Recloser Replacements 245,928 245,928 5 4 20 

 This project includes the replacement of downline reclosers and controls.  Additional replacements include framing, switches, lightning 
arrestors, fuses, and transformers, where applicable. 

49898 15N-202 Victoria St Rebuild 242,253 242,253 4 4 16 
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This project includes the replacement of deteriorated poles and conductor on sections of 15N-202 along Victoria St, Pleasant St, Muir St and 
King St in Truro. 
C0001798 Halifax 4kV Conversion Phase 5 218,971 218,971 5 4 20 

 This project is the fifth phase of a multi-phase project to convert the remaining 4kV distribution plant in peninsular Halifax to 25kV. 

52221 515S-311-Rebuild on Aliant poles 190,606 190,606 5 4 20 

 This project includes the rebuilding of the existing single phase feeder 515S-311 to roadside by utilizing existing joint use Aliant poles along the 
Cabot Trail in North River Centre. 

52306 5N-301 - Masstown Road Rebuild 165,446 165,446 4 4 16 

 This project includes the replacement of deteriorated poles and conductor on 5N-301 along Masstown Rd in Debert. 

52265 55V-322-English Mt Rd Reconfigure 157,022 157,022 4 5 20 

 This project includes the upgrade of approximately 420 meters of existing single-phase #4 copper conductor and fill in of 100 meters under L-
5022 with three phase 336 ASC primary and 4/0 neutral conductor on feeder 55V-322 along English Mountain Rd in Coldbrook. 

        
    

Total Distribution Items Less Than $250,000 $1,220,227 $1,220,227 

    

        
General Plant   

    C0001758 AMO CBT & Procedure Management 
Phase 3 

213,866 231,446    

 This project includes the expansion of the Competency Based Training and Procedure Management System into maintenance, chemical and 
environment streams.   
C0002058 Damage Assessment Enhancements 213,616 213,616    

 This project will include the upgrade of damage assessment kits and enhancements to the accessibility of information collected through damage 
assessment. 
C0002256 IT- Customer Care & Billing Server-

Migration 
205,021 205,021 3 5 15 

 This project includes the upgrade of both server and operating system for hosting applications in use by the Customer Care and Billing Teams. 

49825 Radio Site Grounding Upgrade 181,197 181,197    

 This project includes upgrades to grounding at NS Power telecom sites. 

52247 PTMT Water treatment Eyewash/Shower 154,857 154,857    

 This project includes the installation of an eye wash station at the Point Tupper Marine Terminal.   

52334 IT-Meridium Upgrade 150,000 150,000 4 4 16 

 This project includes the upgrade of the currently used version of Meridium. Meridium is an asset management software solution.    

52310 Move RTU Circuits to New Backbone  149,819 149,819    

 This project is to move approximately 8 RTUs over to the new Multiprotocol Label Switching (MPLS) network. It includes new routers, 
engineering design, and technician labour. 
50955 AMO NERC CIPv6 Compliance 

Upgrades 
117,361 117,361    

 This project includes infrastructure upgrades to comply with NERC CIP version 6 requirements that come into effect on September 1, 2018.   

C0002479 CIPv6 Electronic Security 102,055 102,055    
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This project includes the purchase and implementation of firewalls for the newly identified CIP Low Impact substations to comply with NERC 
CIP version 6 requirements that come into effect on September 1, 2018.  

50941 AMO Portal Development 102,031 102,031    

 This project includes the development and implementation of IT infrastructure to facilitate connectivity between multiple asset management 
systems.   
52312 System Operations Phone Upgrade 90,511 90,511    

 This project includes the upgrade of the existing System Operations Phone System (SOPS) to replace obsolete equipment and to allow 
expansion for new sites. Included in scope is the replacement/upgrade of the central phone switches at the ECC and the BCC, as well as an 
upgrade to the operator phones at both sites. 

50942 AMO Hydro Data Integration 61,219 61,219    

 This project includes the integration of hydro system data into asset management systems.  Activities will include IT infrastructure deployment 
to incorporate operational data into various groups including environment, Generation Asset Management and Energy Marketing. 

49832 Victoria Junction Substations Fiber 
Links 

52,631 52,631    

 This project includes installation of new Fiber links, from the 415S Victoria Junction Radio to the 2S Victoria Junction substations. This will 
improve the reliability and capability of the communications to these sites. 

51752 AMO Mobile Applications 51,021 51,021    

 This project includes the development and deployment of an asset management mobile application.  

51753 AMO SWP Automation 51,021 51,021    

 This project includes the deployment of safe work practices into operational technology solutions.   

50944 AMO RBI Program Phase 4 51,015 51,015    

 This project is to advance the development of risk based inspections programs and infrastructure. 

        

    
Total General Plant Items Less Than $250,000 $1,947,239 $1,964,820 

    
        

     
Total Capital Items Less Than $250,000 $17,925,586 $18,012,462 

     1 

4.5 2018 ACE Plan Capital Items – Point Aconi Generating Station 2 

 3 

Figure 24 below provides the Point Aconi capital projects for 2018.  These projects do not 4 

require UARB Approval but are provided for transparency and informational purposes.  5 
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Figure 24: 2018 Capital Items – Point Aconi Generating Station 1 

 2 

CI# Project Title 
2018 

Budget ($) 
Project Total 

($) 
51799 POA Boiler Refurbishment 2018 1,681,408 1,681,408  
51800 POA Boiler Refractory 2018 799,984 799,984  
51801 POA Air Heater Tube Replacement 574,681 574,681  
51819 POA SH3 Tube Replacements 572,602 572,602  
51855 POA LS System Refurbishment 328,667 328,667  
51858 POA Coal System Refurbishment 269,172 269,172  
52065 POA Boiler Arrowhead Replacement 256,851 256,851  
52122 POA CW Screen Refurbishment 2018 251,164 251,164  
52072 POA Ash System Refurbishment 238,262 238,262  
52080 POA SA Compressor Upgrade 215,329 215,329  
52078 POA Frontwall Pipe Replacement 203,622 203,622  
52084 POA Turbine Hydraulic Controls 201,097 201,097  
52073 POA LS Crusher Refurbishment 197,546 197,546  
52071 POA Plant Lighting Upgrade 171,913 171,913  
52082 POA Flame Scanners SUB Valve Train 166,872 166,872  
52066 POA Expansion Joint Replacement 162,942 162,942  
C0001438 POA - Coal Chute Refurbishment 158,542 158,542  
52067 POA Valve Component Replacement 155,910 155,910  
52070 POA Access Improvement 151,748 151,748  
52079 POA BA Center Drain Valves 138,552 138,552  
52083 POA Sequence of Events Recorder 124,385 124,385  
52069 POA Fan Vibration Probe Upgrade 119,337 119,337  
52077 POA Facilities Upgrades 119,323 119,323  
47857 POA CW Valve Replacement 102,417 102,417  
52064 POA - Boiler House Window Upgrade 92,614 92,614  
52074 POA Floor Sweeper 90,879 90,879  
52123 POA CW Screen Wash Pump Replacement 87,318 87,318  
52087 POA Coal System Fire Detection  81,158 81,158  
52086 POA Lube Oil Tank Fire Protection 67,872 67,872  
52068 POA 4KV 600V Breaker Refurbishment 67,277 67,277  
52075 POA Forklift Replacement 59,220 59,220  
52085 POA Diesel  Line Emergency Shutoff 51,134 51,134  
     
 Total Point Aconi New Spending 

 

$7,959,798 $7,959,798  
     
Point Aconi Carryover Spending $2,193,929 $7,917,954  
    
Point Aconi Routine Spending   
25647 POA DCMS Equipment Replacement              37,000                37,000  
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21485 POA - Kelly Rock Limestone Quarry              22,000                22,000  
21484 POA Plant Tools & Equipment              52,530                52,530  
10718 POA - Routine Equipment Replacement            217,054              217,054  
27858 POA Roofing Routine            109,713              109,713  
33865 POA Heat Rate Routine              48,527                48,527  
     
 Point Aconi Routine Spending $486,824 $486,824  
     
 Total Point Aconi Capital Spending $10,640,551 $16,364,575  
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5.0 GENERATION 1 

 2 

The focus for Generation capital investments in 2018 is investment in hydro infrastructure 3 

renewal and sustaining the current thermal asset base.  The approximately $117 million 4 

Generation capital investment plan for 2018 is summarized in Figure 25 below. 5 

 6 

Figure 25:  Summary of 2018 Generation Capital Investments ($ millions) 7 

 8 

i New 2018 capital spending for projects with total estimated project spending 
greater than $250,000 and for which approval is sought.  (As provided in Section 
5.2) 

48.4 

ii 2018 capital spending for projects with total estimated project spending 
greater than $250,000 for which approval will be sought subsequent to the 
filing of the 2018 ACE Plan.  (As provided in Section 4.3) 

8.5 

iii New capital spending for projects with total estimated spending less than 
$250,000 for which approval is not sought.  (As provided in Section 4.4) 

14.5 

iv 2018 capital spending for projects included in the 2017 ACE Plan for which 
approval will be sought in late 2017 (As provided in Section 3.2). 

0.8 

v Point Aconi Generating Station capital spending.  (As provided in Section 4.5) 10.5 

vi Carry-over capital spending.  (As provided in Section 5.1) 29.1 

vii Routine capital spending.  (As provided in Section 9) 4.6 

 Total 2018 Generation Capital Investment Plan $116.5 M 

 Request for ACE Approval (Items i and vii) $53.0 M  

Note: Totals may be off slightly due to rounding. 9 
Note: Figures are noted in $millions.   10 
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5.1 Generation – Carry-over Capital Spending Summary 1 
 2 

Figure 26:  Generation Carry-over Capital Spending Summary  3 

 4 

CI# Project Title 
Start 
Date 

Final 
Date 

Previous 
Expenditure 

($) 
2018 

Budget ($) 

Subsequent 
Spending 

($) 

Total 
Estimate 

($) 

Hydro Generation Plant 
      16374 HYD  Gaspereau Dam Safety  2007/05 2020/01 8,323,181 3,708,981 9,326,938 21,359,099 

29807 HYD - Tusket Falls Main Dam 2008/01 2020/12 5,754,477 10,398,599 2,004,533 18,157,609 
44978 HYD - Wreck Cove Controls Upgrade 2014/01 2019/04 3,591,421 1,117,205 - 4,708,626 
47551 HYD - SHH Controls Upgrade 2015/07 2018/12 611,690 1,099,505 - 1,711,195 
48396 HYD - Bridge Remediation 2016/02 2018/06 405,262 1,239,856 - 1,645,118 
47163 HYD - Tusket Controls Upgrade 2015/03 2019/06 516,010 367,891 - 883,900 
49039 HYD - Lequille Controls Upgrade 2016/03 2019/04 286,845 315,702 - 602,547 
48631 HYD - Gulch Spillway Refurbishment 2015/12 2019/03 74,695 472,350 - 547,045 
49598 HYD - Gisborne Switchgear 

Replacement 
2016/06 2019/05 18,934 375,071 - 394,005 

49634 HYD - Trout River Div. Screen 
Replacement 

2016/06 2019/05 1,877 234,956 - 236,834 

C0001458 HYD HMS Shop Expansion 2017/01 2019/04 30,435 198,776 - 229,212 
46253 HYD - Lequille Tailrace Gate 2016/01 2018/06 64,514 150,640 - 215,154 

52313 HYD - HG1 Crane Replacement 2017/01 2018/08 43,442 160,116 - 203,558 

C0001459 HYD Annapolis Rip Rap 
Refurbishment 

2017/01 2019/03 54,621 113,928 - 168,550 

52255 HYD - Miller Lake Access 
Improvement 

2017/07 2018/11 39,748 66,620 - 106,368 

38931 HYD Harmony Partial Decommission 2009/11 2018/06 854,972 11,657 - 866,628 

          
Total Hydro Generation Plant     $20,672,124 $20,031,851 $11,331,471 $52,035,447 

Steam Generation Plant  
      44267 TRE Trenton Ash Site Closure 2013/05 2018/12 7,211,521 1,823,288 - 9,034,809 

46499 AMO Stator Rewind Kit Cap Spare 2016/02 2018/09 1,819,659 31,677 - 1,851,336 

49707 TUC2 Generator Bushing 
Replacement  

2017/03 2018/12 1,781 996,640 - 998,421 

49897 POT - Fire system upgrades 2017 2017/04 2019/08 80,156 541,998 - 622,153 

41511 TRE6 Condenser Waterbox/CW 
Piping Replacement 

2017/05 2018/12 70,593 543,189 - 613,782 

50020 LIN CEMS Replacement Phase 1 2017/05 2018/12 - 486,083 - 486,083 

49316 TUC3 CEMS Replacement U&U 2016/07 2018/06 416,441 34,752 - 451,193 

49132 PTMT Dock Winching and Access 2016/03 2018/12 29,669 394,449 - 424,118 

52015 LIN2 UU Turbine Control Valve 
Refurbishment 

2018/07 2018/12 - 241,020 - 241,020 

49437 LIN Vacuum Pump Cooler 
Refurbishment 

2017/04 2018/06 165,069 68,073 - 233,142 

44727 TUC3 - DCS Upgrade Phase 3 
Turbine 

2017/07 2018/06 151,944 52,423 - 204,367 

51356 TUC3 UU TG Fire System and 
Detection 

2018/07 2019/06 - 178,573 14,350 192,923 
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CI# Project Title 
Start 
Date 

Final 
Date 

Previous 
Expenditure 

($) 
2018 

Budget ($) 

Subsequent 
Spending 

($) 

Total 
Estimate 

($) 
41229 LIN - Cable Spreading Rooms Fire 

Protection 
2013/09 2018/12 37,542 149,951 - 187,493 

46495 TUC3 - DCS Upgrade Phase 4 Boiler 2017/07 2018/12 118,444 50,998 - 169,442 

51410 TUC U&U Wastewater Lagoon 
Refurbishment 

2017/04 2018/12 126,025 54,857 - 180,882 

49697 TUC2 - Replace Oil Purifier I&C 
Heater 

2017/07 2018/07 17,756 84,933 - 102,689 

49459 LIN34 HMI TSC Upgrades 2017/05 2018/12 - 97,760 - 97,760 

49454 LIN3 Gen. Bus Duct Temp. Sensors 2017/01 2018/12 45,264 39,931 - 85,195 

49514 POT - LP Heaters Level Controls 2017/02 2018/12 39,453 18,515 - 57,968 

 
 

  
    

Total Steam Generation Plant 
    

$10,331,317 $5,889,108 $14,350 $16,234,775 

Gas Turbine Generation Plant 
      33142 CT - BGT4 Unit Restoration 2014/11 2018/06 8,679,199 536,911 - 9,216,110 

51526 CT's Tusket Replace Generator 2017/05 2018/12 1,414,181 1,679,586 - 3,093,767 

51711 CT Burnside Unit 2 Generator 
Replacement 

2017/06 2018/12 1,945,374 931,694 - 2,877,068 

49973 CT - TUS Control Room Halon 
Replacement 

2017/03 2018/05 150,922 71,246 - 222,168 

                
Total Gas Turbine Generation Plant      $12,189,677 $3,219,437 $0 $15,409,114 

            
Total Generation Carry Over Spending     $43,193,118 $29,140,396 $11,345,821 $83,679,336 

 1 

5.2 Generation – New 2018 Capital Items for ACE Plan Approval 2 
 3 

Figure 27: Generation - New 2018 Capital Items for ACE Plan Approval 4 
 5 

Tab # CI# Project Title 2017 Budget Project Total 
  Hydro Generation Plant  

  G01 51236 HYD - WRC Tailrace Rock Bolting 8,677,118 8,861,996 
G02 48533 HYD Lequille Headpond Refurbishment 4,209,710 4,472,369 
G03 49033 HYD WRC Tunnel T-2 Intake Replacement 2,525,419 2,851,582 
G04 51235 HYD - WRC Main Access Rd Refurbishment 2,574,654 2,686,075 
G05 51234 HYD - WRC HVAC Upgrade 266,738 1,876,537 
G06 49943 HYD - Ruth Falls Facility Refurbishment 1,217,177 1,234,931 
G07 49942 HYD - Tidewater Facility Refurbishment 1,230,442 1,234,178 
G08 49946 HYD - Fourth Lake Overhaul 978,404 1,025,769 
G09 49945 HYD - Malay Falls Switchgear Replacement 957,136 958,631 
G10 52262 HYD - Hells Gate 1 Overhaul 854,993 854,993 
G11 51972 HYD Nictaux Canal Embank Refurbishment 779,686 789,918 
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Tab # CI# Project Title 2017 Budget Project Total 
G12 51866 HYD - 4th Lake Penstock Refurbishment 663,326 696,963 
G13 47655 HYD - Paradise Controls Upgrade 218,179 639,991 
G14 49944 HYD - Dickie Brook Penstock Refurbishment 478,820 478,820 
G15 48712 HYD - Dam Instrumentation Upgrade 395,505 476,207 
G16 52018 HYD - RES Revenue Meter Replacement 368,897 378,248 

   
  Total Hydro Generation Plant $26,396,205 $29,517,209 

 Steam Generation Plant 
  Boiler   
  G17 51802 TRE5 Boiler Refurbishment 2018 1,212,228 1,212,228 

G18 51805 LIN4 Boiler Refurbishment 2018 739,657 739,657 
G19 47684 LIN3 Boiler Refurbishment 2018 739,657 739,657 
G20 51825 POT Boiler Refurbishment 2018 568,740 568,740 
G21 52252 LIN1 SH5 Tube Replacement 521,259 521,259 
G22 52253 LIN3 Economizer Header Refurbishment 499,951 499,951 
G23 51821 TRE5 Air Heater Refurbishment 487,376 487,376 
G24 51824 LIN3 ID Fan Damper and VIV Refurbishment 443,311 443,311 
G25 51818 PHB Boiler Refurbishment 2018 440,315 440,315 
G26 51807 TUC2 Boiler Lower Vestibule Refurbishment 412,872 412,872 
G27 51849 LIN3 RH Tube Replacement 399,546 399,546 
G28 51850 LIN4 RH Tube Replacement 399,546 399,546 
G29 49547 TRE5 5-1 BFP Refurbishment 345,523 345,523 
G30 51857 TRE5 Burner Refurbishments 2018 332,497 332,497 

Turbine   
  G31 49534 TRE6 EHG/Turbine Controls Upgrade 2,507,264 2,725,344 

G32 51820 TRE5 Reheat Turbine Valves 450,408 450,408 
G33 51862 TRE6 Lube Oil Cooler Refurbishment 341,769 341,769 
G34 43429 TRE5 Lube Oil Cooler Retube 338,398 338,398 
G35 51853 LIN3 Turbine Valve Refurb 2018 295,709 295,709 

Generator  
  G36 51803 TUC2 Generator Flux Probe Installation 840,158 840,158 

Environmental  
  G37 50577 TRE6 CEMS Replacement 715,562 715,562 

G38 49676 TUC2 CEMS Replacement 380,140 380,140 
Balance of Plant  

  G39 51806 LIN Mill Refurbishment 2018 673,153 673,153 
G40 52093 ICP Rail Crossing Refurbishment 592,402 592,402 
G41 51811 LIN Reclaim Refurbishment Phase 2 534,666 534,666 
G42 51815 LIN CW Pump Refurbishment 2018 520,436 520,436 
G43 51861 TRE6 CW Screen Replacement 2018 513,192 513,192 

Date Filed:  November 22, 2017          Page 0095 of 2371          REDACTED



2018 Annual Capital Expenditure Plan 
CONFIDENTIAL (Attachment Only) 

 

 
 

Tab # CI# Project Title 2017 Budget Project Total 
G44 51816 TRE Asbestos Abatement 2018 509,035 509,035 
G45 51835 TUC2 H2 Panel Upgrades 454,886 454,886 
G46 51836 TRE5 Mill Refurbishments 2018 409,458 409,458 
G47 47871 LIN Stack Re-Coating 381,034 381,034 
G48 51839 LIN Coal Plant Structural Refurbishment 354,067 354,067 
G49 51851 LIN CW Screen Refurbishment 2018 350,534 350,534 
G50 C0001419 TRE HFO Refurbishment Phase 1 340,618 340,618 
G51 51804 LIN3&4 ACW Duplex Strainer Replacement 333,808 333,808 
G52 51852 POT Mill Refurbishment 2018 327,267 327,267 
G53 52156 LIN Vacuum Pump Upgrades 302,714 302,714 
G54 51860 TRE5 PF Mill Line Replacement 258,761 258,761 

 
    

  Total Steam Generation Plant  $20,267,916 $20,485,995 

  Steam Generation Plant    
     

G55 52143 LM6000 Engine 191-332 Hot Section 1,776,275 1,776,275 

 
      

Total Gas Turbine Generation Plant  $1,776,275 $1,776,275 

        
Total Generation New Spending $48,440,395 $51,779,479 

 1 
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6.0 TRANSMISSION 1 

 2 

The focus for Transmission capital investments in 2018 is on system reliability, as well as 3 

transmission required to integrate the Maritime Link.  The approximately $76 million 4 

Transmission capital investment plan for 2018 is summarized in Figure 28 below. 5 

 6 

Figure 28:  Summary of 2018 Transmission Capital Investments ($ million) 7 

 8 

i New 2018 capital spending for projects with total estimated project spend 
greater than $250,000 and for which approval is sought.  (As provided in Section 
6.2) 

26.0 

ii 2018 capital spending for projects with total estimated project spending 
greater than $250,000 for which approval will be sought subsequent to the 
filing of the 2018 ACE Plan.  (As provided in Section 4.3) 

0.0 

iii New capital spending for projects with total estimated spending less than 
$250,000 for which approval is not sought.  (As provided in Section 4.4) 

0.2 

iv Carry-over capital spending.  (As provided in Section 6.1) 38.0 

v Routine capital spending.  (As provided in Section 9) 11.5 

vi Total 2018 Transmission Capital Investment Plan $75.7 M 

 Request for ACE Approval (Items i and v) $37.4 M  

Note 1: Totals may be off slightly due to rounding. 9 
Note 2: Figures are noted in $millions. 10 
 11 

6.1 Transmission – Carry-over Capital Spending Summary 12 
 13 

Figure 29:  Transmission Carry-Over Capital Spending Summary 14 

 15 

CI# Project Title 
Start 
Date 

Final 
Date 

Previous 
Expenditure 2018 Budget 

Subsequent 
Spending Total Estimate 

Transmission Plant        
43324 L6513 Rebuild/upgrade Line 

Terminal 
2013/01 2018/06 10,434,236 5,772,679 - 16,206,915 

46591 88S Lingan Replace 230kV GIS 2014/11 2019/10 3,865,693 10,417,221 487,200 14,770,114 
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CI# Project Title 
Start 
Date 

Final 
Date 

Previous 
Expenditure 2018 Budget 

Subsequent 
Spending Total Estimate 

48022 Spider Lake Substation Addition 2015/09 2018/12 4,129,010 3,547,876 - 7,676,886 

47954 L7012 Replacements and 
Upgrades 

2017/04 2018/11 1,847,922 2,345,236 - 4,193,158 

49838 2017 Substation PCB Equip 
Replacement 

2017/01 2019/06 2,845,978 1,001,403 261,210 4,108,591 

46757 88S Lingan 230kV BPS Upgrades 2015/09 2018/12 2,887,931 390,479 - 3,278,410 

49948 2017/2018 Isolated Structure 
Replacements 

2017/06 2019/03 2,033,194 1,126,790 - 3,159,984 

49793 L7011 Replacements and 
Upgrades 

2017/04 2018/12 921,750 2,039,165 - 2,960,915 

49789 L6515 Replacements and 
Upgrades 

2016/12 2017/10 2,605,733 216,842 - 2,822,575 

48061 New Mobile Substation 7.5MVA 2015/12 2018/12 826,631 1,983,761 - 2,810,393 

51404 2018/2019 Steel Tower Life 
Extension 

2017/07 2020/01 871,685 1,461,922 647,712 2,981,318 

49815 2017 Steel Tower Refurbishment 2017/01 2019/06 897,524 1,079,482 - 1,977,006 

49814 2017 Steel Tower Life Extension 2017/01 2018/12 1,555,043 202,455 - 1,757,498 

51956 6P Mobile Substation Rewind  2017/09 2018/11 410,740 985,312 - 1,396,051 

49790 L5505 Replacements and 
Upgrades 

2018/02 2019/05 - 1,220,473 - 1,220,473 

49778 L5535 Replacements and 
Upgrades 

2017/07 2018/06 882,448 302,398 - 1,184,846 

49774 L5527 Replacements and 
Upgrades 

2017/04 2018/07 18,991 1,067,741 - 1,086,732 

47131 L8001 Structure 58 Replacement 2015/04 2018/06 672,499 346,671 - 1,019,170 

49775 L5004 Replacements and 
Upgrades 

2016/12 2018/06 614,803 267,765 - 882,568 

49776 L7008 Replacements and 
Upgrades 

2017/02 2018/05 346,550 395,402 - 741,952 

49879 77V-T52 Replacement 2016/09 2018/05 162,809 556,677 - 719,486 

49821 Mersey River Hydro Spare 
Transformer 

2017/01 2018/06 231,199 431,344 - 662,544 

47915 L5053 Replacements and 
Upgrades 

2017/03 2018/05 19,408 627,905 - 647,312 

49798 2017 Capacitor Bank Breaker 
Replacement 

2017/06 2018/06 133,673 249,565 - 383,238 

  
        

Total Transmission Plant  
    $39,215,448 $38,036,565 $1,396,122 $78,648135 

Total Transmission Carry Over Spending 
    $39,215,448 $38,036,565 $1,396,122 $78,648135 
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6.2 Transmission – New 2018 Capital items for ACE Plan Approval 1 
 2 

Figure 30: Transmission – New 2018 Capital items for ACE Plan Approval 3 

 4 

Tab # CI# Project Title 
2017 

Budget Project Total 

 
Transmission Plant  

  T01 51969 2018 Transmission ROW Widening 69kV 5,487,686 5,487,686 
T02 51975 5P Mobile Substation Replacement 3,225,405 4,829,458 
T03 52258 2018/2019 Isolated Structure Replacement 1,094,899 4,818,521 
T04 51403 2018 PCB Removal Program 1,478,161 4,402,342 
T05 51402 2018/2019 Sacrificial Anode Installation 703,416 3,023,668 
T06 C0001900 Mount Hope 69-25kV Substation 1,397,158 2,982,338 
T07 52314 1C-GT1/UT1 Replacement 1,162,188 2,032,393 
T08 51398 2018/2019 Steel Tower Refurbishment 461,426 1,992,692 
T09 52320 L6549 2018 Replacements & Upgrades 657,710 1,406,535 

T10 51406 2018/2019 Transmission Switch & Breaker 
Replacement 1,311,498 1,405,891 

T11 51405 2018 Wood Pole Retreatment Program 680,538 1,361,076 
T12 48131 48H-T1 Replacement 648,122 1,281,449 
T13 52328 56N-T1 Transformer Upgrades 703,817 1,279,271 
T14 49779 L6537 Replacements and Upgrades 587,041 1,255,220 
T15 49777 L7002 Replacements and Upgrades 437,128 926,777 
T16 52241 16V-T2 Weymouth Hydro Transformer Replacement 889,253 889,253 
T17 52102 L5014-2018 Replacements and Upgrades 849,700 849,700 
T18 49788 L5564 Replacements and Upgrades 691,417 738,853 
T19 52059 L5039 - 2018 Replacements and Upgrades 719,825 719,825 
T20 49783 L5027A Replacements and Upgrades 648,292 648,292 
T21 52119 L5054 2018 Replacements and Upgrades 560,143  560,143  
T22 52238 2018/2019 Capacitor Bank Breaker Replacement 243,830  433,719  
T23 43268 9W-B53 Tusket Replace Structure 375,523  375,523  
T24 51797 2018 Oil Containment Program 331,507  331,507  
T25 52305 2018 Substation Insulator Replacement 316,348  316,348  
T26 51863 2018 Tap Changer Replacements 306,102   306,102  
          
 Total Transmission Plant $25,968,132 $44,654,581 
          
 Total Transmission New Spending $25,968,132 $44,654,581 

 5 
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7.0 DISTRIBUTION 1 

 2 

The focus for Distribution capital investments in 2018 continues to reflect localized 3 

customer load growth and customer reliability, and the implementation of the AMI 4 

project.  The approximately $108 million Distribution capital investment plan for 2018 is 5 

summarized in Figure 31 below. 6 

 7 

Figure 31:  Summary of 2018 Distribution Capital Investments ($ million)  8 

 9 

i New 2018 capital spending for projects with total estimated 
project spend greater than $250,000 and for which approval is 
sought.  (As provided in Section 7.2) 

17.0 

ii 2018 capital spending for projects with total estimated project 
spend greater than $250,000 for which approval will be sought 
subsequent to the filing of the 2017 ACE Plan.  (As provided in 
Section 4.3) 

0.8 

iii New capital spending for projects with total estimated spending 
less than $250,000 for which approval is not sought.  (As provided 
in Section 4.4) 

1.2 

iv Carry-over capital spending.  (As provided in Section 7.1) 41.4 

v Routine capital spending.  (As provided in Section 9) 47.7 

 Total 2018 Distribution Capital Investment Plan $108.1 M 

 Request for ACE Approval (Items i and v) $64.7 M 

Note 1:  Totals may be off slightly due to rounding. 10 
Note 2:  Figures are noted in $millions.  11 
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7.1 Distribution – Carry-over Capital Spending Summary 1 
 2 

Figure 32:  Distribution Carry-over Capital Spending Summary 3 

 4 

CI# Project Title 
Start 
Date 

Final 
Date 

Previous 
Expenditure 2018 Budget 

Subsequent 
Spending 

Total 
Estimate 

Distribution Plant 
  

    
47124 Advanced Meter Infrastructure 2015/01 2020/12 6,434,265 28,323,131 104,588,701 139,346,096 

40320 LED Street Light Conversion 2012/07 2019/09 24,240,026 4,766,609 8,163,857 37,170,492 

50796 New Distribution ROW Phase II 2017/01 2018/07 3,403,663 2,729,757 - 6,133,420 

49787 Intelligent Feeder/Storage Project 2016/08 2019/12 2,068,198 717,742 106,047 2,891,988 

44749 509V-301 Tower and Crossing 
Replacement 

2013/10 2019/06 592,739 1,059,753 - 1,652,492 

49919 2017 PCB Pole Top Trans. 
Replacement 

2017/01 2018/07 1,234,700 349,725 - 1,584,425 

49806 2017 Padmount Replacement 
Program 

2017/01 2018/03 1,333,116 235,460 - 1,568,576 

47760 85S-402 Re-Insulate 2015/12 2019/01 1,059,012 435,806 43,566 1,538,384 

44826 2014 Build-to-Roadside 2014/03 2018/08 768,677 138,078 - 906,756 

49841 23H-Rockingham Voltage 
Conversion 

2017/01 2018/09 507,447 336,745 - 844,192 

41350 16W-301 Hebron Rebuild Phase 2 2017/05 2019/12 36,180 383,790 416,112 836,082 

47787 2H Armdale New Feeders 2017/07 2019/02 111,254 701,079 - 812,333 

47765 58C-405 Belle Cote Phase 2 2015/12 2018/04 258,709 390,092 - 648,801 

49311 93V-312 Lower Saulnierville 
Conduct 

2016/08 2018/07 233,761 245,914 - 479,674 

43177 103W-311 Gold River Reconductor 
Phase 3 

2014/03 2018/05 380,177 41,484 - 421,662 

49891 509V Recloser and Voltage 
Regulator 

2017/05 2018/06 102,858 162,737 - 265,595 

49056 65V-302HAA Old Liverpool Rd 
Rebuild 

2016/06 2018/09 72,348 125,346 - 197,694 

49957 93V Feeder Expansion 2017/04 2018/12 10,224 132,021 - 142,246 

47777 70W-321 Wile Lake Road 2016/06 2018/12 7,790 94,089 - 101,879 

          

Total Distribution Plant    $42,855,143 $41,369,360 $113,318,283 $197,542,786 

    
        

Total Distribution Carry Over Spending 
    

$42,855,143 $41,369,360 $113,318,283 $197,542,786 

  5 
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7.2 Distribution – New 2018 Capital Items for ACE Plan Approval 1 
 2 

Figure 33: Distribution – New 2018 Capital Items for ACE Plan Approval 3 

 4 
Tab # 

CI# Project Title 2018 Budget Project Total 

Distribution Plant 
  D01 C0001950 New Distribution Rights-of-Way 

Ph 3 
6,870,749 9,822,493 

D02 52271 2018 Padmount Replacement 1,286,340 1,657,205 
D03 51493 2018 PCB Pole Top Transformer 

Replacement 
842,163 1,360,354 

D04 52184 37N-412-Glooscap Trail Rebuild 
Phase 2 

858,046 858,046 

D05 52224 532N-Elm Street Conversion 
Phase 2 

433,695 722,113 

D06 C0001802 54C-211 Queen Street Conversion 705,316 705,316 
D07 52185 50N-410 Rebuild Phase 2 695,098 695,098 
D08 43218 88W-323A Tusket Islands Phase 

3 
347,162 654,721 

D09 51400 2018 Sub Recloser Replacements    644,710 644,710 
D10 52194 6S-223 Harold Street Conversion 642,368 642,368 
D11 52200 65V-301 Brickton Reconductor 288,048 594,362 
D12 52205 30N-412 Hwy 242 Fundy Shore 

Rebuild 
536,670  536,670 

D13 51744 30N-411 Maccan River Rebuild 473,044 473,044 
D14 52204 87W-312G-Tancook Island 

Replacement 
208,236 454,096 

D15 52267 16W-302H-Brenton Rd Rebuild 258,839 387,767 
D16 52207 678H-211 McNab’s Island  

Replacement 
162,232 350,176 

D17 51500 2018 Pin Insulator Replacements  329,944 350,100 
D18 52192 54H-303 Underground Device 

Replacement 
289,957 309,230 

D19 52206 20V-311-Bishop Ville Rd 303,533 303,533 
D20 52186 4S Feeder Exit Cable 

Replacement Phase 1 
276,129 293,509 

D21 52208 3S Feeder Exit Cable 
Replacement Phase 2 

293,228 293,228 

D22 52201 55V-314GA-Welsford 
Reconductor 

275,161 275,161 

   
  

Total Distribution Plant $17,020,666 $22,383,299 

        

Total Distribution New Spending $17,020,666 $22,383,299 
 5 
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8.0 GENERAL PLANT 1 

 2 

General Plant capital investment in 2018 is primarily on Information Technology.  The 3 

General Plant capital investment plan for 2018 is summarized in Figure 34 below. 4 

 5 

Figure 34:  Summary of 2018 General Plant Capital Investments ($ million) 6 

 7 

i New 2018 capital spending for projects with total estimated 
project spend greater than $250,000 and for which approval is 
sought.  (As provided in Section 8.2) 

0.6 

ii 2018 capital spending for projects with total estimated project 
spending greater than $250,000 for which approval will be 
sought subsequent to the filing of the 2017 ACE Plan.  (As 
provided in Section 4.3) 

20.5 

iii New capital spending for projects with total estimated spending 
less than $250,000 for which approval is not sought.  (As 
provided in Section 4.4) 

1.9 

iv 2018 capital spending for projects included in the 2017 ACE 
Plan for which approval will be sought in late 2017.  (As 
provided in Section 3.2) 

0.1 

v Point Aconi Generating Station capital spending.  (As provided 
in Section 4.5) 

0.1 

vi Carry-over capital spending.  (As provided in Section 8.1) 11.3 

vii Routine capital spending.  (As provided in Section 9) 20.1 

 Total 2018 General Plant Capital Investment Plan $54.6 M 

 Request for ACE Approval (Items i and vii) $20.7 M 

Note 1:  Totals may be off slightly due to rounding. 8 
Note 2:  Figures are noted in $millions.   9 
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8.1 General Plant – Carry-over Capital Spending Summary 1 
 2 

Figure 35:  General Plant – Carry-over Capital Spending Summary 3 

 4 

CI# Project Title 
Start 
Date 

Final 
Date 

Previous 
Expenditure 2018 Budget 

Subsequent 
Spending 

Total 
Estimate 

43202 Replace Mobile Radio System 2012/11 2019/09  3,684,371   2,227,581   -     5,911,952  

46338 2017 New RTU Deployment 2018/03 2018/12  -     599,994   -     599,994  

46572 2017 RTU Replacements 2017/01 2018/12  170,402   360,655   -     531,057  

          
Total Telecommunications   $3,854,773 $3,188,230 $0 $7,043,003 

        
49855 IT - Desktop SW Modernization 2016/08 2018/07  3,268,859   1,736,019   -     5,004,877  

49860 IT - Sharepoint Upgrade 2017/01 2019/01  1,737,452   2,166,142   -     3,903,594  

47477 IT - Next Generation Firewall 2015/05 2018/03  3,547,479   57,796   -     3,605,275  

46739 IT - Outage Map Technology 
Upgrades 

2015/02 2018/06  2,542,920   353,000   -     2,895,920  

48773 IT - VOIP Expansion 2016/01 2019/10  373,089   776,193   641,726   1,791,007  

49857 IT - Storage Infrastructure Upgrade 2017/01 2018/01  1,254,597   330,000   -     1,584,597  

51485 IT-Threat Management Gateway 2017/05 2018/08  595,329   176,274   -     771,603  

49861 IT - PI System Upgrade 2017/01 2018/02  580,646   104,649   -     685,295  

51481 IT CMS Upgrade 2017/05 2018/12  38,888   525,174   -     564,063  

          
Total Computers   $13,939,258 $6,225,248 $641,726 $20,806,231 

        
50153 Self Serve Dev Phase 2 2017/08 2018/06  538,826   601,775   -     1,140,601  

50113 Customer Experience Streetlight 
Improvements 

2017/01 2019/06  256,687   479,202   -     735,889  

          
Total Customer Experience   $795,513 $1,080,977 $0 $1,876,489 

          
50292 Kempt Road/Dartmouth East Truck 

Bay 
2017/01 2018/05  618,017   528,138   -     1,146,155  

49880 Meter Shop Test Console 
Replacement 

2017/08 2018/04  205,000   205,000   -     410,000  

50295 Electric Vehicle Charging Stations 2017/03 2018/08  426,012   23,829   -     449,841  

48039 AMO Meridium 4.0 2017/10 2018/04  52,325   18,000   -     70,325  

          
Total Other General Plant   $1,301,354 $774,967 $0 $2,076,321 

          

Date Filed:  November 22, 2017          Page 0104 of 2371          REDACTED



2018 Annual Capital Expenditure Plan 
CONFIDENTIAL (Attachment Only) 

 

 
 

CI# Project Title 
Start 
Date 

Final 
Date 

Previous 
Expenditure 2018 Budget 

Subsequent 
Spending 

Total 
Estimate 

Total General Plant Carry Over Spending   $19,890,897 $11,269,421 $641,726 $31,802,044 

 1 

8.2 General Plant – New 2018 Capital Items for ACE Plan Approval 2 
 3 

Figure 36:  General Plant – New 2018 Capital Items for ACE Plan Approval 4 

 5 

Tab # 
CI# Project Title 2018 Budget Project Total 

Outage Performance    
GP01 52308 2018 RTU Replacement Program 298,792 988,056 
GP02 52233 2018 Telecom Building Replacement 314,929 314,929 

     
Total Outage Performance Spending $613,720 $1,302,985 

     
Total New General Plant Spending $613,720 $1,302,985 

 6 
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9.0 ROUTINE CAPITAL PROGRAM 1 

 2 

NS Power’s routine capital program is for recurring annual expenditures of like-for-like 3 

replacement of equipment, additions to existing equipment base resulting from system 4 

growth, and addition of customers to the system.  This section details all routine capital 5 

expenditures for Generation, Transmission, Distribution and General Plant asset classes.  6 

NS Power seeks UARB approval of the 2018 routine capital program in the amount of 7 

approximately $84 million. 8 

 9 

9.1 Routine Capital Spending by Function Yr/Yr 10 
 11 

Figure 37:  Routine Capital Spending by Function Yr/Yr 12 

 13 

   

2016 
Actual 

2017 
Budget 

2017 
Forecast 

2018 
ACE Plan 

Generation  
    Generation Equipment Replacements 3,413,611 3,382,030 3,595,812 3,747,051 

Generation Other Hydro 477,186 402,705 440,869 532,616 

Generation Other Thermal 379,345 289,096 293,240 300,319 

   $4,270,142 $4,073,830 $4,329,920 $4,579,986 

       
Transmission      
Transmission Substation Replacement, Add'ns/Mod'ns 3,006,060 3,070,404 2,757,403 3,070,000 

Primary Equipment Spares 140,432 250,000 251,283 250,000 

Protection Modification & Replacement 299,387 449,111 407,601 607,304 

Transmission Line Replacement, Add'ns/Mod'ns 6,810,255 6,003,899 5,916,668 6,926,213 

Transmission Right-of-Way Widening 6,004,868 598,698 598,358 599,751 

   $16,261,003 $10,372,112 $9,931,313 $11,453,268 

       
Distribution      
Meters   3,517,782 3,216,686 3,434,845 3,619,283 

Distribution Upgrades and Replacement 22,542,033 20,263,362 21,737,542 21,551,891 

New Customers  22,418,427 22,382,605 22,157,169 21,441,842 

Joint Use   385,014 508,021 538,058 508,021 

Distribution Right-of-Way Widening 807,288 598,698 572,051 600,095 

   $49,670,544 $46,969,372 $48,439,666 $47,721,132 
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2016 
Actual 

2017 
Budget 

2017 
Forecast 

2018 
ACE Plan 

General Plant      
Work Vehicles 

 
7,110,720 7,898,672 7,915,787 8,649,700 

Tools and Test Equipment 1,109,305 1,474,000 1,664,637 1,576,500 

Telecommunications 
 

824,189 796,387 792,292 870,899 

Computing Asset Management 2,308,471 2,122,443 1,978,877 2,768,159 

Property Improvements and Furniture 2,295,806 5,115,724 5,161,395 5,105,000 

Other  
 

1,316,203 1,345,438 1,171,420 1,137,000 

   $14,964,695 $18,752,665 $18,684,408 $20,107,257 

   
    Total Routine Capital Spending $85,166,383 $80,167,979 $81,385,307 $83,861,643 

Note:  The entire Routine program totals $84.5 million including Point Aconi routines. The totals presented above and in the following 1 
information do not include Point Aconi routines. 2 

 3 

9.2 Routine Capital Spending Project Breakdown Yr/Yr 4 
 5 

Figure 38:  Routine Capital Spending Project Breakdown Yr/Yr 6 

 7 

Project # CI # Project Title 
2016 

Actual 
2017 

Budget 
2017 

Forecast 
2018 

ACE Plan 
G001 10634 CT - Routine Equipment Replacements 118,709 144,000 111,359 374,397 

H001 11622 HYD - Routine Equipment Replacement 634,606 697,087 672,963 742,181 

H004 27867 HYD-Roofing Routine 22,018 89,371 89,083 100,048 

S001 23428 GS - Routine Capital 44,716 0 0 0 

 10645 POT - Routine Equipment Replacement 315,816 266,813 263,169 270,546 

 10673 TRE - Routine Equipment Replacement 593,455 377,929 626,303 377,287 

 43646 PHB - Routine Equipment Replacement 199,254 170,000 141,197 170,331 

 10621 TUC - Routine Equipment Replacement 432,358 327,423 339,992 270,697 

 10626 LIN - Routine Equipment Replacement 409,488 383,162 349,518 376,624 

S004 27856 TRE - Roofing Routine 336,585 100,000 122,153 104,857 

 27855 POT - Roofing Routine 20,109 163,963 175,568 209,713 

 27854 TUC - Roofing Routine 119,984 63,228 51,483 68,279 

 C0002249 PHB - Roofing Routine 0 98,675 98,675 52,428 

 27857 LIN - Roofing Routine 39,639 400,000 444,833 438,852 

W001 41830 Wind - Routine Equipment Replacement 126,874 100,379 109,516 190,811 

Generation Equipment Replacements Total $3,413,611 $3,382,030 $3,595,812 $3,747,051 

       
H005 35583 HYD - Oil Release Risk Assessment 317,958 218,370 260,660 350,091 

H006 35584 HYD - Gate Refurbishment 159,228 184,335 180,209 182,525 
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  Generation Hydro Total $477,186 $402,705 $440,869 $532,616 

       
S005 33871 TUC-Heat Rate Routine 78,919 47,690 49,379 52,011 

 33867 POT-Heat Rate Routine 126,414 84,967 74,823 92,094 

 33869 TRE-Heat Rate Routine 87,310 80,000 59,563 80,000 

 33863 LIN-Heat Rate Routine 86,703 76,439 109,475 76,215 

Generation Thermal Total $379,345 $289,096 $293,240 $300,319 

       
T003 23120 Provincial-Trans Substation Primary 2,442,667 2,199,801 2,057,762 2,200,000 

T004 23121 Provincial - Substation Additions & 
Replacements 

563,393 870,603 699,640 870,000 

Transmission Subs Replace, Adds/Mods Total $3,006,060 $3,070,404 $2,757,403 $3,070,000 

       
T018 14973 Primary Equipment Spares 140,432 250,000 251,283 250,000 

Primary Equipment Spares Total $140,432 $250,000 $251,283 $250,000 

       
T016 14841 Protection Modification & Replacement 299,387 449,111 407,601 607,304 

Protection Modification & Replacement Total $299,387 $449,111 $407,601 $607,304 

       
T001 23115 Provincial Transmission Line Replace 2,185,367 882,026 1,125,458 1,650,684 

T011 23118 Provincial - Planned Trans Line Replacement 4,624,888 5,121,873 4,791,210 5,275,529 

Transmission Line Replacements Total $6,810,255 $6,003,899 $5,916,668 $6,926,213 

       
T010 43827 Transmission Right-of-Way Widening 6,004,868 598,698 598,358 599,751 

Transmission Right-of-Way Widening Total $6,004,868 $598,698 $598,358 $599,751 

       
D009 26496 Meter Routine 3,517,782 3,216,686 3,434,845 3,619,283 

  Meters Total $3,517,782 $3,216,686 $3,434,845 $3,619,283 

       
D005 23158 Unplanned Replace Deteriorated 9,683,571 8,443,160 9,937,656 9,828,485 
D006 23135 Regulatory Replacements - Province 1,838,784 1,078,010 1,078,918 1,320,085 
D008 23361 Provincial Storm 4,011,924 2,418,069 2,444,549 2,942,145 
D051 29038 System Performance Improvement Routine 407,628 599,717 699,543 508,772 
D055 23137 Planned Replacement Of Distribution 6,600,126 7,724,405 7,576,877 6,952,404 

Distribution Upgrades and Replacement Total $22,542,033 $20,263,362 $21,737,542 $21,551,891 

       
D004 26716 New Customer Upgrades 7,110,774 7,740,351 7,538,451 7,162,551 

D018 23511 Primary Equipment Spares - Distribution 182,273 175,000 325,000 154,435 

D061 39766 New Customers - Residential 9,128,056 8,422,167 8,671,178 8,597,052 

D062 39770 New Customers - Commercial 5,997,324 6,045,087 5,622,541 5,527,804 
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New Customers Total $22,418,427 $22,382,605 $22,157,169 $21,441,842 

       
D007 23136 Contractual Replacements (Joint Use) 385,014 508,021 538,058 508,021 

Joint Use Total $385,014 $508,021 $538,058 $508,021 

       
D010 23127 Provincially Widening 807,288 598,698 572,051 600,095 

Right of Way Widening Total $807,288 $598,698 $572,051 $600,095 

       
P006 20945 Replacement and Additional Work Vehicles 249,260 210,202 145,855 220,000 

P009 16192 Mobile Transformer & Track Routine 8,395 70,978 70,172 0 

P063 39304 Class 3 Work Vehicle Replacements 296,226 335,000 547,464 463,000 

P062 39305 Work Vehicle Replacements 4,496,857 5,429,993 5,671,659 5,986,200 

P061 40236 Transportation Vehicle Replacements 2,059,982 1,852,500 1,480,638 1,980,500 

Work Vehicles Total $7,110,720 $7,898,672 $7,915,787 $8,649,700 

       
P002/P016 Meter Shop - Tools and Equipment 1,033,869 1,384,000 1,574,274 1,486,500 

P015 11611 Hydro Production Tools, Test Equipment 75,437 90,000 90,363 90,000 

Tools and Test Equipment Total $1,109,305 $1,474,000 $1,664,637 $1,576,500 

       
P025 16365 Mobile Radio Routine 51,889 46,048 46,011 49,146 

P027 16551 Telecommunication Radio and Fibre Optics 142,092 141,942 139,277 150,442 

P028 16550 Telecommunication Systems Replace & 
Modifications 

484,718 476,554 475,804 494,936 

P814 38243 Telecommunications Spares 145,489 131,844 131,201 176,376 

Telecommunications Total $824,189 $796,387 $792,292 $870,899 

       
P010 16073 SCADA Improvements Routine 144,960 131,525 110,088 113,189 

P031 29114 NSPI Non-CGI Infrastructure 2,104,049 1,810,000 1,718,774 2,478,970 

P040 28522 CT'S Dcms Routine 3,002 20,000 25,778 20,000 

 25667 POT - DCMS Equipment Replacement Routine 5,931 30,000 27,544 31,000 

 25626 TRE - DCMS Equipment Replacement Routine 11,454 40,000 29,428 40,000 

 25646 TUC - DCMS Equipment Replacements 
Routine 

37,935 60,917 66,491 50,000 

 25668 LIN - DCMS Equipment Replacement Routine 1,140 30,000 775 35,000 

Computing Asset Management Total $2,308,471 $2,122,443 $1,978,877 $2,768,159 

       
P001/P030 Property Improvement and Furniture 2,295,806 5,115,724 5,161,395 5,105,000 

Property Improvement and Furniture Total $2,295,806 $5,115,724 $5,161,395 $5,105,000 

       
P012/P041 Other (HYD - Security Improvement & FAC - 

Land Acquisition) 
670,703 623,267 542,895 450,000 
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P018 48158 Environment Equipment Replacement Routine 133,048 100,000 12,005 100,000 

P816 38897 FAC Environmental Property Remediation 
Routine 

215,936 216,733 210,261 198,500 

P815 38896 FAC Environment Site Assess Routine 108,972 205,438 213,410 188,500 

P032 38848 Purchasing Equip & Warehouse Routine 187,544 200,000 192,849 200,000 

Other Total $1,316,203 $1,345,438 $1,171,420 $1,137,000 

       
Routine Capital Spending $85,166,383 $80,167,979 $81,385,307 $83,861,643 

 1 

9.3 2018 Routine Capital Spending Project Details 2 

 3 

Transmission 4 

 5 

Figure 39:  Transmission Substation Replacements, Additions and Modifications 6 

 7 

T003 Provincial: Transmission Substation Primary Equipment 
ACE 2018 
Forecast 

Unplanned Failures 1,200,000 
PT and CT Replacements 50,000 
Battery Bank & Charger Replacements 50,000 
Transformer Radiator Replacements 225,000 
Transformer Cooler Replacements 125,000 
Substation Fencing & Gravel Replacements 25,000 
Footing Remediation 150,000 
Substation Yard Lighting 35,000 
Low Voltage Bus Pole Structure Replacements 95,000 
Switch Frame Replacements 50,000 
Replace 4kV Metering Unit 40,000 
Re-gasket Transformers 100,000 
89W Bus Upgrade 35,000 
20N-T2 Retirement 20,000 
    
Total T003 Provincial: Transmission Substation Primary Equipment $2,200,000 
    
T004 Provincial- Substation Additions & Replacements   
Unknown Additions 300,000 
Install Animal Guards - Substations 40,000 
Switch Upgrades 90,000 
MOD Switch Upgrades 60,000 
Transformer Refurbishment 200,000 
Transformer Online Monitoring 80,000 
Remote Video/Thermal Substation Monitoring 100,000 
    
Total T004 Provincial- Substation Additions & Replacements $870,000 
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Total Transmission Substation Replacements, Additions and 
Modifications $3,070,000 
 1 

Figure 40:  Primary Equipment Spares 2 

T018 Primary Equipment Spares 
ACE 2018 
Forecast 

Spare Reactor for TCR at 120H 75,000 
Spare Reactor for TSC1 at 120H 75,000 
Spare Reactor for TSC2 at 120H 75,000 
Spare Capacitors for 120H SVC 15,000 
Miscellaneous   10,000 
      
Total Primary Equipment Spares $250,000 

 3 

Figure 41:  Protection Modification and Replacement 4 

T016 Protection Modification & Replacement  
ACE 2018 
Forecast 

      
Unplanned Relay Replacement 78,627 
Replace Primary & Secondary Protection on L-6539 at 3S  81,367 
Replace Primary & Secondary Protection on L-6538 at 3S 81,367 
Replace Primary & Secondary Protection on L-6516 at 2S 81,367 
Replace Primary & Secondary Protection on L-5035 at 43V 81,367 
Replace SER at 1H   62,599 
Replace SER at 91H   62,599 
Replace 20V Differential Protection 78,011 
      
Total Protection Modification & Replacement  $607,304 

 5 

Figure 42:  Transmission Line Replacement, Additions/Modifications 6 

 7 
 
T001 Provincial Transmission Line Replacement (Unplanned) 

 

 
This routine is budgeted based on historical T001 
investment $1,650,684 

   

T011 Provincial- Planned Transmission Line Replacement   

LINE# Description 
ACE 2018 
Forecast 

L5004 99H Farrell ST-124H Akerley- 90H Sackville 210,034 
L5003 40H Woodlawn to 58H Imperial 276,370 
L5022 99H Farrell ST to 40H Woodlawn 162,305 
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L5023 L5053 tap to 52V Berwick 158,673 
L5012 East River 86E (L5031 Tap) to 85W Canexel 284,696 
L5014 99H Farrell ST to 62H Albro Lake 184,715 
L5024A 91H Tufts Cove to 99H Ferrall ST 182,349 
L5024B 50N Trento to 62N Stellerton 346,468 
L5030 50N Trenton to 54N Ambercrombie PT 165,219 
L5531 43V Cannan Road to 6V Hollow Bridge 308,353 
L5538 95H Malay Falls to 96H Ruth Falls 216,946 
L5549 30N Maccan to 17V Brownell ST 193,422 
L5533 91H Tufts Cove to 90H Sackville 269,028 
L5540 120H Brushy Hill to 131H Lucasville 208,832 
L5565 90H Sackville to 131H Lucasville 308,086 
L5573 50N Trenton to 79N Hopewell 356,372 
L5579 90H Sackville to 120H Brushy Hill 207,981 
L6518 90H Sackville to 104H Kempt Road 257,787 
L6527 103H Lakeside to 129H Kearney Lake 156,879 
L5547 91H Tufts Cove to 113H Dartmouth East 330,756 
Various 1C PT Tupper to 47c Stora 490,258 

     
T011 Provincial- Planned Transmission Line Replacement $5,275,529 

     
Transmission Line Replacement Total $6,926,213 

 1 

T010 – Provincial: Transmission Right of Way Widening 2 

 3 

In its 2017 ACE Plan Order, the Board directed NS Power as follows:  4 

 5 

The Board directs NSPI to update the cost estimates for vegetation 6 
management and right-of-way widening projects in the 2018 ACE Plan 7 
(and future years) based on actual historical costs incurred for this 8 
project.25 9 

 10 

NS Power confirms that the cost estimates for vegetation management and right-of-way 11 

widening projects in the 2018 ACE Plan are based on actual historical costs incurred.  12 

This forecast is also developed based on the known level of widening in the current year 13 

as set out in Figure 40 below:  14 

                                                      
25 2017 ACE Plan, UARB Order, M07745, April 4, 2017. 
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Figure 43:  T010 Forecast by Line  1 

 2 

> 69 kV 
L6001 38,694 
L6054 58,040 
L6012 77,387 
L6552 29,020 
L6514 117,290 
L6536 96,734 
L7003 140,264 
L7009 42,321 

  Total T010 $599,751 
*Total above may be off slightly due to rounding 3 
 4 
The Board’s 2016 ACE Plan Order provided the following directive: 5 

 6 

The Board directs that the Routine for Transmission widening be treated 7 
as a separate project, and not a routine, in future ACE Plan Applications. 8 
NSPI is to provide an annual progress report on the expenditure, works 9 
undertaken, results achieved and future plans as part of the annual ACE 10 
Plan submissions.26 11 
 12 

CI 51969 - 2018 Transmission Right-of-Way Widening 69kV is submitted in the 2018 13 

ACE Plan in compliance with the Board’s directive.  With the addition of a separate 14 

capital work order for transmission Right-of-Way widening, the transmission vegetation 15 

management program is now carried-out under three broad initiatives:  16 

 17 

1. Operating activities for transmission vegetation management 18 

2. Capital Routine T010 - Transmission Right‐of‐Way Widening (for 138kV, 230kV 19 

and 345kV RoWs) 20 

3. New Transmission Rights-of-Way Widening individual capital projects (i.e. CI 21 

51969 for 69kV RoWs and subsequent phases) 22 

 23 

                                                      
26 NS Power 2016 ACE Plan, UARB Order, M07176, June 8, 2016, page 2.  NS Power’s annual progress report on 
the expenditure, works undertaken, results achieved and future plans can be found in the 2018 ACE Plan Reliability 
Directive in section 10.1.7.  
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Capital routine T010 remains for the widening of 138kV, 230kV and 345kV rights-of-1 

way.  This is the traditional scope of T010, but it has also previously included 69kV 2 

rights-of-way which are now assumed under CI 51969 and subsequent phases.  This was 3 

the scope of work included in the $43.2 million eight-year program ($5.4 million per 4 

year), which the UARB approved in principle and directed NS Power to include in ACE 5 

Plan filings for final approval.27  The 69kV work was removed from T010 but the budget 6 

for T010 remains approximately the same due to increased NERC requirements at the 7 

other voltage levels (specifically 138kV). 8 

                                                      
27 Review of Nova Scotia Power Inc.'s (NSPI) state of preparedness and response to Post‐Tropical Storm Arthur, 
UARB Supplemental Decision, M06321, September 21, 2015, page 16.  NS Power 2016 ACE Plan, UARB Decision, 
M07176, June 8, 2016, pages 26-28. 
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Distribution 1 

 2 

Figure 44:  Meters – D009 Meter Routine 3 

 4 

Item# Prg# Meter Type Meter Style Description 
2018 

Forecast Current Unit Cost 
Capital for 

meters 
1.0 Element, 120-240 volt 

1 294 Form 3S (5 jaw) Itron Centron 240V, 10A, 2W, 5 Jaw, 4 dial 250 65.00 16,250.00 

 220 Form 3S (5 Jaw) Itron Sentinel T/R, 2W, 4Jaw, TOU ( KWH ) c/w L.C. 
(ETS) 

80 130.00 10,400.00 

2 230 Form 3S (5 Jaw) Itron Sentinel T/R, 2W, 5Jaw, KW/KVA dmd 140 122.00 17,080.00 

 239 Form 3S (5 Jaw) Itron Sentinel T/R, 2W, 5Jaw, TOU( KWH ) c/w 
modem, L.P,L.C. (ETS) 

0 350.00 0.00 

 240 Form 3S (5 Jaw) Itron Sentinel T/R, 2W, 5Jaw, KW/KVA dmd, c/w 
modem, L.P. 

0 325.00 0.00 

3 296 Form 3S (5 Jaw) Itron Sentinel T/R, 2W, 5jaw, BID, TOU LC(ETS) 20 150.00 3,000.00 

        1.5 Element, 120-240 volt 
 N/A C1S Centron 240V, 200A, 3W,4 Jaw, 5 dial 22000 22.50 495,000.00 

6 219 SS1S1T Sentinel S/C, 3W, 4Jaw, TOU( KWH ) c/w L.C. 
(ETS) 

700 130.00 91,000.00 

7 231 SS1S2D Sentinel S/C, 3W, 4Jaw,  KW/KVA dmd 672 110.00 73,920.00 

8 232 SS1S2D Sentinel T/R, 3W, 4Jaw, KW/KVA dmd 0 125.00 0.00 

 236 SS1S1L Sentinel S/C, 3W, 4Jaw, ( KWH ) c/w modem & 
L.P. 

4 290.00 1,160.00 

 241   S/C, 3W, 4Jaw, KW/KVA dmd,c/w 
modem,L.P. 

0 350.00 0.00 

 266   S/C, 3W, 4Jaw, (kWh), BID 200 130.00 26,000.00 
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Item# Prg# Meter Type Meter Style Description 
2018 

Forecast Current Unit Cost 
Capital for 

meters 
 291   SC, 3W, 4Jaw, (kWh) TOU, BID, LC 

(ETS) 
12 150.00 1,800.00 

 292   S/C, 3W, 4Jaw, kWh/kW, BID 8 130.00 1,040.00 

        2.0 Element, 120-480 volt 
9 N/A CN1S Centron 120V,200A,3W,5Jaw(9o,clock pos:), 5 

dial 
1200 52.00 62,400.00 

10 226 SS2S2D Sentinel S/C, 3W, 5Jaw(9 o,clock pos:) KW/KVA 
dmd,( Mult: 25) 

60 110.00 6,600.00 

 227 SS3S2D Sentinel T/R, 3W, 8Jaw,  KW/KVA dmd, c/w 
KYZ pulses 

0 160.00 0.00 

11 233 SS2S1T Sentinel S/C, 3W, 5Jaw(9 o,clock pos:)TOU( 
KWH ) c/w L.C.(ETS) 

60 135.00 8,100.00 

12 235 SS3S3L Sentinel T/R, 3W, 8Jaw, KW/KVA dmd, c/w 
modem, L.P. 

4 290.00 1,160.00 

 246   T/R, 3W, 8Jaw, KW/KVA dmd, c/w 
modem,L.P, KYZ 

4 315.00 1,260.00 

 254   S/C,3W, 5jaw( 9 o,clock pos:)KW/KVA 
dmd, modem,LP,(Mult 25) 

4 315.00 1,260.00 

 271   T/R, 3W, 8 Jaw, kW/kVA dmd, Modem, 
LP (5-min int) 

4 290.00 1,160.00 

13 272 SS3S3L Sentinel T/R , 3W, 8Jaw, kW/kVA dwd, Modem, 
LP (5-min int) KYZ 

0 425.00 0.00 

27 297 SS3S2D Sentinel T/R, 3W, 8Jaw,  KW/KVA dmd 100 116.00 11,600.00 

        
2.5 Element, 120-347 volt 

14 281 SS5S0 Sentinal T/R,4W, 13Jaw, 120-480V, 0.1-10A 
(KWH) 

4 105.00 420.00 

15 228 SS2S2D Sentinel T/R, 4W, 13Jaw, KW/KVA dmd 200 102.00 20,400.00 

16 229 SS5S2D Sentinel T/R, 4W, 13Jaw,  KW/KVA dmd, c/w  
KYZ 

0 135.00 0.00 
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Item# Prg# Meter Type Meter Style Description 
2018 

Forecast Current Unit Cost 
Capital for 

meters 
17 234 SS5S3L Sentinel T/R,4W, 13Jaw, KW/KVA dmd c/w 

modem, L.P. 
8 315.00 2,520.00 

18 273 SS5S3L Sentinel T/R, 4W, 13 Jaw, kW/kVA dmd, modem, 
LP (5 min int) 

0 290.00 0.00 

19 274 SS5S3L Sentinel T/R, 4W, 13 Jaw, kW/kVA dmd, modem, 
LP (5 min int), KYZ 

0 350.00 0.00 

 288   T/R, W, 13 Jaw, kW BID 8 140.00 1,120.00 

        
3.0 Element, 120-347 volt 

20 247 SS4S0D Sentinel S/C, 4 W, 7Jaw, ( KWH ) 48 105.00 5,040.00 

21 248 SS4S0 Sentinel T/R, 4W, 13Jaw, ( KWH ) 0 105.00 0.00 

22 218 SS4S3L Sentinal T/R, 4W, 13Jaw, KW/KVA dmd, c/w 
modem, L.P. 

4 315.00 1,260.00 

23 222 SS4S2D Sentinel S/C, 4W, 7Jaw, KW/KVA dmd, (Mult 25) 576 105.00 60,480.00 

24 223 SS4S2D Sentinel T/R, 4W, 13Jaw,  KW/KVA dmd 300 102.00 30,600.00 

 225 SS4S2D Sentinel T/R,4W, 13Jaw, KW/KVA dmd, c/w 
KYZ 

24 150.00 3,600.00 

 243 SS4S3L Sentinel T/R, 4W, 13Jaw, KW/KVA, dmd, c/w 
modem, L.P, KYZ 

4 350.00 1,400.00 

25 275 SS4S3L Sentinel T/R, 4W, 13 Jaw, kW/kVA dmd, modem, 
LP (5 min int) 

4 315.00 1,260.00 

26 276 SS4S3L Sentinel T/R, 4W, 13 Jaw, kW/kVA dmd, modem, 
LP (5 min int), KYZ 

0 400.00 0.00 

 283   T/R, 4W, 13 Jak, kWh/kW, BID 20 128.00 2,560.00 

 295   S/C, 4W, 7Jaw, kWh/kW, BID 20 128.00 2,560.00 

 211   T/R, 4W, 13 Jaw, TOU, kWh 4 128.00 512.00 

    TWACS Modules 100 26.00 2,600.00 

    Total Meters 26846 
 

$966,522 
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    Misc Meters "ION" 5 8,000.00 $40,000.00 

    Cellular Meters 100 900.00 $90,000.00 

    CT and PT requirements   $150,000.0
 

    Wire, Adapters and switches   $90,000.00 
        
    Total Materials   $1,336,522 

        
    Applied Overhead   $1,282,103 

        
    Labour   $1,000,658 

        
    D009 Meters Total   $3,619,283 
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Distribution Upgrades and Replacement 1 

 2 

Figure 45:  Distribution Upgrades and Replacement 3 

 4 

D005 Unplanned Replacement Deteriorated Equipment ACE 2018 
Forecast 

 

The forecast was developed based on an estimated 
3,655 person days of work at a unit cost of 
$2,689/person day 

$9,828,485 

   
D006 Regulatory Replacements  

 

 

The forecast is developed based on past experiences or 
information from various government agencies. This 
amount could vary based on current year decisions by 
these agencies. 

$1,320,085 

   
D008 Provincial Storm  

 

 

This forecast is developed based on past experience. 
There can be significant variation in this amount based 
on yearly storm activity. 

$2,942,145 

   
D051 System Performance Improvement  

 19W-311-Lighthouse Rte Rebuild 64,992 

 22C-403-59C-401 Grand Anse Recloser Upgrade 80,000 

 50W-412GA-Mill Village Build to Roadside 214,195 

 57W-401-D417-010 Upgrade 45,000 

 78W-301 Northwest Line Extension 29,585 

 Various-2018 Transformer Animal Guard Additions 75,000 

   

   
Total D051 System Performance Improvement $508,772 

   
D055 Planned Replacement of Distribution Equipment  

 

Bin Work  (Work resulting from NS Power’s 
distribution line inspection program that has been 
identified as requiring follow up within one year.) 

825,000 

 

Streetlight/service installation & removal (This 
funding is to support system upgrades required for 
street light installations and upgrades.  This includes 
transformer installs, service upgrades and/or new 
pole installations.) 

950,000 

 Field Driven Work 625,000 

 100C-422G-Reinsulate Phase 1 135,221 

 102W-311G-Surette Cross Rd Rebuild 112,000 

 102W-312-Tour Des Buttes Way 84,592 

 126H-312-Marine Dr Reinsulate Phase 1 181,000 

 126H-312-Marine Dr Reinsulate Phase 2 210,926 

 129H-412 Bedford HWY Reconductor 56,500 
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D055 Planned Replacement of Distribution Equipment 

 13V-303-Lake Lemerchant Rebuild 125,000 

 15S-301-Target Replacement 150,000 

 20N-201-Charles & Academy St Rebuild 200,000 

 21W-312-Lower Woods Harbour Reconductor 76,035 

 2H-411-Cowie Hill UG system Replacement_Part 2 56,000 

 36W-301G-Sable River Branch Crossing 74,220 

 3S-302 -3S-405-Reconfigure and Removal 155,000 

 4C-432-Saint Andrews Deteriorated Line 220,000 

 50N-410GAA-Arbuckle Road Rebuild 70,000 

 510W-211-Cresent Beach Rd Rebuild 80,705 

 513V-311-Dakin Park Rd Rebuild 88,028 

 514C-312-Lochaber Road Rebuild 59,000 

 543C-211-Mauger Road Rebuild 145,000 

 544W-311-Mt Pleasant Stepdown 20,000 

 56N-414-ICP 35,000 

 57S-401-Albert Bridge Rebuild 130,000 

 62N-413-Sherbrooke Road Repole 95,223 

 658V-211-Cortland Crescent Conversion 125,000 

 65V-302GA-Forest Glade Repole 148,446 

 663V-221-West Main St Reconductor 186,185 

 67C-411H-Mabou Harbor Crossing 125,000 

 67C-411-Reconductor Ceilidh Trail 195,000 

 70V-311GA-Port Lorne Rebuild 139,432 

 84W-302-King St, Chester Rebuild 85,000 

 
89W-303-Station Rd and Pinegrove Rd Line 
Extension 

103,890 

 92W-302-Valley Crescent Rebuild 85,000 

 Various-2018 Manhole Cover Replacement 200,000 

 Various-2018 Manhole Replacement 150,000 

 Various-2018 Padmount Switch Replacement 200,000 

 Various-2018 Vault Equipment replacement 250,000 
Total D055 Planned Replacement of Distribution Equipment $6,952,403 
   

Distribution Upgrades and Replacement Total $21,551,890 
 1 

New Customers 2 

 3 

Figure 46:  New Customers 4 

 5 

D004 New Customer Upgrades  
ACE 2018 
Forecast 

 
This forecast developed as a % of D061 and D062 net of 
capital contributions. In 2017 this is estimated to be 54%. 

$7,162,551 

D018 Primary Equipment Spares 
Distribution  
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This forecast is developed based on the probable amount 
of distribution spare equipment required during the year. 

$154,435 

D061 New Customers- Residential 
 

 

This forecast is for the costs associated with new 
residential customers net of capital contributions. Costs 
include metered services, unmetered services, line 
extensions and underground services. 

$8,597,052 

D062 New Customers- Commercial 
 

 

This forecast is for the costs associated with new 
commercial customers net of capital contributions. Costs 
include metered services, unmetered services, line 
extensions and underground services. 

$5,527,804 

  
Total New Customers $21,441,842 

 1 

Joint Use 2 

 3 

Figure 47:  Joint Use 4 

Joint Use Total 
 

ACE 2018  
Forecast 

 

This forecast is developed based on prior spending levels 
for both Joint Use requests from Nova Scotia Power’s 
Joint Use Partner, Bell Aliant, and communication utility 
requests. 

$508,021 

   
Distribution Total $47,121,036 

 5 

Distribution Right of Way Widening 6 

 7 

In its 2017 ACE Plan Order, the Board directed NS Power as follows:  8 

 9 

The Board directs NSPI to update the cost estimates for vegetation 10 
management and right-of-way widening projects in the 2018 ACE Plan 11 
(and future years) based on actual historical costs incurred for this 12 
project.28 13 

 14 

NS Power confirms that the cost estimates for vegetation management and right-of-way 15 

widening projects in the 2018 ACE Plan are based on actual historical costs incurred.  16 

This forecast is also developed based on the known level of widening in the current year. 17 

                                                      
28 2017 ACE Plan, UARB Order, M07745, April 4, 2017. 
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The spend in this Routine reflects the work that will be required to widen the following 1 

rights-of-way to standard. 2 

 3 

Figure 48:  Distribution Right of Way Widening  4 

 5 

Feeder 
Section Geographic Location 

Length 
(Km) 

Managed 
Length 
(Km) 

Avg 
Cost per 

Km Cost 
Contract 
Overhead 

Total 
Segment 

Cost 
88H-402 Musquodboit 5.00 5.00 18,000 90,000 18,018 108,018 
88H-401 Moose River 5.00 5.00 18,000 90,000 18,018 108,018 
665H-311 Malay Falls  2.00 2.00 18,000 36,000 7,207 43,207 
Provincial Clear Cut Buffers (Other 

Forestry Operations) TBD 
5.00 5.00 18,000 90,000 18,018 108,018 

84W-301G Chester-Vaughn (Highway 14) 6.60 3.00 18,000 54,000 10,811 64,811 
103W-312 Chester-New Ross (Highway 

12) 
0.55 0.55 18,000 9,900 1,982 11,882 

1V-443 New Ross (NewRossRoad-
R414-001) 

2.70 2.70 18,000 48,600 9,730 58,330 

103H-432 Otter Lake 2.50 2.50 18,000 45,000 9,009 54,009 
77V-302 Sissiboo Rd/North Range 

Cross/Doucetteville 
2.50 2.03 18,000 36,495 7,306 43,802 

Total Distribution Right of Way Widening            $600,095 

 6 

Pursuant to CI 49611 - New Distribution Rights-of-Way Phase I, submitted to the UARB 7 

on November 1, 2016, Liberty’s report on its review of NS Power’s response to PTSA 8 

included a recommendation that for distribution rights-of-way NS Power should “develop 9 

a comprehensive plan for reclaiming and/or widening the overgrown ROW corridors”.29  10 

In its Supplemental Decision on September 21, 2015, the Board directed NS Power as 11 

follows: 12 

 13 

[36] A circumstance where it will take 32 years for the distribution 14 
vegetation management program to become sustainable causes the Board 15 
significant concern. 16 
// 17 

                                                      
29 Review of Nova Scotia Power Inc.'s (NSPI) state of preparedness and response to Post‐Tropical Storm Arthur, 
M06321, Liberty Consulting Group, Comments on Review of NS Power's Storm Response, Exhibit A‐4, September 
9, 2014, page 7. 
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[38] The Board is intrigued by the stakeholder discussion concerning 1 
innovative financing options and directs NSPI to pursue that issue and 2 
report back to the Board the results of those discussions. 30 3 

 4 

In response to the Board’s concerns, and in order to further reduce the likelihood of tree 5 

contact related outages like those during the PTSA event, NS Power increased the budget 6 

for the D010 in the 2016 ACE Plan.  NS Power’s 2016 ACE Plan provided the following:  7 

 8 

NS Power is seeking approval as part of the 2016 ACE Plan of $3 million 9 
for the distribution widening routine, D010, in 2016. The $3 million 10 
comes from the portion of the annual $10.4 million that is spent on 11 
managing the vegetation in distribution ROWs to a sustainable state.31  12 

 13 

In its 2016 ACE Plan Decision regarding D010, the Board directed NS Power as follows: 14 

 15 

…the Board assumes that NSPI has increased the distribution Routine 16 
budget by an amount of $2.4 million from the operating budget over the 17 
$600,000 in the 2015 ACE Plan.  This means that NSPI is reducing its 18 
operating expenses by $2.4 million in 2016, thus increasing profits, with a 19 
corresponding increase in its rate base.  This action will only increase rates 20 
which the Board does not approve.  Accordingly, the Board reduces the 21 
routine budget for D010 to $600,000, to be in line with the 2015 ACE Plan 22 
amount.32 23 

 24 

Consistent with the 2017 ACE Plan, for the 2018 ACE Plan, NS Power has not increased 25 

the budget for D010 in response to the PTSA findings.  Rather, additional spending has 26 

been broken out into a separate capital work order, C0001950 - New Distribution Rights-27 

of-Way Phase 3.  The distribution vegetation management program is now carried-out 28 

under three broad initiatives:   29 

                                                      
30 Review of Nova Scotia Power Inc.'s (NSPI) state of preparedness and response to Post‐Tropical Storm Arthur, 
M06321, UARB Supplemental Decision, September 21, 2015, page 14.  NS Power responded with its proposal to 
increase spend in D010 in the 2016 ACE Plan.  
31 2016 ACE Plan, M07176, November 12, 2015, page 72. 
32 2016 ACE Plan, UARB Decision, M07176, June 8, 2016, page 18. 
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1. Operating activities for distribution vegetation management 1 

2. Capital Routine D010 - Distribution Right‐of‐Way Widening 2 

3. New Distribution Rights-of-Way individual capital projects (i.e. C0001950 and 3 

subsequent phases) 4 

 5 

No reductions in spend for operating activities have been transferred to fund either D010 6 

or C0001950. 7 
 8 

The scope of work completed under operating activities will continue to focus on existing 9 

right-of-way asset reclamation, urban cycle trimming in municipalities, reactive 10 

maintenance, hazard tree mitigation, vegetation removal during storm events, customer 11 

requested tree trimming, and maintaining sustainability of existing rights-of-way. 12 

 13 

The scope of work completed under the D010 routine will continue to focus on widening 14 

of existing rights-of-way to the current standard beyond the Department of Nova Scotia 15 

Transportation and Infrastructure Renewal (NSTIR) right-of-way. 16 

 17 

C0001950 and subsequent phases will establish new rights-of-way where none have 18 

previously existed. 19 

 20 

General Plant 21 

 22 

Figure 49:  Work Vehicles 23 

 24 

P006 Replacement and Additional Work Vehicles 
Quantity 

Unit 
Price 

ACE 2017 
Forecast 

Reel and Pole Trailers 13 16,923 220,000 
Total P006 Replacement and Additional Work Vehicles 

  
$220,000 

   
 

   
 

P061 Transportation Vehicle Replacements 60 35,342 2,120,500 

  
Salvage -140,000 

   
$1,980,500 
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P062 Work Vehicle Replacements 20 312,310 6,246,200 

  
Salvage -260,000 

   
$5,986,200 

    
P063 Class 3 Work Vehicle Replacements 4 118,750 475,000 

  
Salvage -12,000 

   
$463,000 

    
Total  Work Vehicles  $8,649,700 

 1 

Figure 50:  Tools and Test Equipment 2 

 3 

 

Description Quantity 

Estimated 

Unit Cost 

Estimated 

Total 

     
Meter Shop Tools and Equipment 

  

$50,000 

     Provincial Line Tools & Equipment 
   

 
Western Territory 

  
$89,933 

 
North Eastern Territory 

  
43,516 

 
Cape Breton Territory 

  
63,824 

 
Central Territory 

  
203,075 

 
T&D Asset 

 
  452,567 

 
System Maintenance 

 
  232,086 

   
   

P002 Tools and Equipment Total   1,135,000 

     
P015 Hydro Production Tools & Test Equipment 

 
$90,000 

   

     
P016  Thermal Production Tools & Test Equipment 

  

 
POT Tools & Equipment 

  
$75,000 

 
TUC Tools & Equipment 

  
76,500 

 
TRE Tools & Equipment 

  
80,000 

 
LIN Tools & Equipment 

  
51,000 

 
CT Tools & Equipment 

  
28,000 

 
PHB Tools & Equipment 

  
41,000 

     
P016  Thermal Production Tools & Test Equipment Total  

 
$351,500 

     
Tools and Test Equipment Total 

 
$1,576,500 
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Figure 51:  Telecommunications 1 

 2 

P025 Mobile Radio 
ACE 2018 
Forecast 

Replacement Radio Equipment Hardware and Upgrades 16,432 
Equipment repairs - Bell, Nova, etc. Standing POs 18,028 
Miscellaneous Support for existing system 14,686 

 
  

P025 Mobile Radio Total $49,146 

 
  

P027 Telecommunication Radio & Fibre Ops   
HVAC & Generator Upgrades - 2 sites  100,627 
Radio Site repairs – Miscellaneous 24,823 
Add Generator Alarms And Controls at various sites 5,501 
Miscellaneous Replacements 19,491 

 
  

P027 Telecommunication Radio & Fibre Ops Total $150,442 

 
  

P028 Telecommunication Systems Replace & Modifications   
Replace DPR and Tone Protection Equipment (as required) 51,700 
Upgrade Site Access Equipment (as required) 27,848 
RAL Move Circuits (ongoing) 30,193 
Remove Old Bayly Multiplex Equipment (ongoing) 14,538 
Backup Control Center Circuits 16,831 
Backup Time Synch for Backup Control Centre 5,493 
Battery Replacements Various Sites 18,248 
Replace Miscellaneous Power Supplies 7,500 
UPS Replacements Various Sites 7,500 
Upgrade Ethernet Radios and Equipment (Wide Area Network -WAN) 28,874 
Cable & Entrance Protection – Positron 17,250 
Switched Communications - System Operations Phones 12,500 
Replace Fibre Optic Equipment (NEC & ADC) 32,500 
Install One Fibre Link from Substation to Radio Site 64,169 
Network Monitoring - upgrade TMON alarming system 41,816 
Alarm Commissioning for new sites into SCADA 41,816 
Review and Update System Drawings and Records 29,499 
Support Services for Newbridge Multiplex Network - Nokia/ALU  28,500 
Tower Lighting Upgrades 18,161 

 
  

P028 Telecommunication Systems Replace & Modifications Total $494,936 

 
  

P814 Telecommunications Spares   
Alcatel-Lucent MPR9500 Microwave Radio 50,000 
Net Guardian Alarm Monitoring Equipment 15,000 
7705 MPLS Router Spares 20,000 
Ethernet Spares 5,976 
MDS SD9, Transnet, INet 10,100 
SEL 2505, 2506 Spares 10,100 
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RFL IMUX and 9745 Spares 25,100 
Battery Charger Spare 10,100 
RTU and Misc. Spares 30,000 
    
P814 Telecommunications Spares Total $176,376 

 
  

Telecommunications Total $870,900 
 1 

Figure 52:  Computing Asset Management 2 

 3 

P010 SCADA Improvements  
  

ACE 2018 
Forecast 

 
This forecast is developed based on SCADA 
equipment/operator interfaces failures or 
modifications 

 

P010 SCADA Improvements Total  $113,189 
 
    
P031 NSPI IT Infrastructure    

Infrastructure Component Asset Management Plan 

Volume to 
be 

Refreshed 
ACE 2017 
Forecast 

Voice and Data Network Network Infrastructure & Equipment  125,000 
Servers Servers Refresh, Licenses, & Storage  425,000 
Laptop and Desktop Computers, 
Personal Devices 

Computers that have or will reach four (4) 
years old 1,000 1,366,970 

 New laptop or desktop computers 60 72,000 

 Mobile Devices 100 100,000 

 
Laptop/Desktop Mgmt Tool-capacity 
upgrade  100,000 

 Software & software licenses  250,000 
Power Supplies Replaced after 10 years  10,000 
Accessories Accessories  30,000 
P031 NSPI IT Infrastructure Total  $2,478,970 
P040 DCMS Equipment Replacement   
 CT's DCMS Equipment Replacement  20,000 

 POT DCMS Equipment Replacement  31,000 

 TRE DCMS Equipment Replacement  40,000 

 TUC DCMS Equipment Replacement  50,000 

 LIN DCMS Equipment Replacement  35,000 

   $176,000 

    
Computing and Asset Management Total  $2,768,159 

  4 
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Figure 53:  Property Improvement and Furniture 1 

 2 

P001   
ACE 2018 
Forecast 

 Building Protective Coatings 
 

$50,000 

 Roofing & Emergency Refurbishment 
 

230,000 

 Grading / Drainage 
 

100,000 

 Fencing 
 

75,000 

 Pole Brow 
 

300,000 

 General Refurbishment Work 
 

551,000 

 Asphalt / Paving 
 

73,000 

 Consulting 
 

70,000 

 HVAC Improvements 
 

235,000 

 Substations 
 

35,000 

 Generator 
 

90,000 

 Protective Signage 
 

5,000 

 Security Improvements 
 

20,000 

 1H General Refurbishments 
 

271,000 

 Substation / Depot Improvements 
 

3,000,000 
Property Improvement and Furniture Total 

 
$5,105,000 

 3 

Figure 54:  Other 4 

 5 
Other    
P012 HYD - Security Improvement 

 
$400,000 

P018 Environmental Equipment Replacement 
 

100,000 
P041 FAC - Land Acquisition Routine 

 
50,000 

P816 FAC - Environment Property Remediation  
 

198,500 
P815 FAC - Environment Site Assessment  

 
188,500 

P032 FAC - Equipment & Warehouse  
 

200,000 
Other Total 

 
$1,137,000 

    
General Plant Total $20,107,259 

 6 

Date Filed:  November 22, 2017          Page 0128 of 2371          REDACTED



2018 Annual Capital Expenditure Plan 
CONFIDENTIAL (Attachment Only) 

 

 
 

10.0 DIRECTIVES AND MISCELLANEOUS 1 

 2 

10.1 UARB ACE Plan Directives and Stakeholder Commitments  3 

 4 

NS Power has received a number of Directives from prior ACE Plan Decisions.  The 5 

Company has also made a number of commitments to interested parties.  Responses to 6 

each of these Directives and commitments are provided below. 7 

 8 

 Impact of 2018 ACE Plan on Revenue Requirement and Affordability 9 

 10 

Introduction  11 

 12 

Revenue requirement and its effect on rates are well understood: increases in revenue 13 

requirement create upward pressure on rates.  NS Power understands rate increases are of 14 

particular concern for customers; a concern which is frequently expressed in terms of 15 

affordability. 16 

 17 

Over the years, the UARB has directed NS Power to provide information regarding the 18 

ACE Plan’s revenue requirement impact.  Directive 7 of the 2011 ACE Plan Decision 19 

and Directive 12 of the 2012 ACE Plan Decision direct NS Power to provide the 20 

estimated effect the ACE Plan may have on revenue requirement over the next five years.  21 

This information is provided in Figure 55 below. 22 

 23 

This information has been provided in prior ACE Plans and, through discussion and 24 

agreement with stakeholders as well as further direction from the UARB, has grown to 25 

include tables breaking out the revenue requirement impact of: 26 

 27 

• Economically Justified capital investments (2013 CEJC stakeholder engagement);  28 

• Current Asset capital investments (2014 stakeholder engagement);  29 
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• Work Support Facilities capital investments (UARB 2013 ACE Plan Decision 1 

Directive 13); and   2 

• A version of NS Power’s “Long-Term Capital Planning & Revenue Requirement” 3 

table incorporating stakeholder assumptions (2016 stakeholder engagement). 4 

 5 

Considered as a whole, NS Power’s assumptions and corresponding information provide 6 

the UARB and customers an impression of the impact NS Power’s capital program is 7 

expected to have on revenue requirement and help inform discussions on affordability.  8 

The 2018 ACE Plan is focused on the provision of safe and reliable electric service, 9 

investing where required to best maintain the performance and reliability of the 10 

Company’s assets, while minimizing upward pressure on rates. 11 

 12 

The overall revenue requirement table, “Long-Term Capital Planning & Revenue 13 

Requirement” contained in Figure 55 shows that NS Power’s capital expenditures have a 14 

decreasing effect on NS Power’s revenue requirement for customers over the next five 15 

years taking into account the contribution to fixed costs provided by new customer 16 

additions. 17 

 18 

Overall Revenue Requirement 19 

 20 

The overall revenue requirement calculation shows the effect on rate base and the effect 21 

on revenue requirement.  The underlying assumption of this calculation is that, to the 22 

extent capital expenditures equal depreciation expense in a given year, there is no 23 

incremental effect on rate base or associated revenue requirement and therefore it is not 24 

included in the calculation. 25 

 26 

The revenue requirement assessment incorporates the following inputs: 27 

 28 

• Capital expenditures compared to forecast depreciation expense annually. 29 
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• Administrative overhead credit based on the proration of capital expenditures in 1 

excess of depreciation expense in each year. 2 

 3 

• Depreciation expense of assets added during the examined timeframe based on 4 

the proportion of capital expenditures in excess of depreciation expense of all 5 

assets in each year. 6 

 7 

• Incremental interest based on the cost of debt multiplied by the portion of debt to 8 

total capital of the incremental rate base. 9 

 10 

• AFUDC based on the proportion of capital expenditures in excess of depreciation 11 

expense of all assets in each year. 12 

 13 

• Income taxes based on the resultant effects and prorated Capital Cost Allowance 14 

for tax purposes. 15 

 16 

• Net earnings based on the rate of return multiplied by the portion of equity to total 17 

capital of the incremental rate base. 18 

 19 

• Additional fixed cost recovery received from customer growth achieved through 20 

capital investment to serve these customers. 21 

 22 

Depreciation expense and additional fixed cost recoveries are delineated in the overall 23 

revenue requirement calculation. 24 

 25 

This method does not address the revenue requirement effect should capital projects not 26 

be completed.  Costs resulting from not completing certain projects include items such as 27 

increased operating costs, increased fuel costs, increased repair costs, and other risks or 28 

implications.  The Economic Analysis Model used to decide whether an economically 29 

justified capital project is the best option for customers includes estimates of the avoided 30 
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expenses; these avoided cost benefits are not included in this revenue requirement 1 

calculation.  The effect of economic projects and their savings is broken out separately in 2 

the subsequent section. 3 

 4 

Figure 55:  Long-Term Capital Planning & Revenue Requirement33 ($ M) 5 

 6 

NOVA SCOTIA POWER ($M) 
 

2018 ACE 2019 2020 2021 2022 

   
     

Estimated Spend Related to five-year Capital Plan 
 

     
Capital Expenditures (Spend) 

 
$354.9 $392.6 $387.3 $341.7 $348.4 

Less: Depreciation of all assets 
 

208.4 216.1 224.5 232.4 240.2 

Incremental Spend over Depreciation (Growth) 
 

146.5 176.6 162.8 109.3 108.2 

  
 

     
Incremental Spend as a portion of Total Spend 

 
41.3% 45.0% 42.0% 32.0% 31.1% 

  
 

     
New Incremental Regulated Capital Assets 

 
     

Beginning Balance 
 

- 146.5 323.1 485.9 595.2 

Capital Spend 
 

354.9 392.6 387.3 341.7 348.4 

Depreciation 
 

208.4 216.1 224.5 232.4 240.2 

Ending Balance 
 

146.5 323.1 485.9 595.2 703.4 

Average Incremental Net Book Value of projects in five-year plan 73.3 234.8 404.5 540.6 649.3 

  
 

     
Capital Cost Allowance 

 
     

Depreciation of Assets added 2018-2022 
 

4.5 15.8 25.4 26.4 32.1 

  
 

     
Impact on Net Earnings 

 
     

Expenses 
 

     

 OM&G  (3.5) (7.0) (10.5) (14.0) (17.5) 

 Administrative Overhead  (15.4) (18.2) (16.5) (9.9) (9.8) 

 Depreciation  1.4 5.0 8.2 8.8 10.9 

 Interest  2.6 8.4 14.5 19.4 23.3 

 AFUDC  (2.8) (3.6) (3.6) (2.4) (2.6) 

Earnings before tax  (3.9) (0.7) 5.3 14.4 18.0 

 Income Tax less Impact of Administrative Overhead (3.0) (4.7) (4.8) (1.7) (1.8) 

 Income Tax Impact of Administrative Overhead  (3.3) (4.0) (3.6) (2.1) (2.1) 

Net Earnings  $2.5 $7.9 $13.7 $18.2 $21.9 

                                                      
33 This table does not include avoided costs related to economically justified projects. 
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NOVA SCOTIA POWER ($M) 
 

2018 ACE 2019 2020 2021 2022 

        
Incremental Revenue Requirement of five-year capital plan      
Including Fixed Cost Recovery:       
Incremental Revenue Requirement of five-year capital plan (21.5) (16.1) (2.6) 16.3 22.4 

Change in Incremental Revenue Requirement from Previous Year (21.5) 5.4 13.6 18.9 6.1 

Rate Impact of five-year capital Plan  -1.7% -1.3% -0.2% 1.3% 1.8% 

        
Excluding Fixed Cost Recovery:       
Incremental Revenue Requirement of five-year capital plan (18.0) (9.1) 7.9 30.3 39.9 

Change in Incremental Revenue Requirement from Previous Year (18.0) 8.9 17.1 22.4 9.6 

Rate Impact of five-year capital Plan  -1.4% -0.7% 0.6% 2.4% 3.1% 

 1 

The overall revenue requirement shown in Figure 55, in the line item “Incremental 2 

Revenue Requirement of five-year capital plan”, shows a decreasing revenue requirement 3 

for years 2018 to 2022 as a result of the new capital investment.  This is due to additional 4 

fixed cost recovery received from customer growth achieved through capital investments 5 

to serve these customers, Administrative Overhead and AFUDC credits related to 6 

construction of capital assets, and the income tax impact of new capital investment.  7 

 8 

Stakeholder Revenue Requirement Table 9 

 10 

In compliance with the 2016 ACE Plan Terms of Consensus and the subsequent 11 

stakeholder engagement process, NS Power has included an additional revenue 12 

requirement table using assumptions requested by stakeholders.  The table shown in 13 

Figure 56 below, first included in the 2017 ACE Plan, has evolved throughout the 2017 14 

ACE Plan Stakeholder Engagement process.  It includes the following significant 15 

differences from NS Power’s “Long-Term Capital Planning & Revenue Requirement” 16 

table above: 17 

 18 

• Elimination of the impact of additional fixed cost recovery as well as the 19 

administrative overhead and AFUDC credits from the revenue requirement 20 

calculation. 21 

 22 
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• Elimination of the application of the incremental spend as a portion of total spend 1 

percentage to the calculated depreciation expense and capital cost allowance in 2 

the revenue requirement calculation.  3 

 4 
• Elimination of the reduction of depreciation of all assets in the calculation of New 5 

Incremental Regulated Capital Assets. 6 

 7 

NS Power believes the assumptions reflected in the table shown in Figure 56 do not 8 

accurately reflect the impact of the Company’s capital program because:  9 

 10 

• Including the reduction in fixed costs in the model demonstrates the decrease in 11 

revenue requirement for current customers related to having more customers 12 

connected and sharing the fixed costs. 13 

 14 

• Including the AO and AFUDC credits in the calculation of revenue requirement is 15 

consistent with how rates are calculated and that the inclusion of these credits in 16 

the revenue requirement directive is appropriate. 17 

 18 
• Since NS Power does not have the option to cease investment in its capital 19 

infrastructure at a sustaining level, a five year capital plan should be viewed in the 20 

context of costs that the capital program is driving in comparison to maintaining 21 

the assets. 22 

 23 

Figure 56:  Long-Term Capital Planning & Revenue Requirement (Stakeholder 24 
Table) 25 

 26 

NOVA SCOTIA POWER ($M) 

 

2018 
ACE 2019 2020 2021 2022 

        
Capital Expenditures (Spend)  $354.9 $392.6 $387.3 $341.7 $348.4 

Less: Depreciation of all assets  208.4 216.1 224.5 232.4 240.2 

Incremental Spend over Depreciation (Growth)  146.5 176.6 162.8 109.3 108.2 
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NOVA SCOTIA POWER ($M) 

 

2018 
ACE 2019 2020 2021 2022 

        
Incremental Spend as a portion of Total Spend  41.3% 45.0% 42.0% 32.0% 31.1% 

        
Revenue Requirement Calculation       

 OM&G  - - - - - 

 Depreciation  3.4 11.1 19.5 27.4 35.2 

 Interest  6.4 19.8 33.8 46.8 59.2 

 AFUDC  - - - - - 

 Return on Equity  6.0 18.6 31.8 44.1 55.7 

 
Income Tax less Impact of Administrative 
Overhead  (0.6) (2.2) (3.9) (4.8) (5.4) 

 Administrative Overhead  - - - - - 

 Income Tax Impact of Administrative Overhead  - - - - - 

Incremental Revenue Requirement of five-year 
capital plan  15.2 47.2 81.1 113.5 144.8 

Change in Incremental Revenue Requirement from 
Previous Year  15.2 32.1 33.9 32.4 31.3 

Rate Impact of five-year capital Plan*  1.2% 3.7% 6.4% 8.9% 11.4% 

        
RECAP       
Expenses       

 OM&G  - - - - - 

 Administrative Overhead  - - - - - 

 Depreciation  3.4 11.1 19.5 27.4 35.2 

 Interest  6.4 19.8 33.8 46.8 59.2 

 AFUDC  - - - - - 

Earnings before tax  5.4 16.4 27.8 39.3 50.3 

 
Income Tax less Impact of Administrative 
Overhead  (0.6) (2.2) (3.9) (4.8) (5.4) 

 Income Tax Impact of Administrative Overhead  - - - - - 

Net Earnings  $6.0 $18.6 $31.8 $44.1 $55.7 

        
New Incremental Regulated Capital Assets       
Beginning Balance  - 354.9 747.5 1,134.9 1,476.6 

Capital Spend  354.9 392.6 387.3 341.7 348.4 

Ending Balance  354.9 747.5 1,134.9 1,476.6 1,825.0 

Average Blance  177.5 551.2 941.2 1,305.7 1,650.8 

        
Capital Cost Allowance       
Depreciation of Assets added 2018-2022  10.8 34.7 60.0 82.1 103.1 

  1 
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Categories of Capital Expenditures and Revenue Requirement 1 

 2 

Like the functional classes of capital expenditures noted throughout the ACE Plan, 3 

overall revenue requirement can be broken down into different sub-categories.  A table 4 

breaking out “Current Asset Investment” is provided in Figure 57.   5 

 6 

Current Asset Investment is made up of all capital investment on our current asset base 7 

which includes both compliance and sustaining capital projects.  It does not include 8 

investment that creates new assets (e.g. customer growth and wind farms) or substantially 9 

alters current assets (e.g. transmission upgrades for Wind/Maritime Link). 10 

 11 

Figure 57:  Current Asset Investment 12 

 13 

NOVA SCOTIA POWER ($M) 
 

2018 ACE 2019 2020 2021 2022 

  
 

     
Estimated Spend Related to five-year Capital Plan 

 
     

Capital Expenditures (Spend) 
 

$257.0 $248.8 $223.1 $224.9 $208.5 

Less: Depreciation of all assets 
 

208.4 213.6 218.9 224.1 229.4 

Incremental Spend over Depreciation (Growth) 
 

48.6 35.2 4.2 0.9 (20.9) 

  
 

     
Incremental Spend as a portion of Total Spend 

 
18.9% 14.2% 1.9% 0.4% -10.0% 

  
 

     
Average Incremental Net Book Value of projects in five-year plan 24.3 66.2 85.9 88.5 78.4 

  
 

     
Impact on Net Earnings 

 
     

Expenses 
 

     

 OM&G 
 

     

 Administrative Overhead 
 

(4.3) (3.4) (0.5) (0.1) 2.0 

 Depreciation 
 

0.4 1.1 0.2 0.1 (2.3) 

 Interest 
 

0.9 2.4 3.1 3.2 2.8 

 AFUDC 
 

(1.0) (0.6) (0.1) (0.0) 0.4 

Earnings before tax 
 

(1.1) 0.8 3.8 4.2 6.6 

 Income Tax less Impact of Administrative Overhead (1.0) (0.7) 1.0 1.3 3.5 

 Income Tax Impact of Administrative Overhead 
 

(0.9) (0.7) (0.1) (0.0) 0.4 

Net Earnings 
 

$0.8 $2.2 $2.9 $3.0 $2.6 

  
 

     
Incremental Revenue Requirement of five-year capital plan      
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Incremental Revenue Requirement of five-year capital plan (5.1) 0.2 6.6 7.4 9.4 

Change in Incremental Revenue Requirement from Previous Year (5.1) 5.3 6.4 0.8 2.0 

Rate Impact of five-year capital Plan 
 

-0.4% 0.0% 0.5% 0.6% 0.7% 

 1 

Compliance investment is required to meet a variety of regulatory requirements. 2 

 3 

Sustaining investment includes projects in T&D, Work Support Facilities, and Generation 4 

necessary to sustain those assets: 5 

 6 

• Sustaining investment in Work Support Facilities is based on technical, economic 7 

or regulatory requirements of the assets. 8 

 9 

• Sustaining investment in our generation, transmission and distribution assets is 10 

done through our asset management program and developed through ongoing 11 

inspection programs and based on condition and criticality of the asset.  12 

Sustaining investments in generation are backed up with economic analysis 13 

stating it is more economical to complete this project compared to a “do nothing” 14 

option. 15 

 16 

Current Asset Investments represent those projects that NS Power is required to complete 17 

to maintain system reliability and performance. 18 

 19 

Reductions in NS Power’s current asset investment in T&D assets could lead to a 20 

decrease in reliability.  Likewise, reductions in current asset investment in generation 21 

assets, and corresponding economically justified projects, could lead to reduced 22 

generation performance and outages resulting in an increase in revenue requirement due 23 

to incurring expenses that would otherwise be avoided.  24 
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Effect of Economically Justified Projects 1 

 2 

NS Power’s overall revenue requirement, of which NS Power’s capital revenue 3 

requirement is a part, is influenced by economically justified projects.  Economically 4 

justified projects contribute to minimizing upward pressure on rates by keeping NS 5 

Power’s overall revenue requirement lower than it otherwise would be. 6 

Figure 58 below shows the effect of all new economically justified projects in the 2018 7 

ACE Plan. 8 

 9 

Figure 58:  Economically Justified Projects 10 

 11 

      NOVA SCOTIA POWER ($MM) 2018 2019 2020 2021 2022 

Capital Expenditures (Spend) $12.0  $0.0  $0.0  $0.0  $0.0  

Electric Revenue ($3.9) ($3.1) ($4.0) ($4.6) ($4.8) 

   Operating Expense  (1.0)  -   -   -   -  

   Avoided Expenses  (3.1)  (4.2)  (5.0)  (5.7)  (5.9) 

   Depreciation Expense  0.1   0.3   0.3   0.3   0.3  

   Interest  0.2   0.4   0.4   0.4   0.4  

   AFUDC  (0.1)  -   -   -   -  

Earnings before taxes  (0.2)  0.3   0.4   0.4   0.4  

   Income taxes  (0.4)  (0.1)  (0.0)  (0.0)  0.0  

Net Earnings $0.2  $0.4  $0.4  $0.4  $0.4  

      Revenue Requirement of Capital 
Investment 

($0.8) $1.1  $1.1  $1.1  $1.1  

      
Total Revenue Requirement ($3.9) ($3.1) ($4.0) ($4.6) ($4.8) 

 12 

NS Power’s revenue requirement in 2018 if NS Power did not pursue its economically 13 

justified capital projects, would be $3.9 million higher.   14 

 15 
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As shown in Figure 58, the avoided $3.9 million in Revenue Requirement is composed 1 

mostly of avoided expenses.  These avoided expenses do not represent a reduction in NS 2 

Power’s capital.  Rather, they are primarily avoided replacement energy and repair costs, 3 

as shown in each economically justified project’s Economic Analysis Model.   4 

 5 

Upward pressure on rates caused by NS Power’s overall revenue requirement is 6 

minimized when economically justified projects are completed as compared to not 7 

completing them. 8 

 9 

Conclusion 10 

 11 

NS Power’s capital program for 2018 forecasts reduced upward pressure on rates and 12 

revenue requirement.  In addition, over the next three years, NS Power’s capital program 13 

is expected to reduce upward pressure on rates and revenue requirement when fixed cost 14 

recovery is taken into account, and will minimally impact rates and revenue requirements 15 

when it is not.   16 

 17 

Investment in the Current Asset Base has a small impact on revenue requirement while 18 

still maintaining reliability and performance of assets, and is justified based on need or 19 

economics in accordance with the requirements of the CEJC. 20 

 21 

Investment in economically justified projects minimizes upward pressure on overall 22 

revenue requirement and rates by avoiding considerable expenses primarily related to 23 

replacement energy and repairs that would otherwise be incurred. 24 

 25 

NS Power recognizes that this describes the influence of our capital program only.  NS 26 

Power also recognizes that all aspects of our business contribute to the complete picture 27 

of our revenue requirement in any given year.  Those other aspects include, broadly, fuel 28 

costs, operating, maintenance, and general (OM&G) costs, and past investments. 29 

 30 
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The 2018 ACE Plan, as with prior ACE Plans, emphasizes affordability for customers by 1 

maintaining its focus on sustaining capital expenditures, and prudently maintaining NS 2 

Power’s Generation, Transmission and Distribution systems. 3 

 4 

Addendum:  Work Support Facilities  5 

 6 

In Figure 59, NS Power has broken out the revenue requirement effect of Work Support 7 

Facilities projects.  Work Support Facilities projects, as set out in the CEJC, are those 8 

associated with building, facilities replacement, and modifications, telecontrol and 9 

telecommunications, and Information Technology. 10 

 11 

Those Work Support Facilities projects that NS Power submits for approval either 12 

provide a clear benefit or are considered necessary pursuant to indvidual project 13 

justifications.  For example, Information Technology related capital projects are 14 

frequently necessary due to a number of factors including obsolescence of previous 15 

technology, manufacturer support expiring, or improving work practices in line with 16 

industry trends and customer expectations.  Capital work orders for Work Support 17 

Facilities will be assessed and submitted in accordance with the criteria found in the 18 

CEJC, and will describe the corresponding justification for the project, be it technical or 19 

economic. 20 

 21 

Figure 59:  Work Support Facilities 22 

 23 

NOVA SCOTIA POWER ($M) 
 

2018 ACE 2019 2020 2021 2022 

         
Estimated Spend Related to five-year Capital Plan       
Capital Expenditures (Spend)  $53.4 $54.5 $55.6 $56.7 $57.8 

Less: Depreciation of all assets  31.4 30.0 32.2 38.6 39.9 

Incremental Spend over Depreciation (Growth)  22.1 24.5 23.4 18.1 18.0 

        
Incremental Spend as a portion of Total Spend  41.3% 45.0% 42.0% 32.0% 31.1% 

        
Average Incremental Net Book Value of projects in five-year plan 11.0 34.3 58.2 79.0 97.0 
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Impact on Net Earnings  1.7 5.4 9.2 12.7 16.4 

Expenses       

 OM&G       

 Administrative Overhead  (1.1) (1.2) (1.2) (0.9) (0.9) 

 Depreciation  0.3 1.1 1.8 2.0 2.6 

 Interest  0.4 1.2 2.1 2.8 3.5 

 AFUDC  (0.2) (0.2) (0.2) (0.2) (0.2) 

Earnings before tax  (0.1) 0.6 1.5 2.6 3.2 

 Income Tax less Impact of Administrative Overhead (0.2) (0.3) (0.3) 0.1 0.2 

 Income Tax Impact of Administrative Overhead  (0.2) (0.3) (0.3) (0.2) (0.2) 

Net Earnings  $0.4 $1.2 $2.0 $2.7 $3.3 

        
Incremental Revenue Requirement of five-year capital plan      
Incremental Revenue Requirement of five-year capital plan (0.7) 1.4 3.9 6.3 8.2 

Change in Incremental Revenue Requirement from Previous Year (0.7) 2.1 2.5 2.3 1.9 
Note:  NS Power has not determined the future planned investments in Work Support Facilities beyond 2018.  As such, the 1 
analysis assumes that the level of investment would increase by an inflation rate of 2 percent annually.  The incremental 2 
spend as a portion of total spend is assumed to be the same as the entire capital program.  The revenue requirement effect 3 
includes the same factors as those used in the Long-Term Capital Planning & Revenue Requirement table. 4 

 5 

 Sustaining Capital – 2018 ACE Plan Alignment with the Integrated 10.1.26 

Resource Plan (IRP) 7 

 8 

The 2015 ACE Plan Terms of Consensus provide the following: 9 

 10 

NS Power will also engage with interested stakeholders on the 11 
issue of NS Power including information in future ACE Plans to 12 
show how its long-term planning assumptions regarding 13 
projections of sustaining capital investment in existing thermal 14 
plants presented in the IRP and future ACE Plans are consistent.  15 
This stakeholder consultation process will begin within 30 days of 16 
the Board issuing its decision in this matter.34 17 

 18 

During the stakeholder consultation process in early 2015, NS Power discussed the issue 19 

of including information in future ACE Plans to show how its long-term planning 20 

assumptions regarding projections of sustaining capital investment in existing thermal 21 

plants presented in the IRP and future ACE Plans are consistent.  A mock-up of this 22 
                                                      
34 2015 ACE Plan, Terms of Consensus Agreement, M06514/P-128.15, February 18, 2015, page 2. 
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commitment was provided to and agreed upon by stakeholders pursuant to NS Power’s 1 

report submitted to the Board on June 30, 2015.35  NS Power provides this information in 2 

Figure 60 below.  3 

 4 

NS Power introduced sustaining capital assumptions for the thermal generating fleet for 5 

the first time in the 2014 IRP.  This was made necessary by efforts to include unit 6 

retirement assumptions in the IRP analysis.  The 2018 ACE Plan was derived using the 7 

same asset management practices used for the sustaining capital forecast assumptions for 8 

the 25 year planning period of the 2014 IRP.   9 

 10 

When comparing a single capital year from an ACE Plan to a long term planning exercise 11 

such as the IRP, it is important to take into consideration the leveling of investment used 12 

for the 25 year capital forecast used within the IRP.  Outside of major asset classes 13 

(turbines, generators, combustion turbines etc.), the investment in asset classes are 14 

levelized throughout the expected life of the associated generating unit.  With respect to 15 

major asset classes it should be expected that the timing of investments will change from 16 

long term projections as annual assessments based on the latest operational information 17 

are essential to optimizing investment. 18 

 19 

The capital investment forecast used in the 2014 IRP is shown in Figure 60 below. 20 

 21 

                                                      
35 2015 ACE Plan Stakeholder Engagement Report, M06963, June 30, 2015. 
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Figure 60:  2014 IRP Sustaining Capital Forecast 1 

 2 

 3 
 4 

As shown in Figure 61, NS Power has completed a more detailed, single year capital 5 

forecast; the 2018 capital forecast has changed as compared to the amount assumed in the 6 

2014 IRP.  7 
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Figure 61:  2014 IRP vs. 2018 ACE Forecast Comparison by Asset Class  1 

 2 

 3 
 4 

While the 2018 ACE Plan forecast is higher than the 2014 IRP forecast for 2018, the 5 

variance is largely due to the following factors:  6 

 7 

• The 2014 IRP was completed using only 2014 dollars and did not include any 8 

form of inflation for future years and was at a time where the Canadian dollar was 9 

relatively on par with the US dollar.  When applied to the 2014 IRP forecast, a 10 

conservative estimate of the increase in that forecast would be $7-10 million.  11 

 12 

• 2018 also has a large investment in the combustion turbine units, which was 13 

included in the IRP forecast at $5.5 million levelized annually.  The capital 14 

investment in 2018 is $10 million, largely due to the major components of the 15 

combustion turbine fleet requiring investment to continue reliable operation into 16 

the future.  This increased investment of $4.5 million does not have an effect on 17 

alignment with the IRP as all Combustion Turbines are anticipated to operate 18 
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throughout the IRP Planning Period, an assumption that was common to all of the 1 

Resource Plans evaluated in the IRP.   2 
 3 

• Another driver for this increase is the investment in Tufts Cove 2 and the Fleet 4 

Boiler Asset Class generally.  Tufts Cove 2 utilization has continued to be greater 5 

than forecast in 2014 which drives added sustaining investment.  Boiler related 6 

investments are greater than projected based on latest health assessments.  7 

Overall, this represents approximately $6 million of the increase from the IRP 8 

forecast for 2018. 9 

 10 

• The remaining amount is due to an increase in the investment in boilers and 11 

balance of plant assets.  The boiler investment across all units was levelized in the 12 

2014 IRP.  In actual practice, investments are planned to address specific 13 

requirements resulting from inspections and assessments, which will vary from 14 

the levelized IRP forecast.  Balance of plant items would not have had a detailed 15 

future forecast in the IRP assumption development work.  The condition of these 16 

assets was not understood as well as many of the complex asset classes (turbines, 17 

generators, etc) at the time of the IRP assumption development.  18 

 19 
Figure 62 below provides a comparison of IRP assumed investments versus the 2018 20 

ACE Plan forecast investments by generation unit.   21 
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Figure 62:  2014 IRP vs. 2018 ACE Forecast Comparison by Unit 1 

 2 

 3 
 4 

Asset classes related to Lingan, Tufts Cove and Trenton Common include costs 5 

associated with ash and other elements of the station which are common to the generating 6 

units.  While these are accounted for separately in the ACE Plan, the common costs were 7 

spread across the associated units in the IRP sustaining capital assumptions for the 8 

modeling purposes.  9 

 10 

 Summary of 2018 ACE Plan Capital Items Related to NERC and/or 10.1.311 

NPCC Standards 12 

 13 

The UARB’s 2011 ACE Plan Order Directive 9 provided as follows:   14 

 15 

NSPI is ordered to provide a summary sheet as part of future ACE Plan 16 
applications showing the list of projects, location, amounts and year in 17 
which each project related to NERC and/or NPCC standards is planned, in 18 
addition to the information currently provided.36 19 

 20 

Figure 63 below is provided pursuant to the Board’s directive.  21 

                                                      
36 2011 ACE Plan, UARB Order, NSUARB-P-128.11, June 23, 2011. 
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 1 

Figure 63:  NERC and/or NPPC Capital Projects 2 

 3 

CI# Project Title 2018 
ACE Plan Total Estimate 2018 ACE 

Category 
46757 88S Lingan 230kV BPS Upgrades $390,479 $3,278,410 Carryover 
50955 AMO NERC CIPv6 Compliance Upgrades $117,361 $117,361 Less than $250k 
C0002479  CIPv6 Electronic Security $102,055 $102,055 Less than $250k 
NERC and/or NPCC Compliance Total  $609,895  $3,497,826    
* The primary justification for the projects listed is compliance with NERC Standards and/or NPCC Criteria.  Other capital projects 4 
(e.g. generation projects that preserve reserve margins or maintain Black-Start Capability) support NERC compliance but this is not 5 
presented as the primary project justification. 6 
 7 

 Annual Ranking/Prioritization of Capital Projects 10.1.48 

 9 

Pursuant to the UARB’s 2011 ACE Plan directive 11 and 2013 ACE Plan directive 7, 10 

below is NS Power’s capital project ranking criteria.  11 

 12 

Pursuant to Section 6.1 of the CEJC, NS Power’s Generation, Transmission and 13 

Distribtuion capital projects are ranked according to the following criteria: 14 

 15 

• Health and Safety: Regulatory Requirements, Operating Permits, Protection of 16 

Equipment and Personnel Safety, and JOHSC actions.  17 

 18 

• Environment/Regulatory Compliance: Renewable Energy Standards, Greenhouse 19 

Gas (GHG) Regulations, or Air Emission Regulations. 20 

 21 

• Business Sustainability: SAIDI, SAIFI, CAIDI; unit reliability; system upgrade 22 

requirements; code requirements; NERC/NPCC Requirements, or economics 23 

(based on payback period, and revenue requirement); requirement to serve.  24 

 25 

Technically justified IT projects are broadly ranked using the following criteria: 26 

• Customer:  service impacts to customers as a result of technical failure 27 

 28 
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• Finance:  financial impacts to the Company as a result of technical failure 1 

 2 

• Compliance:  safety, environmental, security, legal or regulatory requirements 3 

(e.g. NERC/CIP and NI-52 compliance) 4 

 5 

• Operating Sustainability:  ability for NS Power staff or contractor to perform 6 

critical functions of the business. 7 

 8 

NS Power’s project ranking methodology is described in section 6.2 of the CEJC.  This 9 

methodology uses a ranking matrix which results in a final ranking of 1 to 25.  The 10 

ranking (also termed risk) is developed by determining the “Criticality” (ranked 1 to 5) 11 

and “Condition” (ranked 1 to 5) of each asset and multiplying the two to determine the 12 

overall risk.  13 

 14 

Criticality and Condition values are typically influenced by one predominant factor and 15 

ranked accordingly.  However, other factors may also influence the ranking of a project.  16 

In the event that multiple factors are present for a project, individual rankings will be 17 

taken into consideration in determining the overall Criticality rankings.  For example, 18 

Health and Safety considerations for a project may warrant a Criticality ranking of 19 

serious (3), while Environmental considerations for the same project may also 20 

independently warrant a Criticality ranking of serious (3); this project may therefore 21 

warrant a higher Criticality ranking of 4 or 5 due to multiple influencing factors. 22 

 23 

Multiple influencing factors, rankings, and the order of completion of projects ahead of 24 

others, are all subject to the evaluation and professional judgment of NS Power staff and 25 

third party industry experts. 26 
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Figures 64 to 68 below identify the projects included in the 2018 ACE Plan, their 1 

ranking category and ranking value, where applicable. 2 

 3 

Generation 4 

 5 

Figure 64:  Hydro – 2018 ACE Plan Capital Item Rankings 6 

 7 

CI# Project Title  2018 ACE 
Budget  Ranking Category Criticality Condition Ranking 

39472  HYD Mersey System Re-Development   1,223,368  Business 
Sustainability 

4 5 20 

51236  HYD - WRC Tailrace Rock Bolting   8,677,118  Health & Safety 4 4 16 

48533  HYD Lequille Headpond Refurbishment   4,209,710  Health & Safety 5 3 15 
49033  HYD WRC Tunnel T-2 Intake Replacement   2,525,419  Health & Safety 4 4 16 
51235  HYD - WRC Main Access Rd Refurbishment   2,574,654  Health & Safety 4 4 16 

51234  HYD - WRC HVAC Upgrade   266,738  Business 
Sustainability 

4 5 20 

49943  HYD - Ruth Falls Facility Refurbishment   1,217,177  Health & Safety 3 5 15 

49942  HYD - Tidewater Facility Refurbishment   1,230,442  Health & Safety 3 5 15 
49946  HYD - Fourth Lake Overhaul   978,404  Business 

Sustainability 
4 4 16 

48791  HYD - WRC Safety Standards Upgrades   440,182  Health & Safety 5 4 20 
51775  HYD Fixed Ladder & Machine Guard   906,249  Health & Safety 4 5 20 
49945  HYD - Malay Falls Switchgear Replacement   957,136  Health & Safety 4 4 16 

47660  HYD - Dickie Brook Controls Upgrade   228,354  Business 
Sustainability 

4 5 20 

52262  HYD - Hells Gate 1 Overhaul   854,993  Business 
Sustainability 

4 4 16 

51972  HYD Nictaux Canal Embank Refurbishment   779,686  Health & Safety 4 4 16 
51866  HYD - 4th Lake Penstock Refurbishment   663,326  Business 

Sustainability 
4 4 16 

47655  HYD - Paradise Controls Upgrade   218,179  Business 
Sustainability 

4 5 20 

49944  HYD - Dickie Brook Penstock Refurbishment   478,820  Business 
Sustainability 

4 4 16 

48712  HYD - Dam Instrumentation Upgrade   395,505  Business 
Sustainability 

4 4 16 

52017  HYD ANN Exciter Replacement   465,855  Business 
Sustainability 

4 4 16 

51772  HYD Arc Flash Mitigation   262,654  Business 
Sustainability 

4 5 20 

52018  HYD - RES Revenue Meter Replacement   368,897  Business 
Sustainability 

4 4 16 

47659  HYD - Fall River Controls Upgrade   104,320  Business 
Sustainability 

4 5 20 

C000210
3 

 HYD WRC U1 WG Thrust Assembly   200,574  Business 
Sustainability 

4 4 16 

52256  HYD WRC Helipad Construction   160,435  Health & Safety 4 4 16 
C000157
8 

 HYD WRC Bus Duct Monitors   158,439  Business 
Sustainability 

4 5 20 

51848  HYD - ANN Warehouse Refurbishment   118,275  Business 
Sustainability 

3 5 15 

C000223  HYD DHA Purchase   50,000  Business 4 4 16 
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CI# Project Title  2018 ACE 
Budget  Ranking Category Criticality Condition Ranking 

1 Sustainability 

51868  HYD - 4th Lake Butterfly Valve 
Refurbishment  

 48,006  Business 
Sustainability 

5 3 15 

47649  HYD - Salmon Tail Gate Pedestal 
Replacement  

 36,227  Business 
Sustainability 

3 5 15 

 1 

Figure 65:  Steam – 2018 ACE Plan Capital Item Rankings  2 

 3 

CI Project Title 
2018 ACE 

Budget Ranking Category Criticality Condition Ranking 
49534  TRE6 EHG/Turbine Controls Upgrade  2,507,264 Business 

Sustainability 
4 4 16 

51808  TUC HFO Piping Refurbishment  1,291,933 Environment 4 4 16 

51802  TRE5 Boiler Refurbishment 2018  1,212,228 Business 
Sustainability 

3 5 15 

52107  TUC6 CW Screen Replacement  1,000,676 Business 
Sustainability 

4 5 20 

51803  TUC2 Generator Flux Probe Installation  840,158 Business 
Sustainability 

3 5 15 

51805  LIN4 Boiler Refurbishment 2018  739,657 Business 
Sustainability 

3 5 15 

47684  LIN3 Boiler Refurbishment 2018  739,657 Business 
Sustainability 

3 5 15 

50577  TRE6 CEMS Replacement  715,562 Environment 5 4 20 

51806  LIN Mill Refurbishment 2018  673,153 Business 
Sustainability 

3 5 15 

52093  ICP Rail Crossing Refurbishment  592,402 Business 
Sustainability 

4 4 16 

52321  TUC3 Air Heater Refurbishment  535,728 Business 
Sustainability 

4 4 16 

51825  POT Boiler Refurbishment 2018  568,740 Business 
Sustainability 

3 5 15 

51811  LIN Reclaim Refurbishment Phase 2  534,666 Health & Safety 4 4 16 

52252  LIN1 SH5 Tube Replacement  521,259 Business 
Sustainability 

3 5 15 

51815  LIN CW Pump Refurbishment 2018  520,436 Business 
Sustainability 

3 5 15 

51861  TRE6 CW Screen Replacement 2018  513,192 Business 
Sustainability 

4 4 16 

51816  TRE Asbestos Abatement 2018  509,035 Health & Safety 5 3 15 

52253  LIN3 Economizer Header Refurbishment  499,951 Business 
Sustainability 

4 5 20 

51821  TRE5 Air Heater Refurbishment  487,376 Business 
Sustainability 

4 4 16 

51835  TUC2 H2 Panel Upgrades  454,886 Health & Safety 4 4 16 

51820  TRE5 Reheat Turbine Valves  450,408 Health & Safety 4 4 16 

51824  LIN3 ID Fan Damper and VIV Refurbishment  443,311 Business 
Sustainability 

3 5 15 
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51818  PHB Boiler Refurbishment 2018  440,315 Business 
Sustainability 

3 5 15 

51807  TUC2 Boiler Lower Vestibule Refurbishment  412,872 Business 
Sustainability 

4 4 16 

51836  TRE5 Mill Refurbishments 2018  409,458 Business 
Sustainability 

3 5 15 

51849  LIN3 RH Tube Replacement  399,546 Business 
Sustainability 

3 5 15 

51850  LIN4 RH Tube Replacement  399,546 Business 
Sustainability 

3 5 15 

47871  LIN Stack Re-Coating  381,034 Health & Safety 4 4 16 

49676  TUC2 CEMS Replacement  380,140 Environment 4 4 16 

51839  LIN Coal Plant Structural Refurbishment  354,067 Health & Safety 4 4 16 

51851  LIN CW Screen Refurbishment 2018  350,534 Business 
Sustainability 

4 4 16 

49547  TRE5 5-1 BFP Refurbishment  345,523 Business 
Sustainability 

4 5 20 

51862  TRE6 Lube Oil Cooler Refurbihsment   341,769 Environment 4 4 16 

C000141
9 

 TRE HFO Refurbishment Phase 1  340,618 Business 
Sustainability 

4 4 16 

43429  TRE5 Lube Oil Cooler Retube  338,398 Environment 4 5 20 

51804  LIN3&4 ACW Duplex Strainer Replacement  333,808 Business 
Sustainability 

4 4 16 

51857  TRE5 Burner Refurbishments 2018  332,497 Business 
Sustainability 

3 5 15 

51852  POT Mill Refurbishment 2018  327,267 Business 
Sustainability 

3 5 15 

52156  LIN Vaccuum Pump Upgrades  302,714 Business 
Sustainability 

3 5 15 

51853  LIN3 Turbine Valve Refurb 2018  295,709 Health & Safety 4 4 16 

51860  TRE5 PF Mill Line Replacement  258,761 Business 
Sustainability 

3 5 15 

52040  LIN Grating Refub (Boiler House)   244,596 Health & Safety 4 4 16 

52037  LIN1 Main FW Control Valve & Actuator  241,216 Business 
Sustainability 

4 4 16 

52035  LIN Plant Lighting Upgrade Phase 2  237,079 Business 
Sustainability 

3 5 15 

49452  LIN3 FW Heater Level Controls Upgrade  236,285 Business 
Sustainability 

4 4 16 

47834  ICP Ranger Motor Upgrade  235,643 Business 
Sustainability 

4 4 16 

52041  LIN Siding Refurbishment Phase 2  233,676 Business 
Sustainability 

4 4 16 

52101  ICP Rail Car Rebuild  233,505 Business 
Sustainability 

4 4 16 

52097  ICP Water Truck  232,000 Environment 4 4 16 

52222  TUC2 Breaker Replacements and Upgrade  229,831 Business 
Sustainability 

3 5 15 

52050  LIN4 Misc. Valve Refurbishment  223,217 Business 
Sustainability 

3 5 15 

52243  POT Asbestos Abatement  221,668 Health & Safety 5 3 15 
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52182  TRE5 Condenser Tubesheet Coating  220,699 Business 
Sustainability 

4 4 16 

52104  ICP Rail Car Truck Program  220,461 Business 
Sustainability 

4 4 16 

52062  LIN Forklift Replacement   219,740 Business 
Sustainability 

3 5 15 

52242  POT West CW Pump Overhaul  219,146 Business 
Sustainability 

3 5 15 

52197  TUC2 Main Feedwater Control Valve 
Refurbishment  

216,249 Business 
Sustainability 

4 4 16 

52052  LIN1 Misc. Valve Refurbishment  214,536 Business 
Sustainability 

3 5 15 

52051  LIN3  Misc. Valve Refurbishment   213,302 Business 
Sustainability 

3 5 15 

52049  LIN PF Line Replacement   212,325 Business 
Sustainability 

3 5 15 

52053  LIN3 Air heater and Aux Air Dampers  212,031 Business 
Sustainability 

4 4 16 

52291  POT 4160V Motor Controls Upgrade  203,735 Business 
Sustainability 

3 5 15 

C000205
9 

 LIN - Exterior Security Light Upgrade  202,950 Business 
Sustainability 

4 4 16 

52296  TUC Asbestos Abatement  200,000 Health & Safety 5 3 15 

52046  LIN Precipitator Controls Upgrade  197,953 Environment 4 5 20 

51900  TRE5 PLC Upgrade WTP/Polisher    193,112 Business 
Sustainability 

4 4 16 

49546  TRE6 FW Heater Level Control  187,315 Business 
Sustainability 

4 5 20 

52248  POT Boiler Gas Temp Monitors  182,984 Business 
Sustainability 

3 5 15 

52058  LIN3 ID Fan Shaft Refurbishment  179,967 Business 
Sustainability 

4 4 16 

51854  PHB Conveyors and Handling Systems  176,943 Business 
Sustainability 

3 5 15 

52179  TRE5 Valve Refurbishments 2018  176,207 Business 
Sustainability 

3 5 15 

52177  TRE6 Valve Refurbishments 2018  176,141 Business 
Sustainability 

3 5 15 

52042  LIN Plant Heating Upgrade  171,552 Business 
Sustainability 

3 5 15 

52038  LIN Precip Pressurizing Fan  168,048 Environment 4 4 16 

52043  LIN A Coal Chute Replacement  162,228 Business 
Sustainability 

3 5 15 

52239  TUC6 Main and Induction Stop Valve   160,053 Business 
Sustainability 

4 4 16 

51394  LIN34 Control Panel Button Upgrade  125,816 Health & Safety 4 5 20 

52249  POT Breaker Replacements / Upgrades  154,859 Business 
Sustainability 

3 5 15 

52154  TRE Ash Site Management 2018  153,269 Environment 4 5 20 

52155  TRE6 Conveyor Refurbishment 2018  151,482 Business 
Sustainability 

4 4 16 

52175  TRE5 Mill Platform Access  151,402 Business 
Sustainability 

4 4 16 

52231  TUC6 Turbine Bypass Valve Refurbishment  151,072 Business 
Sustainability 

4 4 16 
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52244  PHB Replace Mini-Bins  149,828 Business 
Sustainability 

3 5 15 

52300  TUC Facilities Upgrade Phase 2  149,504 Health & Safety 4 4 16 

C000153
8 

 LIN4 Sequence of Event Recorder   137,666 Business 
Sustainability 

3 5 15 

52121  LIN Boiler Fill Pump Suc. Repl. Phase 2  132,439 Business 
Sustainability 

4 4 16 

52063  LIN Facilities Upgrade   131,777 Business 
Sustainability 

3 5 15 

52048  LIN Contractor Trailer  130,486 Health & Safety 4 4 16 

52153  TRE5 Stack Refurbishment  127,579 Business 
Sustainability 

4 4 16 

52054  LIN BFP Discharge Valve (Capital Spare)  120,696 Business 
Sustainability 

3 5 15 

C000149
8 

 ICP-#2 Gate Upgrade Phase 2  119,647 Business 
Sustainability 

3 5 15 

52251  POT Misc. Valve/Component Replacement  119,550 Business 
Sustainability 

3 5 15 

52240  TUC2 Stack Refurbishment  116,335 Business 
Sustainability 

4 4 16 

52318  TUC CW Inlet Structural Steel Refurbishment  116,181 Business 
Sustainability 

4 5 20 

52292  TUC Heavy Fuel Oil Tank Dyke 
Refurbishment  

110,668 Environment 5 4 20 

50855  TRE Chemical Storage Area  100,057 Health & Safety 5 4 20 

49670  TUC1 4kv/600V Breaker Replacement  106,420 Business 
Sustainability 

3 5 15 

49451  LIN Fan Positioner Replacement  105,915 Business 
Sustainability 

4 4 16 

47674  POT - CW Pumphouse Motor Control Centre 
Upgrade  

104,638 Business 
Sustainability 

3 5 15 

52061  LIN 4160  600V Breaker Refurbishment  104,433 Business 
Sustainability 

3 5 15 

52139  TRE Common Water Piping Replacement  103,524 Business 
Sustainability 

3 5 15 

52140  TRE5 4 kV Motor Refurbishments 2018  101,780 Business 
Sustainability 

3 5 15 

49657  TUC Sequence of Events Recorder SEL  101,586 Business 
Sustainability 

3 5 15 

52013  TRE Floor Plates/Grating Refurbishment  101,388 Health & Safety 4 4 16 

52276  TUC1 Obsolete Valve Replacement  101,355 Business 
Sustainability 

3 5 15 

52274  POT Coal Chute Refurbishments  100,440 Business 
Sustainability 

4 4 16 

52223  TUC1 Air Heater Roof Replacement  99,086 Business 
Sustainability 

4 4 16 

52138  TRE5 Conveyor Refurbishment 2018  98,389 Business 
Sustainability 

4 4 16 

52257  TUC3 Breaker Replacements and Upgrade  98,105 Business 
Sustainability 

3 5 15 

52152  TRE5 Relay Room Fire Protection  96,940 Business 
Sustainability 

4 4 16 

52036  LIN CW Screen Wash Piping Upgrade  95,138 Business 
Sustainability 

4 4 16 

C000115
8 

 ICP High Rail Truck Replacement  95,000 Business 
Sustainability 

3 5 15 
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52039  LIN Automated Sweeper  94,842 Health & Safety 4 4 16 

51840  LIN C Belt Replacement  93,628 Business 
Sustainability 

4 4 16 

52137  TRE A Conveyor Structural Refurbishment  85,483 Business 
Sustainability 

4 4 16 

52245  PHB Trancel Screw Refurbishment  80,366 Business 
Sustainability 

3 5 15 

52298  TUC6 Auxiliary Cooling Piping Upgrade  74,526 Business 
Sustainability 

4 4 16 

52047  LIN Diesel Light Oil Emergency Shutoff 
Valve Installation  

67,410 Health & Safety 4 4 16 

C000130
3 

 PHB - HVAC System Upgrades 2018  66,262 Business 
Sustainability 

4 5 20 

52281  POT South Air Compressor Refurbishment  62,212 Business 
Sustainability 

3 5 15 

52136  TRE5 Jacking Oil Pump Replacement  60,692 Business 
Sustainability 

4 4 16 

52280  PHB Rotary Valve Replacements  57,912 Business 
Sustainability 

3 5 15 

52178  POT - Fuel Oil Supply Shutoff Valve 
Installation  

54,857 Health & Safety 4 4 16 

52135  TRE5 Nitrogen Generator Installation  54,471 Business 
Sustainability 

3 5 15 

52120  TRE Fuel Oil Emerg Valve Fire Protection  50,866 Health & Safety 4 4 16 

52266  TUC2 Oil Spill Containment  45,000 Environment 4 4 16 

52290  TUC1 Opacity Meter Replacement  40,000 Environment 4 4 16 

49688  TUC3 Analytical Panel Upgrades  31,527 Business 
Sustainability 

4 4 16 

 1 

Figure 66:  Combustion Turbine – 2018 ACE Plan Capital Item Rankings 2 

CI# Project Title  2017 ACE 
Budget  

Ranking 
Category Criticality Condition Ranking 

52143  LM6000 Engine 191-332 Hot Section   1,776,275  Business 
Sustainability 

5 4 20 

C0002978  CT's Motor Control Centre Upgrades   1,199,221  Business 
Sustainability 

3 5 15 

49594  LM6000 TUC5 Airhouse Upgrade   830,287  Business 
Sustainability 

4 4 16 

49940  LM6000 TUC5 Control System Upgrade   811,559  Business 
Sustainability 

4 4 16 

49932  CT - TUC 4 LM6000 Roof Skid Access   176,559  Business 
Sustainability 

3 5 15 

49933  CT - TUC 5 LM6000 Roof Skid Access   176,559  Business 
Sustainability 

3 5 15 

52145  CT TUC 4 Thrust Balance Valve Replacement   157,285  Business 
Sustainability 

4 4 16 

52149  CT TUC 5 Thrust Balance Valve Replacement   157,285  Business 
Sustainability 

4 4 16 

52115  CT VJ Fuel Level Monitoring Upgrade   82,285  Environment  4 4 16 

47812  BGT Fuel Tank 3 Refurbishment   72,091  Environment  4 4 16 

49970  CT - TUS Exhaust Stack Refurbishment   66,592  Business 
Sustainability 

4 4 16 

52106  CT BGT Fuel Level Monitoring Upgrade   65,828  Environment  4 4 16 

47937  BGT1 Clutch Refurbishment   61,000  Business 
Sustainability 

4 4 16 
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52144  CT TUC 4 & 5 Engine Pad Installation   43,885  Business 
Sustainability 

4 4 16 

52142  CT Tusket Plant Coating   43,885  Business 
Sustainability 

4 4 16 

52159  CT VJ1 Varec Gauges Upgrades   35,000  Business 
Sustainability 

4 4 16 

52160  CT VJ2 Varec Gauges Upgrades   35,000  Business 
Sustainability 

4 4 16 

C0002858  CT's TUS Operator Interface Upgrade   30,167  Business 
Sustainability 

3 5 15 

C0002980  CT BGT Plenum Floor Refurbishment   28,879  Business 
Sustainability 

4 4 16 

 1 

Transmission & Distribution 2 

 3 

Figure 67:  Transmission and Distribution – 2018 ACE Plan Capital Item Rankings  4 

 5 

CI# Project Title 
 2018 
ACE 

Budget  
Ranking Category Criticality Condition Ranking 

Transmission Capital Items Included in 2017 ACE Plan 
51969  2018 Transmission ROW Widening 

69kV  
 5,487,686  Business 

Sustainability 
4 4 16 

51975  5P Mobile Substation Replacement   3,225,405  Business 
Sustainability 

5 4 20 

52258  2018/2019 Isolated Structure 
Replacement  

 1,094,899  Business 
Sustainability 

4 5 20 

51403  2018 PCB Removal Program   1,478,161  Environment  5 4 20 

51402  2018/2019 Sacrificial Anode Installation   703,416  Business 
Sustainability 

4 4 16 

C0001900  Mount Hope 69-25kV Substation   1,397,158  Business 
Sustainability 

5 3 15 

52314  1C-GT1/UT1 Replacement   1,162,188  Business 
Sustainability 

4 4 16 

51398  2018/2019 Steel Tower Refurbishment   461,426  Business 
Sustainability 

4 4 16 

52320  L6549 2018 Replacements & Upgrades   657,710  Business 
Sustainability 

4 4 16 

51406  2018/2019 Transmission Switch & 
Breaker Replacement  

 1,311,498  Business 
Sustainability 

4 5 20 

51405  2018 Wood Pole Retreatment Program   680,538  Business 
Sustainability 

4 4 16 

48131  48H-T1 Replacement   648,122  Business 
Sustainability 

4 4 16 

52328  56N-T1 Transformer Upgrades   703,817  Business 
Sustainability 

4 4 16 

49779  L6537 Replacements and Upgrades   587,041  Business 
Sustainability 

4 5 20 

49777  L7002 Replacements and Upgrades   437,128  Business 
Sustainability 

4 5 20 

52241  16V-T2 Weymouth Hydro Transformer 
Replacement  

 889,253  Business 
Sustainability 

4 4 16 

52102  L5014-2018 Replacements and 
Upgrades  

 849,700  Business 
Sustainability 

4 4 16 

49788  L5564 Replacements and Upgrades   691,417  Business 
Sustainability 

4 4 16 

52059  L5039 - 2018 Replacements and 
Upgrades  

 719,825  Business 
Sustainability 

4 4 16 

49783  L5027A Replacements and Upgrades   648,292  Business 
Sustainability 

4 5 20 
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CI# Project Title 
 2018 
ACE 

Budget  
Ranking Category Criticality Condition Ranking 

52119  L5054 2018 Replacements and Upgrades   560,143  Business 
Sustainability 

4 4 16 

52238  2018/2019 Capacitor Bank Breaker 
Replacement  

 243,830  Business 
Sustainability 

4 4 16 

43268  9W-B53 Tusket Replace Structure   375,523  Business 
Sustainability 

5 4 20 

51797  2018 Oil Containment Program   331,507  Environment  4 4 16 

52305  2018 Substation Insulator Replacement   316,348  Business 
Sustainability 

4 4 16 

51863  2018 Tap Changer Replacements   306,102  Business 
Sustainability 

4 4 16 

52261  83V-503 & 83V-504 - Bring Switches    212,968  Business 
Sustainability 

3 5 15 

Distribution Capital Items Included in 2017 ACE Plan 
C0001950  New Distribution Rights-of-Way Ph 3   6,870,749  Business 

Sustainability 
4 4 16 

52271  2018 Padmount Replacement   1,286,340  Business 
Sustainability 

4 5 20 

51493  2018 PCB Pole Top Transformer 
Replacement  

 842,163  Environment  5 4 20 

47794  Heckman Island Underwater Cable 
Replacement  

 762,186  Business 
Sustainability 

5 4 20 

52184  37N-412-Glooscap Trail Rebuild Phase 
2  

 858,046  Business 
Sustainability 

5 4 20 

52224  532N-Elm Street Conversion Phase 2   433,695  Business 
Sustainability 

5 4 20 

C0001802  54C-211 Queen Street Conversion   705,316  Business 
Sustainability 

4 4 16 

52185  50N-410 Rebuild Phase 2   695,098  Business 
Sustainability 

5 4 20 

43218  88W-323A Tusket Islands Phase 3   347,162  Business 
Sustainability 

4 5 20 

51400  2018 Sub Recloser Replacements      644,710  Business 
Sustainability 

4 4 16 

52194  6S-223 Harold Street Conversion   642,368  Business 
Sustainability 

4 5 20 

52200  65V-301 Brickton Reconductor   288,048  Business 
Sustainability 

4 5 20 

52205  30N-412 Hwy 242 Fundy Shore Rebuild   536,670  Business 
Sustainability 

4 5 20 

51744  30N-411 Maccan River Rebuild   473,044  Business 
Sustainability 

5 4 20 

52204  87W-312G-Tancook Island Replacement   208,236  Business 
Sustainability 

5 4 20 

52267  16W-302H-Brenton Rd Rebuild   258,839  Business 
Sustainability 

4 5 20 

52207  678H-211 McNab’s Island  Replacement   162,232  Business 
Sustainability 

5 4 20 

51500  2018 Pin Insulator Replacements    329,944  Business 
Sustainability 

4 4 16 

52221  515S-311-Rebuild on Aliant poles   190,606  Business 
Sustainability 

5 4 20 

52192  54H-303 Underground Device 
Replacement  

 289,957  Business 
Sustainability 

5 4 20 

52206  20V-311-Bishop Ville Rd   303,533  Business 
Sustainability 

5 4 20 

52186  4S Feeder Exit Cable Replacement 
Phase 1  

 276,129  Business 
Sustainability 

5 4 20 

52208  3S Feeder Exit Cable Replacement 
Phase 2  

 293,228  Business 
Sustainability 

4 5 20 

52201  55V-314GA-Welsford Reconductor   275,161  Business 
Sustainability 

4 5 20 

49898  15N-202 Victoria St Rebuild   242,253  Business 4 4 16 
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CI# Project Title 
 2018 
ACE 

Budget  
Ranking Category Criticality Condition Ranking 

Sustainability 
51499  2018 Downline Recloser Replacements   245,928  Business 

Sustainability 
5 4 20 

C0001798  Halifax 4kV Conversion Phase 5   218,971  Business 
Sustainability 

5 4 20 

52306  5N-301 - Masstown Road Rebuild   165,446  Business 
Sustainability 

4 4 16 

52265  55V-322-English Mt Rd Reconfigure   157,022  Business 
Sustainability 

4 5 20 

 1 

Information Technology – Capital Item Rankings 2 

 3 

Figure 68:  IT – 2018 ACE Plan Capital Item Rankings  4 

 5 

CI# Project Title 2018 ACE 
Budget Ranking Category Criticality Condition Ranking 

46075  IT -  Work and Asset Management   14,498,734  Business Sustainability 5 4 20 

49480  IT - Disaster Recovery   494,282  Business Sustainability 5 3 15 
49858  IT - MS Exchange Upgrade   1,555,597  Business Sustainability 4 4 16 

49094  IT - Identity Access Mgmt Infrastructure   800,000  Business Sustainability 5 3 15 
C0002241  IT-Generation Operation Upgrade   511,673  Business Sustainability 5 4 20 
52335  IT-Automate Manual Billing   506,403  Business Sustainability 4 5 20 

52337  IT-Group Billing Experience   505,823  Business Sustainability 3 5 15 
C0002254  IT- MV90 Upgrade   254,062  Business Sustainability 3 5 15 

C0002256  IT- Customer Care & Billing Server-
Migration  

 205,021  Business Sustainability 3 5 15 

52334  IT-Meridium Upgrade   150,000  Business Sustainability 4 4 16 

 6 

 2018 to 2022 Forecasted ACE Plan Expenditures by Functional Class and 10.1.57 

Spending Program 8 

 9 

Pursuant to 2011 ACE Plan Directive 12, NS Power provides its forecast spend by 10 

functional class and spending program.  Justifications for projects determined as capital 11 

investments are scoped on an annual basis.  Capital investment on the basis of health and 12 

safety, environmental compliance and requirement to serve remains non-discretionary.  13 

Figure 69 below identifies anticipated sustaining capital by function and specific notable 14 

investments included in this ACE Plan.  Investment levels from 2018 to 2022 are subject 15 

to change based on operating conditions, updated asset assessments, regulatory 16 

directives, or legislation/regulations.  17 
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 1 

Sustaining capital funding levels represent typical annual investment by function in a 2 

given year to sustain the integrity of existing assets.  Notable capital projections reflect 3 

specific projects.  Included in these specific projects are transformative multi-year 4 

program investments and asset growth. 5 

 6 

Figure 69:  Forecasted ACE Plan Expenditures by Functional Class and Spending 7 

Program ($M) 8 

 9 

  

2018 
ACE 2019 2020 2021 2022 

Base Capital Investment           

 
Thermal Generation 54.7 54.0 50.4 52.2 48.4 

 
Combustion Turbines 9.4 9.6 9.7 9.9 10.1 

 
Hydro Generation 51.0 40.0 36.2 22.2 22.6 

 
Wind Generation 0.2 0.1 0.1 0.1 0.1 

 
Transmission 50.4 59.6 51.6 52.6 53.6 

 
Distribution 64.7 60.3 61.6 62.9 64.2 

 
General Plant 40.1 26.3 25.3 36.9 34.4 

 
      

Total Base Capital Expenditure 270.6 249.9 234.9 236.8 233.5 

 
 

     Notable Capital Investment           
  General Plant:            
  IT - CIS Replacement 0.0 0.0 18.0 18.0 5.0 
  IT - Work & Asset Management 14.5 28.6       
              
  Distribution:           

  Advanced Metering Infrastructure 28.3 50.0 50.0 0.0 0.0 

  Intelligent Feeder Project 0.7         

  Distribution R.O.W Widening 9.6 10.0 10.0 10.0 10.0 

  LED Streetlights 4.8 5.5 0.0 0.0 0.0 
              
  Transmission:           

  Maritime Link Transmission 5.8         

  Metro Transmission Upgrades 3.5         

  Transmission R.O.W Widening 5.4 5.4 5.4 5.4 5.4 

  Lingan GIS Replacement 10.4         
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2018 
ACE 2019 2020 2021 2022 

  Hydro:           

  Hydro Infrastructural Renewal           

  Wreck Cove Overhaul   7.0 4.1 29.6 50.7 

  Annapolis Overhaul   3.1 3.1 3.1 1.5 

  Mersey Re-Development 1.2 33.2 61.8 38.8 42.3 
              
Total Notable Capital 84.4 142.7 152.4 104.9 114.9 

       Total Annual Capital Investment 354.9 392.6 387.3 341.7 348.4 
 1 

 Routine Expenditures  10.1.62 

 3 

The UARB’s 2013 ACE Plan Order Directive 2 provided as follows:  4 

 5 

The Board directs NSPI, in the next ACE Plan application, to analyze the 6 
routine expenditures to determine what are the "like-for-like" totals. NSPI 7 
is further directed to explain why those totals, if they are similar in 8 
magnitude to the Board's analysis, are growing at an annual rate in excess 9 
of inflation.37 10 

 11 

A summary of NS Power’s total routine and like-for-like routine spending is provided in 12 

Figure 70 below. 13 

 14 

Figure 70: Annual Cost of Like for Like Routine Replacements  15 

 16 

NOVA SCOTIA POWER ($M) 
2014 

Actual 
2015 

Actuals 
2016 

Actuals 
2017 

Forecast 
2018 

ACE Plan 

      Total Routine Spending $68.2 $75.8 $85.2 $81.4 $84.0 

      Less:      

   New Customers 20.9 24.1 22.4 22.2 21.4 

   System Growth and Performance 3.0 2.0 8.2 2.9 2.9 

   Other 0.7 1.0 1.4 1.2 1.4 

   Like-for-Like 44.6 47.9 53.1 55.1 58.3 

                                                      
37 2013 ACE Plan, UARB Order, NSUARB-P-128.13, June 4, 2013. 
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NOVA SCOTIA POWER ($M) 
2014 

Actual 
2015 

Actuals 
2016 

Actuals 
2017 

Forecast 
2018 

ACE Plan 
   Work Vehicles (Like-for-like) 2.4 6.2 7.1 7.9 8.6 

Net (Like-for-like) 42.1 41.8 46.0 47.2 49.6 

Note:  Point Aconi amounts have been removed in order to reflect the spend totals that require UARB approval. 1 
 2 

Routine classifications are determined by the primary classification of each routine 3 

project.  If the majority of the work completed under the routine is like-for-like 4 

replacements, the routine is classified as like-for-like.  New Customer routines, System 5 

Growth and Performance routines (such as heat rate, system improvement and right-of-6 

way widening routines) and other routines (such as environmental assessment routines) 7 

were not included in the like-for-like totals. 8 

 9 

NS Power addresses reactive items within routines by using the professional judgment of 10 

its personnel to assess the urgency of each job.  At an overall routine level, NS Power 11 

actively evaluates and prioritizes work in order to manage costs within budget.  Each 12 

month, NS Power monitors the activities within the routines to evaluate whether the work 13 

is necessary.   14 

 15 

 Impact of Reliability Projects  10.1.716 

 17 

The UARB’s 2013 ACE Plan Decision provided the following directive:   18 

 19 

…the Board expects NSPI to monitor the impact of the deferral of 20 
reliability projects in the original 2013 ACE Plan closely and to provide a 21 
report on the results in the next ACE Plan.38 22 

 23 

Pursuant to NS Power’s commitment noted in the 2015 ACE Plan Terms of Consensus, 24 

this directive is expanded to include additional information regarding continued 25 

sustaining capital investments and maintaining reliability performance. 26 

 27 

                                                      
38 2013 ACE Plan, UARB Decision, M05339, May 27, 2013, page 44, line 174. 
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The UARB’s 2017 ACE Plan Order provided the following directive:  1 

 2 

The Board directs NSPI to identify and list any proposed capital 3 
investments related to performance standards established by the Board in 4 
future ACE Plan applications.39 5 

 6 

All T&D projects in the 2018 ACE Plan will contribute to meeting these performance 7 

standards targets.  T&D projects in the 2018 ACE Plan are selected based on the asset 8 

management methodology pursuant to section 6.2 of the CEJC, guiding investments to 9 

where they are needed most.  As noted by NS Power during the Performance Standards 10 

proceeding, no additional capital investment beyond the regular sustaining capital 11 

investments NS Power makes through its ACE Plan program are required to meet these 12 

standards.  13 

 14 

Finally, the UARB directed NS Power to continue providing the same information with 15 

respect to reliability and severe weather events notwithstanding the UARB’s approval of 16 

the performance standards in 2017 and the Company’s obligations to report on those 17 

standards:  18 

 19 

…[T]o what extent, if any, certain aspects of the information set out in 20 
Section 8.1.7 of the 2017 ACE Plan will be reproduced in the report 21 
required by the Performance Standards Decision remains to be seen. 22 

 23 
It is not clear such items as, for example, plans for replacement of aging 24 
transmission and distribution equipment, and storm performance 25 
information, beyond the 48-hour restoration metric, will be fully explored 26 
in the context of performance standard metrics reporting. 27 
As there is some uncertainty, and a part of the information provided in 28 
Section 8.1.7 is derived from an agreement between stakeholders, as part 29 
of the 2015 ACE Plan process, the Board will not direct any changes to 30 
the current ACE Plan reporting related to reliability as this time. The 31 
Board will monitor the ongoing relevancy of this part of the ACE Plan. 32 

 33 

                                                      
39 2017 ACE Plan, UARB Order, M07745, April 4, 2017. 
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The first report arising from the Performance Standards Decision is due 1 
March 31, 2018. Once that report has been filed and analyzed, the matter 2 
should be revisited in the context of a future ACE Plan. 40 3 
 4 

Reliability Statistics 5 

 6 

As shown in Figures 71 and 72 below, with the exception of 2016 due to challenging 7 

weather conditions, NS Power’s annual outage frequency and duration continues to be 8 

below the average of Atlantic Canada utilities.  The data for 2014 is higher due to Post 9 

Tropical Storm Arthur, but NS Power is still below the average of the Atlantic Canadian 10 

utilities, as reported annually to the Canadian Electrictiy Association (CEA). 11 

 12 

Figure 71:  Annual Atlantic Canada Outage Frequency 13 

 14 

 15 
 16 

  17 

                                                      
40 2017 ACE Plan, UARB Decisions, M07745, April 4, 2017, para 98 to 101. 
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Figure 72:  Annual Atlantic Canada Outage Duration 1 

 2 

  3 
 4 

Figures 73 and 74 below represent NS Power’s reliability statistics with Major and 5 

Extreme Events (such as Post-Tropical Storm Arthur and as defined by IEEE-1366) 6 

removed from the data.  This shows a normalized comparison between yearly reliability 7 

performance.  Similar to 2015, increases in 2016 were largely the result of a significant 8 

number of storm events, including heavy snowfall, leading to more frequent and longer 9 

smaller outages than would have been experienced in previous years, in turn leading to an 10 

increase in SAIFI and SAIDI.  The 10 year trend shows overall reliability improvements 11 

for customers. 12 

 13 

Figure 73:  NS Power Annual SAIFI (Major/Extreme Events Excluded) 14 

 15 

 16 
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Figure 74:  NS Power Annual SAIDI (Major/Extreme Events Excluded) 1 

 2 

 3 
Figures 75 and 76 below represent NS Power’s reliability statistics with Major and 4 

Extreme Events included. 5 

 6 

Figure 75:  NS Power Annual SAIFI (Major and Extreme Events Included) 7 

 8 

 9 
 10 

  11 
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Figure 76:  NS Power Annual SAIDI (Major and Extreme Events Included) 1 

 2 

 3 
 4 

Outage Causes 5 

 6 

Historically, two of the leading causes of NS Power customer outages for all days (storm 7 

and non-storm) are Defective Equipment and Tree Contacts.  These outage causes and 8 

NS Power’s associated investments are described in more detail below. 9 

 10 

Defective Equipment 11 

 12 

Figures 77 and 78 below show the reliability gains realized through upgrades and 13 

replacements of targeted distribution equipment resulting from the Reliability Investment 14 

Strategy.  There has been an improvement in both customer interruptions and customer 15 

hours of interruption due to defective equipment. 16 

 17 

The increased customer interruptions for 2016 is a result of a number of failures of a 18 

particular type of in-line disconnect switches in Metro Halifax.  These resulted in high 19 

customer interruptions but short duration outages; as shown in the second chart, customer 20 

hours of interruptions in 2016 increased proportionally less, with in-line disconnects 21 
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representing 5.68 percent of defective equipment customer hours of interruption.  1 

Planned replacement of these devices to address reliabilty concerns continues. 2 

 3 

Figure 77:  Annual Defective Equipment – Customer Interruptions 4 

 5 

 6 
 7 

Figure 78:  Annual Defective Equipment – Customer Hours of Interruption 8 

 9 

 10 
 11 

Taking a further look into the 2016 reliability data, defective equipment outages can be 12 

classified by device type.  This is shown in Figure 79 below. 13 

 14 

  15 
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Figure 79:  Customer Hours of Interruption  1 

 2 

Customer Hours of Interruption 

Device Type 2016 % of Hours 
Pin Insulator            127,005  23.71% 
Primary Aerial Conductor              60,949  11.38% 
Cutout              44,899  8.38% 
U/G Primary Cable              31,767  5.93% 
Inline Disconnect              30,424  5.68% 
Wood Pole              21,890  4.09% 
Polemount TX              21,014  3.92% 
Lead              20,826  3.89% 
Tie Wire              19,284  3.60% 
Jumper              17,912  3.34% 

 3 

All Distribution capital projects and Routines that replace deteriorated equipment will 4 

sustain system reliability and address the device failures referenced in the table above.  5 

The scope of the following capital projects also include elements that will result in 6 

improved reliability by improving outage response: 7 

 8 

• CI 52185 - 50N-410 Rebuild Phase 2 9 

• CI 52221 - 515S-311 Rebuild on Aliant Poles 10 

• CI 52205 - 30N-412 Fundy Shore Rebuild 11 

 12 

Tree Contacts 13 

 14 

Tree Contacts are the largest source of outage hours for NS Power's customers.  Figures 15 

80 and 81 below show both customer interruptions and customer hours of interruption 16 

due to tree contacts under normal and severe weather conditions.  17 
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Figure 80:  Annual Tree Contact – Customer Interruptions 1 

 2 

 3 
 4 

Figure 81:  Annual Tree Contact – Customer Hours of Interruption 5 

 6 

 7 
 8 

Figures 82 and 83 below show the data normalized with Major and Extreme Events 9 

removed.  With these events removed, the data demonstrates the vegetative effects of 10 

major storms and their impact for months following the extreme event.  There were 2 11 

Extreme and 3 Major Event Days in 2016, and from January to September 2017 there 12 

have been 2 Major Event Days.  13 
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Figure 82:  Annual Tree Contact – Customer Interruptions (Major/Extreme Events 1 

Removed) 2 

 3 

 4 
 5 

Figure 83:  Annual Tree Contact – Customer Hours of Interruption 6 

(Major/Extreme Events Removed) 7 

 8 

 9 
 10 

In a continued effort to minimize storm effects and overall reliability, NS Power has 11 

proposed the following spending in 2018 for Transmission and Distribution vegetation 12 

management.  These targeted investments for managing vegetation aim to minimize 13 

outage frequency and duration, while seeking to improve access to the system.   14 

 15 

• CI 50796 – New Distribution Rights-of-Way Phase II  16 
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• CI 51969 – 2018 Transmission Right-of-Way Widening 69kV  1 

• D010 Distribution Right of Way Routine 2 

• T010 Transmission Right of Way Routine  3 

 4 

Update on storm performance and related capital investments 5 

 6 

The effect of storms and storm response varies storm-to-storm and year-to-year.  The 7 

wind speeds, rainfalls, time of year, time of day and weather forecast accuracy all 8 

contribute to a storm’s impact. 9 

 10 

NS Power uses the 2.5 Beta Method (IEEE-3366 Standard) to classify Major Event Days.  11 

The same methodology is applied to further classify storms for Storm Days (2.0 Beta) 12 

and Extreme Event Days (3.5 Beta). 13 

 14 

As of August 31, 2017, NS Power experienced 4 storm days, and 2 major event days.   15 

 16 

NS Power has the following capital programs for storm response and reactive work for 17 

2018: 18 

 19 

• D008 – Provincial Storm Distribution  20 

• T001 – Transmission Line Unplanned  21 

 22 

As noted above, NS Power continues to invest on vegetation management.  These 23 

investments aim to minimize tree contact and maximize access to our Transmission and 24 

Distribution systems as provided for in routines T010 and D010, as well as capital work 25 

orders CI 51969 and CI 50796. 26 

  27 
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2017 Storm Performance vs. Previous Years 1 

 2 

Figures 84 to 89 below show the count of the previously identified storm classifications, 3 

and their SAIFI and SAIDI contributions annually.  They outline the frequency and 4 

impact of storm days to customers.  5 

 6 

Figure 84:  Count of Annual Storm Days 7 

 8 

 9 
 10 

Figure 85:  Count of Annual Storm Days – Sept YTD 11 

 12 
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Figure 86:  SAIFI- Storm Contribution 1 

 2 

 3 
 4 

Figure 87:  SAIFI Storm Contribution – Sept YTD 5 

 6 
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Figure 88:  SAIDI – Storm Contribution 1 

 2 

 3 
  4 

Figure 89:  SAIDI Storm Contribution – Sept YTD 5 

 6 

 7 
Note:  2012 experienced no severe weather days.  8 
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Figure 90 below provides detail on outage causes for the 6 severe weather days 1 

experienced so far in 2017. 2 

 3 

Figure 90:  Detail on Outage Causes for Severe Weather Days 4 

 5 

  Storm Major Extreme  

CEA Cause 
Code Description Hours of 

Interruption 
Hours of 

Interruption 
Hours of 

Interruption 
% of 

Hours 

0 Unknown/Other 8,277 19,316 0 3% 

1 Scheduled Outage  5,368 1,881 0 1% 

2 Loss of Supply  44,455 55,296 0 12% 

3 Tree Contacts  125,984 96,112 0 26% 

4 Lightning 0 0 0  
0% 

5 Damaged Equipment  42,153 57,376 0 12% 

6 Adverse Weather  121,619 213,902 0 39% 

7 Adverse Environment  1,332 51,928 0 6% 

8 Human Element  0 0 0  
0% 

9 Foreign Interference  2,058 2,471 0 1% 

 Total 351,246 498,281 0  

 6 

26 percent of storm outages year to date in 2017 have been caused by tree contacts.  7 

While NS Power always strives to minimize tree caused outages, the importance is 8 

further stressed in storm conditions.  Continued investment for vegetation management 9 

and right-of-way widening will help minimize these outages in all weather conditions.  10 

 11 

The following capital projects are identified to address vegetation management and right-12 

of-way widening for 2018: 13 

 14 

• CI 50796 – New Distribution Rights-of-Way Phase II  15 

• CI 51969 – 2018 Transmission Right-of-Way Widening 69kV  16 

• D010 Distribution Right of Way Routine 17 

• T010 Transmission Right of Way Routine  18 
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 1 

T010 and D010 Report 2 

 3 

In the 2016 ACE Plan Order, the UARB directed as follows:  4 

 5 

The Board approves the 2016 Routine capital expenditures, with the 6 
exception of the Distribution ROW widening (D010) which is reduced to 7 
$600,000.  The Board directs that the Routine for Transmission widening 8 
be treated as a separate project, and not a routine, in future ACE Plan 9 
Applications.  NSPI is to provide an annual progress report on the 10 
expenditure, works undertaken, results achieved and future plans as part of 11 
the annual ACE Plan submissions.41 12 
 13 

In accordance with the Board’s directive, NS Power provides its progress report on D010 14 

and T010 below as of September 30, 2017.  15 

 16 

In its 2017 ACE Plan Order, the Board directed as follows:  17 

 18 

The Board directs NSPI to update the cost estimates for vegetation 19 
management and right-of-way widening projects in the 2018 ACE Plan 20 
(and future years) based on actual historical costs incurred for this 21 
project.42 22 

 23 

NS Power confirms that the cost estimates for vegetation management and right-of-way 24 

widening projects in the 2018 ACE Plan are based on actual historical costs incurred.   25 

                                                      
41 2016 ACE Plan, UARB Order, M07176, June 8, 2016. 
42 2017 ACE Plan, UARB Order, M07745, April 4, 2017. 
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Expenditures, Works Undertaken, and Results  1 

 2 

The following progress was made on 69kV Transmission Widening under T010: 3 

 4 

• 90 percent of planned work has been completed as of September 30, 2017 5 

• 100 percent completion is forecasted for year end 2017 6 

• Forecast year end spend is approximately $5,386,623 7 

• Three substitutions have been made from the original plan, due to revised 8 

priorities: 9 

 10 

• L-5550 replaced with L-5532; 11 

• L-5055 replaced with L-5535; 12 

• L-5521 and L-5037 replaced with L-5533  13 

• L-5025 replaced with L-5029 14 

 15 

• Savings in easement acquisition costs allowed for the additional completion of L-16 

5500 17 

 18 

The following progress was made on >69kV Transmission Widening under T010: 19 

 20 

• 85 percent of planned work has been completed as of September 30, 2017 21 

• 100 percent completion is forecast for year end 2017 22 

• Forecast year end spend is approximately $576,292 23 

• One substitution was made from the original plan, due to revised priorities: 24 

• L-6001 was replaced with L-6054 25 

 26 

The following progress was made on Distribution Widening under D010: 27 

 28 

• 95 percent of planned work has been completed  29 

• Forecast year end spend is approximately $600,000 30 
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• Completed areas include: 1 

 2 

• 50N-410  Frasers Mountain, Magrath’s Mountain and Brown Mills Road 3 

• 5N-301 Londonderry 4 

• 81N-412 Debert 5 

• 7N-302G/4N-311 Wentworth (Fountain Road) currently in progress 6 

 7 

• Substitutions have been made from the original plan, due to revised priorities, 8 

including: 9 

 10 

• 62N-412 Park Falls Road 11 

• 77V-302 Acacia Valley Road 12 

• 57W-402 West Caledonia 13 

 14 

Plans for Replacement of Aging T&D Equipment & Storm Performance 15 

 16 

The 2015 ACE Plan Terms of Consensus included two commitments with respect to 17 

reliability: 18 

 19 

(4) As part of the reliability directive in future ACE Plans, NS Power 20 
will provide additional information regarding its plans for 21 
replacement of aging transmission and distribution equipment in 22 
accordance with the following recommendation on this matter 23 
made by the SBA's consultant, Mary Neal, at page 12 of her 24 
evidence in this proceeding dated January 16, 2015: 25 

 26 
"I recommend NSPI provide more information regarding its 27 
plans for replacement of aging transmission and 28 
distribution equipment to better show how it justified the 29 
target investments.  This should include (where possible): 30 
 31 
• Descriptions of assets to be replaced and their ages, 32 
• Goals for strategic replacement programs, such as 33 

targets for age profiles of different asset classes, 34 
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• Expected improvements in asset age profiles due to 1 
each ACE Plan project involving replacement of 2 
transmission and distribution equipment considered 3 
at end-of-life, 4 

• More detailed descriptions of how NSPI targets 5 
specific assets every year, whether based on age, 6 
performance degradation, or other factors, and 7 

• Any recent, relevant inspection data” 8 
 9 
(5) As part of the reliability directive in future ACE Plans, NS Power 10 

will provide an update on its storm performance and related capital 11 
investment strategies to improve storm performance.43 12 

 13 

The Terms of Consensus were approved by the UARB on May 5, 2015.  These are 14 

addressed below. 15 

 16 

Plans for Replacement of Aging Transmission and Distribution Equipment 17 

 18 

The multi‐year Reliability Investment Strategy has resulted in a step‐change towards 19 

improved reliability for NS Power customers.  NS Power continually monitors outages 20 

and performance of transmission, substation and distribution assets, and future 21 

investments will continue at an appropriate level to ensure affordable and reliable service.  22 

To sustain these reliability performance improvements, NS Power follows its asset 23 

management principles to prioritize investments in T&D plant in accordance with Section 24 

6.2 of the CEJC.  The project ranking methodology found therein determines condition 25 

and criticality to rank projects for the replacement and refurbishment of T&D assets.  26 

This reduces the overall risk for the asset class. 27 

 28 

Annual estimated replacement targets developed based on asset age profiles, and the 29 

Iowa Survivor curves for equipment failure are used to reduce the overall risk for each 30 

asset class.  While the suitable investments for a specific asset class may vary from year 31 

to year depending on system performance, the estimated replacements analysis provides a 32 

                                                      
43 2015 ACE Plan, Terms of Consensus, M06514, February 18, 2015, page 2 of 5.  
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working range in which to evaluate the appropriateness of proposed sustaining capital 1 

investments. 2 

 3 

NS Power uses a variety of factors to determine the specific assets targeted for 4 

replacement as part of the annual capital investment program.  Generally, targeted assets 5 

have experienced degradation in performance manifesting in decreased reliability, 6 

increased maintenance frequency and cost, or reduced functionality.  These effects are 7 

identified through reliability tracking, field inspections, and test results of the impacted 8 

assets.  Criticality of the asset to continued operations of the NS Power system and any 9 

risks posed to people and the environment contribute to determining specific assets for 10 

replacement. 11 

 12 

Asset age is a concern when the frequency of required maintenance is increased, the 13 

availability of replacement parts or critical spares is limited, or performance is negatively 14 

impacted.  This information can be used to inform project prioritization.  However, age 15 

profiles are used in concert with asset condition, performance, and legislated 16 

requirements; it is never the single determining element in an investment decision.  17 

Capital project justifications outline the reasoning behind a given replacement program 18 

considering all relevant elements. 19 

 20 

In 2014, NS Power embarked on further formalizing the identification and prioritization 21 

of assets for replacement by creating a regimented framework to determine the condition, 22 

criticality, and risk individual assets within a given class pose to the NS Power system.  23 

While the risk score of an asset does not determine its suitability for replacement alone, it 24 

can aid in identifying assets requiring more detailed investigation by technical experts 25 

and subsequent risk mitigation activities. 26 

 27 
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The target ranges for T&D assets covered by this analysis is provided in Figure 91 1 

below. 2 

 3 

Figure 91:  Target Ranges for T&D Assets 4 

 5 

 High Band 
Replacements 

Low Band 
Replacemen

ts 

Asset Classification 
Quantity on Grid Estimated 

Useful Life 
Annual 

Replacements 
Estimated 
Useful Life 

Annual 
Replacements 

Distribution Conductor (km) 42,830 45 952 55 779 

Distribution Structure 350,168 50 7,003 60 5,836 

Pole Top Transformer 123,942 35 3,541 45 2,754 

Underground Conductor (km) 784 45 17 55 14 

Padmount Transformers 4,187 35 120 45 93 

Transmission Conductor (km) 5,140 55 93 65 80 

Transmission Structure 30,685 55 558 65 471 

Substation Breakers 548 45 12 55 10 

Substation Transformer 315 50 6 60 5 

 6 

Age demographics information is presently not available for all transmission and 7 

distribution asset classes.  Substation Transformers, Substation Breakers, Transmission 8 

Conductor, Downline Reclosers and Padmount Transformers are asset classes for which 9 

this information is available at this time.  As asset information improves for individual 10 

asset classes, their age profiles provide a more complete picture of the current state across 11 

the T&D system.   12 

 13 

As T&D equipment reaches end‐of‐life, capital investments are used to mitigate impacts 14 

related to aging infrastructure.  Over time this will result in an overall positive shift in age 15 

profile towards a younger equipment fleet. 16 

 17 
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Substation Transformers 1 

 2 

Figure 92 below shows the substation transformer age profile (current state).   3 

 4 

Figure 92:  Substation Transformers Age Profile (Current State) 5 

 6 

 7 
 8 

• Expected useful life of 50-60 years depending on the transformer type, loading, 9 

and environmental conditions. 10 

 11 

• Age Demographics – 18 percent of Transformers are beyond 50 years of service. 12 

 13 

• Targeted number of replacements – 5 to 6 units per year. 14 

 15 

• Changes to age demographics – As a result of the proposed 2018 capital 16 

investments in substation transformers, the age profile for this asset class will 17 

experience an increase of 1 percent in assets beyond 50 years of age.  Age is only 18 

one of multiple factors in determining targeted assets in a given year.  However, it 19 

is expected that over time an overall positive shift in age profile towards a 20 
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younger equipment fleet will occur.  To support mitigation of risk associated with 1 

this asset class, continuation of the strategic transformer spares program and 2 

mobile substation program is planned.  Proactive transformer replacements in 3 

future years will again focus on the overall condition of each unit and system 4 

criticality.  Figure 93 illustrates the overall change in asset age profile for 5 

Substation Transformers between 2017 and 2018. 6 

 7 

Figure 93:  Substation Transformer Age Profile 8 

 9 
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Substation Breakers 1 

 2 

Figure 94 below shows the substation breaker age profile (current state). 3 

 4 

Figure 94:  Substation Breakers Age Profile (Current State) 5 

 6 

 7 
 8 

• Expected useful life of 45-55 years depending on the breaker type, operations 9 

count, and environmental conditions. 10 

 11 

• Age Demographics – 13 percent of breakers are beyond 45 years of service. 12 

 13 

• Targeted number of replacements – 10-12 units per year. 14 

 15 

• Changes to age demographics – As a result of the proposed capital investments in 16 

Substation Breakers during 2018, the age profile for this asset class will maintain 17 

approximately the same percentage of assets beyond 45 years of age.  Age is only 18 

one of multiple factors in determining targeted assets in a given year.  However, it 19 
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is expected that over time an overall positive shift in age profile towards a 1 

younger equipment fleet will occur.  To support mitigation of risk associated with 2 

this asset class, continuation of the strategic breaker spares program is planned.  3 

Figure 95 illustrates the overall change in asset age profile for Substation 4 

Breakers between 2017 and 2018. 5 

 6 

Figure 95:  Substation Breaker Age Profile 7 
 8 
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Transmission Conductor  1 

 2 

Figure 96 below shows the transmission conductor age profile (current state). 3 

 4 

Figure 96:  Transmission Conductor Age Profile (Current State)  5 

 6 

 7 
 8 

• Expected useful life of 55-65 years depending on the conductor design and 9 

environmental conditions. 10 

 11 

• Age Demographics – 16.6 percent of conductor is beyond 55 years of service. 12 

 13 

• Targeted number of replacements – 79 to 93 km per year. 14 

 15 

• Changes to age demographics – As a result of proposed capital investments in 16 

transmission conductor in 2018, the age profile for this asset class will experience 17 

an approximately 1.5 percent increase in assets beyond 55 years of age.  Age is 18 

only one of multiple factors in determining targeted assets in a given year.  19 

However, it is expected that over time an overall positive shift in age profile 20 

towards a younger equipment fleet will occur.  In order to help mitigate risks 21 

associated with transmission conduction, innovative testing of conductor over 60 22 
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years old is taking place to further assess condition as required.  Figure 97 1 

illustrates the overall change in asset age profile for Transmission Conductor 2 

between 2017 and 2018. 3 

 4 

Figure 97: Transmission Conductor Age Profile 5 

 6 

 7 
 8 

Downline Reclosers 9 

 10 

Figure 98 below shows the downline reclosers age profile (current state).  11 
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Figure 98:  Downline Reclosers Age Profile (Current State) 1 

 2 

 3 
 4 

• Expected useful life of 30-40 years depending on the downline recloser design, 5 

loading, and environmental conditions. 6 

 7 

• Age Demographics – 6.6 percent of Downline Reclosers are beyond 30 years of 8 

service. 9 

 10 
• Targeted number of replacements – 16 to 21 units per year. 11 

 12 

• Changes to age demographics – As a result of the proposed capital investments in 13 

Downline Reclosers during 2018, the age profile for this asset class will 14 

experience an approximately 0.5 percent increase in assets beyond 30 years of 15 

age.  Age is only one of multiple factors in determining targeted assets in a given 16 

year.  However, it is expected that over time an overall positive shift in age profile 17 

towards a younger equipment fleet will occur.  To support mitigation of risk 18 

associated with this asset class, continuation of the strategic transformer 19 

Downline Recloser spares program is planned.  Figure 99 below illustrates the 20 

overall change in asset age profile for Downline Reclosers between 2017 and 21 

2018. 22 
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Figure 99:  Downline Recloser Age Profile 1 

 2 

 3 
 4 

Padmount Transformers 5 

 6 

Figure 100 below shows the Padmount Transformer age profile (current state).   7 

 8 

Figure 100:  Padmount Transformers Age Profile (Current State) 9 

 10 

 11 

• Expected useful life of 35-45 years depending on the padmount design, loading, 12 

and environmental conditions. 13 

 14 
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• Age Demographics – 9.34 percent of padmounts are beyond 35 years of service. 1 

 2 

• Targeted number of replacements – 93 to 120 units per year. 3 

 4 

• Changes to age demographics – As a result of the proposed capital investments in 5 

Padmount Transformers during 2018, the age profile for this asset class will 6 

experience an approximately 0.2 percent reduction in assets beyond 35 years of 7 

age.  Figure 101 below illustrates the overall change in asset age profile for 8 

Padmount Transformers between 2017 and 2018. 9 

 10 

Figure 101:  Padmount Transformer Age Profile 11 

 12 

 13 
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10.2 2018 Capital Spending by Justification Criteria 1 

 2 

Items in the 2018 ACE Plan have been developed in accordance with the CEJC.  3 

Definitions of the various criteria referenced in Figure 102 below are included in the 4 

CEJC. 5 

 6 

Figure 102:  Capital Expenditures by Justification Criteria ($M) 7 

 8 

 2018 
Budget 

Projects 
included 

for 
Approval 

Routine 
Spend for 
Approval 

Less 
than 

$250K 

2017 ACE 
Items for 
Filing in 
late 2017 

Items for 
Subsequent 
Submission Carryover 

Pt. 
Aconi Justification Criteria 

         Distribution System 75.0 16.2 44.1 1.2 0.0 0.8 12.7 0.0 

         Thermal 53.4 18.0 3.2 13.0 0.8 4.0 5.8 8.6 

         Work Support 53.4 0.6 19.0 1.9 0.1 20.5 11.3 0.0 

         Hydro 14.1 5.2 1.8 0.6 0.0 2.3 4.2 0.0 

         Health and Safety 43.1 24.2 0.0 0.7 0.0 1.3 16.8 0.0 

         Transmission Plant 72.9 24.2 11.5 0.2 0.0 0.0 37.0 0.0 

         Environmental 11.1 3.7 0.7 0.2 0.0 0.8 3.7 2.0 

         Metering Equipment 31.9 0.0 3.6 0.0 0.0 0.0 28.3 0.0 

         System Design 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

         Facilities/Land and 
Right-of-Way 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 

         Total $354.9 $92.0 $83.9 $17.9 $0.9 $29.8 $119.8 $10.6 
Note:  Details of justification sub-criteria are provided on the following section. 9 
Note:  Figures presented may include $0.1M in rounding differences on some line items   10 
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10.3 2018 Capital Spending by Justification Sub-Criteria 1 

 2 

Figure 103 below provides 2018 capital spending by justification sub-criteria. 3 

 4 

Figure 103:  2018 Capital Spending by Justification Sub-Criteria($M) 5 

 6 

  

Projects 
included 

for 
Approval 

Routine 
Spend 

Less 
than 

$250K 

2017 
ACE 
Items 

for 
Filing 
in late 
2017 

Items for 
Subsequent 
Submission Carryover 

Justification  
Sub-Criteria 

2018 
Budget 

        Distribution System 
       

        Requirement to Serve 36.7 0.0 36.0 0.0 0.0 0.0 0.7 

        Pole Strength 7.9 0.5 7.0 0.0 0.0 0.0 0.4 

        Joint Use Agreement 0.5 0.0 0.5 0.0 0.0 0.0 0.0 

        Deteriorated 
Conductor 5.8 4.3 0.0 0.8 0.0 0.0 0.8 

        Equipment 
Replacement 10.5 2.8 0.0 0.2 0.0 0.8 6.8 

        Outage Performance 10.3 6.9 0.6 0.0 0.0 0.0 2.9 

        Overloaded 
Equipment 0.1 0.0 0.0 0.0 0.0 0.0 0.1 

        Capacity 2.3 1.8 0.0 0.2 0.0 0.0 0.3 

        Other Distribution 
System 0.7 0.0 0.0 0.0 0.0 0.0 0.7 

Total $75.0  $16.2  $44.1  $1.2  $0.0  $0.8  $12.7  

        Work Support 
Facilities 

       
        Buildings $5.4 $0.0 $5.3 $0.1 $0.0 $0.0 $0.0 

        Furniture & Fixtures 0.2 0.0 0.0 0.2 0.0 0.0 0.0 

        Telecommunications 5.6 0.6 0.9 0.4 0.0 0.5 3.2 
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Computers / IT 29.7 0.0 2.6 0.7 0.1 20.0 6.2 

        Tools & Equipment 1.6 0.0 1.6 0.0 0.0 0.0 0.0 

        Vehicles 8.6 0.0 8.6 0.0 0.0 0.0 0.0 

        Equipment 
Replacement 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

        Other General Plant 1.4 0.0 0.0 0.6 0.0 0.0 0.8 
                

Total $52.3 $0.6 $19.0 $1.9 $0.1 $20.5 $10.2 
Note: Figures presented may include $0.1M in rounding differences on some line items 1 
 2 

10.4 Quick Reference Sheet 3 

 4 

2018 AFUDC Rate for Capital 6.96% 5 
 6 

In the Board’s Weighted Average Cost of Capital (WACC) and Allowance for Funds 7 

Used During Construction (AFUDC) Order dated January 12, 2017, the UARB directed 8 

NS Power as follows:  9 

 10 

1. The WACC and AFUDC rates are established at 6.96%, effective 11 
February 1, 2017; 12 

2. NSPI is directed to file an application for approval annually, no 13 
later than November 30, of the calculation of WACC/AFUDC, 14 
unless there is a general rate application in the same year, using the 15 
principles outlined in the Board’s Decision.44 16 

 17 

Consistent with the Board’s Order, the 2018 ACE Plan projects use the Board’s approved 18 

AFUDC rate of 6.96 percent. 19 

 20 

An application for the calculation of the updated WACC/AFUDC rate will be filed by the 21 

Company by November 30, 2017. 22 

                                                      
44 WACC/AFUDC Application, UARB Order, M07215, January 12, 2017, page 2. 
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2018 O/H Rates 1 

 2 

Generation   Customer Operations Shared Services 3 

 4 

PP Regular 21.97% Regular 88.80% IT  29.28% 5 

Hydro  42.69% Contract 18.97%  6 

Contractor 9.71%  Vehicle 40.87%  7 

 8 

The engineering and environmental support of capital projects previously recovered 9 

through the Project Support O/H rate are now captured through the Customer Operations 10 

Regular and PP Regular O/H rates.   11 
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10.5 2018 Depreciation Rates 1 

 2 

Figure 104:  2018 Depreciation Rates 3 

 4 
 2018 
Steam Production Plant  
Lingan  
      Lingan 1-2 4.12% 
      Lingan 3-4 2.28% 
      Lingan – Common 4.48% 
Total Lingan 3.35% 
  
Point Aconi 1 2.27% 
  
Point Tupper  
      Point Tupper 1 (Common) 3.97% 
      Point Tupper 2 2.82% 
Total Point Tupper 2.89% 
  
Trenton  
      Trenton 5 3.10% 
      Trenton 6 2.34% 
      Trenton – Common 0.47% 
Total Trenton 2.47% 
  
Tufts Cove  
      Tufts Cove 1 4.24% 
      Tufts Cove 2 3.68% 
      Tufts Cove 3 2.33% 
      Tufts Cove – Common 3.44% 
Total Tufts Cove 3.27% 
  
Port Hawkesbury Biomass 2.50% 
  
Point Tupper Marine Terminal  4.06% 
  
International Coal Pier  2.60% 
  
General 2.82% 
  
Total Steam Production Plant 2.82% 

 5 

 2018 
Hydro Production Plant  
    Avon 3.02% 
    Bear River 1.80% 
    Black River 2.04% 
    Dickie Brook 3.16% 
    Fall River 1.82% 
    Harmony 4.55% 
    Lequille System 2.33% 
    Roseway 2.29% 
    Mersey 2.00% 
    St. Margaret's 2.85% 
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    Sheet Harbour 3.38% 
    Tusket 2.64% 
    Wreck Cove System 1.67% 
  
    Annapolis Tidal 2.32% 
  
    General 2.10% 
  
Total Hydro Production 2.10% 

 1 

 2018 

Other Production - Combustion Turbines  
    Burnside 2.40% 
    Tusket 6.42% 
    Victoria Junction 3.17% 
    Tufts Cove Unit 4 2.55% 
    Tufts Cove Unit 5 2.77% 
    Tufts Cove Unit 6 3.03% 
   
Wind Turbines   

Pre 2009 Wind  5.52% 
Post 2009 Wind  4.0% 

  
Transmission Plant  
    Land Rights - Easements  1.26% 
    Station Equipment  2.14% 
    Towers & Fixtures 1.26% 
    Poles & Fixtures 4.32% 
    Overhead Conductors & Devices 1.96% 
    Underground Conduit 1.53% 
    Underground Conductors & Devices 2.61% 
    Roads, Trails & Bridges 1.74% 

Total Transmission Plant 2.35% 

 2 

 2018 

Distribution Plant  
     Land Rights - Easements, Surveys & Clearing 1.56% 
     Structures & Improvements 5.31% 
     Station Equipment 1.28% 
     SCADA Equipment 9.68% 
     Remote Monitoring Equipment 10.32% 
     Station Equipment – Miscellaneous 12.49% 
     Poles, Towers & Fixtures 3.79% 
     Overhead Conductors & Devices 3.33% 
     Underground Conduit 1.51% 
     Underground Conductors & Devices 3.17% 
     Line Transformers 4.09% 
     Services 5.33% 
     Meters 6.87% 
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     Street Lighting & Signal Systems 5.33% 

Total Distribution Plant 3.89% 

 1 

 2018 

General Plant       
     Land Rights - General Plant   1.93% 
     Structures & improvements     2.85% 
     Office Furniture & Equipment   9.26% 
     Office Furniture & Equip - Comp Hardware 20.00% 
     Office Furniture & Equip - Comp Software 10.00% 
     Transportation Equipment      9.55% 
     Stores Equipment      14.97% 
     Communication Equipment      4.38% 
     Communication Equipment - SCADA Eq   1.33% 
     Remote Monitoring Equipment 10.27% 
     Miscellaneous Equipment      5.02% 
     Roads, Bridges & Traps (Kelly Rock)  2.58% 
     Mining Equipment (Kelly Rock) 2.92% 

Total General Plant 8.16% 
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10.6 Summary of Economically Justified Projects 1 

 2 

Figure 105:  Summary of Economically Justified Projects 3 

 4 

CI Project Alternative 
Rank 

as 
Filed 

As Filed 

Capital 
Spend 

Increased 
10% 

Avoided 
Expenses 
Reduced 

10% 

Deferral 
of 1 year 

Deferral 
of 2 years 

Deferral 
of 3 years Payback Year 0 

/ 2017 
Year 1 / 

2018 
Year 2 / 

2019 
Year 3 / 

2020 
Year 4 / 

2021 
Year 5 / 

2022 

Years 6 to 
end of life 

/ 2023+ 
Total 

47684 
LIN3 Boiler 

Refurbishment 
2018 

Refurbish Boiler vs 
Replacement Energy 

Costs 
1 -1,934,831 -1,868,066 -1,674,583 78,332 147,277 340,422 4.24 0 (154,207) (51,259) (149,246) (221,414) (240,545) -1,118,160 -1,934,831 

49547 TRE5 5-1 BFP 
Refurbishment 

BFP Refurbishment 
vs Replacement 
Energy Costs 

1 -327,380 -295,175 -262,437 34,795 86,581 193,997 3.78 0 (67,954) (39,095) (83,246) (110,958) (115,074) 88,947 -327,380 

49944 
HYD - Dickie 

Brook Penstock 
Refurbishment 

Penstock 
Refurbishment vs 

Replacement Energy 
Costs 

1 -6,609,928 -6,562,660 -5,901,667 59,745 126,239 214,972 4.84 0 (116,781) (44,419) (57,481) (67,039) (76,236) -6,247,973 -6,609,928 

49946 HYD - Fourth 
Lake Overhaul 

Unit Overhaul vs 
Replacement Energy 

Costs 
1 -2,561,127 -2,475,861 -2,219,748 159,642 295,392 446,903 5.69 (2,618) (327,748) (115,075) (108,395) (99,397) (93,039) -1,814,856 -2,561,127 

51802 
TRE5 Boiler 

Refurbishment 
2018 

Boiler 
Refurbishment vs 

Replacement Energy 
Costs 

1 -3,734,052 -3,619,376 -3,245,970 126,339 323,729 573,301 5.00 0 -224,174 -153,472 -182,682 -183,759 -164,322 -2,825,642 -3,734,052 

51804 
LIN3&4 ACW 
Duplex Strainer 

Replacement 

Strainer Replacement 
vs Replacement 
Energy Costs 

1 -347,337 -316,503 -281,769 64,912 121,897 184,452 4.82 0 -94,135 -51,080 -47,749 -37,797 -47,332 -69,245 -347,337 

51805 
LIN4 Boiler 

Refurbishment 
2018 

Boiler 
Refurbishment vs 

Replacement Energy 
Costs 

1 -1,856,093 -1,789,328 -1,603,719 79,539 147,139 336,992 4.28 0 -155,414 -50,143 -146,300 -219,781 -229,080 -1,055,374 -1,856,093 

51806 
LIN Mill 

Refurbishment 
2018 

Mill Refurbishment 
vs Replacement 
Energy Costs 

1 -1,275,403 -1,214,427 -1,086,887 148,238 314,140 528,006 3.06 0 -223,482 -151,666 -175,075 -187,509 -220,406 -317,266 -1,275,403 

51815 
LIN CW Pump 
Refurbishment 

2018 

CW Pump 
Refurbishment vs 

Replacement Energy 
Costs 

1 -803,201 -753,728 -673,408 101,500 222,485 382,578 3.33 0 -133,835 -110,506 -131,618 -132,363 -181,511 -113,367 -803,201 

51821 TRE5 Air Heater 
Refurbishment 

Air Heater 
Refurbishment vs 

Replacement Energy 
Costs 

1 -2,693,655 -2,648,113 -2,378,747 217,302 426,460 715,353 1.84 0 -264,236 -202,190 -246,431 -262,442 -252,311 -1,466,044 -2,693,655 

51824 
LIN3 ID Fan 

Damper and VIV 
Refurbishment 

Fan Dampe and VIV 
Refurb vs 

Replacement Energy 
Costs 

1 -665,162 -624,580 -558,064 12,267 52,675 122,604 5.65 0 -51,539 -26,163 -49,410 -49,839 -101,256 -386,956 -665,162 

51825 
POT Boiler 

Refurbishment 
2018 

Boiler 
Refurbishment vs 

Replacement Energy 
Costs 

1 -3,474,388 -3,419,790 -3,072,352 317,651 900,214 1,736,357 1.35 0 -349,869 -563,155 -746,276 -686,346 -755,547 -373,195 -3,474,388 

51836 
TRE5 Mill 

Refurbishments 
2018 

Mill Refurbishment 
vs Replacement 
Energy Costs 

1 -306,842 -267,369 -236,685 225,165 667,035 618,506 1.17 0 -250,134 -424,595 31,333 29,238 27,225 280,091 -306,842 

51851 
LIN CW Screen 
Refurbishment 

2018 

CW Screen 
Refurbishment vs 

Replacement Energy 
Costs 

1 -272,717 -242,404 -215,132 94,544 177,436 378,436 2.23 0 -149,505 -76,787 -168,620 -148,303 21,560 248,938 -272,717 
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CI Project Alternative 
Rank 

as 
Filed 

As Filed 

Capital 
Spend 

Increased 
10% 

Avoided 
Expenses 
Reduced 

10% 

Deferral 
of 1 year 

Deferral 
of 2 years 

Deferral 
of 3 years Payback Year 0 

/ 2017 
Year 1 / 

2018 
Year 2 / 

2019 
Year 3 / 

2020 
Year 4 / 

2021 
Year 5 / 

2022 

Years 6 to 
end of life 

/ 2023+ 
Total 

51852 
POT Mill 

Refurbishment 
2018 

Mill Refurbishment 
vs Replacement 
Energy Costs 

1 -449,711 -418,608 -373,637 60,398 198,732 465,779 1.84 0 -85,836 -125,588 -230,213 -258,493 20,894 229,526 -449,711 

51861 

TRE6 CW 
Screen 

Replacement 
2018 

CW Screen 
Replacement vs 

Replacement Energy 
Costs 

1 -1,439,818 -1,374,231 -1,230,250 186,906 215,789 302,835 3.90 0 -224,380 -42,311 -69,861 -98,854 -114,393 -890,018 -1,439,818 

51861 

TRE6 CW 
Screen 

Replacement 
2018 

CW Screen 
Refurbishment vs 

Replacement Energy 
Costs 

2 -642,736 -503,935 -439,662 152,955 148,958 203,780 23.00 0 -210,189 -64,831 -82,527 -102,182 -108,601 -74,406 -642,736 

51866 
HYD - 4th Lake 

Penstock 
Refurbishment 

Pentosck 
Refurbishment vs 

Replacement Energy 
Costs 

1 -
10,525,324 

-
10,460,765 -9,408,233 129,408 319,038 596,931 2.80 (4718) -215,372 -165,889 -227,599 -276,087 -320,615 -9,315,044 -10,525,324 

52156 

LIN 3&4 
Condenser 

Vacuum Pump 
Replacement514

04 

Pump Upgrades vs 
Replacement Energy 

Costs 
1 -373,854 -344,352 -306,966 35,677 81,454 142,158 5.39 0 -45,815 -39,074 -47,122 -24,242 -47,529 -170,073 -373,854 

52252 LIN1 SH5 Tube 
Replacement 

Tube Replacement vs 
Replacement Energy 

Costs 
1 -2,075,515 -2,026,345 -1,818,794 77,406 247,535 448,184 2.80 0 -134,138 -141,346 -158,927 -140,964 -157,009 -1,343,130 -2,075,515 

52253 

LIN3 
Economizer 

Header 
Refurbishment 

Header 
Refurbishment vs 

Replacement Energy 
Costs 

1 -2,380,122 -2,334,627 -2,096,615 97,544 184,441 406,147 3.26 0 -143,833 -77,880 -183,438 -262,716 -280,163 -1,432,091 -2,380,122 

52262 HYD - Hells 
Gate 1 Overhaul 

Overhaul vs 
Replacement Energy 

Costs 
1 -4,132,042 -4,064,925 -3,651,721 80,793 167,167 280,519 5.49 0 -278,214 -59,491 -72,617 -81,784 -91,003 -3,548,933 -4,132,042 

  
Summary of all Economically Justified 

Projects 1 48,881,239 47,625,170 42,737,046 2,541,058 5,571,813 9,619,212 100 -7,336 -3,900,790 -2,776,016 -3,333,502 -3,623,030 -3,526,294 31,714,270 -48,881,239 

 1 
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CI Number:  51236 
 
Title:  HYD WRC Tailrace Tunnel Rock Bolting Phase 1 
 
Start Date: 2017/04 
In-Service Date: 2018/08 
Final Cost Date: 2019/02 
Function: Hydro 
Forecast Amount: $8,861,996  
 
DESCRIPTION: 
 
This project includes clearing rock fall debris, and remediation and stabilization of the tailrace tunnel at the Wreck 
Cove Generation Station, which includes rock bolting, shotcreting, and mesh installation.  This phase will complete 
work on approximately 284 metres (932 feet) of the tunnel. 
 
The Wreck Cove Generating Station consists of several reservoirs, a head pond, penstock, underground powerhouse 
and tailrace tunnel.  Wreck Cove is the largest hydroelectric plant in Nova Scotia, constructed from 1975-1978.  The 
generating station includes two 109 MW generating units and produces approximately 330 GWh of energy annually.  
The Wreck Cove Generating Station is an integral part of NS Power’s generation fleet as the hydro system has a fast 
response time and is able to “follow wind” as wind generation fluctuates. 
 
The tailrace tunnel, extending from the draft tube manifold near the power house to the outlet at the Atlantic Ocean, 
is approximately 5600 ft (1706 m) long.  It was constructed by drill and blast construction, with a design width of 20 
ft (6.1 m) and a height to the crown of 20 ft (6.1 m).  The crown of the tunnel was designed to be semi-circular with 
a radius of 10 ft (3.1 m).  The tailrace tunnel is largely unsupported (approximately 66 percent unsupported), with 
localized zones of rock bolts and shotcrete completed over time in response to rock falls. 
 
The Wreck Cove Generating Station tailrace tunnel is used to pass water from the hydro turbines to the Atlantic 
Ocean.  It has experienced multiple rock falls, one of which resulted in a capacity derating of approximately 150 
MW.  The most recent rockfall occurred on March 11, 2015.  A third-party consultant was hired to perform 
geotechnical evaluation of the tailrace tunnel, a visual inspection of the current condition of ground support in 
March, 2015, and a LiDAR survey in October 2015(Please refer to Attachment 3). 
 
A total of 11 areas, listed in Attachment 3, Table 5-6, have been identified as potential areas of concern as a result of 
geotechnical evaluation of the tailrace tunnel.  These areas vary from sections of previously supported ground to 
unsupported sections experiencing ongoing raveling of the rock mass. 
 
The 2015 studies led to CI 47476 HYD – Wreck Cove Tailrace Rockfall U&U (approved by the UARB for 
$2,422,964 on September 9th, 2015).  CI 47476 installed rock bolts and mesh throughout 252 feet of the mucking 
tunnel and 280 feet of the tailrace tunnel. 
 
While the entire tunnel requires eventual stabilization of the crown and walls to mitigate the risk of future blockages, 
the scope of this project is to clear rock fall debris, and to remediate and stabilize approximately 932 ft (284 m) of 
the tailrace tunnel.  This includes installing rock bolts, wire mesh and shotcrete in the walls and crown.  This will 
provide additional support and minimize additional deterioration of the rock mass in the area.  Phase 1 will be 
completed in 2018 in conjunction with a planned outage at Wreck Cove.  Over the next several years, it is necessary to 
continue with the project, estimating another approximately $25 - 30 million to be confirmed upon further study during 
the completion of Phase 1 and alignment with upcoming outages. 
 
Summary of Related CIs +/- 2 years: 
2019 – 2021 CI TBD HYD WRC Tailrace Tunnel Rock Bolting Phase 2 
  
Depreciation Class:  Hydro Production Plant - Wreck Cove Hydro System  
 
Estimated Life of the Asset:  40 Years 
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JUSTIFICATION:  
 
Justification Criteria:  Health & Safety 
 
Why do this project? 
 
Wreck Cove is the largest hydro facility in the NS Power fleet and is required to maintain a high level of reliability 
for system stability and NERC requirements (black start and 10 minute reserve). 
 
A rock fall in the tailrace tunnel can reduce water discharge capacity from the generation units, which can result in 
derating the units to approximately 125-150 MW.  A derating reduces the capability of the generating station to 
provide load support.  Rock falls also pose a risk of causing unplanned outages at the Wreck Cove Generating 
Station.  This unit is critical to supporting grid capacity and security.  
 
In addition, depending on the water levels in the tailrace tunnel, a complete unit shut down may be required as a 
result of the Tailrace High Water Alarm.  A tailrace rock fall can also pose a safety risk related to possible 
powerhouse flooding arising from a sudden blockage of the tailrace from a rock fall during unit operation.  The only 
way to avoid the risk of rock fall is to proactively stabilize and remediate the tailrace tunnel through rock bolting 
and mesh installation. 
 
This project is primarily justified on unit reliability, but secondarily supported for safety reasons. 
 
Why do this project now? 
 
At Wreck Cove, NS Power endeavors to ensure that a ground control procedure is prepared for all underground 
facilities to prevent rock falls.  Furthermore, a third party consultant has informed NS Power that current industry 
practice for most operators and contractors is to avoid personnel working under unsupported ceilings.  Based on 
observations during the LiDAR scan and on the mapping completed in 2015, the condition of the tunnel has 
deteriorated so that further instabilities are likely to occur with increasing frequency. 
 
Why do this project this way? 
 
This project is the only alternative to mitigate the risk of the derating that would occur in the event of another rock fall 
event.  The do nothing alternative is not considered acceptable due to the importance of the generation at Wreck Cove 
and due to the safety concerns that a major rock fall event could create.  The project will address the stability concerns 
for the crown and walls of the tunnel. 
 
Pattern bolting, mesh and shotcrete methods are the most economic means of stabilizing and supporting the tailrace 
tunnel.  There are other methods to stabilize and support, however the cost would be greater.  Concrete slip-line 
methods (in which concrete is poured into a continuously moving form) would be one such method.  As this is a water 
discharge tunnel and the life span of bolts and mesh would be affected by moisture the preferred approach is to use 
corrosion protection bolts and mesh for longer life span, as was done in 2015.  Observations of moisture on the crown, 
shoulder and walls of the tunnel have caused increased deterioration towards the portal end causing support and 
stabilization installation to be required.  Frequent inspections would be required to assess for signs of deterioration. 
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: -CI Number 51236-H821 HYD WRC Tailrace Tunnel Rock Bolting Phase 1 Project Number 51236-H821

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1361 1361 Wreck Cove Common Property

2700 - HGP - Waterways 8,861,996Additions

Total Cost:

Original Cost:

8,861,996

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51236

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 103 405$                  41,746$                
PD 27 365$                  9,849$                  
PD 19 223$                  4,237$                  
PD 7 223$                  1,561$                  
PD 10 321$                  3,210$                  

Sub-Total 60,604$                

PD 14 730$                  10,220$                

Sub-Total 10,220$                

PD 9 405$                  3,645$                  

Sub-Total 3,645$                  

Lot 1 5,000$               5,000$                  

Sub-Total 5,000$                  

per bolt 2,182 Cost Support Item #1 - Table 2.2 (Unit Price)
per bolt 110 Cost Support Item #1 - Table 2.2 (Unit Price)

Lot 1

Sub-Total 1,869,600$           

Lot 1 Cost Support Item #1 - Table 2.2 (Unit Price)
weeks 17 Cost Support Item #1 - Table 2.2 (Unit Price)
weeks 17 Cost Support Item #1 - Table 2.2 (Unit Price)
m3 456 Cost Support Item #1 - Table 2.2 (Unit Price)
Lot 1 Cost Support Item #1 - Table 2.2

Lot 1
Lot 1

Hours 258

Month 2 Cost Support Item #2 - Page 2 - Monthly Rates
Month 2 Cost Support Item #2 - Page 2 - Monthly Rates
Month 2 Cost Support Item #2 - Page 2 - Monthly Rates
Month 2 Cost Support Item #2 - Page 2 - Monthly Rates
Month 2 Cost Support Item #2 - Page 2 - Monthly Rates
Month 2 Cost Support Item #2 - Page 2 - Monthly Rates
Month 2 Cost Support Item #2 - Page 2 - Monthly Rates
Month 2 Cost Support Item #2 - Page 2 - Monthly Rates
Month 2 Cost Support Item #2 - Page 2 - Monthly Rates
Month 2 Cost Support Item #2 - Page 2 - Monthly Rates
Month 2 Cost Support Item #2 - Page 2 - Monthly Rates
Month 2 Cost Support Item #2 - Page 2 - Monthly Rates
Month 2 Cost Support Item #2 - Page 2 - Monthly Rates
Month 2 Cost Support Item #2 - Page 2 - Monthly Rates

Hour 1152 Cost Support Item #2 - Page 2 - Operating Rates
Hour 1152 Cost Support Item #2 - Page 2 - Operating Rates
Hour 1152 Cost Support Item #2 - Page 2 - Operating Rates
Hour 1152 Cost Support Item #2 - Page 2 - Operating Rates
Hour 1152 Cost Support Item #2 - Page 2 - Operating Rates
Foot 932 Cost Support Item #2 - Page 2 - Operating Rates
Hour 1152 Cost Support Item #2 - Page 2 - Operating Rates
Hour 1152 Cost Support Item #2 - Page 2 - Operating Rates
Hour 1152 Cost Support Item #2 - Page 2 - Operating Rates
Hour 1152 Cost Support Item #2 - Page 2 - Operating Rates

Hour 4608 Cost Support Item #2 - Page 2 - Labour Rates
Hour 4608 Cost Support Item #2 - Page 2 - Labour Rates
Hour 2304 Cost Support Item #2 - Page 2 - Labour Rates
Hour 2304 Cost Support Item #2 - Page 2 - Labour Rates

Lot 1
Lot 1

Sub-Total 5,215,531$           

Lot 1
Lot 1
Lot 1

Sub-Total 388,858$              

Lot 1 750$                  750$                     

Sub-Total 750$                     

% 10% 7,554,208$        755,421$              

Sub-Total 755,421$              

14,634$                
-$                      

Sub-Total 14,634$                

31,452$                
506,281$              

-$                      
Sub-Total 537,733$              

8,309,629$           
8,861,996$           

Original Cost
-$                      

Meals & Entertainment

Term Labour

AFUDC

Labour AO

Compressor

8' Bolts with 11'x5' galvanized mesh

Ventilation Fan

Contract AO

Administrative Overhead

Consulting

Materials

Shotcrete
Lighting and ventilation 

Scissor Deck

Hydro River Staff
Engineering

Pre-Construction Engineering and Procurement Support

Dewatering and Installation/removal of gate

Term Labour

Remediation Contractor in 2018:

Project Administration
Financial 

HYD WRC Tailrace Tunnel Rock Bolting Phase 1

Travel Expense
Travel / Accommodations

Mobilization/Demobilization

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contingency

Location:
CI# :
Title:

Regular Labour

Description

Hydro

Procurement 

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Meals

Rock Bolt Survey Update and Construction

4x Construction Miner

OT Labour
OT Labour

Front End Loader

Hand Held Drills
Shotcrete Machine

Construction Engineering Support and QA

Cover Plates & Signage

Portal Gate Works
Contracted Site Manager

Scissor Deck
Compressor

Office Trailer

Other Goods & Services

Generator/Lighting

Passenger Van
Pickup truck

Pumps
Power Washer

Telehandler

10' Bolts with 11'x5' galvanized mesh

Contracts

Debris removal/clean-up following completion

 Equipment Rental Rates
Scooptram, 6 yd.

Contracted Implementation PM

Labour Rates

Pickup truck

Misc. Site Services

Equipment Operating Rates
Scooptram, 6 yd.

Passenger Van

Hand Held Drills

Generator/Lighting

4x Lead Construction Miner

Front End Loader

Shotcrete Machine

2x Project Superintendent

Safety Technicians dedicated to emergency response

2x Mechanic

Telehandler
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BGC ENGINEERING INC. 

Suite 630 - 1718 Argyle Street 
Halifax, NS Canada B3J 3N6 
Telephone (902) 474-5925 
Fax (902) 474-5929 

           April 1, 2016
Project No.: 1009-002 

Ms. Aileen Woodman, P.Eng. 
Nova Scotia Power Incorporated
1223 Lower Water Street
Halifax, NS B3J 3S8 

Dear Ms. Woodman,

Re: Wreck Cove Hydroelectric Generating Station – Tailrace Tunnel Inspection and 
LiDAR Survey Report 

BGC Engineering Inc. (BGC) is pleased to provide Nova Scotia Power Inc. (NSPI) with this 
Tailrace Tunnel Inspection and LiDAR Survey Report for the Wreck Cove Hydroelectric 
Generating Station.  Should you have any questions or comments, please contact me at your 
earliest convenience. 

Yours sincerely, 

BGC ENGINEERING INC. 
per:

Scott Munro, M.Sc.E, P.Eng.  Tony L Gilman, M.Sc., P.Eng, P.Geo 
Senior Geotechnical Engineer   Senior Rock Mechanics Engineer 
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1.0 INTRODUCTION 

On March 17, 2015, Nova Scotia Power Inc. (NSPI) contacted BGC Engineering Inc. (BGC) 
following a suspected rock fall in the tailrace tunnel at the Wreck Cove Generating Station, Wreck 
Cove, Nova Scotia.  This rock fall was identified by a change in water elevation within the tailrace 
tunnel that was imposing a restriction on power generation.  BGC was retained on March 20, 2015 
to provide an initial geotechnical inspection (conducted on March 30, 2015) of the rock fall located 
near the upstream end of the tailrace tunnel.  Due to high water levels and safety concerns this 
inspection terminated at the rock fall zone at Station 5+220 (measured from the outfall of the 
tailrace), or 280 ft downstream from the draft tube manifold. 

Following this site visit, BGC provided guidance on the current stability of the rock mass where 
the rock fall zone had occurred, as well as recommendations for debris removal, and rock support 
design for remediation of the rock fall zone.  NSPI remediated the rock fall zone between Stations 
5+300 to 5+255 (i.e. 200 ft to 245 ft downstream from the draft tube manifold), completing the 
work on November 6, 2015.   

In conjunction with the rock support recommendation for the rock fall zone, BGC recommended 
a visual geotechnical inspection of the entire tailrace tunnel and a Light Detection and Ranging 
(LiDAR) survey of the tunnel be conducted during the rock fall zone repair.  That work was carried 
out at the same time as the above noted rock fall zone remediation work.  This report presents: 
the results from BGC’s visual geotechnical inspection of the tailrace tunnel; the methodology and 
results of a LiDAR survey of the tunnel; a discussion of potential instabilities within the tunnel; and 
recommendations for further work.   

The purpose of this report is to provide a baseline of tunnel conditions that can be used to prioritize 
areas of the tunnel for future monitoring or stabilization work.  The LiDAR data can be used in 
additional stability assessment of the tunnel, and can be used to compare against future LiDAR 
surveys to detect changes in condition such as rock fall that might otherwise not be detectable.  
This type of analysis can assist NSPI in the identification of zones within the tunnel that are 
actively failing. Additionally, the LiDAR data could be used to carry out a hydraulics 
assessment/model of the tailrace tunnel, and can be used to visualize rock fall accumulations or 
changes in rock fall on the tunnel floor.  
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2.0 SCOPE OF WORK 

The scope of work for this project included a geotechnical assessment and 3D LiDAR scan of the 
full length of the tailrace tunnel (including the mucking tunnel).  The geotechnical assessment 
included a visual inspection of the full length of the tailrace tunnel by a rock mechanics engineer 
and structural geology mapping to identify other active or potential rock fall hazard zones, and to 
conduct a visual assessment of past support/stabilization measures. The LiDAR data was 
collected at a resolution suitable for mapping discontinuity orientation, persistence and spacing, 
tunnel shape, cross sectional area, and over/under break with respect to design.  

The LiDAR scan included: 

 The full length of the tailrace tunnel (approximately 1700 m length) and mucking tunnel. 
 Conversion of the LiDAR data into a 3D point cloud and a 3D surface model for future 

analysis and delivery to the client as a digital file.  Additionally, NSPI was provided a 
computer program to visualize the 3D data. 
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3.0 BACKGROUND 

3.1. General 

The Wreck Cove hydroelectric generating station is located on the east side of Cape Breton, Nova 
Scotia, and consists of several reservoirs, a head pond, penstock, underground powerhouse and 
tailrace tunnel (Figure 2-1).  Construction of the Wreck Cove Generating Station Facility and 
associated infrastructure was completed in 1978 and took three years to construct.  The tailrace 
tunnel is approximately 5600 ft (1706 m) long, extending from the draft tube manifold near the 
power house to the outlet at the Atlantic Ocean.  The entry to the tailrace tunnel is located 
approximately 900 ft (274 m) below surface (Golder, 1993).  The invert level of the tailrace tunnel 
is 4 ft (1.2 m) above sea level (asl) at Station 5+500 (draft tube manifold) and -3 ft (-0.9 m) asl at 
the discharge to the Atlantic Ocean, with an approximate grade of -0.25%.  The draft tubes at the 
inlet are orientated at approximately 145°.  From this location the tailrace tunnel curves on a 120 ft 
(36.6 m) radius to a final orientation of 105°, continuing in this orientation until the outlet at the 
Atlantic Ocean (Golder, 1993). 

The tailrace tunnel was constructed by drill and blast construction, with a design width of 20 ft 
(6.1 m) and a height to the crown of 20 ft (6.1 m).  The crown of the tunnel was designed to be 
semi-circular with a radius of 10 ft (3.1 m).  The tailrace tunnel is largely unsupported 
(approximately 66% unsupported), with localized zones of rock bolts and shotcrete. 

3.2. Background Information Provided 

Background information provided to BGC by NSPI and reviewed prior to the inspection included 
design and as-built drawings (Nenniger & Chenevert, 1978a through 1978f), and reports on 
previous work by Golder (1993) and Hatch (2009).  Details of these references are provided in 
the Reference list at the back of this report. 
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Figure 3-1: Project Location of the Wreck Cove Hydroelectric Generating Station, Wreck Cove, Nova 
Scotia.  All data from Canvec NTS sheets. 
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3.3. Previous Studies 

In 1991 a rock fall occurred in the tailrace tunnel.  Golder Associates Ltd. (Golder) was retained 
to complete an inspection of this rock fall and provide NSPI with recommendations for 
rehabilitation of the tunnel.  This inspection identified a rock fall in the vicinity of Station 4+500 
(1000 ft or 305 m downstream from the draft tube manifold located at Station 5+500).  As a result 
of this inspection, a rehabilitation program of debris removal, rock bolts and shotcrete was 
completed in that area of the tunnel in 1992.  At this time the tunnel was pumped out and a full 
tunnel inspection was completed by Golder.  This inspection resulted in the identification of a 
second rock fall at approximately Station 0+550 or 550 ft (229 m) upstream from the outlet.  A 
rock reinforcement program was designed and remediation work was carried out between the 
outlet at the Atlantic Ocean up to approximately Station 0+900 (900 ft or 274 m upstream from 
the outlet) (Golder, 1993; Hatch, 2009).   

In 2009 NSPI reported a rock fall, approximately 250 ft (76 m) downstream of the confluence of 
the mucking tunnel and the tailrace tunnel, near Station 5+250.  At this time NSPI retained Hatch 
Consulting Ltd. (Hatch) to complete a full tunnel inspection, the results of which are contained 
within their WRC Tailrace Tunnel Inspection Report (Hatch, 2009).  The primary focus of this 
inspection was on areas of identified rock falls and previously supported areas.  Only a portion of 
the tunnel was inspected, as water levels in the lower portion of the tunnel were too high for a 
detailed inspection.  Consequently, only the upper portion of the tunnel was mapped in detail.  
Hatch recommended remediation of the active rock fall area at approximately Station 4+500 (the 
area remediated by Golder in 1993).  Hatch concluded that there were other areas of the tunnel 
downstream of the rock fall at Station 4+500 that would benefit from additional rock fall support, 
but otherwise the tunnel was performing adequately (Hatch, 2009). 
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4.0 SITE INVESTIGATIONS 

4.1. General 

A visual geotechnical inspection, structural geology mapping and LiDAR survey of the tailrace 
tunnel were completed over two site visits from October 19 to October 22, 2015 and from October 
27 to October 30, 2015.  This inspection was carried out by Tony Gilman, M.Sc., P.Eng, P.Geo 
of Terrane Geoscience Inc. (Terrane) under subcontract to BGC and Stephanie Bale, E.I.T., BGC.  
Additionally, on October 20, 2015, Mr. Gilman and Ms. Bale were accompanied by Scott Munro, 
P.Eng., and Matt Lato, PhD., P.Eng. from BGC, and Aileen Woodman, P.Eng., from NSPI.  The 
LiDAR survey was completed by AllNorth Consultants Limited (AllNorth) by Carl Hovey and 
Stephen Rafuse of AllNorth.   

Prior to the geotechnical inspection and LiDAR survey of the tailrace tunnel, the turbines were 
shut down and the water was pumped out of the tunnel.  On October 19, 2015 before entering 
the tunnel, a kickoff meeting and safety orientation were given by NSPI personnel (Aileen 
Woodman and Paul MacKay). Since approximately 70% of the Wreck Cove tailrace tunnel is 
under unsupported ground, Tony Gilman, M.Sc., P.Eng, P.Geo, a rock mechanics specialist along 
with Stephanie Bale, E.I.T, inspected the tunnel ahead of the AllNorth crew and remained with 
them at all times during the LiDAR survey for safety. 

From October 19 to October 22, 2015 LiDAR data was collected from Station 5+500 to Station 
2+400.  At this time surveying could not progress any further as water levels in the tunnel were 
up to 1.2 m in depth.  To allow time to further lower the water level (i.e. dewatering), it was decided 
to postpone the inspection and surveying of the lower portion (i.e. Station 2+400 to the outlet) of 
the tunnel.  From October 27 – October 30, 2015 the remaining portion of the tunnel from Station 
2+400 to the outlet was inspected and surveyed. 

4.2. Geologic Data Collection 

A total of five days were spent in the field collecting geological data from Station 5+500 at the 
draft tube manifold to the outlet at the Atlantic Ocean.  The main purpose of the geological data 
collection was to:  

 Divide the tailrace tunnel into applicable structural domains; 
 Characterize the main joint sets within each of the structural domains; and 
 Collect geotechnical rock mass characteristics for use in completing a rock mass 

classification (Q-system) within the tailrace tunnel (NGI, 2015).   
All geologic discontinuity orientation data was collected with a geologic compass as dip and dip 
direction with an -18.5 west declination.  The structural geology discontinuity orientation data 
collected as part of this mapping is summarized in Appendix C.        

4.2.1. Data for Q-system – Rock Mass Classification 

The Q-system classification parameters are based on block size, shear strength (joint conditions), 
and active stresses (Barton, 1974; NGI, 2015).  “Q” is defined as: 
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Q = (RQD/JN) x (JR/JA) x (JW/SRF) 

Where: 

RQD=Rock Quality Designation 

JN = Joint Set Number 

JR = Joint Roughness Number 

JA = Joint Alteration Number 

JW = Joint Water Reduction Factor 

SRF = Stress Reduction Factor 

The assessed values of the Q system input parameters and resulting Q value calculations for rock 
mass classification along the tunnel are summarized in Appendix A and on Drawing 01 and 
Drawing 02.  Table 4-1 provides the descriptive correlation of rock mass quality with Q-system 
values. 

Table 4-1: Correlation of numeric to descriptive rock mass quality from the Q-system. 

Rockmass Quality NGI-Q Range 

Very Poor <1.0 

Poor 1 to 4 

Fair 4 to 10 

Good 10 to 40 

Very Good 40 to 100 

Extremely Good >100 

4.2.2. Historical Ground Support Conditions 

In addition to the collection of structural geological data, the condition of existing ground support 
was also reviewed.  Ground support conditions were noted through photographs and visual 
observations.  Additionally, the resolution of the LiDAR survey, discussed below, can be used to 
provide further details about ground support conditions.  However, such an exercise is beyond 
the scope of this work.  Select photographs of ground support conditions can be found in Appendix 
B.  Ground support condition observations are also summarized on Drawing 01 and Drawing 02.     

4.3. LiDAR Surveying 

LiDAR scans were conducted of the tailrace tunnel (approximately 5500 ft) as well as for the 
mucking tunnel (approximately 250 ft) that leads into the tailrace tunnel.  Scans were completed 
using a tripod-mounted Leica C10 Scanner, the data were collected at a minimum point density 
of 10,000 points/m2.   
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Scan stations were spaced approximately every 8 m along the length of each tunnel, and the 
LiDAR unit was positioned in the center of the tunnel to minimize occlusion (i.e. shadows in the 
data).  A total of 230 scans were completed (including both the tailrace tunnel and mucking tunnel, 
as well as 4 scans outside of the tailrace portal).  The LiDAR data was not georeferenced to a 
local or global coordinate system, however, this could be completed at a later date at the direction 
of NSPI.  

The LiDAR point cloud of the Wreck Cove tailrace tunnel was converted to a 3-dimensional (3D) 
surface model for visualization and analysis.  High resolution images of the tailrace tunnel are 
provided in Appendix D.  These images are also included with the Q-system data and support 
review information on Drawings 01 and 02.  Digital files and visualization software were provided 
to NSPI on November 25th 2015.  
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5.0   TAILRACE TUNNEL CONDITIONS 

5.1. Geologic Setting 

5.1.1. Regional Geologic Setting 

The Wreck Cove Generating Station is located within the Cape Breton Highlands in an area 
characterized, geologically, by a complex assemblage of sedimentary, metamorphic, and igneous 
(plutonic and volcanic) rocks.  These assemblages range in age from Late Proterozoic to 
Devonian (Barr and Raeside, 1986).  These units are variably deformed and occur within and 
adjacent to north-south to northeast-southwest trending faults and shear zones (Barr et al., 1992).  
These faults and shear zones act as litho-tectonic terrane boundaries which divide the region into 
three major terranes.  These are the Blair River Complex, the Aspy Terrane, and the Bras D’or 
Terrane (Barr and Raeside, 1986). 

The Wreck Cove power generation site lies entirely within the Bras D’or Terrane.  The Bras D’or 
Terrane extends across the east-central portion of the Cape Breton Highlands and is 
characterized by granite to granodiorite to diorite units of Cambrian age.  In the Wreck Cove 
region the primary units are the Birch Plane granite and the Wreck Cove diorite.  The primary 
faults in this region are oriented north-south to northeast-southwest with later east-west to 
northwest-southeast oriented faults offsetting most major units (Barr et al., 1992).   

5.1.2. Tailrace Tunnel Geology 

The Wreck Cove tailrace tunnel is underlain by rocks of the Birch Plain Granite (Barr et al., 1992).  
Mapping by NSPI includes granodiorite (black and pink), granite (red to pink), and diorite 
(Nenniger & Chenevert, 1978).  Similarly as part of this inspection and mapping of the tailrace 
tunnel three primary lithologies were mapped within the tailrace tunnel, these are; 

 Unit 1 - Fine to medium grained, occasionally coarse grained; massive to moderately well 
foliated; grey to dark grey; Diorite to Granodiorite. 

 Unit 2 - Fine to medium grained, occasionally coarse grained; massive to moderately well 
foliated; pink; Granite to Granodiorite. 

 Unit 3 – Fine- to medium-grained; sheared with very well-developed foliation; pink to grey; 
Sheared Granite to Granitic Gneiss. 

In addition to the units described above, numerous mafic dykes and sills intrude and cross cut the 
local geology.  These mafic dykes are often associated with intense hematite and chlorite 
alteration along the host rock dyke contact which allows the contacts to act as areas of weakness 
and/or fault zones.  Many of the mapped fault zones coincide with areas where up to 30% of the 
host rock is intruded by dykes.   

Faults within the tailrace tunnel are characterized by a dominantly north-south trending, steeply 
west dipping set and a less well developed near vertical east-west orientated fault set.  These 
data are discussed in Section 5.3. 
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5.2. Structural Domains 

The tailrace tunnel has been divided into four structural domains, based on areas with similar rock 
mass properties.  Each of the structural domains is controlled variably by geology, faults/shear 
zones, joint alteration, past instabilities, and/or mafic dyke emplacement.  The four structural 
domains within the tailrace tunnel are summarized below in Table 5-1; in Appendix A (Figure A1 
and A2) with details of the Q-system rating, and Drawing 01 and Drawing 02 with respect to 
structural geology mapping and the LiDAR survey.   

Table 5-1: Structural domains, Wreck Cove tailrace tunnel. 

Domain Description 

1 Unit 1 and Unit 2; fine to medium grained, occasionally coarse grained; red, grey and dark 
grey; granite, granodiorite and diorite. 

2 Unit 1 and Unit 2 that has been intruded by up to 30% mafic dykes. 

3 Unit 3 – Fine- to medium-grained; sheared with very well developed foliation; pink to grey; 
sheared granite to granitic gneiss.   

4 Fault/shear zones with ongoing ravelling; lithologically, often unit 3. 

The structural domains summarized in Table 5-1, along with the discontinuity data summarized 
in Section 5.3, have been used as the basis for the rock mass classification using the Q-system 
described in Section 5.4.    

5.3. Faults, Shear Zones, and Discontinuities 

Geological mapping by Barr et al., (1992) indicates that a major north-south orientated fault zone 
passes through the Wreck Cove tailrace tunnel.  Based on the scale of the Barr et al. (1992) 
mapping, it is difficult to locate accurately where this fault zone intersects the tunnel but it is 
interpreted, herein, that many of the mapped north-south faults and shear zones within the tailrace 
tunnel can be attributed to this system (see Drawings 01 and 02).  Additionally, the north-south, 
steeply dipping faults and shear zones are structurally related to a shallower dipping, nearly north-
south, oriented fault set that together have a tendency to produce large wedges in the tunnel 
crown.  Figure 5-1 illustrates a schematic representation of this type of wedge.  Throughout the 
tunnel, these fault sets are found to be related to each other through reverse fault kinematics, 
specifically SC fabric relationships which form from ductile deformation of rock masses, thereby 
providing insight into the strain history of a rock mass.  The rock mass instability remediated by 
Golder in 1992 near Station 4+500 is interpreted by BGC to represent such a crown wedge failure 
based on the fault relationships in this area.  Additionally, the recent failure at Station 5+300 to 
5+255 is also interpreted to have been facilitated by this structural relationship.  Stereonet data 
in Figure 5-2 illustrates these fault relationships. Note that stereonet data are presented with a 
magnetic declination of -18.5°, and are not biased corrected. 
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As illustrated in Figure 5-2, along with the dominantly north-south oriented faults, a less well 
represented fault set is present, orientated approximately east-west.  Given the alignment of the 
tunnel (approximately east-west) it is possible that this set is under-represented in the data.  
Additionally, five other less well developed faults were mapped (Figure 5-2).  These are 
interpreted as splays off of the main fault sets.  They may be important local controlling structures, 
but are not systematically found throughout the tailrace tunnel.   

A total of four main discontinuity sets were mapped within the tailrace tunnel (Figure 5-3).  In 
addition to the four main discontinuity sets, several less well developed sets were also mapped 
(Figure 5-3).  While the less well developed discontinuities may be important locally, generally, 
they are not considered to be dominant controlling structures.   

The four main discontinuity sets are interpreted as genetically related conjugate or orthogonal 
sets (Table 5-2).  Within each structural domain the exact number of discontinuity sets varied as 
summarized in Figures A1 and A2 (Appendix A) and Drawings 01 and 02.   
Table 5-2 below summarizes the main discontinuity sets and their average orientation within the 
tailrace tunnel.  

Table 5-2: Primary mapped discontinuity sets, Wreck Cove tailrace tunnel. 

Discontinuity 
Set Description 

Average Orientation  
(Dip/Dip Dir.) 

1 S1 – Primary discontinuity set 65/265 

2 S2 – Conjugate discontinuity set to S1 52/290 

3 S3 – Secondary discontinuity set 62/125 

4 S4 – Orthogonal discontinuity set to S3 57/030 

5.4. Q-system Rock Mass Classification 

The nature of the rock in the tailrace tunnel has been characterized through a combination of field 
mapping and visual observations.  The rock mass is classified based on the classification system 
developed at the Norwegian Geotechnical Institute – Q (Q-system) method (Barton, 1974; NGI, 
2015).  This rock mass classification varies based on structural domain, and joint water conditions 
within the tailrace tunnel.     

For the purposes of this study the rock mass has been divided into four structural domains as 
discussed in Section 4.1.  The domains are divided based on geology, faults/shear zones, joint 
alteration, structural relationships, and/or mafic dyke emplacement.  For each domain, a range of 
Q-system input values were assessed. 

Table 5-3 summarizes the Q-system rock mass classification (Barton, 1974; NGI, 2015) values 
for each structural domain.  Photos of general conditions in the tunnel can be found in Appendix B. 
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Figure 5-1: Schematic longitudinal section through the Wreck Cove tailrace, Not to scale, looking 
north, illustrating how faults commonly form large potential wedge failures in the tunnel 
crown. 

 

W E 
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Figure 5-2: Lower hemisphere, equal area, sterenonet plot displaying contours of the poles to mapped faults and their corresponding 
average orientation within the Wreck Cove tailrace tunnel.  The tunnel orientation is approximately 105o 
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Figure 5-3: Lower hemisphere, equal area, stereonet plot displaying contours of the poles to mapped discontinuity sets and their 
corresponding average orientation (Dip and Dip Direction) within the Wreck Cove tailrace tunnel. 
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Table 5-3: Rock mass classification: NGI-Q-system, Wreck Cove tailrace tunnel. 

Structural 
Domain 

Description NGI-Q 
Rock Quality1. 

Min Max 

1 

Unit 1 and Unit 2: Fine to medium- 
grained, occasionally coarse grained; 
red, grey and dark grey; granite, 
granodiorite and diorite. 

7 43 Fair to Very Good 
rock quality 

2 Unit 1 and Unit 2 that has been intruded 
by up to 30% mafic dykes. 4.1 15 Fair to Good rock 

quality 

3 

Unit 3: Fine to medium-grained; sheared 
with very well developed foliation; pink 
to grey; sheared granite to granitic 
gneiss. 

0.6 3 Poor to Very Poor 
rock quality 

4 
Areas of past rock fall and ongoing 
ravelling; lithologically, often Unit 3 and 
associated with fault/shear zones. 

0.1 0.4 
Very Poor rock 
quality 

NOTES:  1. See Table 5-1 for a summary of rock mass quality descriptions based on Q-system values.  

5.5. Ground Support Conditions 

Several areas within the tailrace tunnel have been subject to ground support programs over the 
lifetime of the tunnel.  These ground support programs started with the building of the tunnel (1975 
to 1978) and have continued as necessary.  Notably, two major rehabilitation programs of ground 
support were carried out under the direction of Golder in 1992 and 1993.  Ground support within 
the tailrace tunnel consists of three main support types:  1.) rock bolts, 2.) rock bolts, mesh and 
shotcrete, and 3.) concrete lining (at the tunnel outlet and at the manifold). 

As part of this geotechnical evaluation of the tailrace tunnel, a visual inspection of the current 
condition of ground support was carried out.  In general, the condition of ground support was best 
between Station 5+500 to approximately Station 2+100 and progressively deteriorated 
downstream towards the outlet of the tunnel.  Coincident with this deterioration is an increase in 
groundwater flowing into the tunnel from Station 5+500 to the outlet.  Table 5-4 summarizes the 
condition of ground support sections within the tailrace tunnel.  Photos of general conditions in 
the tailrace tunnel and the condition of ground support can be found in Appendix B.  Drawings 01 
and 02 also provide a summary of the ground support conditions within the tailrace tunnel.     
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Table 5-4: Ground support condition summary, Wreck Cove tailrace tunnel. 

STATION1. 
Support Type Condition From 

(ft) 
To     
(ft) 

5+255 5+200 Shotcrete Good condition. 

4+800 4+750 Rock Bolts Good condition. 

4+550 4+500 Shotcrete Area of rock fall remediated in 1992; minor seepage associated with bolts; minor deterioration 
of shotcrete, locally, at bolt locations.   

4+175 4+150 Shotcrete Good condition. 

3+975 3+950 Shotcrete Good condition; minor seepage associate with bolts. 

2+950 2+900 Rock Bolts Good condition. 

2+750 2+675 Shotcrete Good condition. 

2+425 2+375 Shotcrete Good condition; minor seepage associate with bolts. 

2+150 1+825 Shotcrete Generally in good condition, shotcrete only on walls (north and south); minor scour at the base.

1+725 1+675 Rock Bolts Poor condition; bolts very corroded; coincident with a fault zone and very wet area with constant 
drips.   

1+650 1+575 Shotcrete Good condition with scour at the base; coincident with fault breccia zones.   

1+475 1+410 Shotcrete Good condition; minor seepage; minor scour at the base of the walls.   

1+325 1+200 Rock Bolts Poor condition; bolts very corroded; constant inflow of water in a stream.   

1+285 1+275 Shotcrete Moderate deterioration of shotcrete; scour at the base of the walls (north and south); seepage 
to constant drips associated with rock bolt locations.   

1+155 1+150 Rock Bolts Poor condition; bolts very corroded. 

1+025 9+750 Shotcrete Good condition; minor seepage associate with bolts. 

NOTES:  1. Station 5+500 corresponds with the draft tube manifold at the inlet.  The station numbers decrease downstream to the tunnel outlet at the Atlantic Ocean.  
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Table 5-5: Ground support condition summary, Wreck Cove tailrace tunnel (continued). 

STATION1. 
Support Type Condition From 

(ft) 
To     
(ft) 

0+975 0+965 Rock Bolts Poor condition; bolts very corroded; heavy inflow at bolts. 

0+875 0+865 Shotcrete Moderate deterioration of shotcrete; seepage to constant drips associated with rock bolt 
locations.   

0+775 0+750 Rock Bolts Poor condition; bolts very corroded; heavy inflow in this area. 

0+625 0+075 Shotcrete 
Moderate deterioration of shotcrete; to locally heavily deteriorated shotcrete; seepage to 
constant drips associated with rock bolt locations; scour at the base on both north and south 
walls.     

0+075 0+075 Shotcrete Very poor condition; at the interface between the cast concrete and the shotcrete a large wedge 
failure is developing; the shotcrete is heavily deteriorated to missing completely.   

0+075 Outlet Cast concrete Good condition; minor seepage.   

NOTES:  1. Station 5+500 corresponds with the draft tube manifold at the inlet.  The station numbers decrease downstream to the outlet.   

 

ACE 2018 CI 51236 Attachment 3 Page 21 of 86

Date Filed:  November 22, 2017          Page 0230 of 2371          REDACTED



Nova Scotia Power Inc.  April 1, 2016 
Tailrace Tunnel Inspection and LiDAR Survey Project No.: 1009-002 

 

NSPI_Tailrace Tunnel Inspection Report_April 1, 2016 Page 18 

BGC ENGINEERING INC. 

5.6. Rock Fall Areas of Concern 

Drawings 01 and 02 summarize the tailrace tunnel geology (structure and lithology), ground 
support conditions, structural domains and Q-system ratings.  Included on these figures are 
shaded relief images displaying the crown, north wall, and south wall of the tailrace tunnel from 
the LiDAR survey.  Individual shaded relief images, taken at 200 m intervals, can be found in 
Appendix D. 

Sections of the tunnel designated as Structural Domains 3 and 4 are composed of Q-system rock 
masses that are best described as poor to very poor rock quality (Table 5-3).  These sections, 
particularly those within Domain 4 are characterized by areas of ongoing raveling and past failures 
that are structurally related to fault/shear zones often within Unit 3, are of concern for future rock 
fall.  Table 5-6 focuses on specific areas of concern within the larger zones of poor rock mass 
quality.   

Precise timing of instabilities are difficult to predict.  However, it can be said with a high degree of 
confidence that some of these sections will lead to future, potentially large rock falls.  These areas 
vary from sections of previously supported ground to un-supported sections experiencing ongoing 
raveling of the rock mass.  A total of 11 areas have been identified as potential areas of concern.  
Table 5-5 summarizes these sections and provides recommendations, and photos in Appendix B 
highlight some of these potential problem areas. Sections are categorized as: 

 No action required; 
 Periodic visual review of condition; or 
 Physical work recommendations to stabilize rock fall areas, repair or replace previous 

stabilization measures, or provide additional support to the tunnel.  
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Table 5-6: Areas of Concern, Wreck Cove Tailrace Tunnel. 

From To Further Work 
Recommendations 

Comments 

4+550 4+500 Periodic visual 
inspection 

This segment experienced a rock fall in 1991 and was the focus of a major rehabilitation, overseen 
by Golder in 1992.  Shotcrete in this area shows seepage and minor deterioration. 

4+450 
 

4+300 
 

Physical work 
recommended 

This section is characterized by very poor rock mass quality with a large volume (1800 ft3 or 50 m3) 
of rock fall debris on the floor close to the north wall of the tunnel and a lesser amount on the floor 
close to the south wall of the tunnel.  At station 4+300 there is evidence of ongoing failure of the 
rock mass with gravel to cobble size particles that appear to have fallen after the tunnel was drained 
for this review (i.e. they are very fresh).    

3+475 
 

3+450 
 

Physical work 
recommended 

Channel floor nearly continuously covered across from the north wall to the south wall with large 
(3 ft3) blocks co-incident with a fault zone.  Fresh, not stained rocks suggest recent (last 1 to 5 years) 
ongoing ravelling of the rock mass in this area.   

3+275 3+275 Periodic visual 
inspection 

Large historic wedge failure with a large rock block on the channel floor. 

3+175 3+100 Physical work 
recommended 

Recent (last 1 to 5 years) wedge failure with evidenced of fresh rock ravelling on the tunnel floor 
and open discontinuities in another wedge that is considered at high risk of failure.   

2+400 
 

2+400 
 

Periodic visual 
inspection 

South wall floor has fresh, un-weathered, small (0.5 ft3) recent rock fall.   

2+200 
2+200 
 

Periodic visual 
inspection 

South wall floor has fresh, un-weathered, small (0.25 ft3) recent rock fall co-incident with a fault 
zone. 

1+800 1+700 Physical work 
recommended 

This section contains numerous, historic, small, wedge failures co-incident with sheared granitic 
gneiss and areas of past rock bolt failure.  Additionally, the remaining rock bolts are in very poor 
condition.  Debris on the tunnel floor suggests ongoing, small scale, ravelling of the tunnel crown.  

0+900 0+875 Physical work 
recommended 

This section contains numerous, historic, small, wedge failures co-incident with a shear zone and 
areas of past rock bolt failure.  Additionally, the remaining rock bolts are in very poor condition. 

0+575 0+500 Physical work 
recommended 

Fault zone with past rock bolting and numerous, large, historic wedge failures.  This area was 
remediated in 1993 under the direction of Golder.  Rock bolts in this section are in very poor 
condition (corroded) with evidence of recent (last 1-5 years) rock fall on the tunnel floor.  

0+075 0+075 Physical work 
recommended 

At the interface between the cast concrete at the outlet of the tailrace tunnel and the shotcrete 
placed within this region a wedge instability with evidence of ongoing ravelling is present.   
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

It is anticipated that the data included in this report will aid in the understanding of the rock mass 
conditions and will be a resource for future monitoring of tunnel rock mass stability as well as 
support planning and design.  Future LiDAR data can be compared with the baseline survey in 
this report to identify rock fall release zones and additional debris accumulation on the tailrace 
tunnel floor. 

Based on this review, we conclude: 

 The last geotechnical review of the tailrace was carried out in June 2009 (Hatch, 2009), 
following a minor rock fall in the tunnel near the powerhouse (precise location unknown). 
The majority of tunnel was inspected at this time, except for the lower portion of the tunnel, 
where the collection of detailed measurements was not completed due to tidal action 
within the lower portion of the tunnel. The debris from this minor rock fall was mucked out, 
but no additional rock support was installed. Prior to this, the last physical work in the 
tunnel was a rock reinforcement program (wire mesh, rock bolts and shotcrete), following 
a large rock fall in 1991.  This work was completed in 1992, along with a full inspection of 
the tunnel by Golder Associates (Golder, 1993). 

 The condition of existing localized tunnel support measures qualitatively appears to 
worsen from inlet to outfall of the tunnel.  This may be caused in part by increased seepage 
into the tunnel in the lower parts. 

 There is insufficient data from past reviews to quantitatively assess frequency of rock fall 
in the tunnel.  However, the evidence of debris on the tunnel floor indicates smaller rock 
fall (< 1 ft or 0.3 m in longest dimension) occur many times a year, with larger rock fall 
(> 1 ft or 0.3 m in longest dimension) occurring perhaps annually to once every five years. 

 There is a reasonable risk of a sufficiently large rock fall restricting the tailrace and 
affecting plant generating capacity. 

 Future rock fall frequency or magnitude may not be similar to that noted in the past.  This 
is because the rock mass of the tunnel has been deteriorating since construction.  It can 
be expected that over time, weathering will progressively reduce the strength along 
discontinuities, making rock fall more likely and possibly increasing the frequency of larger 
rock fall.   

We recommend:   

 Tunnel intervals in Table 5-5 designated as “requiring periodic visual inspection” be 
visually reviewed on a two to five year basis for ongoing evidence of instabilities of a 
magnitude that could affect plant operation.  For practicality, it is anticipated that this would 
coincide with plant shutdowns as part of other planned repairs/maintenance activities. 
Visual review of these areas should be accompanied by LiDAR survey and that survey 
used relative to the 2015 survey to quantitatively assess the areas for rock mass changes.   

 Tunnel intervals in Table 5-5 designated as “physical work recommended” should have 
stabilization designs prepared and implemented.  This would involve further kinematic and 
numerical stability assessment and rock support design.  The data from this 2015 work is 
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sufficient for this design.  During design, where appropriate the rock mass classification 
should be refined to include data obtained from the LiDAR survey.     

 The current ground support measures from station 1+000 to the cast concrete ground 
support at station 0+075 is generally in very poor condition.  A ground support remediation 
program be should be designed and implemented for this segment of the tailrace tunnel.    
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7.0 CLOSURE 

We trust the above satisfies your requirements at this time.  Should you have any questions or 
comments, please do not hesitate to contact us. 

Yours sincerely, 

BGC ENGINEERING INC. 
per:

Tony Gilman, M.Sc., P.Eng. P.Geo.  Scott Munro, M.Sc.E., P.Eng. 
Senior Rock Mechanics Engineer   Senior Geotechnical Engineer 

   

Reviewed by: 

Mark Pritchard, P.Eng., P.Geo. 
Principal Engineer 

TG/SM/MAP/ec/md
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APPENDIX A 
Q-SYSTEM ROCK MASS CLASSIFICATION 
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Figure A1 ‐ Q‐system calculation based on structural domains; Stations 5+500 to 2+600
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Figure A2 ‐ Q‐system calculation based on structural domains; Stations 2+600 to ‐0+000
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APPENDIX B 
TAILRACE TUNNEL INSPECTION - PHOTO LIBRARY 
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Station: 4+525 

Description: Shotcrete not covering mesh with seepage at bolt locations 

 

Mesh without shotcrete 

Seepage at bolts 
 

 

  
 
 

Station: 4+525 

Description: Shotcrete not covering mesh 

 

 

Mesh without shotcrete 
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Station: 4+500 

Description: Shotcrete good condition floor north wall 
 

 

  
 
 

Station: 4+500 

Description: Deteriorating shotcrete 
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Station: 4+450 

Description: Start of large debris pile 
 

 

  
 
 

Station: 4+450 

Description: Looking down tunnel at large debris pile 
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Station: 4+450 

Description: Looking down tunnel at large debris pile 
 

 

  
 
 

Station: 4+400   

Description: Fault North wall 
 

ACE 2018 CI 51236 Attachment 3 Page 35 of 86

Date Filed:  November 22, 2017          Page 0244 of 2371          REDACTED



Nova Scotia Power Inc. April 1, 2016 
Tailrace Tunnel Inspection and LiDAR Survey Project No: 1009-002 

Appendix B - photos   Page B5 

BGC ENGINEERING INC. 

 

 

 
 

Station: 4+400 

Description: Typical Crown 
 

 

  
 
 

Station: 4+300 

Description: Typical Crown 
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Station: 4+275 

Description: Crown, previous wedge failure 
 

  

  
 
 

Station: 4+275 

Description: On going, fresh ravelling on floor 
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Station: 4+200 

Description: Typical Crown 
 

 

  

 

 
 

Station: 4+300 

Description: Typical Crown 
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Station: 4+075 

Description: Typical slightly weathered medium to coarse grained 
granite 
 

 

  
 
 

Station: 4+050 

Description: Seepage on crown 
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Station: 4+000 

Description: Typical Crown 
 

 

  
 
 

Station: 3+975 

Description: Seepage through shotcrete corroded bolts 
 
Corroded bolts 
 
Seepage through shotcrete 
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Station: 3+950 

Description: Corroded bolts 
 

Corroded bolt 

 

 

 

  
 
 

Station: 3+925 

Description: Fault / shear zone corroded bolts 
 
Corroded bolt 

Fault/shear zone 
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Station: 3+900 

Description: Crown, seepage along discontinuities 
 

 

  
 
 

Station: 3+825 

Description: Potential Wedge 
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Station: 3+800 

Description: Shear zone with hematite alteration (red staining) along 
discontinuity contact. 
 

 

  
 
 

Station: 3+800 

Description: Rock fall debris pile 
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Station: 3+800 

Description: Typical Crown 
 

 

  
 
 

Station: 3+700 

Description: Crown, fault zone 
 

ACE 2018 CI 51236 Attachment 3 Page 44 of 86

Date Filed:  November 22, 2017          Page 0253 of 2371          REDACTED



Nova Scotia Power Inc. April 1, 2016 
Tailrace Tunnel Inspection and LiDAR Survey Project No: 1009-002 

Appendix B - photos   Page B14 

BGC ENGINEERING INC. 

 

 

 
 

Station: 3+650 

Description: Contact between mafic dyke and grano-diorite, with red, 
hematite alteration.   
 

  
 
 

Station: 3+625 

Description: Seepage on wall 
 

Grano-diorite 

Mafic dyke 
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Station: 3+625 

Description: Recently failed wedge 
 

 

  

Station: 3+600 

Description: Typical Crown 
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Station: 3+500 

Description: Past Rock fall 
 
 
 
 
 

 

  
 

Station: 3+500  

Description: Looking down tunnel at debris pile nearly crossing tunnel 
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Station: 3+500  

Description: Typical Crown 
 

  
 

Station: 3+450 

Description: Shear zone 
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Station: 3+425 

Description: Looking up tunnel at debris pile across tunnel, note fresh 
grey rock 
 
Debris pile with freshly fallen (grey/white) rock 

  
 

Station: 3+400 

Description: Typical Crown 
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Station: 3+325 

Description: Past Wedge Instability 
 

  
 

Station: 3+300 

Description: Large slab noted by Golder 
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Station: 3+300 

Description: Typical Crown 
 

  

 

 
 

Station: 3+200 

Description: Rock slab 
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Station: 3+200 

Description: Typical Crown 
 

 

  
 
 

Station: 3+175 

Description: Recently Fallen Rock slab 
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Station: 3+175 

Description: Recently Fallen Rock slab 
 

 

 
 

Station: 3+175 

Description: Relatively fresh fallen rock 
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Station: 3+175 

Description: Freshly fallen rock 
 

 

  
 
 

Station: 3+175 

Description: Fresh grano-diorite from recent fall 
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Station: 3+150 

Description: Large wedge with assessed high likelihood of future failure 
 

 

  
 
 

Station: 3+100 

Description: Typical Crown 
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Station: 3+000 

Description: Typical Crown 
 

 

  
 
 

Station: 2+900 

Description: Typical Crown 
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Station: 2+800 

Description: Crown, corroded bolts 
 

 

  
 
 

Station: 2+750 

Description: Seepage through shotcrete 
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Station: 2+750 

Description: Hydraulic blowout in shotcrete 
 

 

  
 
 

Station: 2+750 

Description: Mafic dyke and corroded bolts 

Corroded bolts 

 

Mafic dyke 
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Station: 2+600 

Description: North wall small scale shear zone 
 

 

 
 

Station: 2+600 

Description: Crown shear zone 
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Station: 2+400  

Description: South wall fresh rock fall 
 

 

 
 
 

Station: 2+375  

Description: South wall, fault zone, breccia, clay gouge matrix 
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Station: 2+200 

Description: Fresh fallen rock and a potential wedge failure with open 
joints.  
 

 

 
 

Station: 2+200 

Description: Debris pile, fresh rock 
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Station: 2+175 

Description: Fault north wall, hematite alteration along fault 
 

  
 
 

Station: 1+875 

Description: Scour at base of shotcrete 
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Station: 1+850 

Description: Dyke hematite alteration (red) 
 

 

  
 
 

Station: 1+800 

Description: South wall and crown recent wedge failure 
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Station: 1+750  

Description: Area of past wedge failure from the crown and North wall 
looking West 
 

 

  
 
 

Station: 1+625 

Description: Wall scour of the South wall near the floor 
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Station: 1+625 

Description: Shotcrete with water seeping and dripping at bolts 

 

Seepage at rock bolt 
 

 

 
 

Station: 1+600 

Description: North wall scour in shotcrete at fault zone 
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Station: 1+575 

Description: Wall, Scour of a fault zone and ravelling  

 

Fault zone 

Scour 
 

 

  
 
 

Station: 1+400 

Description: South wall scour at a fault that is undercutting a potential 
slab failure 
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Station: 1+400 

Description: South wall close up of a fault 
 

 

  
 
 

Station: 1+300 

Description: Typical crown 
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Station: 1+250 

Description: Heavily corroded bolt at fault zone 

Fault zone 

 

Corroded bolt 
 

 

  
 
 

Station: 1+200 

Description: Crown, typical view 
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Station: 1+100 

Description: Crown, typical view 
 

 

  
 
 

Station: 1+050 

Description: Crown shotcrete: good condition minor water seepage 

 

Seepage 
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STRUCTURAL DATA FROM TAILRACE TUNNEL 
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Structural Geology Data - Compass Declination -18.5o W

Station Interval Type Dip (o) Dip Direction (o) Comments
55+00 - 54+00 S1 60 238 At the upstream manifold below the power house
54+00 - 53+00 S1 55 282
54+00 - 53+00 J1 80 240
54+00 - 53+00 J2 72 30
53+00 - 52+00 S1 60 296
53+00 - 52+00 J2 55 66
53+00 - 52+00 55 316
52+00 - 51+00 S1 40 272
52+00 - 51+00 J1 85 270
51+00 - 50+00 S1 67 250
51+00 - 50+00 J2 60 30
50+00 - 49+00 J1 85 235
50+00 - 49+00 J2 60 30
50+00 - 49+00 S1 60 292
49+00 - 48+00 S1 60 240
49+00 - 48+00 J2 45 45
48+00 - 47+00 J1 70 248
48+00 - 47+00 J2 63 70
47+00 - 46+00 S1 50 304
47+00 - 46+00 J2 62 41
47+00 - 46+00 J2 60 40
46+00 - 45+00 S1 62 308
46+00 - 45+00 J2 85 72
45+00 - 44+00 J1 70 308 lagre cavern location
45+00 - 44+00 J2 50 60
44+00 - 43+00 J2 63 38
44+00 - 43+00 S1 65 298
43+00 - 42+00 J1 76 289
42+00 - 41+00 J1 70 335
42+00 - 41+00 J2 60 108
41+00 - 40+00 62 142
41+00 - 40+00 S1 40 235
40+00 - 39+00 S1 60 250
40+00 - 39+00 J2 52 37
40+00 - 39+00 J3 88 0 estimate from crown
39+00 - 38+00 S1 61 232
39+00 - 38+00 70 150
39+00 - 38+00 83 320
39+00 - 38+00 J3 87 182 estimate from crown
38+00 - 37+00 S1 65 250
38+00 - 37+00 J2 51 75
38+00 - 37+00 75 340
37+00 - 36+00 S1 52 258
37+00 - 36+00 55 140
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Structural Geology Data - Compass Declination -18.5o W

Station Interval Type Dip (o) Dip Direction (o) Comments

37+00 - 36+00 J3 75 340
36+00 - 35+00 J3 65 330
36+00 - 35+00 S1 63 257
36+00 - 35+00 J2 88 88
35+00 - 34+00 70 102
35+00 - 34+00 S1 50 235
35+00 - 34+00 J3 55 335
35+00 - 34+00 J2 53 51
34+00 - 33+00 63 137
34+00 - 33+00 J1 70 256
34+00 - 33+00 J1 75 235
33+00 - 32+00 J3 50 320
33+00 - 32+00 S1 68 250
33+00 - 32+00 60 150
32+00 - 31+00 J3 70 313
32+00 - 31+00 52 178
31+00 - 30+00 S1 55 287
30+00 - 29+00 J3 58 328
29+00 - 28+00 J3 53 335
29+00 - 28+00 J2 67 62
28+00 - 27+00 J3 60 332
28+00 - 27+00 S1 68 292
28+00 - 27+00 J2 52 60
27+00 - 26+00 S1 47 298
27+00 - 26+00 J2 75 35
27+00 - 26+00 80 74
26+00 - 25+00 S1 45 300
26+00 - 25+00 Sz 47 312
26+00 - 25+00 57 155
26+00 - 25+00 J3 80 18
25+00 - 24+00 61 178
25+00 - 24+00 70 148
25+00 - 24+00 J3 89 356
24+00 - 23+00 S1 50 278
24+00 - 23+00 46 141
23+00 - 22+00 S1 60 282
23+00 - 22+00 30 330
23+00 - 22+00 35 30
23+00 - 22+00 70 50
22+00 - 21+00 S1 70 262
22+00 - 21+00 55 114
22+00 - 21+00 75 148
19+00 - 18+00 J3 85 330
19+00 - 18+00 50 118
18+00 - 17+00 S1 46 310
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Structural Geology Data - Compass Declination -18.5o W

Station Interval Type Dip (o) Dip Direction (o) Comments
18+00 - 17+00 35 148
18+00 - 17+00 89 119
16+00 - 15+00 S1 49 307
16+00 - 15+00 45 108
15+00 - 14+00 J3 60 355
15+00 - 14+00 J2 85 98
15+00 - 14+00 J3 60 355
15+00 - 14+00 J2 85 98
13+00 - 12+00 S1 45 285
13+00 - 12+00 J2 40 40
12+00 - 11+00 58 140
12+00 - 11+00 40 289
12+00 - 11+00 50 12
11+00 - 10+00 S1 56 296
11+00 - 10+00 J3 83 38
11+00 - 10+00 89 110
10+00 - 9+00 J2 72 74
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APPENDIX D 
TAILRACE TUNNEL LIDAR SLOPE SHADE IMAGES 0+000 to 1+700 
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Figure D1: Tailrace tunnel LiDAR slope shade layout Sta. 0+000 to 0+200
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Figure : Tailrace tunnel LiDAR slope shade layout Sta. 0+200 to 0+400
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Figure D3: Tailrace tunnel LiDAR slope shade layout Sta. 0+400 to 0+600
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Figure D4: Tailrace tunnel LiDAR slope shade layout Sta. 0+600 to 0+800
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Figure D5: Tailrace tunnel LiDAR slope shade layout Sta. 0+800 to 1+000
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Figure D6: Tailrace tunnel LiDAR slope shade layout Sta. 1+000 to 1+200
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Figure D7: Tailrace tunnel LiDAR slope shade layout Sta. 1+200 to 1+400
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Figure D8: Tailrace tunnel LiDAR slope shade layout Sta. 1+400 to 1+600

Tunnel Floor

1+5001+600

So
ut

h 
W

al
l

Cr
ow

n
N

or
th

 W
al

l

So
ut

h 
W

al
l

Cr
ow

n
N

or
th

 W
al

l

So
ut

h 
W

al
l

Cr
ow

n
N

or
th

 W
al

l

Metres

10 200

Tunnel Floor 1+4101+500

Nova Scotia Power Inc.  
Tailrace Tunnel Inspection and LiDAR Survey

April 1, 2016 
Project No.: 1009-002

ACE 2018 CI 51236 Attachment 3 Page 82 of 86

Date Filed:  November 22, 2017          Page 0291 of 2371          REDACTED



1+6001+700
So

ut
h 

W
al

l
Cr

ow
n

N
or

th
 W

al
l

Figure D9: Tailrace tunnel LiDAR slope shade layout Sta. 1+600 to 1+700
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CI Number:  48533 
 
Title:  HYD Lequille Headpond Refurbishment 
 
Start Date: 2015/12 
In-Service Date: 2018/10 
Final Cost Date: 2019/04 
Function: Hydro  
Forecast Amount: $4,472,369 
 
DESCRIPTION: 
 
This project includes the refurbishment of the dams and spillway structures at Lequille Headpond to meet the 
requirements of the latest Canadian Dam Association (CDA) Dam Safety Guidelines.  This refurbishment includes 
the replacement of two existing tainter gates with a free overflow spillway and raising the headpond embankment 
dams, listed below, to ensure minimum freeboard is provided. 
 
The Lequille Hydro System is located in Annapolis County, Nova Scotia.  It was originally constructed in the late 
1950s and early 1960s and underwent upgrades in 1967.  The system includes three storage reservoirs:  Dargie Lake, 
Grand Lake, and Lequille Headpond (Grand Lake Flowage).  Water from the Lequille Headpond is diverted through 
a canal intake structure to the power canal.  The power canal is approximately three miles long and terminates at the 
forebay, where a concrete intake structure conveys water via a 7 ft. diameter penstock to the powerhouse.  The 
generating capacity from the Lequille System is 11 MW with a design discharge of 410 cfs.  
 
The Lequille Headpond consists of four earthfill embankments including:  the Main Dam, Wing Dams No. 3 and 
No. 4, and the right abutment to the intake structure, all of which can be found in Table 1 of the Executive Summary 
in the attached Dam Safety Review.  There are two outlet structures:  the tainter gates spillway and the canal intake 
structure.  The Lequille spillway structure, which consists of a two bay concrete structure, is located to the east of 
the Main Dam.  Water discharge is controlled by two manually operated tainter gates, which each measure 
approximately 24 ft. wide and 15 ft. high.  The concrete structure is approximately 57 ft. wide and 18 ft. high and is 
abutted by compacted fill.  Water passing through the spillway structure is diverted downstream via a channel that 
joins with the Lequille River, taking these flows out of the system. 
 
Summary of Related CIs +/- 2 years: 
2017 CI 47648 - HYD Lequille Pipeline Replacement - $1,121,253 
2017 CI 47682 - HYD Lequille Switchgear Replacement - $776,391 
2017 CI 46253 - HYD Lequille Tailrace Gate - $34,298 
2017 CI 47876 - HYD Lequille Overhaul - $1,395,229 
 
Depreciation Class:  Hydro Production Plant- Lequille Hydro System- Lequille 
 
Estimated Life of the Asset: 50 Years 
 
JUSTIFICATION:  
 
Justification Criteria:  Health & Safety  
 
Why do this project? 
 
In 2011, NS Power carried out a Dam Safety Review (DSR) of its Lequille Hydro System in accordance with the 
CDA Dam Safety Guidelines.  According to these guidelines, the Lequille Main Dam is classified as High, and, 
therefore, the inflow design flood is 1/3 between the 1/1000-year flood and the Probable Maximum Flood (PMF).  
The 2011 DSR (Attachment 2, findings summarized on Table 1, Pages v - vii), its 2016 Freeboard Addendum 
(Attachment 3), detail the deficiencies related to the Lequille Main Dam, Wing Dams 3 and 4, the Spillway Tainter 
Gates and Abutments, and the Canal Intake Structure and Abutments.  It indicated that that the Lequille 
Headpond structures do not meet CDA requirements for both normal and minimum freeboard.  A 2016 
addendum (Attachment 3) to the 2011 DSR determined that, based on updated wind speeds, the normal 
freeboard was adequate, however the 2016 Flood Routing Analysis (Attachment 4), concluded that, at present, 

_
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the Lequille Headpond Main Dam does not have sufficient discharge capacity to meet the minimum freeboard 
requirements during the Inflow Design Flood (IDF). 
 
The IDF water level and minimum freeboard requirement is a direct function of the ability of operations staff to 
access the site and make spillway gate adjustments on a frequent basis during a flood event.  In 2016, IDF levels for 
several operating scenarios were calculated (Attachment 4).  In all scenarios it was determined that minimum 
freeboard requirements at the Lequille Headpond were not met. 
 
Why do this project now? 
 
NS Power carries out dam safety projects on a priority basis based on risk.  NS Power maintains a dam safety risk 
prioritization list of sites and assets to identify which projects should be considered for rehabilitation/redevelopment.  
NS Power’s operating license is tied to its water control structures meeting the Canadian Dam Association (CDA) 
Guidelines.  The dam prioritization is based on the Canadian Dam Association categories:  life safety, environment, 
and economic/ infrastructure and includes assessment of sub-categories, including freeboard, stability, and 
condition, against CDA guidelines.  The priority of the work at Lequille Headpond is based on the downstream risk 
if the dams should breach or overtop. 
 
Why do this project this way? 
 
The Lequille Headpond dams and spillway must be refurbished to meet the CDA Dam Safety Guidelines for 
minimum freeboard.  To meet this requirement the discharge capacity of the spillway will be increased by 
replacing the existing spillway structure with a longer concrete free overflow spillway, and the crest of the 
main dam and wing dams will be raised. 

_
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: -CI Number 48533-H751 HYD Lequille Headpond Refurbishment Project Number 48533-H751

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1356 1356 Lequille, 11Mwh; 1968 on the Lequille River System

2800 - HGP - Dams & Spillways 4,417,513Additions

2800 - HGP - Dams & Spillways 54,857Retirements

Total Cost:

Original Cost:

4,472,369

529,352

Total Cost:Original Cost:
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Capital Project Detailed Estimate

Location: Hydro
CI# / FP#:

Title: HYD Lequille Headpond Refurbishment
Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate Cost Support Reference
Completed Similar Projects 

(FP#'s)

day 16 365$                             6,000$                  
day 16 405$                             6,500$                  
day 112 405$                             45,430$                
day 8 365$                             2,945$                  
Lot 1 30$                               30$                       

Sub-Total 60,905$                

Lot 1 134$                             134$                     
Sub-Total 134$                     

lot 1 4,908$                          4,908$                  
lot -$                      

Sub-Total 4,908$                  

% 60% Cost Support #1 - Item 3.5
lot 1 Cost Support #1 - Item 3.7
lot 1 Cost Support #1 - Item 3.8
lot 1 Cost Support #1 - Item 3.16

-$                      
Sub-Total

lot 1
PD 59 750$                             44,524$                
PD 133 750$                             100,000$              
lot 1
lot -$                      

Sub-Total

lot 1 45,798$                        45,798$                
lot 1 97,381$                        97,381$                
lot 1 20,000$                        20,000$                
lot 1 809$                             809$                     
lot 1 10,828$                        10,828$                

Sub-Total 174,816$              

lot 1 700$                             700$                     
-$                      

Sub-Total 700$                     

% 15% 3,583,062                     537,354$              
Sub-Total 537,354$               

1 15                                 15$                       
-$                      

Sub-Total 15$                       

68,567$                
-$                      

Sub-Total 68,567$                

28,387$                
254,983$              

Sub-Total 283,370$              
Sub-Total (no AO, AFUDC) 4,120,416$           

TOTAL (AO, AFUDC included) 4,472,369$           

Original Cost
529,352$              

Cost Support #1 - All remaining Items

48533-H751

Administrative Overhead
Labour AO

Meals

Assistance during construction

Construction Supervision

Contracts AO

Consulting

Removals

Interest Capitalized

Contingency

Travel

Materials

Vehicle Overhead

Miscellaneous

Meals

Reinforcing Steel
Walkway

Conceptual Design 

Environmental

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Vehicle Allocated Costs

Other Goods and Services

Term Labour

Administrative support  (no AO)

AFUDC

Project Manager Technical

Contracts

Dowels

Hydro Term Labour

Travel Expenses

Cast in Place Concrete

Cost Support #1 - Item 3.2

Description

Regular Labour
Hydro River Staff

Environmental Staff
Project Management

T&D Labour

Detailed Design 

Construction
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Date:       30-Aug-17

Description:  New 275 ft overflow spillway at existing sluiceway location,
and raising earth embankments, abutments and canal.  Accuracy = +/-40%

Item
Estim.
Quantity Unit Unit Price Amount

1
1.1 1 LS

1.2 1 LS

2
2.1 1 LS

2.2 1 LS

2.3 1 LS

2.4 1 LS

3 New 275 ft Concrete Overflow Spillway and Earth Abutments and Retaining wall
3.1 3 acre

3.2 1 LS

3.3 44500 yd3

3.4 4000 yd3

3.5 2100 yd3

3.6 1720 yd2

3.7 207900 lb

3.8 1 LS

3.9 10 yd3

3.10 25 yd3

3.11 40 yd3

3.12 75 yd3

3.13 70 yd3

3.14 2000 yd3

3.15 1 LS

3.16 46 no.

4
4.1 0.5 acre

4.2 3150 yd3

4.3 120 yd3

4.4 0 3

4.5 850 yd3

4.6 1700 yd3

4.7 1200 yd3

4.8 Raise stoplog structure 1 LS

5
5.1 0.3 acre

5.2 200 yd3

5.3 100 yd3

5.4 0 3

5.5 1050 yd3

5.6 2100 yd3

5.7 1250 yd3

5.8 1 LS

Total Estimated Construction Cost without Contingency

 Construction Cost Estimate                Rev A.

(Conceptual)                                                   

 Project Name:  Lequille Headpond Dams Refurbishment                  

Subtotal

Zone 3 - Filter

Zone 8 - Riprap

Road Topping

Maintain Operable Flow Passage to Town of Annapolis Watershed

Earthworks - Wing Dams 3 and 4 Raise
Clearing, Grubbing, and Stripping

Excavation - General

Zone 1 - Impervious

Zone 6 - Riprap Bedding

Zone 8 - Riprap

Road Topping

Subtotal

Zone 6 - Riprap Bedding

Earthworks - Canal Intake Structure and Main Dam Raise
Clearing, Grubbing, and Stripping

Excavation - General

Zone 1 - Impervious

Zone 3 - Filter

Channel slope protection

Grout Curtain and Contact Grouting

Dowels (35M Dowels, 19 ft long, 15 ft in rock)

Subtotal

Zone 1 - Impervious

Zone 3 - Filter

Zone 6 - Riprap Bedding

Zone 8 - Riprap

Road Topping

Excavation - Rock

Cast-in-Place Concrete (new overflow spillway and wing walls)

Formwork

Reinforcing Steel

Walkway

Subtotal

Clearing, Grubbing, and Stripping

Removal and Disposal of Existing Tainter Gates and Structure

Excavation - General

Access Road Upgrading and Maintenance

Environmental Protection

Water Control

Cofferdam Construction (for new spillway)

Subtotal

General Items

Description

Contractor's Construction Indirects
Mobilization & Demobilization

Construction Facilities (office, site trailers, site services)
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Exclusions:
- Engineering design and environmental studies
- Owner's engineering costs (project management, tendering, site supervision, QA testing)
- Owner's other costs (financing/IDC, taxes, land acquisition, legal surveys)
- Escalation beyond August 2017
- Mitigative measures for protection of archaeological areas or other sensitive areas (if applicable)
- moving power lines and poles (if applicable)

Available Information:
- Unit prices from recent NSPI penstock and dam refurbishment projects
- Actual pricing from similar dam refurbishment projects (by others)

Other Notes/Assumptions:
- Unit prices for concrete include formwork, reinforcing steel, dowels, excavation/backfill
- Surface preparation is considered incidental to the work (not a separate pay item)
- 4 month construction schedule
-Assumed bedrock and bathymetry (not currently available)
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1. Introduction 
The Lequille Headpond Dams Refurbishment Project is being executed within Nova Scotia 
Power Inc.'s (NSPI) Annual Capital Expenditure (ACE) Plan. NSPI has retained Hatch to 
provide engineering services for the design of remedial measures for dam upgrades.  The 
overall general arrangement for the Lequille Development is shown in Figure 1.  The design 
criteria and extent of works for the remedial plan is highly dependent on the extreme flood 
water levels at the project site.   

The headpond flood level analysis consists of the following tasks: 

• confirm dam geometry 

• review headpond inflow sequence 

• review/revise the headpond storage curve 

• review/revise the stage discharge curve for the spillway’s tainter gates 

• headpond flood routing analysis to assess the capability of the existing tainter gate 
spillway to pass the inflow design flood (IDF) without overtopping the embankments. 

1.1 Reference Documents 
The following reports are used for reference: 

•  “2011 Dam Safety Review Final Report”, submitted by AMEC in 2015, (Amec 2015)  

• “Addendum to Lequille Hydro System 2011 Dam Safety Review Final Report January 
2015: Freeboard Re-assessment for the Lequille Headpond Dams”, submitted by AMEC 
in 2016, (AMEC 2016) 

•  “Lequille Hydro System 1:100 Year Flood Estimates”, submitted by AMEC in 2002, 
(AMEC 2002) 

NSPI provided the following spreadsheet as part of the AMEC 2016 model results: 

•  “2016 AMEC Flood Routing Hydrographs.xlsx” 
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Figure 1: Lequille General Arrangement 
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2. Confirm Dam Geometry 
LiDAR data for the project area was used to confirm the embankment elevations indicated in 
previous reports, in order to assess the freeboard available at the dams. 

Using ArcMap, the following approximate crest elevations were confirmed: 

• Main Dam = 123.9 m (406.5 ft) 

• Spillway Embankment = 123.4 m (405.0 ft) 

• Wing Dam #3 = 123.4 m (405.0 ft) 

• Wing Dam #4 = 123.4 m (405.0 ft) 

• Canal Intake Embankment = 123.9 m (406.5 ft) 

• Canal Embankment = 123.4 m (405.0 ft) 

The crest elevations for the Main Dam, Spillway Embankment, and Wing Dams and are 
consistent with those shown in drawings dating to 1966 and 1967, included in AMEC’s 2015 
report. However, the crest elevations for the Canal Intake Embankment and the Canal 
Embankment do not match the AMEC 2015 report. This inconsistency requires further 
investigation.  
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3. Review Headpond Inflow Sequence 
Hatch reviewed the Headpond inflow sequence as provided in the “2016 AMEC Flood 
Routing Hydrographs.xlsx” spreadsheet.  The magnitude of the inflow hydrograph peak 
appears reasonable, but this conclusion is qualified by the following: 

• Hatch had no access to the model or the input values that generated the hydrograph. 

• The format of the file “2016 AMEC Flood Routing Hydrographs.xlsx” appears to be from 
HEC-HMS, but the inflow peak (9,581 cfs) does not agree with the “Target High IDF 
Flows” value (10,591 cfs) from HEC-HMS in Table 3-7 (Figure 2).  This casts a level of 
doubt on the validity of the routing in “2016 AMEC Flood Routing Hydrographs.xlsx”. 

 
Figure 2: Table 3-7 from 2015 AMEC Report 

• The AMEC 2015 report describes the development of the HEC-HMS model, but does not 
provide any values for the snowpack, PMP, etc. 

• AMEC also compared the similarities of the 2015 PMF to the 1996 PMF. However, it is 
not mentioned that the 1996 PMF was from a Summer PMP, whereas the 2015 PMF was 
from a Spring PMP. 

• The Lequille storage curve shown in the AMEC 2015 report appears to be the same as 
that used in the 1996 HEC-1 models and the 2002 DAMBRK models. However, the 
elevations and storages shown in “2016 AMEC Flood Routing Hydrographs.xlsx” do not 
agree with these storage curves.  It is understood that the AMEC 2015 model included a 
Grand Lake dam break and that the AMEC 2016 model did not, which would explain the 
varying elevations.  However a dam break would not affect the storage values in the 
headpond. 

Hatch cannot confirm the accuracy of the Lequille Headpond inflow hydrograph without more 
details of the modeling and how/why the 1/3K-PMF target 10,591 cfs in Table 3-7 became 
9,581 cfs in HEC-RAS, nor how/why the HEC-RAS inflow hydrograph was routed using 
HEC-HMS in “2016 AMEC Flood Routing Hydrographs.xlsx”. 
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4. Review/Revise Headpond Storage Curve 
The storage curves used by AMEC in 2002 and 2015 are very similar below el 395 ft, but 
differ above this elevation. 

Using LiDAR data, the storage curve above el 398 ft was developed and compared to the 
storage curves used by AMEC in 2002 and 2015.   

The LiDAR data closely matches the shape of the 2002 AMEC curve as shown in Figure 3. 

 

 
Figure 3: Storage-Elevation Curve Comparison 
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5. Review/Revise Tainter Gate Stage/Discharge Curve 
The AMEC 2015 report assumed that the spillway tainter gates would open 7 ft.  The 
stage/discharge curve provided in the report rises abruptly at around el 405 ft.  The spillway 
embankments would be overtopped at el 405 ft, therefore an assumption may have been 
made that the flow through the gates would not increase with any additional head and all 
excess flow would pass over the embankments. It is not clear how this is handled in the 
AMEC analysis.  

Hydraulic formulas indicate that the flow through the gate would continue to increase with an 
increase in head.   

In discussion with NSPI operations staff during a site visit, Hatch learned that the likely 
maximum opening range of the tainter gates is 6 ft.  It is understood that the lifting 
mechanism restricts the range of travel, and does not allow the gates to be raised past this 
point.  It is believed that it may be possible to alter the lifting mechanism to open the gates to 
the trunion height of approximately 9 ft. This would require further study and design.   

Hatch developed a stage/discharge curve for the tainter gates based on a maximum opening 
height of 6 ft, shown in Figure 4.  

 
Figure 4: Hatch Stage/Discharge Curve for Tainter Gates with 6 ft Opening 
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Hatch also compared a stage/discharge curve for the tainter gates with openings of 7 ft with 
the AMEC 2015 stage/discharge curve, shown in Figure 5.  It is assumed that the AMEC 
2015 stage/discharge curve is for one gate only, and therefore it was doubled for this figure.  

 

 
Figure 5: Comparison of Stage Discharge Curves with 7 ft Opening 

The gates must be manually operated; therefore, Hatch developed a series of rating curves 
for a series of gate openings.  It is assumed that NSPI operations staff would travel to the site 
and check the water levels periodically during a heavy rainfall event for the purpose of raising 
the gates as required to increase discharge capacity.  The shape of these rating curves is 
similar to Figure 4. 
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6. Flood Routing Analysis 
Using the dam confirmed dam crest elevations, inflow hydrograph, revised storage curve and 
revised stage discharge curves, Hatch has developed a series of flood routing analyses for 
the Lequille Headpond.   

The dams were included in the routing analyses as possible discharge points should the 
water levels in the reservoir rise above their crests. 

The peak headpond level is highly dependent on the ability of NSPI staff to access the site 
and operate the spillway structure (i.e. open the gates) during flood events. Less frequent 
gate openings will result in higher peak water levels. 

Three scenarios were considered to assess the uncertainty of operator availability. These 
scenarios do not represent the full range of possible outcomes, but rather represent a 
reasonable range of outcomes given the manual nature of gate operation. 

• Scenario 1 – Operations staff visit the site and check the water levels once per day 
during a heavy rainfall event. The gates are opened when the headpond level exceeds 
the FSL of 400 ft. Subsequently, operations staff check water levels twice per day once 
the gates are opened 2 ft.  It is assumed that operations staff can open the gates to their 
maximum level even after the spillway embankment is overtopped. The headpond 
elevation may drop below the FSL as the gates are opened in an effort to avoid 
overtopping the embankments.  

• Scenario 2 – Operations staff visit the site and check water levels once per day during a 
heavy rainfall event regardless of the gate opening, and open the gates when the water 
level exceeds 401 ft.  It is assumed that operations staff can open the gates to their 
maximum level even after the spillway embankment is overtopped. The headpond is not 
intentionally drawn down below the FSL, however, this may still happen if sufficient 
drawdown occurs between checks on the water level. 

• Scenario 3 – The gates are only opened partially before the spillway embankment is 
overtopped and the operations staff are not able to gain safe access to the spillway for 
the purpose of opening the gates to their maximum height.   

The headpond flood routing analysis was conducted for the spillway gates under the current 
maximum 6 ft gate opening, and again for a potential situation where the spillway gates are 
modified to allow them to open 9 ft.   The results are summarized in Table 1. 
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Table 1: Summary of Peak Headpond Levels 

 
Operating Scenario 

Current Conditions 
(Max 6 ft 

Gate Opening) 

Gate Expansion  
(Max 9 ft 

Gate Opening) 
1 - Site visits up to twice per day 

- Begin gate operation at el 400 ft 407.2 ft 405.5 ft 

2 - Site Visits once per day 
- Begin gate operation at el 401 ft 407.8 ft 406.3 ft 

3 - Spillway gates are not opened more than 2 ft 
before embankment is overtopped  409.4 ft 409.4 ft 

Note: 
Main Dam crest elevation = 406.5 ft 
Wing Dams crest elevation = 405.0 ft 

6.1 Current Conditions 
For the design flood provided, and at a maximum gate opening of 6 ft, overtopping of 
embankment structures would occur in all scenarios.  However, the severity of flooding 
increases from Scenarios 1 to 3 as shown in Table 1 and Figures 7 to 9.   

Depending on the operating scenario (i.e. frequency and extent of gate operations), the 
maximum headpond elevation would range from 407.2 ft to 409.4 ft. In all cases, this is above 
the crest elevations of the various embankment structures.   

Inflow and outflow hydrographs are shown in Figure 6, with storage and elevation plots 
shown in Figures 7 to 9.  The large increases and decreases in the outflow curve indicate 
where the gates were raised or lowered.   

 
Figure 6: Current Conditions – Inflow and Outflow Hydrographs 

In Figures 7 to 9, the storage volumes vary with the headpond elevation.  Because the gates 
are operated manually, the headpond elevation and storage volumes are variable. 
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Figure 7: Current Conditions – Scenario 1 – Storage and Elevation Curves 

 
Figure 8: Current Conditions – Scenario 2 – Storage and Elevation Curves  

 
Figure 9: Current Conditions – Scenario 3 – Storage and Elevation Curves 
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6.2 Gate Expansion 
For the design flood provided, and at a maximum gate opening of 9 ft, overtopping of 
embankment structures would still occur in all scenarios, but Scenarios 1 and 2 would be less 
severe than in the “Current Conditions” analysis.  The magnitude of the Scenario 3 flooding 
would be unchanged, as the spillway embankments are overtopped prior to the gates being 
opened fully.  Again, the severity of flooding increases from Scenarios 1 to 3 as shown in 
Table 1 and Figures 11, 12 and 9.   

Depending on the operating scenario (i.e. frequency and extent of gate operations), the 
maximum headpond elevation would range from 405.5 ft to 409.4 ft. It should be noted that 
for Scenario 1, the available freeboard at the main dam (1.0 ft) is less than the required 
freeboard of 2.37 ft. Therefore freeboard requirements are not met. 

Inflow and outflow hydrographs are shown in Figure 10, with storage and elevation plots 
shown in Figures 11 and 12.  The storage and elevation plot for Scenario 3 is found in 
Figure 9.   

 
Figure 10: Gate Expansion - Inflow and Outflow Hydrographs 
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Figure 11: Gate Expansion – Scenario 1 – Storage and Elevation Curves 

 
Figure 12: Gate Expansion – Scenario 2 – Storage and Elevation Curves 

 

6.3 Comparison with AMEC 2015 Results 
As a check, the Scenario 1 routing analysis was conducted again with the gates opened to a 
maximum of 7 ft in order to compare the results with the AMEC 2015/2016 model.  The 2015 
AMEC storage-elevation curve was used in order to keep as many variables consistent 
between the models as possible.  

The inflow and outflow hydrographs are very similar, as seen in Figure 13.  However, the 
storage volume and headpond elevation curves in Figure 14 are significantly different.  The 
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model storage curve is smooth without the large dips shown by Hatch; presumably the HEC-
RAS model adjusted the gate opening at relatively small time intervals to maintain the 
headpond elevation as constant as possible.  However, since the gates are manually 
operated, it is not anticipated that the actual curve would be this smooth. 

 
Figure 13: Comparison of Results - Inflow and Outflow Hydrographs 

 
Figure 14: Comparison of Results - Storage and Elevation Curves 

The Hatch maximum headpond elevation is 407.3 ft, exceeding the embankment crest 
elevations.  The AMEC maximum headpond elevation is 404.0 ft, resulting in no overtopping.  
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Using the storage-elevation curve and tainter gate stage discharge curves from Appendix A 
of the AMEC 2015 report, the peak storage and outflow for a maximum water level of 404.0 ft 
are about 6,000 ac-ft and 4,600 cfs.  However, the peak storage and outflow calculated by 
the model as shown in Figure 14 and in the “2016 AMEC Flood Routing Hydrographs.xlsx” 
spreadsheet are approximately 2,190 ac-ft (2,700,000 m3) and 8,200 cfs (232 m3/s), 
respectively.  It is not understood how these values are obtained in the AMEC 2016 analysis, 
as they do not match the curves provided in the 2015 report. 
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7. Conclusion 
The flood routing analysis carried out by Hatch indicates that the Lequille Headpond 
embankment crests will be overtopped in an extreme flood event, using the inflow hydrograph 
provided by AMEC, with a 6 ft maximum opening height of the spillway gates.  The extent of 
dam overtopping is a direct function of the ability of operations staff to access the site and 
make spillway gate adjustments on a frequent basis during a flood event.   

If the hoisting mechanism for spillway gates can be modified to allow for a 9 ft opening height, 
severity of overtopping will be lower than in the 6 ft gate opening case. However, overtopping 
will still occur when the effects of wind/wave action are considered. Again, the maximum 
headpond levels are highly dependent on gate operations during a flood event.   
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CI Number:  49033 
 
Title:  HYD WRC Tunnel T-2 Intake Gate and Hoist Replacement 
 
Start Date: 2016/04 
In-Service Date: 2018/10 
Final Cost Date: 2019/04 
Function: Hydro 
Forecast Amount: $2,851,582 
 
DESCRIPTION: 
 
This project includes the replacement of the gate and hoist assembly, as well as its support structure at the Tunnel T-
2 intake structure, located at the Wreck Cove Reservoir. 
 
A third party assessment (Attachment 3), of the Tunnel T-2 intake completed in 2016/17 concluded that the gate and 
hoist assembly were unreliable.  The inspection of the gate showed extensive cracking and noted that weld repairs 
may be required in the short-term to temporarily extend the life of the gate until its scheduled replacement in 2018.  
An unreliable gate system causes undue risk to the operation of the intake structure.  The assessment recommended 
the replacement of the gate and hoist assembly, as well as the replacement of the deteriorated support structure and 
enclosure, which would not be suitable for the replacement gate and hoist arrangement.   
 
Summary of Related CIs +/- 2 years: 
2018 CI 51236 - HYD WRC Tailrace Tunnel Rock Bolting Phase 1 - $8,855,857 
 
Depreciation Class:  Hydro Production Plant- Wreck Cove Hydro System 
 
Estimated Life of the Asset:  40 Years 
 
JUSTIFICATION:  
 
Justification Criteria:  Health & Safety 
 
Why do this project? 
 
In 2012/13, KGS Group completed a study (Attachment 2, Section 4-1, Section 5-1) on the condition of the Tunnel 
T-2 intake and completed a condition assessment of the intake structure.  The condition assessment recommended 
that further inspection, refurbishment and repair of the components would be required.  Operation of the gate for full 
exposure to perform visual inspection above water was not possible at the time of this assessment due to a control 
system issue.   
 
Detailed assessments of the Tunnel T-2 intake components were carried out in 2016/17 by Hatch.  The assessment 
work was carried out in accordance with Canadian hydro utility best practices.  The design of the intake structure 
will also be undertaken in accordance with the Canadian Dam Association (CDA) Dam Safety Guidelines. 
 
For the Tunnel T-2 intake gate and support structure, the assessed deterioration was such that the replacement of all 
components is required to ensure reliable operation.  Concrete ballast weight was added to the gate after the original 
construction, which would allow the existing gate to close under full flow; however, this can no longer be 
maintained due to hoist loading considerations and aged gate condition.   
  

_
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Why do this project now? 
 
Detailed assessments of the Tunnel T-2 intake components were carried out in 2016/17 by Hatch.  The assessed 
deterioration was such that the replacement of all components is required to ensure reliable operation.  Due to the 
condition of the intake gate and support structure, completion of this project in 2018 is considered necessary. 
Additionally, the remediation of the tailrace tunnel (CI 51236), will be completed in 2018 and will require a plant 
outage lasting approximately two months.  The generation system and Surge Lake will be drained to accommodate 
the tailrace work.  Wreck Cove Reservoir, located upstream of the T2 intake gate, will also be temporarily lowered 
to accommodate isolation of the two main units for replacement of the intake.  This temporary isolation is optimal to 
minimize leakage into Surge Lake, which will be dewatered for the tailrace work. 
 
Why do this project this way? 
 
Refurbishment and replacement options were reviewed and assessed as part of the third party study.  Replacement 
with a new gate and hoist assembly and upgrades to the existing concrete structure were determined to be the more 
cost effective alternative.  The refurbishment of Tunnel T-2 intake was considered to be a more expensive 
alternative due to the anticipated custom in-field modifications and associated increased schedule requirements. 
 
The final design specification will provide: 
 
 Methods to achieve successful water control during construction (i.e. cofferdam upstream or temporary steel 

framed and isolation gate with gasket mounted to structure); 
 Modifications for the existing concrete structure and gate check, including demolition, to accommodate a 

replacement gate; 
 Replacement of the deteriorated gate with a new vertical wheeled gate and wire rope hoist assembly of 

comparable or increased hoist capacity with capability to close under full flow; 
 Demolish and refurbish the existing support structure and enclosure. 
 

_
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: -CI Number 49033-H762 HYD WRC Tunnel T-2 Intake Gate and Hoist Replacement Project Number 49033-H762

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1361 1361 Wreck Cove Common Property

2700 - HGP - Waterways 2,829,640Additions

2700 - HGP - Waterways 21,943Retirements

Total Cost:

Original Cost:

2,851,582

803,160

Total Cost:Original Cost:
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Capital Project Detailed Estimate

49033

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate Cost Support Reference
Completed Similar 

Projects (FP#'s)

PD 16 358$                  5,733$                  
PD 80 405$                  32,424$                
PD 3 294$                  882$                     
PD 25 365$                  9,120$                  

LOT 1 9,104$               9,104$                  

Sub-Total 57,263$                

LOT 1 3,063$               3,063$                  

Sub-Total 3,063$                  

Lot 1 10,593$             10,593$                

Sub-Total 10,593.00$           

Lot 1 7,766$               7,766$                  

Sub-Total 7,766$                  

Lot 70% Cost Support 1 - 70% of Items 3.2 - 3.7, & 3.9
Lot 1

Sub-Total

Lot 1 150,000$           45,000$                
Lot 1 3,000$               3,000$                  
Lot 1 Cost Support 1 - All items less Material portion above

Lot 1
Lot 1 7,500$               7,500$                  

Month 48 3,438$               165,000$              

Lot 1 90,000$             90,000$                

Lot 1 75,000$             75,000$                

Lot 1 26,000$             26,000$                

Lot 1 23,430$             23,430$                

Sub-Total

lot 1 78,746$             78,746$                
lot 1 11,242$             11,242$                
lot 1 82,087$             82,087$                

Mnth 6 20,000$             120,000$              
lot 1 13,002$             13,002$                
lot 1 37,500$             37,500$                

Sub-Total 342,577$              

lot 1 2,381$               2,381$                  
-$                      

Sub-Total 2,381$                  

% 20% 1,839,063$        367,813$              
-$                      

Sub-Total 367,813$              

68,405$                

Sub-Total 68,405$                

41,236$                
128,455$              

Sub-Total 169,691$              

2,613,486$           
2,851,582$           

Original Cost
803,160$              

Water Management Planning and Execution 
Support

Clearing

Stantec assessment of Portal Gate Storage 
Surveys

Consulting

Tunnel T2 Intake Replacement Works

2nd Construction Coordinator for Backshift

Conceptual Design

Construction Support
Detailed Design / RFP Support

Meals & Entertainment

Thermal / Hydro Contracts AO

Engineering

Travel Expense
Vehicle/Accommodations

Location:
CI# :
Title:

Regular Labour

Description

Electrician

Hydro 

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

AFUDC

Rescue Set Up Services for Confined Space 
or Forced Air

Meals

Hydro Reg. Labour AO

Tunnel T-2 Intake Gate Assessment

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Administrative Overhead

CADD Operators

Other (procurement, environmental, 
administration, cost analyst)

Hydro River Staff

Term Labour

Hydro River Staff
OT Labour

Gate / hoist and contractor supplied support 
structure, enclosure and access platform(s) 

components

Fencing Contractor

Misc. Supporting Contracts

Contracts

HYD WRC Tunnel T-2 Intake Gate and Hoist Replacement

AFUDC

Other Goods & Services

Project Management

Contingency

Pre-Construction Coordination and 
Construction Management

Signage

Gate Commissioning Support and Guide 
Installation Site Supervision

Safety Specialist

Materials
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Preliminary Construction Cost Estimate Rev A.

(Conceptual) (Issued for Client Review)

Client: Nova Scotia Power Inc. Date: April 19, 2017
Project Name: Wreck Cove - T2 Intake Gate Assessment Project Prepared by: J. Atkinson, I. Maan, D. Pinese

Project Number: H351728
Project Duration: Assumed approx 6 months Reviewed by: A. Bridgeman, M. Miller

Description: Conceptual Design Cost Estimate for Wreck Cove T2 Intake Gate Replacement and Modifications
Accuracy Range =  ± 30%

Item Description Estim. 
Quantity Unit Unit Price Amount

1 Contractor's Construction Indirects
1.1 Construction Facilities, Mobilization & Demobilization 1 LS

Subtotal

2 General Items
2.1 Access Road and Laydown Area Improvements 1 LS
2.2 Access Road Clearing 1 LS
2.3 Environmental Management 1 LS
2.4 Water Control 1 LS

Subtotal

3 T2 Intake Gate / Gatehouse
3.1 Removal of Existing Gate Equipment, Support Structure, Hoist, and Building 1 LS
3.2 Supply and Installation Supervision of Gate (embedded parts not included) 1 LS
3.3 Supply and Installation Supervision of Hoist 1 LS
3.4 Supply and Installation Supervision of Superstruture 1 LS
3.5 Supply and Installation Supervision of New Insulated Gate Enclosure 1 LS
3.6 Supply and Installation Supervision of Stairway Structure 1 LS
3.7 Installation of Gate Equipment (gate, support structure, hoist) 1 LS
3.8 New Reinforced Concrete Slab 1 LS
3.9 Concrete Dowelling of new support structure into new concrete slab 1 LS
3.10 Miscellaneous Steel (grating for deck openings)  1 LS
3.11 Upstream Steel Cofferdam - 1/2 to be reused as upstream curtain wall 1 LS
3.12 Installation of Cofferdam 1 LS
3.13 Divers for cofferdam Installation 1 LS
3.14 Crane on  site for 4 weeks 1 LS
3.15 Remediation of gains (scaffolding, sandblast, paint) 1 LS
3.16 Provision for Gate Manufacturer on site for 1 month 1 LS
3.17 Commissioning 1 LS

Subtotal

4 Electrical
4.1 Electrical Works 1 LS
4.2 Electrical Service Upgrade 1 LS
4.3 Wreck Cove Intake and Foundation Grounding 1 LS
4.4 CCTV Freeze Protection Camera 1 LS

Subtotal

Total Estimated Construction Cost without Contingency

Contingency (20%)

Total Estimated Construction Cost
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Exclusions:
- Engineering design and environmental studies
- Owner's engineering costs (project management, tendering, site supervision, QA testing)
- Owner's other costs (financing/IDC, taxes, land acquisition, legal surveys)
- Construction Insurance and Bonds
- Escalation beyond September 2017
- Mitigation measures for protection of archaeological areas (if applicable)
- Concrete testing (Owner preference to coordinate)

Available Information:
- Cost estimates based on recent other NSPI projects (actuals and tendered)
-Budgetary quote received for major gate and hoist equipment

Other Notes/Assumptions:
- Contractor indirects such as site supervision, mob, demob, etc., assumed to be included in unit rates and LS costs (typical NSPI experience)
- Unit prices for concrete include formwork and reinforcing steel
- Cost estimate developed without comprehensive condition assessment of existing structures and site conditions
- Local contractor (minimal per diems)
- Existing structures assumed to be in acceptable condition for intended purpose
- Existing structures assumed to meet stability requirements
- Bedrock presumed to be sound and in good condition (geotech inspection required before foundation construction)
- Bedrock can be removed using excavator with rock breaker

- Dewatering managed by NSPI (outage planned)
- Grounding requirements based on standard design supplier requirements
- CCTV Camera included for visual inside gate well to monitor freeze protection
- All ladder and fall arrest systems by suppliers
- 6 month construction schedule

- Concrete surface preparation is considered incidental to the work (not a separate pay item)

- Road access and possible laydown areas on project site assumed to be in reasonable condition (some improvements needed) for construction equipment and 
crane access
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1 EXECUTIVE SUMMARY 
 

This report summarizes the results of the Condition Assessment carried out at Wreck Cove GS 

in 2011 to 2012. The scope of the assessment included the Civil (not including geotechnical), 

Mechanical and Electrical (including protections & controls) assessments.  

 

The table at the end of the Executive Summary summarizes the assessment results in these 

three disciplines. The distribution of the expenditures in future years is shown in Section 9. 

 

The 2012 Condition Assessment of Wreck Cove addressed the powerhouse equipment and 

systems, the access tunnel portal, the structures and equipment for water control at the 

entrance to tunnel T-2, at the inlet to the penstock and at the tailrace tunnel outlet, the 

penstocks and the standby diesel generator. 

 

Certain component parts of the Wreck Cove facility were outside the scope of the 2012 

assessment, including the storage dams, tunnels T-1, T-2, the powerhouse access tunnel and 

the tailrace tunnel, Gisborne Generating Station, the main output transformers and the 

associated 144 kV conductors, the switchyard, the Administration Building and all surface 

facilities such as dykes, roads, communication tower, storage buildings and other miscellaneous 

buildings.  Assessments for dam safety and assessments of these assets may result in 

identification of additional projects requiring funding which is not included here. 

 

The following summarizes the identified Opportunities and Issues and the Recommended 

Viability Expenditures from this current Condition Assessment of 2011-2012.   

 

While Viability Expenditures are intended to maintain the production, safety and environmental 

capabilities at an acceptable level, Opportunities are typically activities which permit 

enhancement of the asset and which provide value over and above the status quo. Issues are 

potential obstacles to effective operation of the asset, which if not addressed effectively, may 

impede the full use of the asset in the future or somehow diminish its capability.  Either may 

require detailed analysis to determine the best path forward from several potential solutions. 
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Opportunities 
  Turbine Uprating: Turbine runner uprating should be investigated prior to the next round of 

major overhauls of the turbines and generators, and if found to be justified, the installation of 

the runners should be coordinated with the outages for the proposed generating unit major 

overhauls. The potential benefits could include a combination of increased capacity (5% to 

10% may be possible), improved operating power range and increased efficiency (up to 2% 

may be possible). The estimated cost of replacement runners is $5.55 million.  If capacity is 

significantly increased, an assessment of the capacity of electrical equipment such as 

generators, bus duct, transformers and conductors will be required. As well, the hydraulic 

capacity of tunnel T-2 will need to be considered in the calculation of benefits. 

  

 Plant Efficiency Testing:  There is no recent report of plant efficiency testing and the 

operation of the plant may use predicted design information or test results from the 1978 

commissioning of the generating units.  Efficiency tests would provide up-to-date actual 

efficiency versus power for one unit and for both units across the full range of operating 

power outputs.  The information would allow for optimization of the use of the plant, aid in 

determining if the penstocks have higher losses than when new, and would provide baseline 

information to support a decision on turbine runner replacements.  The estimated cost of the 

testing is $250k. 

 
Issues 

 Worker Refuge Facility:  The existing refuge facility is of unknown effectiveness, limited in 

terms of capacity and not quickly accessible to persons working on lower floors. As egress 

out of the powerhouse is limited to one path and as that path is close to the largest potential 

fire source (the oil in the underground step-up transformers), appropriately designed and 

adequate capacity refuge facilities are required. For the existing work crew and for the 

anticipated increased worker presence during the implementation of the Life Extension and 

Modernization program, new refuge facilities are required.  See Section 7 of this report for 

further details. 

  

 Maintenance Inspection and Testing:  The present periodic maintenance inspection and 

testing program and procedures should be reviewed and expanded to achieve improved 
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monitoring and outage record reporting for critical plant components. The process should 

involve both the existing maintenance resources at Wreck Cove and external engineers 

with hydroelectric plant maintenance expertise. The findings of the inspection and testing 

activities need to be documented and securely filed for future use, and resources need to 

be provided to ensure this can be effectively done. 

 

 Preparation for Life Extension and Modernization:  In order to carry out the Life Extension 

and Modernization program for Wreck Cove, considerable advance planning and site 

infrastructure improvements will be required.  Initiation of the planning and installation of a 

project management team will need to be achieved in the near future. 

 As much of the replacement equipment and repair work is custom tailored for the 

site (common for large hydro plants) considerable lead time is required for 

engineering and manufacturing. Sequencing of work in the powerhouse to 

minimize unit and complete plant outages will require careful advance planning. 

 The location of the plant and the limited access to the underground powerhouse, 

where much of the work will be done, will require provision of a surface 

storage/workshop facility, worker support facilities and access tunnel traffic 

control. 

 

Further details on Opportunities and Issues can be found in Section 7 of this report. 
 
Recommended Viability Expenditures 
 

Viability expenditures are those investments required to sustain the productive operation of the 

installed asset.  Expenditures totalling $68.1 million have been identified over the next 30 years, 

of which $66.7 million is required over the next 10 years. 

 

The major individual expenditures over the next 30 years, defined as those investments 

individually requiring more than $500k to carry out, are summarized in the following table. Costs 

include engineering, supply, delivery, installation, testing, commissioning and contingency, as 

well as an allowance for owner costs to manage the activities. 
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 SUMMARY OF 2011 - 2012 CONDITION ASSESSMENT MAJOR (>$500k) EXPENDITURES 

 
Engineering 
Discipline 

 
 

Component 

 
 

Assessment Results 
Cost for Remedial 
Work (in 2012 $M) 

 
Recommended 

Year(s) for 
Remedial Work 

Civil Life Safety Detailed study and subsequent 
improvements $5.35 2013-2016 

Mechanical  * Turbines Install uprated runners with wide 
operation range $5.55 2015-2018 

Mechanical Turbines and Generators Major mechanical overhauls $5.00 2017-2018 

Mechanical Cooling Water System 
Replace piping, valves & 

instrumentation 
(requires further assessment) 

$1.80 2019  

Mechanical Powerhouse Crane Replace control system $0.55 2015 

Mechanical Fire Detection and Alarm 
Systems Replace all systems $0.55 2015 

Electrical Generators and Exciters Refurbish generators and replace 
exciters $30.00 2017-2018 

Electrical Excitation Transformers Replace $0.55 2021 

Electrical AC Station Service Replace $2.90 2019 

Electrical Protections Replace $3.05 2016-2017 

Electrical Control Systems Replace $2.75 2016 

Electrical Lighting Systems Replace $0.65 2016 

  Table Total $58.7 **  

*  This item is an Opportunity, rather than viability-driven. It is included in the listing here because of its 
significant cost. 

** See third and fourth paragraph of Executive Summary for important information regarding this total. 
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2 INTRODUCTION  
 

This report summarizes the results of the Condition Assessment carried out by KGS Group at 

Wreck Cove GS in 2011 and 2012. 

 

The objectives of the condition assessment are: 

 To provide a thorough, multi-disciplinary systems-based assessment of the physical 

condition of the Wreck Cove Generating Station and its associated structures. 

 To document the present condition of the hydro generating facility for use as part of an asset 

management program so that proper scheduling of replacement and maintenance of items 

can be achieved. 

 To provide comprehensive documentation of any deficiencies found or improvements 

required to modernize the facility to present day standards i.e. to scope a Life Extension and 

Modernization (LEM) program for Wreck Cove.   

 

In addition, design adequacy reviews of several aspects of the station were performed, 

including:  

 T-2 Adit and drain piping adequacy to perform its intended function 

 Ungated intake structure 

 Co-location of power conductors and back-up power in access tunnel 

 Life safety assessment 

 Sump and pump systems capacities 

 Protection relays 

 

The scope of the project included a visual inspection by civil (except geotechnical), mechanical, 

electrical, and the protection and control experts at the generating station, a review of existing 

documentation such as drawings, manuals, inspection and maintenance reports and interviews 

with Nova Scotia Power staff familiar with the plant, its maintenance history and current 

problems.  The assessment scope covered all equipment and structures from the T-2 Tunnel 

Intake to the Tailrace Tunnel Outlet Structure. The main output transformers, the 144 kV 

conductors to the switchyard and the switchyard (except for the standby diesel generator set) 

were not part of the scope, nor were the other site buildings, roads and associated surface 
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structures, except for the fire protection tanks and deep well pumps, and the Access Tunnel 

Portal structure and equipment. 

 

The condition of the plant has not been previously assessed in the same comprehensive 

manner.  

 

During the course of the condition assessment, two important requirements for the Wreck Cove 

facility were identified by Nova Scotia Power to the assessment team: 

1. In future, the Wreck Cove units would be called upon to operate over a wide range of 

loads to compensate for variability in wind turbine output to the electrical grid. 

2. Based on the Nova Scotia Government’s Electricity Act, Nova Scotia Power is required 

to meet two targets for the percentage of renewable capacity in their fleet: years 2015 up 

to 2020:  25% and from year 2020 onward:  40% 

 

These requirements will have a strong influence on the reliability level required from the 

Wreck Cove generators and on the timing of major refurbishment work, and have been 

considered in recommending the schedule for the major refurbishment activities. 

 

This assessment  report  consists  of  two  volumes: Volume 1  includes  the  results  of  the 

assessments with supporting photographs, recommended actions, including estimated costs 

and proposed implementation schedule, and a summary of investment cash flows looking out 

30 years.  The recommendations in the report consist of four general classes: 

 Maintenance activities such as periodic inspections and tests, for which no estimated costs 

are shown, as it is assumed these activities are funded in the annual maintenance program. 

 Maintenance and/or diagnostic activities which involve resources from outside the Wreck 

Cove maintenance crew, such as Non-Destructive Examination (NDE) services. Cost 

estimates for these are provided and are based on performing a number of inspection 

activities in a group, such as NDE inspection of a number of turbine and generator 

components during an annual unit outage. 

 Engineering studies and assessments which are recommended in order to arrive at the 

optimum solution. These are provided with judgement-based cost estimates, which consider 

the likely effort involved. 

 Major refurbishment and replacement recommendations, such as turbine generator 

mechanical overhauls, for which an estimate is provided, along with an estimate sheet in 
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Volume 2 of the report. In some cases, major equipment suppliers have provided budgetary 

information for supply and install portions of the estimate. 

 

Volume 2 contains appendices containing the supporting check sheet documentation, additional 

photos, and estimate sheets for those recommended actions whose individual estimated cost 

exceeds $250k. 

 

The report identifies issues and opportunities at the generating station, provides an assessment 

of the station condition and identifies future actions required to support long term reliable and 

safe operation of the station. 
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3 THE FACILITY  
 

Wreck Cove GS is a two-unit 200 MW hydroelectric station located on the east coast of 

Cape Breton Island, northwest of Sydney.   The facility was placed into service in 1978, 

and is controlled from the Nova Scotia Power Incorporated Energy Control Centre in Halifax.   

The assessment of the Wreck Cove GS facility includes the following structures: 

 Wreck Cove Reservoir 

 Tunnel T-2 Intake with Gate 

 3590 m long Tunnel T-2 

 Surge Lake Reservoir 

 Penstock Intake Structure 

 495.9 m (1627 ft) long Concrete Lined Penstock and Bifurcation 

 Steel Lined Horizontal Penstocks 

 Underground Powerhouse and 561 m (1842 ft) Access Tunnel 

 1702 m (5585 ft) Tailrace Tunnel and Exit Portal with Gate 

 

The powerhouse contains the following major equipment: 

 Two 6 ft diameter Turbine Shutoff Valves 

 Two Vertical Shaft Francis Turbines 

 Two Vertical Shaft Synchronous Generators 

 Cabinet Type Mechanical-Hydraulic Governors 

 Static Excitation Systems 

 Powerhouse Crane 

 Auxiliary Mechanical and Electrical Systems 

 Two Step-up Power Transformers 

 Life Safety Refuge Chamber 

 

The scope of assessment specifically excluded: 

 Wreck Cove Reservoir (and other reservoirs and associated dams) 

 Tunnel T-1 

 Gisborne Generating Station 

 Step-up Power Transformers 
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 144 kV Power Conductors 

 Switchyard (except for Standby Diesel Generator) 

 the Administration Building 

 all surface facilities such as roads, storage and other miscellaneous buildings 

 

UNIT CHARACTERISTICS 

 
 Unit 1 Unit 2 

First Year of Operation 1978 1978 

Generator Rating 

(MVA @ 0.9pf, 90C rise) 
111.1 111.1 

Generator Manufacturer 
Canadian General 

Electric 

Canadian General 

Electric 

Excitation Type Static Static 

Speed (rpm) 450 450 

Turbine Capacity  

(hp @ 1150 ft head) 
138,000 138,000 

Turbine Manufacturer 
Mitsubishi Heavy 

Industries 

Mitsubishi Heavy 

Industries 

Turbine Type Vertical Francis Vertical Francis 

Type of Spiral Case Steel Spiral Steel Spiral 

Type of Draft Tube Elbow Elbow 

  

ACE 2018 CI 49033 Attachment 2 Page 16 of 399

Date Filed:  November 22, 2017          Page 0542 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

  

 

 10  

4 CIVIL CONDITION ASSESSMENT 

 
GENERAL 
The general arrangement of the Wreck Cove GS is shown in Figure 4-1. 

 
The following components were included in the civil condition assessment:  

 tunnel T-2 Intake Structure 

 tunnel T-2 Adit 

 powerhouse 

 powerhouse access tunnel Portal building 

 penstock intake structure at Surge Lake 

 penstock from Surge Lake 

 draft tubes and spiral cases of turbines 

 tailrace tunnel exit structure and gate storage structure 

 
A general description, condition assessment, and recommendations follow for each of the above 

components. 

 

In this report, when referring to the location of intake and tailrace components, “right” and “left” 

is referenced to looking downstream. 
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Figure 4-1: General Arrangement 
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4.1 TUNNEL T-2 INTAKE STRUCTURE 
 

 

Description 
Water is carried from Wreck Cove Reservoir to the forebay, located at Surge Lake, by Tunnel T-

2. The intake of Tunnel T-2 is equipped with a wheeled vertical lift gate to cut off the flow to the 

power system when necessary (see Photo 4.1-1).  The structure also comprises of a metal clad 

gate house building supported on a steel superstructure, which houses the hoist and associated 

mechanical equipment. 

 

Since the entrance to the penstock at Surge Lake does not have a gate to stop flow to the 

powerhouse, the intake gate at the entrance to Tunnel T-2 essentially acts as the headgate to 

the Wreck Cove Generating Station. This gate is intended for operation in the fully open or fully 

closed position only. The gate is raised by an electrically operated wire rope hoist that can be 

controlled either locally or remotely from the Wreck Cove Administration Building.  There is no 

provision for automatic operation in the event of an emergency. 

 

 
Photo 4.1-1:  Tunnel T-2 Intake Structure 

 
 
Tunnel T-2 is unlined except where concrete lining or shotcreting was required due to poor 

bedrock conditions. The tunnel has an inverted “U” section, 3.96 m (13 ft) wide by 3.96 m (13 ft) 
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high and a length of 3,590 m (11,780 ft). According to the Operations and Maintenance Manual 

WRC-GEN-GEN-OMS-1978-46, the design maximum conveyance capacity of Tunnel T-2 is 

32.4 m3/s (1,145 ft 3/s), which is about the rated discharge capacity of one Wreck Cove 

generator. 

 
Assessment 
This assessment of the Tunnel T-2 Intake structure included a visual inspection of the above 

water components, review of Engineering Inspection Reports, and interviews with maintenance 

staff.  Assessment details are organized under four sub-headings below: Concrete Structure, 

Miscellaneous Components, Gate House Building and Safety. 
 
Concrete Structure 

Based upon the visual inspection, the concrete structure is in good condition. Minor spalling was 

observed near the gains on the piers and deck (see Photos 4.1-2 and 4.1-3 and Volume 2 

photos. Some minor shrinkage cracks were noticed (see Volume 2 photos) 410-7). No concrete 

repairs have been carried out to-date nor are any repairs currently required to be carried out. 

 

 
Photo 4.1-2:  Tunnel T-2 Intake Structure – Minor Concrete Spalling on Pier 
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Photo 4.1-3:  Tunnel T-2 Intake Structure – Spalling on Deck 

 

The concrete / rock interfaces at the right and left foundation abutments and right wingwall are 

tight with no evidence of leakage. (see Photo 4.1-4 and Volume 2 photos).  

 

No dive inspection was carried out to inspect the concrete below the water surface, however, 

based upon the condition of the concrete above and at the waterline it is expected that the 

concrete is sound and in good condition.  
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Photo 4.1-4:  Tunnel T-2 Intake Structure – Tight Concrete / Rock Interface 

Miscellaneous Components 
Based upon visual inspection, the steel gains are in good condition but some surface corrosion 

was evident (see Photo 4.1-5).  

 
Photo 4.1-5:  Tunnel T-2 Intake Structure – Minor Corrosion of the Gain 
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There are no trash racks installed at the Tunnel T-2 Intake Structure and ingestion of trash was 

not seen to be a problem at Wreck Cove GS. 

 

Gate House Building 

Based upon visual inspection, interviews with maintenance staff and a 2009 Engineering 

Inspection Report (WRC-WRC-G-RP-2009-24 Incomplete Report), the steel Gate House 

Building and the steel superstructure are in good condition (see Photo 4.1-6)). The steel frame 

superstructure supporting the Gate House Building appears to be in good condition, but the 

paint is flaking / peeling and some corrosion is evident but no loss of sectional area was 

observed due to the corrosion (see Photo 4.1-7).  A single bolt is missing from the downstream 

cross-braces as noted in the Engineering Inspection Report (2009).  The steel ladder and safety 

cage are in good condition.  The condition of the protective coating is similar to that of the steel 

substructure; minor surface corrosion was also observed in the ladder, cage and 

platform/handrail assembly.  Volume 2 contains additional photos showing the gate house 

building. 

 

The locking mechanism on the man door accessing the Gate Hoist Building is malfunctioning. 

 

 
Photo 4.1-6:  Tunnel T-2 Intake Structure – Gate House Superstructure 
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Photo 4.1-7:  Tunnel T-2 Intake Structure – Corrosion of the Structural Members 

 

Roof Leakage 

In June 2012, a detailed inspection of the steel roof was carried out by Roofchek.  The roof 

system and flashings were found to be showing moderate wear and were in need of service and 

or repair to achieve their expected service life.  At the time of the KGS Group inspections in 

June 2012 and August 2012, the roof was noted to have an active leak and water infiltration was 

dripping onto an electrical box in the gate hoist house (see Photos 4.1-8 and 4.1-9).  The water 

infiltration was assessed to be coming in from the roof hatch due to deteriorated / debonded 

caulking.   
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Photo 4.1-8:  Tunnel T-2 Intake Structure – Observed Roof Leakage 

 

 
Photo 4.1-9: Water Leakage Dripping onto Equipment 

Safety 

Prior to 2010 the only protection to personnel and the public from falling into the water were the 

existing handrails.  The handrails are secure and have little to no corrosion.   
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New public safety fencing (approximately 2.1 m (7 ft) high) with a lockable gate was installed in 

2010 (see Photos 4.1-10 to 4.1-12).  The fencing was installed around the intake structure and 

along the wing walls to prevent unauthorized access to the structure and to improve protection 

to personnel and the public from falling into the water.  

 

 
Photo 4.1-10:  Tunnel T-2 Intake Structure – New Public Fencing Extending to the Left 
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Photo 4.1-11: Tunnel T-2 Intake Structure – New Public Fencing Extending to the Right 

 

 
Photo 4.1-12:  Tunnel T-2 Intake Structure – New Lockable Gate Enclosing the Structure 

 

Warning signs are posted to increase public safety (see Photo 4.1-13).  The signs appear to 

meet the 2011 Canadian Dam Association (CDA) Signage for Public Safety Around Dams 

Technical Bulletin standards except that they are deficient in that an “emergency call” number is 
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not provided on the signs. When any of the signs require replacement they should be replaced 

with signs that have an “emergency call” number on them and they should be designed in 

accordance with the CDA Signage for Public Safety Around Dams Technical Bulletin standards. 
 

 
Photo 4.1-13:  Tunnel T-2 Intake Structure – Warning Signs 

 

Currently no public safety booms are installed upstream of the intake structure nor is the 

intake structure equipped with trash racks.  In accordance with the CDA 2011 Guidelines 

for Public Safety Around Dams, the head pond upstream of the intake structure is 

considered to be a “dangerous zone” as serious injury or death could occur if swimmers or 

boaters come too close to the intake structure when the gate is open.  Safety booms 

should be installed upstream of the intake structure to act a physical barrier to delineate 

this dangerous water area.  The safety booms can be seasonal or all season and the 

booms should be installed and orientated to aid self-rescue of stranded swimmers and 

boaters.  NSP may prefer to install all season booms to save having to take the booms out 

of the water in the fall and redeploy them in the spring.  In addition, with the seasonal 

booms the periods when the booms are not deployed and before ice has formed on the 

water, the public are at risk to the danger of the intake structure.  However, initial material 

and construction costs are higher for all season booms compared to seasonal booms 

because they must be designed for ice loads.  Furthermore, maintenance costs also tend 

to be higher for all season booms because they are subjected to harsher environmental 
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conditions (i.e., ice) and are in the water year round versus only half of the year with the 

seasonal booms.  Popular seasonal and all season booms used at hydroelectric sites are 

the “Tuffboom” and “Boat Buster”, respectively.  Both are supplied by Worthington Inc. 

The safety fencing should also be extended to the boom anchor points. 

 

Recommendations 

 Continue to periodically, visually monitor the concrete for evidence of deterioration and 

spalling and waterline erosion.  

 Carry out minor patching repairs to the spalled concrete within the next 10 years.  Other 

than the minor patch work no concrete repairs are recommended for the next 30 years.  

Cost for the patch work is estimated to be $50k. 

 Remove deteriorated paint and corrosion and apply a protective coating to the Gate Hoist 

Building structural steel superstructure as well as gains. This work should be performed 

within the next 5 years to maintain the integrity of the structure.  The estimated cost for this 

work is $30k. 

 Repair the failed caulking around the roof hatch within the next year.  Consideration should 

be given to replacing the failed caulking with grade mastic and mesh.  A protective coating 

should then be installed over the repair.  The estimated cost for this work is $6k. 

 Install an all season safety boom in 2013, at an estimated cost of $130k. 

 Include funds in the maintenance budget for boom maintenance in the amount of $5k every 

3 years. 

 Extend the safety fencing to the boom anchor points in 2013 at an estimated cost of $70k. 

 Provide two additional public safety signs on the land side of the fencing in 2013, at an 

estimated cost of $1k 
 

4.2 TUNNEL T-2 ADIT 
 

Description 
Tunnel T-2 is unlined except where concrete lining or shotcreting was required due to poor rock 

conditions, for mining safety or to ensure the long-term stability of the rock walls.  The tunnel 

has an inverted “U” section 3.96 m (13 ft) base x 3.96 m (13 ft) high.  Tunnel T-2 Adit’s design 

function, once Wreck Cove began operations, is to drain Tunnel T-2 for inspection or 

maintenance purposes, if required. 
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Figure 4.2-1 shows a plan and profile of the Tunnel T-2 and the location of the Adit.  The 

information shown in Figure 4.2-1 is based on Nova Scotia Power Drawing: Geotechnical Data, 

Tunnel T-2 -H-085S1-1-628-00-014.  The Tunnel T-2 Adit is located approximately 1,884 m± 

(6,180 ft±) from the Tunnel T-2 Intake Structure at the Wreck Cove Reservoir and the 

approximate elevation is 329 m± (1080 ft±). The lowest indicated elevation of Tunnel T-2 is 320 

m (1050 ft).   

 

The Adit has an inverted “U” section measuring approximately 4.50 m± (14.7 ft±) high by 3.65 

m± (12 ft±) wide. Shotcreting was applied to the arched section of the Adit for a minimum length 

of approximately 6.10 m (20 ft) at a distance of approximately 21.34 m (70 ft) from the 

perpendicular intersection of the Adit with Tunnel T-2.  

 

According to the Nova Scotia Power Drawing: Tunnel T-2 Adit - H-085S1-1-628-09-001, and the 

Wreck Cove Power Project Operations and Maintenance Manual (WRC-GEN-GEN-OMS-1978-

46), a concrete plug was constructed at the end of the T-2 Adit near its junction with the T-2 

Tunnel. A drainage line was embedded within the concrete plug with two valves located just 

outside the plug. Historically, dewatering of Tunnel T-2 for inspection and/or maintenance was 

accomplished by opening these drain valves. However, as a result of numerous rock falls 

associated with structural instability, the T-2 Adit has been deemed unsafe and no entry into the 

Adit is permitted. 
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Figure 4.2-1: General Plan and Section of Tunnel T-2 and Adit 
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Assessment 
This assessment of the Tunnel T-2 Adit involved a limited visual inspection of the outlet, review 

of the Operations and Maintenance Manual (1978) and interviews with maintenance staff.  

Assessment details are organized under two sub-headings below: Safety and Design 

Adequacy. 

 

Safety 

In the late 1990’s the Adit was inspected and evidence of rock falls was found for an 

approximate 180 m length of the tunnel.  A mining contractor was then hired to reinforce the 

areas susceptible to rock fall but only after a few days into the work the contractor deemed the 

Adit to be unsafe to work in because of the numerous rock falls associated with structural 

instability.  Since then there has been no access or further assessment of the condition of the 

Adit. 

 

KGS Group’s visual inspection of the T-2 Adit was limited to the outlet. The corrugated steel 

outlet section appears to be in good condition. The steel corrugated pipe is closed-off using a 

wire mesh secured to a wooden frame (see Photos 4.2-1 to 4.2-3).  The wire mesh has been 

separated from the frame at the ground level, making the tunnel accessible by unauthorized 

persons. Damage to the wire may be an act of vandalism or may have been caused by an 

animal.  A caution sign is placed on the wire mesh indicating that a space assessment is 

required before entry. 

 

The upstream end of the corrugated steel pipe outlet appeared sealed off by a wooden 

barricade. 

 

The Adit outlet appeared dry with only ponding as a result of precipitation (i.e., no signs of 

leakage from the upstream Tunnel T-2). Therefore, the concrete plug appears to be effective in 

containing the water in Tunnel T-2. 
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Photo 4.2-1:  Outlet of Tunnel T-2 Adit 

 

 
Photo 4.2-2:  No Access Permitted into Adit 
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Photo 4.2-3:  Corrugated Steel Outlet of Adit Appears to be in Good Condition 

 

Design Adequacy 

To dewater the Tunnel T-2 for inspection or maintenance activities, it is necessary to bring the 

level of Surge Lake below the level of the tunnel outlet invert elevation which is at El. 352 m 

(1155.0 ft). This is accomplished by closing Tunnel T-2 gate and passing water out through the 

units to lower Surge Lake.  Then, historically, T-2 Tunnel dewatering has been accomplished by 

opening the drain valve installed near the concrete plug at Tunnel T-2 Adit.  In the mid 1990’s, 

Tunnel T-2 was last drained by this method and the operation took about 6 days. 

 

Because access into the Adit is not permitted, the condition of the rock walls and roof, concrete 

plug, valve and drainage piping could not be assessed.  The condition of these components at 

this time is unknown.  However, based upon the visual inspection of the Adit outlet the concrete 

plug, the pressurized pipe and the valve in the closed position do not appear to be noticeably 

leaking.     

 

Dewatering options that could be considered for further study include: 

 Dewater with a pump from the Tunnel T-2 exit. 
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 Construct a vertical shaft above the T-2 Tunnel, to be used for dewatering. Ideally the shaft 

would be drilled near the lowest elevation point in the tunnel where this coincides with the 

least amount of drilling and pumping to discharge the water is required. 

 Construct a vertical shaft through the rock above the Adit to access the valve and/or to 

dewater the tunnel through the shaft. 

 Rehabilitate the Adit to make it safe for entry. 

 

In the short term, if need be, consideration can be given to carrying out an inspection of Tunnel 

T-2 without it being dewatered.  This could be achieved using an underwater ROV to video film 

the inside of the tunnel (and inspect the drainage pipe penetration into the tunnel).   

 

With entry now not permitted into the Adit, there is no access to operate the 35 year old valve to 

dewater the Tunnel T-2.  Whether the valve is operable after being unused for 20 years is also 

unknown. Currently the Adit is not serving its intended function nor has Nova Scotia Power 

established an alternative method to safely dewater the tunnel in a reasonable time.  Until a 

solution is identified and implemented, there remains the risk of a failure of the pressurized 

piping, which would require a significant plant outage to address. 

 

Recommendations 

 Within the next two years, inspect the inside of the Adit with a remotely operated tracked 

vehicle (ROV) to determine the condition, feasibility and the extent of repairs required to 

make the Adit safe for entry. The estimated cost for the inspection and assessment is $50k.  

 In parallel with the inspection and condition assessment work, undertake a engineering 

study to investigate alternative means to de-water the tunnel, including the alternative of 

making the Adit safe, if found to be feasible, at an estimated study cost of $30k.  All 

alternatives should assume that the present valve and pressurized pipe penetration into 

Tunnel T-2 will need to be permanently sealed.  Any alternative using the Adit for drainage 

should assume that a new valve and pipe penetration into Tunnel T-2 are required.  

 Allow funding in the capital budget in 2016 to provide a means of draining Tunnel T-2 and 

sealing off the existing pipe penetration. For the purpose of providing an estimate, the 

solution of drilling a 1.5 m diameter vertical shaft 60 m long through the rock into the tunnel 

near the Adit is assumed, with an estimated cost of $325k for design and drilling. In the 
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event an alternative tunnel dewatering system is not selected, or if its implementation is 

deferred some years beyond 2016, seal the drainage piping by 2016.  

 

4.3 PENSTOCK INTAKE STRUCTURE AT SURGE LAKE 
 

 
Figure 4.3-1: General Arrangement of Wreck Cove Facility  

(Extracted from Plate 6 from the Wreck Cove Power Project - Operation and 
Maintenance Manual) 
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Figure 4.3-2: Cross-Section of Penstock at Intake Structure 
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Description 
From the intake at Surge Lake, the water is led to the turbines by a single underground concrete 

lined penstock tunnel which bifurcates at the powerhouse level at El. 0.305 m (1 ft).  The 

reinforced concrete intake structure is entirely submerged under normal operating conditions 

(maximum operating water level is El. 365.8 m (1,200 ft)). Two trashrack elements, 4.57 m (15 

ft) wide by 6.71 m (22 ft) high, are installed at the intake portal. The intake to the penstock is 

ungated; however, steel stoplogs are provided to permit dewatering of the penstock.  To install 

the stoplogs, Surge Lake must first be lowered by passing much of the water through the 

turbines and the rest through a drain line in the bottom of the lake through Dam D11-2, which is 

controlled by a valve located at the toe of the dam. 

 

Manual raking of the trashracks and placement of the stoplogs with a mobile crane have to be 

carried out from the deck of the intake structure at El. 352.0 m (1,155.0 ft) with the level of 

Surge Lake drawn down to El. 350.5 m (1,150.0 ft).  Figures 4.3-1 and 4.3-2 show the general 

layout and cross sections of the penstock including the intake structure.  
 

The entire steel trashrack assembly consists of two sets of identical racks, left and right of the 

intake centre line.  A total of four panels are located at each side, stacked in the trashrack 

checks from sill elevation to near the top of the intake structure.  All trashracks are designed to 

be removed for access into the penstock or for maintenance, by a small mobile crane or 

moderately large boom truck. 

 

Assessment 
At the time of the KGS Group site visit, September 2012, the penstock intake structure could not 

be visually inspected because it was below the water level. 

 

During a planned outage and when Surge Lake was drawn down in 2009, the intake structure 

including the trash racks were inspected. The inspection consisted mainly of a visual 

examination including an assessment of the remaining / residual protective coating on the trash 

rack panel units and an approximation of material loss due to corrosion (Report No. WRC-WRC-

TR-RP-2009-26).  The trashrack panel assemblies were found to be in overall good condition 

with some limited metal loss in areas where the original protective coating had significantly 

degraded or was found to be non-existent.  No distortion or structural damage to the trashrack 

frame and bars was noted. 
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The protective coating is original and has exceeded its normal service life expectancy, with loss 

of coating in several areas.  Now that the metal is exposed in multiple locations, metal loss rates 

and general structural degradations will be expected to accelerate and spread quickly over each 

of the steel trashrack panels.  Photos 4.3-1 to 4.3-3 are photos extracted from the 2009 

Trashrack Inspection Report. 

 

 
Photo 4.3-1:  Upper Trashrack Panel (Photo from 2009 Trashrack Inspection Report) 
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Photo 4.3-2:  Trashrack Lower Corner (Photo from 2009 Trashrack Inspection Report) 

 

 
Photo 4.3-3:  Trashrack Bars are True and Corners / Edges are Square 

(Photo from 2009 Trashrack Inspection Report) 

 

The trashrack checks embedded parts were found to be in good condition, but with surface 

corrosion starting to spread over the exposed surfaces (see Photo 4.3-4,). 
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Photo 4.3-4:  Surface Corrosion Evident on Trashrack Checks  

(Photo from 2009 Trashrack Inspection Report) 
 

KGS Group is in agreement with the recommendation provided in the 2009 Trashrack 

Inspection Report to carry out remedial work on the trashracks and trashrack checks as part of 

the next major planned plant outage or sooner.  The following remedial work is recommended:  

 Remove the trashracks from the checks. 

 Thoroughly blast clean (in accordance with the manufacturer’s requirements for the selected 

new protective coating). 

 Following the initial blast cleaning, a visual examination should be carried out to identify 

areas / locations on the racks and / or embedded parts that require structural repair (i.e., 

welding). 

 Following any repairs, if required, the rack panels should be finish blasted and re-coated 

with an appropriate protective coating such as a two-part epoxy coating system. 
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Photo 4.3-5: Surge Lake Penstock Inlet Sectional Gates 

 
 

The penstock inlet sectional gates appear to be in good condition and have performed well. No 

work is required, other than touching up areas where the protective coating is lost or damaged. 

 
Recommendations 

 Refurbish the trashracks at an estimated cost of $110k.  The refurbishment of the trashracks 

should be carried out no later than 2018. Refurbishment is estimated to be less costly than 

replacement ($220k). 

 

4.4 PENSTOCK FROM SURGE LAKE 
 

Description 
The penstock is 495.9 m (1627 ft) long with a total gross head of 365.5 m (1199 ft).  According 

to the construction drawings, starting at the intake, the penstock includes the following (see 

Figure 4.3-1 and 4.3-2): 

 a transition section 

 an upper elbow 

 an inclined section 400.8 m (1,315 ft) long sloped at 55° to the horizontal 

 a lower elbow 
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 a bifurcation 

 a manifold 

 two horizontal penstocks, penstocks 1 and 2, each 45.7 m (150 ft) long. 

 

According to the 2009 Hatch Review of Penstock Inspection Report the penstock has the 

following characteristics: 

 The inclined penstock is 4.11 m (13.5 ft) in diameter at the top and 3.51 m (11.5 ft) in 

diameter at the bottom.   

 The thickness of the concrete liner for the inclined penstock varies from 305 mm (1.0 ft) to 

840 mm (2.75 ft). 

 The inclined penstock concrete liner is non-reinforced and the concrete to bedrock contact 

was pressure grouted. 

 The transition, bifurcation and manifold are reinforced concrete. 

 The horizontal penstocks are steel and concrete lined.  The steel lined section is 

approximately 2.44 m (8.0 ft) in diameter and the minimum concrete thickness is 610 mm 

(2.0 ft). 

 

Assessment 
General 
During the planned outage in 2009 the penstock was dewatered for an inspection by Remote 

Access Technology (RAT) and Hatch reviewed the RAT Inspection Report and interviewed the 

RAT inspector (Hatch, Review of Penstock Inspection Report, 2009).  Based on the RAT 

Inspection Report (RAT, Penstock Inspection, 2009) and Hatch’s review, in general, the 

penstock was found to be in sound condition and performing satisfactorily.   Particular 

observations made by RAT and interpretations of the observations are as follows: 

 Features which might suggest overstressing of the concrete such as offsets (i.e., 

displacement along cracks and joints, or longitudinally oriented cracks in the penstock 

concrete) were not observed. 

 Typical cracking was noted throughout the concrete penstock.  The cracks were noted to be 

a maximum of 3.5 m to 4.5 m (11.5 ft to 14.8 ft) in length and formed no discernable pattern. 

 RAT identified construction joints at 3.05 m (10 ft) intervals.  However, according to Nova 

Scotia Power Drawing H-085S1-1-622-00-004, the construction joints are generally at a 
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spacing upwards of 15.2 m (50 ft).  Therefore, most of the construction joints reported by 

RAT may actually be shrinkage joints. 

 RAT identified black “silt like” material up to 20 mm (0.8 inches) thick coating the inside of 

the entire penstock.  This material is most likely algae with possibly some fine sediment 

which has deposited over 30+ years of operation. 

 Full round continuous, near normal to the penstock centreline, white traces spaced at a 

moderate frequency were noted by RAT.  The traces were approximately 50 mm to 75 mm 

(2 to 3 inches) wide.  Occasional relatively wide (up to 600 mm (2 ft)) and long white plumes 

extending from the white traces were noted.  The white traces and plumes are most likely 

due to leakage water through shrinkage cracks and cold joints.  The leakage water carries  

soluble materials such as carbon dioxide and calcium hydroxide, the latter derived from the 

concrete to produce the insoluble calcium carbonate deposits on the inside of the penstock.  

The shrinkage cracks and calcium carbonate deposits are not uncommon for penstock 

concrete liners.  The inferred cracks and joints would appear to have little or no structural 

impact.  They do however cause leakage.  The white traces and plumes suggest that the 

leakage is inward directed. 

 The presence of calcium carbonate deposits and the black coating (and irregularity of the 

black coating thickness) could possibly cause increased head loss and reduced power 

generation.  Locally damaged joints / cracks could also cause some head loss. 

 There is a remote possibility that the deposits consist of silica gel, in which case, this would 

suggest alkali aggregate reaction and could lead to progressive deterioration in the 

concrete. 

 
Steel Penstock Thickness Measurements - Unit 1 
Steel penstock wall thickness readings were taken where the penstock emerges from the 

upstream wall of the powerhouse, about 7 m (20 feet) upstream of the spherical valve. The 

outer surface was covered with precipitated material carried by drainage water from the gap 

between the concrete and the steel penstock wall. According to drawing H08551-9622-00-005 

the wall thickness in this area is 41.3 mm (1-5/8 in).  

 

Several areas were scraped clean and ultrasonic thickness readings were taken. The readings 

were between 41.2 and 41.7 mm (1.62 and 1.64 in). The wall thickness is acceptable. 
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Photo 4.4-1: Location of Penstock Thickness Reading 

 

As this section of the penstock was watered up, the interior surface could not be inspected. 

However the short length of penstock downstream of the spherical valve was inspected and 

found to be in excellent condition. There was no erosion or damage evident. 

 
Recommendations 

 The penstock steel plate in the powerhouse in the area where the thickness measurement 

was taken is in good condition.  Starting in 2013, perform more extensive ultrasonic 

thickness testing every 5 years. Estimated cost is $5k for two penstocks. 

 During the next planned penstock dewatering, take core samples of the concrete liner and 

carry out laboratory tests to rule out the remote possibility of alkali aggregate reaction.  The 

estimated cost to sample and test the concrete liner is approximately $20k.  For budgeting 

purposes, assume this coring / testing activity will take place within the next 10 years. 

 By 2014 carry out a (desk-top) assessment of the potential head losses and energy 

production losses due to the algae, calcium carbonate deposits, and surface irregularities to 

determine if power wash cleaning of the inside surface of the penstock is warranted.  The 

estimated cost of a power wash is $500k and each gain of 0.1 % in plant efficiency would 

yield 260 MWh per year of added energy. The estimated cost for this assessment is $12k.   
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4.5 SPIRAL CASE 
 

See Section 5.3 Turbine for the assessment of the spiral cases. 
 
 

4.6 DRAFT TUBE 
 

Description 
The draft tubes are steel lined in the high water velocity area from the discharge ring to the 

elbow transition, after which the walls are unlined concrete. 

 

The draft tube liner is made of 20 mm (0.8 inches) thick mild steel. At the upper end, the liner is 

attached to the stainless steel erection ring, which forms the stationary part of the runner band 

bottom seal. An air pipe behind the liner feeds air to the three legged air admission tripod.  

 

There have been periodic cavitation pitting repairs made to the draft tube liner, especially in the 

area of the air admission piping. No repairs were needed during the September 2012 outage on 

Unit 2, or the November 2012 outage on Unit 1.  

 

Air is admitted into the draft tube via turbovent operation and through the draft tube tripod pipes 

(see Photo 4.6-1). The turbovent air admission is controlled from the operating ring while the 

tripod air is admitted on demand, depending on the amount of negative pressure in the draft 

tube.  
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Photo 4.6-1: Unit 1 Air Admission Tripod 

 

Assessment – Unit 2 Draft Tube Liner 
Information for the assessment was obtained from visual inspection, ultrasonic testing, hammer 

tap testing and from discussions with maintenance staff. 

 

The draft tube liner was visually inspected down to the level of the draft tube platform.  

 

The stainless steel erection ring is in very good condition, with no damage observed. It is shown 

in the runner cavitation photos. 

 

The air admission tripod legs have caused cavitation putting damage downstream of where they 

connect to the draft tube walls. See Photo 4.6-1 showing the stainless steel overlay on the draft 

tube liner used to repair the cavitation damage. This is a typical problem with these tripods, and 

the ongoing damage has been successfully repaired. Noted during the inspection was some 

ongoing mild cavitation damage at the junction between the stainless overlay and the mild steel 

wall. This should be repaired within about 2 years. It is of interest that galvanic damage of this 

type has been observed at another station where the draft tube liner could be in contact with salt 

water. 
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Testing done during the 2012 Unit 2 outage has confirmed that the air supply pipe leading to the 

east tripod leg (upstream is assumed to be north) has broken behind the draft tube liner. Water 

in the draft tube enters the tripod piping and goes out though the break beside the draft tube 

door and runs down the steps. This break should be repaired to prevent erosion of the concrete 

and rusting behind draft tube. The water flowing out of the draft tube also is a slipping hazard. 

 

 
Photo 4.6-2: Water Leakage to the Left of Unit 2 Draft Tube Door 

 

Ultrasonic thickness measurements of the draft tube liner were taken at various locations but 

concentrating on the areas where the tripod legs pass through the draft tube liner. The 

measured thicknesses were between 17.5 mm to 20.75 mm (0.70 to 0.83 in). The design 

thickness is 20 mm (0.79 in). The thickness readings were written on the draft tube liner and 

photographed. No significantly thinned areas were discovered. 

 

The bond between the concrete and the back of the draft tube liner was checked by hammer 

tapping. About 30% of the liner is not bonded, mainly around the tripod pipes. Anecdotal 

evidence from the plant staff says the concrete in this area was poured from the top. This can 
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leave voids around piping and stiffeners. This condition is not unusual, and no remedial action is 

required unless fatigue cracks occur in the draft tube liner. 

 

The draft tube door bolts were visually inspected for signs of cracking and damaged threads 

and found to be in good condition. The threaded holes in the draft tube liner also are in good 

condition.  

 

Assessment – Unit 1 Draft Tube Liner 
The draft tube liner was visually inspected down to the level of the draft tube platform. 

 

The stainless steel erection ring is in good condition. It has some patches of mild cavitation 

pitting at various locations around the ring, as seen in the runner cavitation pitting photos. 

 

The air admission tripod legs have caused cavitation pitting where they connect to the draft tube 

walls. This is a common problem with these tripods. The ongoing damage has been 

successfully repaired with welded stainless steel overlay. The photo below shows the stainless 

steel overlay on the draft tube liner where the pipe is attached. 

 

 
Photo 4.6-3: Unit 1 Draft Tube Liner Thickness Readings and White Circled Hollow Area 
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A detailed inspection of the Unit 2 draft tube liner, including thickness testing, was carried out in 

2009 (WRC-WRC-DT-RP-2009-32). The inspection found no significant liner thickness loss, 

with measurements ranging between 19.65 mm (0.77 in) to 20.0 mm (0.79 in), with a design 

thickness of 20 mm (0.79 in). 

 

During the unit inspection, ultrasonic thickness measurements of the draft tube liner were taken 

by KGS Group at various locations but concentrating on the areas where the tripod legs pass 

through the draft tube liner. The measured thicknesses were between 19.3 mm to 20.5 mm 

(0.760 to 0.810 in). The design thickness is 20 mm (0.79 in). Thicker readings probably are due 

to weld repairs and the different speed of sound in stainless steel. The thickness readings were 

written on the draft tube liner and photographed. No significantly thinned areas were discovered. 

 

The bond between the concrete and the back of the draft tube liner was checked by hammer 

tapping. About 80% of the liner is not bonded. This condition is not unusual, and no remedial 

action is required unless fatigue cracks occur in the draft tube liner. 

 

The draft tube door bolts were visually inspected for signs of cracking and damaged threads 

and were found to be in good condition. The threaded holes in the draft tube liner also are in 

good condition.  

 

In September 2012, when Unit 1 was in operation, a small amount of leakage was observed 

coming from the concrete near the draft tube door. This is much less severe than the leakage in 

the same area of Unit 2. 

 
Assessment – Unlined Concrete 
The concrete walls of the draft tube could not be visually inspected due to access limitations. 

However, in 2009, Remote Access Technology (RAT) conducted a visual inspection of the Unit 

2 draft tube liner (Ref: RAT 2009, Report No. WRC-WRC-DT-RP-2009-32, “Visual & Non 

Destructive Testing Inspection Report”). RAT observed 2 locations with cracks and one location 

with a hole in the concrete wall (max 250 mm in depth) of the draft tube unit located next to the 

steel / concrete interface area. 

 

No record or staff recollection of a similar inspection of Unit 1 could be located. 
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Recommendations 

 Continue to repair any draft tube liner cavitation pitting damage during the yearly 

maintenance outages. Repair the present minor damage within two years. 

 Refurbish the Unit 2 tripod air system within 8 months. Cost is estimated to be $40k. 

 Investigate the Unit 1 draft tube water leakage in 2013 at an estimated cost of $10k. 

 During the next scheduled outages of each unit, the condition of the unlined draft tube 

concrete sections should be inspected and assessed.  Estimated cost for each unit 

inspection and assessment is $5k per unit. 

 Repair the observed 250 mm deep hole in the concrete wall of Unit 2 draft tube by 2018.  

 

4.7 TAILRACE 
 

Description 
Water from the draft tube of each turbine discharges into a tailrace manifold and then into the 

tailrace tunnel. Sufficient steel stoplogs, handled by an overhead monorail hoist, are provided 

for use at the draft tube outlets for dewatering one turbine for maintenance.  

 

The unlined tailrace tunnel is 1,702 m (5,585 ft) long with a 6.10 m (20 ft) by 6.10 m (20 ft) 

inverted “U” section. The tailrace discharges directly into the Atlantic Ocean.  

 

A reinforced concrete portal structure is constructed at the tailrace tunnel outlet (see Figure 

4.7.1). Closure of the tailrace tunnel from the ocean is carried out by placing a bulkhead gate by 

mobile crane in the portal structure embedded guides.  The gate is a 6.91 m wide by 6.30 m 

high (22 ft 8 in by 20 ft 8 in) structural steel gate with a 9.5 mm (0.375 inch) skin plate on the 

upstream side, and four hydraulically operated cylinders (one at each corner) to ensure positive 

sealing when the gate is in position.  The gate is stored vertically on a purpose-built reinforced 

concrete frame located away from, but nearby the tailrace outlet structure, within 15 m (49.2 ft) 

of the ocean. 

 

An opening is provided in the deck of the portal structure, upstream of the gate gains, for limited 

vehicle access and removal of muck in case of rock falls in the tunnel.  
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Figure 4.7-1: Tailrace Outlet Structure 

Assessment 
The assessment of the tailrace and flow control equipment at the outlet of the draft tubes and 

outlet of the tailrace tunnel included a visual inspection from the decks of the structures carried 

out by KGS Group on August 29 and 30, 2012 of the following structural components: 

 

 Concrete structure above the waterline at the outlet of the draft tube 

 Draft tube stoplog gains and monorail hoist 

 Concrete structure above the waterline at the outlet of the tailrace tunnel 

 Concrete supporting structure for the tailrace bulkhead gate at the outlet of the tailrace 

tunnel 

 Tailrace bulkhead gate and concrete structure for storing the gate 

 Opening and grating system in the deck of the tailrace outlet portal structure.  

 

The reports that were reviewed include: 
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 Nova Scotia Power November 2008 Engineering Inspection Report: “Wreck Cove Tailrace 

Outlet Bulkhead Gate” (Report No.:  WRC-WRC-G-RP-2008-23, E. O’Neil). 

 Nova Scotia Power November 2009 Engineering Inspection Report: “Wreck Cove Tailrace 

Tunnel” (Report No.:  WRC-WRC-T-RP-2009-25, E. O’Neil). 

 Hatch September 2009 “Wreck Cove Hydro System – Tailrace Inspection Report” (Report 

No.: WRC-WRC-TR-RP-2009-38). 
 

 
Photo 4.7-1: Tailrace Manifold - Deck Area over Draft Tubes 

 
Outlets of Draft Tubes 

Based on the visual inspection the following was concluded (see Photos 4.7-1 to 4.7-11): 

 

 The concrete deck and concrete gain structures are in good condition.  

  The steel frame for the monorail hoist appears to be structurally sound.  The steel frame 

has a protective coating that is performing well.  There is no evidence of any significant 

peeling or corrosion of the steel.  

 The steel safety railing is in satisfactory condition but the protective coating has deteriorated 

and been lost in some areas and the steel has started to corrode. 

 The rock above the deck has been stabilized with a combination of shotcrete, rock anchors 

and wire mesh.  There was no evidence of falling rock from above the deck area. 
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Photo 4.7-2: Tailrace Manifold - Deck and Railing over Draft Tubes at Unit 1 End 

 
 

 
Photo 4.7-3: Monorail for Draft Tube Sectional Gates 
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Photo 4.7-4: Outlet and Gains of Draft Tube 

 

 
Photo 4.7-8: Outlet of Draft Tube 
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Photo 4.7-10:  Tailrace Manifold - Deck and Railing Over Unit 2 Draft Tube  

 

 
Photo 4.7-11: Rock Bolts and Wire Mesh to Stabilize Rock at Tailrace Manifold  

 

Tailrace Tunnel Portal Structure and Bulkhead Gate 

In November 2008, Nova Scotia Power engineers carried out an assessment of the tailrace 

tunnel portal structure and the tailrace outlet bulkhead gate.  The 2008 assessment determined 

the following: 
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 The tailrace tunnel portal structure was in good condition and appeared to have had some 

recent restoration work completed on it 

 The bulkhead gate was badly corroded and inoperable 

 The hydraulic cylinders used to ensure positive sealing of the gate were inoperable  

 The operability of the gate valve in the gate was unknown 

 The functionality of the lifting sling was suspect 

 The means for securing the gate in the vertical position did not meet current seismic design 

standards, and was likely not designed to resist the significant horizontal loadings resulting 

from the accumulation of snow behind the gate at the toe of the slope of the adjacent 

embankment. 

 

 
Photo 4.7-12:  Overview of Tailrace Bulkhead Gate in 2008 (photo extracted from 

Nova Scotia Power Report No.:  WRC-WRC-G-RP-2008-23). 
 

As a result of the assessment, the following rehabilitation work was completed (see Photos 4.7-

13 to 4.7-17): 

 The gate was sandblasted and recoated. 

 The rubber seals were replaced. 

 The hydraulic cylinders and hydraulic lines were refurbished.  

 The gate valve in the gate was refurbished. 
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 The earth embankment behind the gate storage frame was stabilized by placing new 

concrete between the earth embankment and storage frame. 

 The anchorage system for holding the gate in the vertical position in the storage frame was 

modified. 

 

 
Photo 4.7-13: Refurbished Tailrace Bulkhead Gate and Storage Structure 

 

 
Photo 4.7-14: Refurbished Tailrace Bulkhead Gate on Storage Structure 
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Photo 4.7-15: Refurbished Tailrace Bulkhead and Storage Structure 

 
 

 
Photo 4.7-16: Tailrace Bulkhead Gate Storage Structure 
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Photo 4.7-17: Tailrace Bulkhead Gate Storage Structure 

 

In general, based on the KGS Group August 29, 2012 inspection, the concrete tailrace tunnel 

portal structure was found to be in good condition (see Photos 4.7-18 to 4.7-24).  Some surface 

corrosion was evident on the embedded steel gain liners.  Minor concrete spalling was noted on 

the top surface of the “left” gain.   

 

The grating and I-beam system for access to the tunnel for removal of muck was found to be in 

good condition with only minor corrosion of the anchor rods and nuts which secure the grating to 

the I-beams (see Photo 4.7-25).  

 

The I-beams located downstream of the outlet structure, which were used for electrical 

grounding, are corroding. Refer to Section 6.16 Station Grounding System for further 

assessment / recommendations of the grounding I-beams. 

 

Safety 

The tailrace area is accessed via a locked gate in a chain link security fence around the area 

(see Photos 4.7-26 and 4.7-27).  However, it is possible for the public to trespass and enter the 

area from the beach rock outcrops immediately downstream of the handrails. 
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Warning signs are posted to increase public safety at the locked gate entrance.  The signs 

appear to meet the 2011 CDA Signage for Public Safety Around Dams Technical Bulletin 

standards except that they are deficient in that an “emergency call” number is not provided on 

the signs.  No signage was provided on the downstream side of the tailrace portal structure.  

 

 
Photo 4.7-18: Tailrace Outlet Portal Structure 

 

 
Photo 4.7-19: Tailrace Outlet Portal Structure 
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Photo 4.7-20: Tailrace Outlet Portal Structure Retaining Wall 

 

 
Photo 4.7-21: Gain of Tailrace Outlet Portal Structure 
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Photo 4.7-22: Minor Corrosion on Steel Liner of South Gain  

 

 
Photo 4.7-23: Tailrace Outlet Portal Structure 
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Photo 4.7-24: Minor Corrosion on Steel Liner of North Gain 

 

 
Photo 4.7-25: Tailrace Outlet Structure – Tunnel Access Cover 
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Photo 4.7-26: Tailrace Outlet Portal Area Fencing 

 

 
Photo 4.7-27: Tailrace Outlet Portal Area Fencing 

Tailrace Tunnel 

A major rehabilitation program involving shotcrete, and mesh and rock bolts was performed in 

1992 and 1993 to stabilize the existing failures and reinforce potential new failures.  At the time 
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of the KGS Group tailrace inspection, no access was available to inspect inside of the tunnel.   

However, in 2009 a cursory tunnel inspection was carried out by Nova Scotia Power (NSP 

Report No. WRC-WRC-T-RP-2009-25) and a rockfall was found to have occurred approximately 

70 m downstream of the concrete draft tube manifold.  A few minor rock falls were also noted.   

 

Following the cursory inspection, a detailed inspection was carried out by Hatch in September 

2009 (Nova Scotia Power Report No. WRC-WRC-TR-RP-2009-38).  This inspection indicated 

the following: 

 The tunnel is in granite and altered granite which is closely jointed and sheared.  As a result, 

the rock mass was classified as being of poor to fair rock quality with local sections being 

very poor and should have been supported during construction with systematic bolting, 

shotcrete and ribs in areas to provide long term performance.   

 Rock failures have occurred locally in the zones of poorest rock quality since construction.  

The rock failures may have been caused by alternate wetting and drying of the walls under 

tidal effects.   

 No deterioration of the repairs carried out in 1992 / 1993 was noted.  The major rock fall and 

possibly a few minor rock falls noted during the 2009 inspections have occurred subsequent 

to the 1992 / 1993 repairs.   

 

There is presently no means to conveniently and accurately measure the tailrace tunnel 

hydraulic losses.  If instruments were available at both ends of the tunnel, these could be 

used as a means of monitoring for evidence of accumulating rock fall effects, provided the 

readings were correlated with the discharge from the two turbines.  

 
Recommendations - Outlets of Draft Tubes 

 No significant draft tube outlet concrete repairs are expected to be required over the next 30 

years other than potentially some minor patching of the concrete.  Allow $50k in the budget 

for the minor repairs to be carried out between years 2037 and 2042. 

 The safety railings on the draft tube deck will require sandblasting (or corrosion removed by 

other means) and repainting within the next 10 years at an estimated cost of $15k. 

 The steel frame for the draft tube sectional gates monorail hoist may need to be repainted 

within the next 20 years.  Allow $20k for this task. 
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 Continue to monitor the condition of the rock and shotcrete above the deck area and on an 

ongoing basis scale and/or install rock anchors as required.  Allow $5k every 5 years for 

these activities. 

 
Recommendations - Tailrace Outlet Portal Structure and Gate Support Structure 

 No significant tailrace tunnel outlet structure concrete repairs are expected to be required 

over the next 30 years other than minor patchwork.  Allow $60k between years 2022 and 

2042. 

 The embedded steel gain liners will be required to be sandblasted and repainted within the 

next 15 years at an estimated cost of $40k. 

 When any of the public safety warning signs are required to be replaced, they should be 

replaced with signs that have an “emergency call” number on them and they should be 

designed in accordance with the CDA Signage for Public Safety Around Dams Technical 

Bulletin standards.  The signs are expected to be replaced with the next 15 years at a cost 

of approximately $4k. 

 Install public safety signage on the downstream side of the tailrace portal structure.  This 

new signage should be installed within the next year and be in accordance with the CDA 

standards.  The estimated cost is $5k. 

 Extend the fencing along the downstream side of the tailrace deck to prevent the public from 

accessing the tailrace area immediately downstream of the handrail on the right side of the 

deck. The estimated cost is $15k and the work should be completed in 2013. 

 Nova Scotia Power should confirm that a structural analysis was carried out for the design of 

the new anchorage system that was installed in 2011 for storing the gate in its vertical 

position and that the anchorage system does meet all applicable loading conditions 

(including seismic).  If an analysis has not been carried out it should be completed within the 

next year.  The cost for the analysis is estimated to be $20k. 

 

Recommendations - Tailrace Tunnel 

 By 2018, it would be prudent to repair the major rock fall found during the 2009 inspections 

to avoid risk of continuing rock fall.  The estimated cost for this repair work is $100k. 

 Provide instrumentation to allow the periodic measurement and recording of water levels at 

the inlet and outlet of the tailrace tunnel. Monitoring the hydraulic loss will provide an 

indication of the cumulative effects of rockfalls on the tunnel’s hydraulic performance. 
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Assuming this is done with staff gauges, the estimated cost is $5k and the work should be 

done by 2014.  

 

4.8 POWERHOUSE 
 
Description 
The underground powerhouse (see Photos 4.8.1 and 4.8.2) is located 274.3 m (900 ft) below 

the surface and houses the turbine shutoff valves, turbines, generators, step up transformers 

and auxiliary equipment. The main powerhouse cavern measures 51.8 m (170 ft) long, 18.3 m 

(60 ft) wide and 16.2 m (53 ft) high above generator floor level at El. 29 ft-6 in. The turbines and 

generators are enclosed in reinforced concrete unit blocks with access from the floors at El. 14 

ft-6 in, El. 5 ft-0 in and El. -10 ft-0 in. Steel columns and runway girders support the 150 tonne 

(165 ton) capacity overhead bridge crane. The powerhouse cavern roof and walls are supported 

by rock bolts and shotcrete. 

 

 
Photo 4.8-1:  General View of the Main Powerhouse Level 
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Photo 4.8-2:  View of the Main Powerhouse from Crane Level 

 
Assessment 
The assessment of the powerhouse included: 

 A cursory visual inspection of the structural condition of the main powerhouse cavern at and 

above the generator floor level 

 Life safety review of the powerhouse 

 

General Structural Condition of Powerhouse 

Based on a cursory visual inspection of the main powerhouse cavern, the structural components 

including the steel crane columns, concrete floor, floor tiles, and shotcrete appear to be 

performing satisfactorily.  However, leakage through the rock and shotcrete is a maintenance 

concern (see Photos 4.8.3 to 4.8.7).  

 

The shotcrete is in good condition but in some areas there is evidence of efflorescence (i.e., 

white deposits of calcium carbonate (CaCO3)) on the surface of the shotcrete.  The 

efflorescence is a result of leakage from the rock causing calcium hydroxide (Ca(OH)2) to be 

leached out from the shotcrete and react with calcium dioxide to form the white deposits.  In 

general this amount of efflorescence is not a concern for the performance of the shotcrete.  The 
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efflorescence can also be coming from the rock itself.  In isolated areas stalactites have started 

to form. 

 
In addition to the efflorescence on the shotcrete, additional evidence of past and active leakage 

were noted: water stains on the floor tiles in localized areas; and water, actively dripping from 

the ceiling.  Currently, Nova Scotia Power is addressing the leakage by the following means: 

 Suspended steel pans have been installed in the ceiling at several of the leakage locations 

to catch the leakage. 

 Near the northeast end of the powerhouse, an approximate 75 mm diameter hole exists in 

the ceiling through the full depth of the rock.  The hole provides access for feeding 

communication cabling into the powerhouse.   This hole is acting as a vertical drain for the 

water leakage in the bedrock.  The leakage from the hole is currently being collected by 

means of a semi-circle steel drain pipe with its inlet end fastened to the ceiling and its outlet 

end connected to a pvc drain pipe that leads to gutter floor drain (see Photo 4.8-8).  A tarp is 

also installed in this area to prevent any leakage that is not collected with the drain pipe 

system from falling on personnel (see Photos 4.8-9 and 4.8-10).  The tarp also directs the 

leakage to the floor drain.  

 Critical crane components such as motors have been provided with temporary covers to 

protect against water entering into the motor housings. 

 

 
Photo 4.8-3:  Walls of Powerhouse are Shotcreted – Note Efflorescence 
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Photo 4.8-4:  In a Few Localized Areas Stalactites are Forming 

 

 
Photo 4.8-5:  Northeast End of Powerhouse  

Garbage Pails Used to Catch Leakage from Ceiling 
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Photo 4.8-6: Note Active Leaks and Water Staining on Tiles 

 

 
Photo 4.8-7:  Note Steel Pans Suspended from Ceiling to Catch Leakage 
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Photo 4.8-8: Steel Drain System Installed to Direct Water Leakage 

From Hole in Ceiling into the Floor Gutter 

Photo 4.8-9:  Plastic Tarp Catches Leakage 

PLASTIC TARP TO CATCH 

LEAKAGE AND DIRECT TO 

FLOOR GUTTER RUNNING 

ALONG  WALL 
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Photo 4.8-10:  Plastic Tarp Catches Leakage 

Powerhouse Crane Rails 

In 2011 some crane rail bolts were reported to be broken (see Photo 4.8-11).  Nova Scotia 
Power personnel have since replaced these broken bolts and currently the crane rails appear to 
be in satisfactory condition. No broken bolts have been reported since the broken bolts were 
replaced. 

 

 

Photo 4.8-12 – July 2011 Photo of Crane Rail Bolt Sheared Below the Rail Clamp  
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Recommendations 

 Investigate and evaluate within the next 2 years more efficient means to deal with the 

leakage issue such as installing a ceiling leakage collection drainage system.  The 

estimated cost for the engineering study is $30k.  Allow approximately $200k in the 

budget for years 2016 and 2017 to install a system to handle the leakage. 

 Provide a budget allowance of $110k to repaint the columns and crane in 20 years. 

 Provide an annual allowance of $10k for miscellaneous items such as repairing / 

replacing individual tiles, patching concrete and shotcrete, adding / replacing rock 

anchors, repainting and repairing handrails, etc.  This annual allowance would also 

include for monitoring and removing the stalactites to avoid the potential for them to fall 

on persons working below.  

 In 2013 a survey of the alignment of the crane rails should be carried out to determine if 

any misalignment issues could have contributed to the failure of the bolts.  The 

estimated cost for this work is $10k.   

 Every two years starting in 2013, inspect the condition of the crane rails and bolts to 

ensure that failure of the crane bolts is not an ongoing issue.  

 

Powerhouse Egress and Life Safety Systems 

Unrelated to the existing condition of the plant, KGS Group was asked to review and comment 

on the life safety systems for the powerhouse.  In doing this, the following items were 

considered: 

 Current Building Codes  

 Life safety systems in the original design 

 Previous assessment performed by Landsirkjun Power in May of 2011 

 Assessment of the site 

 Review of the existing drawings 

 Check of safety practices in the industry, specific to underground powerhouses 

 

Original Life Safety Features of the Powerhouse 

Area of Refuge 

There is a note on the original design documents to use the (mucking tunnel) chamber near the 

powerhouse end of the access tunnel as a refuge area. This chamber had been constructed; 
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however, the doors to the chamber are no longer functional, lighting within the space is no 

longer functional and there are no emergency supplies stored in the area.  Original plans 

indicate that a shaft to the surface was to be used to provide an air supply to the area of refuge.  

This air supply has not been installed.  The borehole to the surface carries power supply and 

radio communication cabling and has been sealed at the top, where it emerges from the rock. 

 

This tunnel area of refuge has an access near the entrance to the power house and one from 

the crane access level.  Neither of these access points is quickly accessible from within the 

various floors of the powerhouse. 

 

 
Photo 4.8-14: Interior of Entrance to Original Refuge Tunnel 

 

Smoke Control System 

The original powerhouse design includes a smoke control system which shuts down normal 

ventilation, opens the access tunnel portal door and starts a high volume fan intended to 

evacuate smoke from the powerhouse to the tailrace tunnel and out to atmosphere at the tunnel 

exit.  The effectiveness of this system has not been tested, and is subject to the AC station 

service and control conductors withstanding a fire. 

 

 

ACE 2018 CI 49033 Attachment 2 Page 76 of 399

Date Filed:  November 22, 2017          Page 0602 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

  

 

 70  

Egress 

There is only one path of human egress from the powerhouse.  This path is via the main access 

tunnel.  While at first glance, the tailrace tunnel might be seen as an alternate means of egress, 

under certain sea conditions, there is inadequate clearance to the tunnel roof, and if the smoke 

extraction system functions as intended, the airspace above the water will be filled with smoke 

and gaseous combustion products. 

 

Emergency Lighting 

There is some emergency lighting provided which is supplied from the DC station battery. 

 

Exit Signage  

There is no original exit signage provided to guide occupants to safety. 

 

Fire Protection 

The original fire protection for the facility consists of fire hose cabinets and portable fire 

extinguishers at several locations in the powerhouse, and deluge systems covering the main 

output transformers and the generators.  These systems are in place and functional. 

 

Fall Protection 

The access ladder on the powerhouse crane and the walkways of the crane expose workers to 

significant risk of falling due to awkward ladder location, railings with large openings and 

unguarded line shafts.  The access ladders and fall protection would be considered insufficient 

by modern standards.  Improvements to the ladder, screening the railings and guarding the 

drive shafts would reduce the risks significantly.  

 
Powerhouse Life Safety Additions/Enhancements 

Supplemental Area of Refuge 

Nova Scotia Power has added a steel enclosure on the powerhouse floor as an area of refuge 

for staff in case of an emergency.  While the enclosure does contain some equipment 

necessary in case of fire, it does not appear adequate to provide a safe area of refuge for staff. 
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In an environment where a permanent area of refuge is not possible due to time constraints, 

some allowances can be made in mining for temporary areas of refuge.  These systems would 

typically have fire ratings, and significant closures as shown in Photo 4-8-17.  See also Section 

7 Opportunities and Issues, for further information. These types of systems would require the 

eventual installation of a permanent area of refuge. 

 

 
Photo 4.8-15 – Present Refuge Enclosure 

 

 
Photo 4.8-16: Interior of Present Refuge Enclosure 
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Photo 4.8-17: Typical Modern Refuge Enclosure 

 

Fall Protection 

Fall risks relating to powerhouse crane operation have been somewhat reduced with the 

provision of radio controls. Risks associated with access to the crane and the crane rails for 

inspection and maintenance are unchanged from original.  

 

Powerhouse Life Safety Risks 

There are several items which are a significant risk to life safety within any powerhouse which 

can be mitigated by the design of the powerhouse itself. The key items are typically: 

 Risk of fire (causing risk of burns, smoke inhalation and suffocation) 

 Risk of flood 

 Risk of falling from any elevated level 

These risks have not been adequately addressed at Wreck Cove GS.  Further, an additional risk 

of having a vehicle accident in the access tunnel blocking egress and entry is also an issue. 

 

Risk of Fire 

In addition to having significant sources for ignition, and plenty of oxygen, Wreck Cove GS has 

significant other sources of fuel.  Some of the fuel sources such as the power transformers are 

not readily removable.  There is, however, significant accumulation of combustible load in the 

powerhouse which should be removed and stored in a surface storage building.  Prime 
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examples of this are the storage of many boxes of rags adjacent to the steel refuge enclosure, 

and wood blocking stored in various locations in the powerhouse. 

 

Risk of Flood - Penstock Rupture 

The spherical valves that join the penstocks to the turbine spiral cases are at El. 1 ft-0 in and 

are located in a room at the north side of powerhouse (see Figure 4.8-1).  Should the short 

exposed section of penstock upstream of a turbine shut-off valve rupture, the powerhouse 

would be quickly flooded (see Photos 4.8-18 and 4.8-19). The only means to stop the flooding 

would be to drop the intake gate at Tunnel T-2 Intake and attempt to drain Surge Lake and the 

penstocks through one or both turbines. Due to the time required, it is likely that the powerhouse 

and its equipment would be severely damaged and persons working in the powerhouse would 

be at great personal risk, before the flow could be stopped.  

 

 
Figure 4.8-1: Cross Section of Powerhouse  

(extracted from Plate 7 from the Wreck Cove Power Project - Operation and 
Maintenance Manual) 
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Photo 4.8-18: Penstock Valve – View from El. 14 ft-6 in Floor 

 
Photo 4.8-19: Penstock Valve in Background 

 

Risk of Flood - Blockage of Tailrace Tunnel 

Should the tailrace tunnel become blocked or partially blocked due to a large mass of rock 

falling from the tunnel surface the powerhouse would be flooded if the units are not shut down. 
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Currently in the draft tube gallery, there is instrumentation that monitors the water level, alarms 

when the water level rises above acceptable levels and shuts down the generators at an 

extreme high level (see Photo 4.8-20).  As noted in Section 6.13, this monitoring and alarm 

equipment is severely corroded, the monitoring function does not work and it is not tested 

periodically.  Currently, this is the only means for notifying personnel when the tailrace water 

level is at an unsafe level. 

 

 
Photo 4.8-20: Instrumentation for Monitoring Tailrace Water Level 

 

The access to egress at Wreck Cove GS, as well as the other life safety items requires urgent 

action.  It is recommended that Nova Scotia Power immediately address the short term life 

safety issues by installing a more appropriate short term refuge facility and by removing all non-

operating essential combustible load, including spare oil, wood blocking and wood crated parts, 

rags and boxes of components. 
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Additionally, to reduce worker exposure, any work which does not need to be performed inside 

the powerhouse, such as workshop work, should be done at the surface.  

 

A check with several organizations operating or designing underground power stations indicates 

two common practices:  two independent exits must be provided or if only one exit is possible, 

the powerhouse must be provided with refuge facilities.  A study of risks is typically performed to 

identify the type and potential impact of risk involved. Some utilities have retrofitted 

improvements to smoke extraction systems to ensure the access tunnel is effectively cleared of 

smoke and fumes.  Dedicated communication paths to the safety refuge is a common 

requirement.  It is also common to place the step-up transformers outdoors or if underground, in 

a separate cavern from the powerhouse cavern. 

 

According to the 2010 National Building Code (NBC), buildings for industrial occupancy (i.e., 

such as the type of occupancy in the Wreck Cove powerhouse) shall have at least 2 exits for 

every floor intended for occupancy.  The only exception to this requirement is if the building has 

a floor area of 200 m2 or less for a floor area without a sprinkler system and 300 m2 or less for a 

floor area with a sprinkler system (NBC Division B, Section 3.4.2.1).  The Wreck Cove 

powerhouse main floor does not have a sprinkler system and has a floor area of approximately 

916 m2 (17.7 m x 51.8 m).  Thus, the means of egress from the powerhouse do not meet the 

NBC requirements.  Although not likely to be a governing document, the Nova Scotia 

Underground Mining Regulations (2011) made under Section 82 of the Occupational Health and 

Safety Act (Part 3, Sections 148 to 154 provide useful guidance on design and maintenance of 

refuges. 

 

Nova Scotia Power should undertake a detailed engineering study to assess the risks and to 

provide options to improve the access to egress, and upgrading as required of any permanent 

areas of refuge, improvements to control of water flow into the turbines, and improvements to 

ventilation and smoke extraction.  It is anticipated that this would provide Nova Scotia Power 

with options for life safety improvements within the plant. There would have to be negotiation 

with the authorities having jurisdiction, and possibly the mines branch.  Following the study, it is 

anticipated that Nova Scotia Power would proceed with a formal life safety upgrade. This 

upgrade could be on the order of $5-$15 million; however, without a detailed plan, there is a 

great degree of variability on the cost of the necessary enhancements. 
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As Nova Scotia Power has indicated that they are in the early stages of planning for a life 

extension program for the plant, it is highly advised that all life safety concerns be addressed 

prior to having large work crews in the plant.  There have fortunately not been any significant 

issues to date, but, KGS Group would consider it of very high risk to proceed with significant 

refurbishment work in the powerhouse without first upgrading the life safety systems. 

 

Recommendations 

 The equipment and alarm system for monitoring the tailrace water level should be regularly 

tested to ensure that it functions satisfactorily and if necessary it should be refurbished or 

replaced.  

 Provide a new short term refuge facility for present staff levels by 2014. Estimated cost 

is $150k for a 6 person 24 hour design. 

 Plan on providing two additional short term facilities or a permanent refuge facility for 

the increased worker levels anticipated when major work starts in the powerhouse. 

Assumed cost is $300k in 2016. 

 Reduce worker exposure in the powerhouse by having any work which does not need to be 

performed inside the powerhouse, such as workshop work, done at the surface. 

 Reduce the amount of combustible material stored in the powerhouse (oil, wood, rags), 

by removing it to a surface storage/workshop building located in the vicinity of the 

present Administration Building. Consider allowing only diesel engine vehicles into the 

access tunnel, to reduce the amount of readily flammable fuel in the powerhouse area.  

A basic surface storage/workshop building is estimated to cost $425k and should be 

planned in 2013 for implementation in 2014. 

 Carry out a formal, comprehensive, detailed life safety and equipment protection 

engineering risk analysis, to identify failure modes and risks and to identify and assess 

solutions. The scope should include falling, fire and flooding risks, and should be 

undertaken in 2013, with a view to completing implementation prior to major equipment 

replacement with the anticipated increase in worker numbers in the powerhouse. The 

estimated study cost is $250k, and a budgetary allowance of $5M is recommended in 

2015 and 2016 for implementation, with a small allowance of $100k split between 2013 

and 2014 for improvements which can be implemented quickly. 

 Particular urgent attention should be given to the risk assessment associated with the 

absence of head gates at the penstock inlet structure, as the absence of effective mean of 
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quickly stopping water flows in an emergency can lead to injury, fatalities and extensive 

plant destruction (e.g. Kainji in Nigeria, 2000 and Sayano-Shushenskaya in Russia, 2009). 

The study should address providing head gates at the penstock inlet structure, with an 

alarm system that would alert the operators that there is an issue with the penstocks (i.e., 

large drop in pressure) and which would have the capability to close the head gates 

automatically or by remote control in an emergency situation. The engineering study costs 

are included above. 

 

4.9 POWERHOUSE ACCESS TUNNEL 
 

Description 
Access to the powerhouse is provided by a 561.4 m (1842 ft) long tunnel 7.01 m (23 ft) wide by 

6.71 m (22 ft) high. The 144 kV power cables are located in trenches under the sidewalk on 

either side of the tunnel roadway. Control cables, ventilation duct and piping for firefighting and 

potable water are installed on the west side-wall of the tunnel. The Portal building, at the 

entrance of the access tunnel, is fitted with a portal door and contains heating and ventilation 

and station service equipment in the Portal building’s mechanical room. 

 

Assessment 
The assessment of the powerhouse access tunnel included: 

 A visual inspection of the portal structure at the entrance to the powerhouse access tunnel. 

 Visual inspection of the power cables, ventilation duct, and piping for the firefighting and 

potable water system. 

 Design adequacy review of having the main power supply and back-up power supply routed 

in close proximity to each other in the powerhouse access tunnel.  In addition to the visual 

inspection for this review, available documents were reviewed and discussions were held 

with station maintenance staff.   
 
Portal Building 

The portal building (see Photos 4.9-1 to 4.9-3) consists of two levels and is a steel clad structure 

with concrete walls and concrete ceiling for the first level at the interface between the steel 

cladding and the rock tunnel.  The upper level is the mechanical room where the ventilation and 

heating system is housed. 
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Photo 4.9-1: Powerhouse Access Tunnel Portal Building 

 

 
Photo 4.9-2: Powerhouse Access Tunnel Looking Out 
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Photo 4.9-3: Powerhouse Access Tunnel Concrete Section 

 

Tunnel Entrance Level (First Level) 

The steel cladding is in good condition and the steel supporting frame is structurally sound.  The 

steel frame is painted but in some areas the paint is flaking and minor to moderate corrosion is 

evident (see Photos 4.9-4 and 4.9-5). 

 

Corrosion is evident at a location where a drainage pipe penetrates through the steel cladding of 

the first level ceiling (see Photos 4.9-6 and 4.9-7).  The remainder of the steel cladding ceiling is 

in excellent condition.   

 

The concrete walls and concrete ceiling are in excellent condition.   
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Photo 4.9-4: Portal Building Structural Steel 

 

 
Photo 4.9-5: Portal Building Structural Steel 
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Photo 4.9-6: Powerhouse Access Tunnel Ceiling 

 

 
Photo 4.9-7: Powerhouse Access Tunnel – Corrosion Detail 

 

The steel overhead door is in excellent condition (see Photo 4.9-8). 

 

OVERHEAD DOOR  

CONCRETE CEILING  

CORROSION  

STEEL CLAD CEILING  
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Photo 4.9-8: Powerhouse Access Tunnel Door 

 

The concrete foundation plinth appears to be in good condition.  However, vertical expansion 

joints on either side of the overhead door are not sealed thus leaving these joints exposed to 

water penetration and potential freeze/thaw damage in the winter months (see Photos 4.9-9 to 

4.9-11). 

 

 
Photo 4.9-9: Portal Building Plinth Open Joint Locations 
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The asphalt tunnel entrance roadway is in good condition. 

 

 
Photo 4.9-10: Portal Building Plinth - Detail 

 

 
Photo 4.9-11: Powerhouse Access Tunnel Plinth Expansion Joint Missing Sealant 

 

Fallen rocks were noted between the right side (referenced looking into the entrance) of the 

Portal structure and the gabion retaining wall (see Photo 4.9-12).  Falling rocks and 
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accumulation of the rocks against the cladding could eventually damage the cladding.  

Falling rocks in this vicinity could also pose a safety hazard to staff and the public. 

 

 

Photo 4.9-12: Fallen Rock beside Portal Building 

 

Mechanical Equipment Room  

The staircase and railing up to the mechanical equipment room are in good condition but the 

paint is worn and flaking in some areas.  There is evidence of minor corrosion and pitting in 

some of the areas where the paint has flaked off. There are fallen rocks which have collected on 

the stairs creating a tripping hazard (see Photos 4.9-13 and 4.9-14).  
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Photo 4.9-13: Portal Building – Stairs to Mechanical Equipment Room 

 

 
Photo 4.9-14: Portal Building – Accumulated Debris on Stairs 
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Photo 4.9-15: Close up of Top of Exposed Cliff 

 

 

Photo 4.9-16: Arrow Shows Location of Photo 4.9-15 
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The steel cladding, steel support frame, and concrete floor are all in good condition (see Photo 

4.9-17).  The concrete floor has only some minor hairline cracks. Some minor surface wear of 

the paint and very minor localized corrosion of the steel support frame was noted.   

 

 
Photo 4.9-17: Portal Building – Mechanical Equipment Room 

Recommendations 

 Sandblast and re-paint the corroded areas of the portal building steel support frame and 

cladding within the next 10 years to prevent any significant corrosion to occur that could 

compromise the structural integrity of the portal structure.  Repair/patching of the steel 

ceiling at the location where the steel has corroded and steel has been lost should also be 

carried out at the same time as the sandblasting and re-painting repair if not before.   The 

estimated cost to complete this work is $25k. 

 Seal the expansion joints of the concrete foundation plinth within the next year at an 

estimated cost of $2k. 

 As a regular maintenance item clear debris that accumulates on the staircase to eliminate 

this tripping hazard. 

 Sandblast and re-paint the staircase and railing up to the mechanical equipment room within 

the next 5 years.  The estimated cost to complete this work is $17k.  

 Carry out an investigation to determine where the rock that is accumulating between the 

portal structure and the gabion wall is falling from and then assess and implement means to 
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prevent the rock from falling in the future. The cost of the study is estimated to be $10k and 

it should be carried out in 2013. 

 Until a means has been implemented to prevent the rock from falling, a maintenance 

program should be implemented to remove the fallen rock between the portal structure and 

the gabion wall on an on-going basis.  Provide an annual allowance of $4k for this work.   

 Provide an allowance of $25k to sandblast and re-paint the steel structural frame in the 

mechanical equipment room in approximately 15 years. 

 Provide an allowance of $20k to surface prepare and repaint the exterior of the portal 

structure in approximately 15 years. 

 

4.10 POWERHOUSE ACCESS TUNNEL FEEDERS 

Description 
There are two types of feeders installed in the access tunnel at Wreck Cove.  There are 

600 V and 25 kV station service feeders installed in cable tray which feed power to the 

station service. There are also two sets of 144 kV high voltage oil insulated cables, which 

are installed under concrete covers and buried in sand, and which transport the power 

from the transformers out to the switchyard (see Photo 4.9-16). 

 

 
Photo 4.9-16: Tunnel Feeder Arrangements 
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The 600 V station service feeder consists of 2-3/C 500 MCM cables installed in cable 

trays which run at high level on the west side of the access tunnel.  This main service 

feeder is fed from the service switchboard in the Diesel Generator Building, and extends 

to connect to the auxiliary service switchboard on Powerhouse El.14 ft 6 in floor.   

 

The 25 kV feeder, which consists of a 3/C #3/0 AWG cable is installed in another level of 

the same group of trays as the 600 V feeder.  This feeder connects to Transformer AT-1 

which then also feeds the auxiliary service switchboard on Powerhouse El.14 ft 6 in floor. 

The transformer is mounted adjacent to this switchgear. 

 

The two 144 kV feeders are installed in two trenches on opposite sides of the access 

tunnel.  The feeders are paper insulated and jacketed cables.  The oil filled power cables 

are managed by the distribution business part of Nova Scotia Power.   

 

There is one additional Teck 90 cable which is no longer in use.  This cable was installed 

while there was some temporary work being done in the tunnel, because there was 

concern that a vehicle accident may impact the main station service cables. 

 

The 144 kV feeders are not part of the responsibility of the local Wreck Cove generation 

maintenance group, and they were not included as part of the scope of this condition 

assessment.  Nova Scotia Power has contacted the original equipment manufacturer, which has 

recommended inspection and testing, which will cost $80k. 
 
Assessment 
The existing station service cables were visually inspected and interviews with staff were 

undertaken to review their history. 

 

There are no apparent issues with the cables themselves.  Having all cables installed in cable 

trays protects the cables well from minor incidental damage and as such they are in good 

condition. Unfortunately, having all cables in one exposed location on a common set of cable 

trays allows for the possibility of one major event such as a vehicle collision with the cable trays 

causing significant damage and cutting all feeders at once. This risk was clearly registered 

previously when a temporary cable was installed for some work in the tunnel.   
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A separately protected path should be established from the main portal entrance, down the 

access tunnel to the powerhouse. While the risk of a significant issue is increased when 

construction is underway or when large equipment is transported down the access tunnel, any 

vehicle traffic down the access tunnel could pose a risk, such as a collision with the feeders. 

Protection against vehicle fire should be considered, but the risk may not be reduced unless the 

feeders are buried in a medium such as sand.   

 

The cables which are installed, if not damaged, would have an additional 20-30 years of life, but 

should begin to be tested on a regular basis. 

 
Recommendations 

 A plan should be developed for one of the main station service feeders to be installed in an 

alternate configuration.  This work should be performed before any large equipment is 

transported down the access tunnel to the powerhouse.  The high voltage 25 kV cable has 

the smallest profile and could be more easily protected from vehicle impact on the opposite 

side of the tunnel in a location similar to that of the temporary cable. The estimated cost for 

this work, assuming use of Jersey barriers, is $450k and it should be carried out within 5 

years. In comparison, the cost of constructing a new cable tunnel, which would relocate the 

feeders completely away from vehicle traffic, is estimated at $6.05M. 
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5 MECHANICAL CONDITION ASSESSMENT 

 
GENERAL 

 
The following components were included in the mechanical condition assessment:  

 Tunnel T2 Intake Equipment 

 Tunnel T2 Adit Drain Valve & Piping 

 Turbine Shutoff Valves 

 Turbines 

 Turbine Regulating Equipment 

 Generator Mechanical 

 Tailrace Equipment 

 Ancillary Equipment 

 Heating, Ventilation & Air Conditioning 

 Compressed Air Systems 

 Fire Protection and Detection System 

 Sump Systems (Drainage And Dewatering) 

 Domestic Water & Sewage System 

 Surge Lake Drain Valves 

 
A general description, condition assessment, and recommendations follow for each of the above 

components. 

 
 

5.1 TUNNEL T-2 INTAKE EQUIPMENT 
 
Mechanical 
 
Description 
The intake for Tunnel T-2 is provided with a single vertical lift gate 4725 mm high x 4623 mm 

wide (15 ft 6 in x 15 ft 2 in), equipped with 4 rollers per side and a dedicated electric motor 

driven wire rope hoist, of kN (41,000 lb) capacity. 

 

The hoist is located in an elevated metal clad enclosure supported by a steel superstructure. 
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Photo 5.1-1: Tunnel T2 Intake Gate Hoist 

 

Heating systems for the gate body and gains were provided in the original design. The gate is 

filled with concrete ballast to achieve a 15,900 kg (35,000 lb) weight. 

 
T-2 intake gate is the first means upstream of the turbine shutoff valves where water flow to the 

powerhouse can be easily interrupted. As such it is an essential device both as an emergency 

gate and for isolation when inspection or maintenance of T-2 Tunnel, the penstocks or the 

turbine shut off valves is needed. 

 

Assessment 
Inspection of the hoist included visual inspection and discussion with plant maintenance staff. 

The gate was not operated at the time of the inspection. Inspection of the gate was visual 

mainly from the intake structure concrete deck and from the adjacent shore, while visual hoist 

inspection was performed from the deck of the metal clad enclosure. 

 

The intake gate was used in 2009 and at that time there was no problem in closing the gate and 

it sealed well. No periodic testing program, such as lowering the gate under control of the fan 

brake is performed. 

 

A recent incident of the gate freezing to the gains has been addressed with the installation of a 

new bubbler system. 
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The gate body and gain heating systems have deteriorated and are no longer functioning. 

 

The top cover of the gate, which appears to shield an extensive gate body heating array, is 

surficially corroded over much of its surface. The gasket is cracking and coming out of its joint, 

and several of the fastening bolts are missing. 

 

 
Photo 5.1-2: T-2 Intake Gate – East Side 
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Photo 5.1-3: T-2 Intake Gate – Top Cover and Gasket 

At the time of the inspection, the gate could not be operated (except possibly for manual 

dropping under fan brake control) as the hoist control systems had failed. 

 

The lintel seal on the gate was in good condition, with little abrasive wear evident. 

 

 
Photo 5.1-4: T-2 Intake Gate – Lintel Seal 
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Photo 5.1-5: T-2 Intake Gate – Seal Corner 

 

Other gate components were not accessible and could not be assessed. This includes structural 

members, skin plate, main rollers, side rollers, bumpers, side and bottom seals. 

 

As the hoist includes a fan brake, it is assumed the gate can be lowered without external power. 

However, it is not known if the gate will close completely under full flow conditions or how well it 

seals, as no periodic testing is conducted. 

 

The solenoid activated brake drum is rusted, indicating infrequent use and excess humidity in 

the hoist house. 
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Photo 5.1-6: Tunnel T2 Intake Gate Solenoid Brake 

 

The fan brake inlet is screened and clear of any material that could reduce its braking effect and 

the rotor blades were intact and not bent. The wire ropes are positively clipped to the drum. No 

significant signs of lubricant leakage due to failed bearing seals were evident. 

 

 
Photo 5.1-7: Tunnel T2 Intake Gate Air Brake Fan Rotor and Inlet Screen 

 

The visible part of the wire rope on the drum appeared to be in good condition, with no observed 

frayed wires and adequate lubrication. The wire rope was well secured to the drum and the hoist 

was firmly attached to its mounting frame. 
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Photo 5.1-8: Tunnel T2 Intake Gate Hoist Drum and Bearing 

 

Since the intake gate is the only ready means of isolation of Tunnel T-2, Surge Lake and the 

penstocks, its effective operation is imperative. Therefore, further assessment, with inspection 

and testing is required to confirm the gate’s effectiveness. 
 
Recommendations 

 Conduct a thorough assessment of gate condition by removing the top covers, and 

progressively raising and stopping the gate to allow for checking of the main and guide 

rollers for seizing/free rotation. At the same time check the condition of the skin plate and 

welds, visible structural members, side and bottom seals and seal clamping plates and 

fasteners, and the integrity of side roller assemblies and bumpers. If possible to access, 

also inspect the condition of the roller and seal path surfaces. From this inspection establish 

the scope and timing of a gate refurbishment. The cost of the assessment is estimated at 

$15k and it should be completed by 2013. 

 Carry out a detailed inspection of the hoist, pulley block, holding brake, and wire rope and 

replace all lubricants. Depending on the findings, an overhaul may be required, not based 

on high usage, but because of long periods of inactivity may have resulted in corrosion of 

items such as anti-friction bearings. Cost of inspection is estimated at $5k, and this should 

be completed in 2013, before the first gate test. 

 Following a review of available documentation, and discussions with original engineers and 

gate supplier if possible, establish and execute a periodic gate testing procedure. Ideally, 
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this should involve closure under flow conditions, unless reasons are found to avoid such a 

test. Investigation cost is estimated at $12k and timing would be by 2014. 

 Plan for a gate refurbishment in 2015 to include recoating of the gate body, replacement of 

roller bushings and hoist bearings replacement. The exact scope will be determined by the 

above inspections and test. Cost is estimated to be $150k. 

 

 
Photo 5.1-9: T-2 Intake Gate – Pulley Block Cover 
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Photo 5.1-10: T-2 Intake Gate – New Enclosure for Bubbler System Compressor 

 

 
Photo 5.1-11: T-2 Intake Gate – Side Guides (Red Hose is Bubbler Air Supply) 
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Electrical 
 
Description 
There are a number of small electrical systems at the Tunnel T-2 Intake hoist house.  These 

systems include: 

 Power distribution 

 Grounding 

 Gain Heating 

 Bubbler / Level System 

 Hoisting system 

 Local lighting 

 

Electrically, the Tunnel T-2 intake is serviced overhead from a three phase pole mounted 

transformer bank.  The distribution system for the T-2 intake is at 600 V.  A 5 kVA dry-type 

transformer provides power to the 120 V convenience receptacles and lighting. 

 

 
Photo 5.1-12: Pole Mounted Transformers, Hoist House Connection and 5 kVA Transformer 

 

Located within the hoist house there is a 600 V distribution panel, a 120 V distribution panel, a 

control panel for the 2.3 kW (3 hp) gate hoist motor, controls and a communication uplink to 

provide water level indication to the control building, T12 style fluorescent lights, an electric 

industrial style force flow heater, and convenience receptacles. 

 

On the exterior of the building there are incandescent light fixtures, and the intake gate gains 

were provided with gain heaters. 
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Assessment 
The 600 V equipment and the hoist controls have a number of abandoned conduits and there 

are items which have been tagged as not functional.  Further, the access around the 600 V 

equipment makes it difficult to work on the equipment safely.  When the 600 V and control 

equipment is replaced, re-arrangement of panels can provide for improved accessibility.  

 

 
Photo 5.1-13: Cut and Removed Copper Grounding and MI Heating cable. 
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Various materials stored in the hoist building could be stored on shelving to improve the 

situation. See Photo 5.1-1 for equipment and panel layout and spare material storage 

conditions. 

 

There appear to be a number of systems which have been damaged over the years which have 

not been repaired or replaced. A number of the exposed systems have been significantly 

vandalized.  The following items have been totally broken by vandalism or removed during theft: 

 All grounding conductors for the system have been cut off and removed up to within 3 m (10 

ft) of grade 

 All Mineral Insulated (MI) style gain heaters have been cut / damaged and partially removed 

 The roll up conductor system which fed the gate body heating appears to be disconnected. 

 

The expanded fencing may provide protection against future vandalism attempts, but if still 

found to be inadequate, enhanced security measures such as video surveillance may be 

required. 

 

The exterior lighting system was not functional at the time of the inspection.  The interior lighting 

had one fixture which was not functional and another that had either lamps or ballasts failing. 

 

The communications systems and the bubbler system for water level monitoring are not in 

properly enclosed cabinetry. 

 

 
Photo 5.1-14: Exposed Mounting of Batteries, Controls and Bubbler System  

 

The hoist controls for the T-2 intake gate are enclosed in one electrical enclosure.  The 

enclosure is tagged on the lower pushbutton “Do not operate.” It is not clear how functional the 
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controls are at the time of the inspection.  The electrical controls allow for remote or local 

operation; however, the controls have been left on local operation and the tag on the lower 

operation indicates there may be some issues needing attention. 

 

The hoist drive equipment appears to be functional and was successfully operated in 2009. 

However, given the condition of the T-2 intake electrical equipment as a whole, it is not 

anticipated that long-term reliability can be expected. 

 

As this gate is the only protection in place to address a breach of the Surge Lake dyke or the 

penstock or the failure of one of the turbine shutoff valves, the operation, condition and remote 

control capability of this gate should be considered to be critical since considerable time is 

required for an operator to reach the headworks and initiate the gate drop. 

 

The T-2 tunnel intake electrical equipment is generally in a state of disrepair.  Given the 

condition of the equipment and the difficulty in working on equipment within the hoist house, it is 

recommended that the electrical components of the complete T-2 intake structure be replaced. 

 

All equipment which has been damaged or removed should be assessed to determine its 

necessity.  The following systems may need to be replaced or reinstated: 

 Grounding 

 Gain heating (unless the recently installed bubbler system proves to be successful) 

 Power to the gate body 

 Exterior lighting 

 Hoist controls 

 Trip activation controls 
 

Recommendations 

 It is anticipated that the following work will be done as a package. 

o All electrical and control equipment should be replaced. 

o Given the remoteness of the location and the presence of vandalism, it is recommended 

that Nova Scotia Power replace all electrical systems with more vandal resistant 

equipment. All abandoned or obsolete equipment at the site should be removed and all 

new equipment should be designed to be contained in a limited number of panels which 

can be installed in a way to improve serviceability. 
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o It is recommended that all lighting be replaced or returned to a working condition. 

o It is recommended that all electrical equipment be installed in enclosures. 

o Provide storage shelving in the hoist house to store replacement parts, lubricant, wipers 

and similar materials. 

o Provide for remote gate closure, to be used in the event of an emergency.  

Estimated cost is $140k (does not include gate body or guide heating) and the work 

should be carried out within 2013. 

 

5.2 TUNNEL T-2 ADIT DRAIN VALVE AND ASSOCIATED PIPING 
 

Description 
Draining of Tunnel T-2 was provided for in the original design of Wreck Cove through provision 

of a drain connection pipe through the concrete plug where Tunnel T-2 Adit joins Tunnel T-2. In 

the Adit, a drain valve and piping were installed to carry the drainage water to the open end of 

the Adit. From this point, the drainage would run on the surface and eventually enter into Wreck 

Cove Brook. 

 

According to retired plant staff, there are two valves in series (drawing H-085S1-1-628-09-001 

shows only one) and the drain pipe is exposed in some sections and not entirely covered in 

sand. 

 

Assessment 
In the 1980’s, a mining contractor was engaged to enter the T-2 Adit and re-inforce the rock in 

areas where rockfalls had previously been experienced. The contractor reported that the rock 

conditions in the Adit had deteriorated significantly and the Adit was no longer safe to work in. 

Consequently, Nova Scotia Power closed the T-2 Adit entrance with a chain link enclosure and 

has not allowed workers or contractors to enter the Adit since then.  

 

These actions have rendered the drain valve inaccessible and effectively made the drainage 

system unusable. Further, the condition of the 35 year old drain valve(s), which have not been 

operated in 20 years, and the pressurized piping on the Tunnel T-2 side of the valve(s) is 

unknown. There is a risk, of unknown degree which is increasing with time, that a pipe failure 

could release an uncontrolled water jet driven by a pressure head of 47.9 m (157 ft) into the 

Adit. This pipe failure leakage would be very difficult to stop, would entail a full plant outage and 
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access to the interior of Tunnel T-2 to carry out. 

 

An assessment of the condition and functionality of the valve(s) and piping cannot be carried out 

until T-2 Adit is made safe or an alternate route of accessing the valve(s) and piping is provided, 

such as a vertical shaft. Ultimately it can be assumed because of corrosion potential, that the 

existing pipe penetration will need to be sealed and if T-2 Tunnel drainage through the T-2 Adit 

is selected as the best dewatering alternative, a new penetration and valves will be required.  If 

another alternative for dewatering is selected, the pipe penetration will still need to be sealed.  

 
Recommendations 

 Carry out an inspection on the condition of the valve and piping, using an unmanned 

remotely operated tracked vehicle.  Co-ordinate this work with a geotechnical inspection 

and assessment of alternatives for the T-2 Adit (see report Section 4.2 Tunnel T-2 Adit for 

further details).  While it will not be possible to test operate the valve(s), the inspection will 

provide information on the exterior surface condition of the pressurized piping, which will 

indicate the urgency of sealing the penetration.  As well, the inspection will provide 

information on the condition of any exposed piping downstream of the valve(s), to develop a 

better estimate of the cost of restoring the Adit as a tunnel drainage solution. 

 Whichever alternative is selected for Tunnel T-2 dewatering, the existing piping penetration 

will need to be sealed and if the T-2 Adit is the preferred solution, a new piping penetration 

and new valves will be needed. Funding to seal the existing piping is included in the 

recommendation for a Tunnel T-2 dewatering solution in the Civil section of the report (see 

report Section 4.2 Tunnel T-2 Adit for further details). 

 

5.3 TURBINE SHUTOFF VALVES 
 

Description 
The two spiral case inlet 1828 mm (72 in) spherical turbine shutoff valves are used to isolate the 

unit spiral cases from the station’s single penstock at a point downstream of the bifurcation. 

They close as part of the unit shut down sequence.  

 

The valves are designed for a maximum head of 366 m (1200 ft). The maximum design leakage 

when closed is 9.1 L/min (2 Igpm). The original design closing time using penstock water 

pressure was 90 seconds. According to the station operating manual, the valves are designed 
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to close under full head with the wicket gates fully open (see Valve Manual page 3:12). 

According to the original bid specification, the valves shall be able to close against a maximum 

flow of 35.8 m3/s (1265 ft3/s). There is approximately 907 t (2 million lb) of force on a closed 

valve due to hydrostatic load.  

 

The valves were originally operated using water pressure from the penstock. Early in the station 

life, this system became unreliable as dirt in the water clogged the control valve orifices. About 

20 years ago the water pressure based operating system was replaced with a hydraulic oil 

system. The two 11 kW (15 hp) pumping systems supply oil at 2413 kPa (350 psi) to the valves’ 

hydraulic operating cylinders. Unit 1 valve has the original operating cylinder, whereas Unit 2 

has a new cylinder installed a few years ago, and the original cylinder is still available. The two 

hydraulic systems are independent, have no provision for cross connection, and do not have 

sufficient accumulator tank storage capacity to close a valve in an emergency without AC 

power. 

 

Hydraulic pressure is required to operate the valves in both the closing and opening directions, 

and there is no closing counterweight provided.  A locking system is provided on the operating 

lever. 

 

 
Photo 5.3-1:  Hydraulic Pressure Unit for Turbine Shutoff Valve (one of two) 
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The turbine shutoff valve seal operation is unchanged from the original arrangement. Water at 

penstock pressure is used to operate the upstream and downstream valve seals. The 

downstream seal closes at each shutdown. The upstream seal is used only when maintenance 

is done on the valve or on the turbine generator. The downstream seals of Unit 1 valve were 

replaced during the November 2012 outage. 

 

The shut off valve bypass line is 203 mm (8 inch) Schedule 80 pipe having a nominal wall 

thickness of 12.7 mm (0.50 in). The downstream end has a motorized ball valve and the 

upstream end has a manually operated gate valve. The downstream valve is used for normal 

unit shutdowns and the upstream valve is used for longer unit isolations. According to station 

staff, the downstream valves’ motors and gear boxes were replaced a few years ago as the 

original drives had insufficient torque. The upstream manual valves are very difficult to close 

completely. A bar has to be inserted in the hand wheel spokes to provide the necessary extra 

leverage. 

 

  
Photo 5.3-2: Unit 1 Bypass Line  
Downstream Motorized Valve 

Photo 5.3-3: Unit 1 Bypass Line  
Upstream Manual Valve 

 

In 1997, the bypass piping wall thickness of both valves was measured ultrasonically. The 

readings varied from 13.59 to 11.36 mm (0.535 to 0.447 in) for Unit 1 valve bypass line and 

13.82 to 11.74 mm (0.544 to 0.462 in) for the Unit 2 valve bypass line. The thicknesses were 

again measured during this inspection. The readings varied from 15.24 to 11.93 mm (0.600 to 

0.470 in) for Unit 1 and 15.24 to 12.19 mm (0.600 to 0.480 in) for Unit 2. The readings greater 

than 12.7 mm (0.50 in) are not unusual as Schedule 80 elbows often are made from Schedule 
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100 material with the ends turned down. The Schedule 80 pipe has a maximum allowable 

working pressure of 12400 kPa (1800 psi). The maximum design head during a load rejection is 

4140 kPa (600 psi).  Note that the actual pressure limit will be governed by the flanged 

connections and will be much lower. 

 

In 2008, the nozzle downstream of the motorized bypass valve of Unit 2 was found to have 

cavitation pitting over an internal area of 33 cm x 30 cm, with a maximum depth of one half the 

25 mm wall thickness. The nozzle is part of the spherical valve downstream extension piece of 

the spherical turbine shut off valve. The downstream extension piece was removed, and the 

nozzle was repaired and provided with a cavitation resistant 308 stainless steel internal surface. 

(See Alstom report 001, April 2008 and drawing H-085S1-4-414-00-003.)  Unit 1 was 

subsequently inspected and was repaired by the Hydro Maintenance Shop personnel. 

 

In 2009 the cast iron trunnion glands and gland liners of both valves were replaced. A five 

month station outage was required; Surge Lake and the penstock had to be drained for this 

work, as the valve position safety locking system is disabled when the operating lever is 

removed. The downstream seals of Unit 1 valve have also been replaced.  Although not known 

for certain, the upstream seal O-rings may be original from 1978. 

 

Station maintenance staff advised that some years ago a small leak at one of the valve main 

seals initiated severe penstock pressure oscillations. After this incident, penstock pressure and 

valve motion switches were installed to detect this type of event. If a pressure oscillation occurs, 

an alarm sounds and the bypass motorized valve and the downstream seal opens.  

 

According to station maintenance staff, the air relief valves were recently replaced because of 

lack of spare parts for the original ones.  

 

Also, maintenance staff advised that during a recent hot summer the water filter on the Unit 1 

penstock water line to the valve seal became plugged with algae growth, and the valve seals 

could not be applied. This event is said to have happened only once.  
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Assessment – Unit 2 Valve 
Unit 2 valve was the first of the two valves to be inspected and is the first to be discussed. Most 

of the Unit 2 comments also apply to Unit 1 valve. Specific issues for Unit 1 valve are given 

separately. 

 
The valve was closed during the inspection and because of the maintenance work on Unit 2 it 

could not be operated. From inside the spiral case the downstream end of the valve could be 

observed. No reports of valve maintenance and repair work were found, so the valve history 

was gathered in discussions with the station staff. The valve operating data was taken from the 

original bid specification, the manufacturer’s manual and the station operating manual.  

 

The Unit 2 turbine shutoff valve appears to be in good condition. It operates well and no recent 

maintenance issues have occurred. When viewed from the spiral case, with the upstream seal 

sealing off the penstock, only very minor leakage was observed inside the spiral case at the 

downstream flange of Unit 2 valve.  

 

The bypass line motorized valve and the new air release valve appear to be in good condition. 

The bypass line manual valve is very difficult to close completely. This is an issue for safety and 

for unit isolation. If the station lost electrical power, the manual valve would have to be closed to 

stop unit rotation. 

 

The 1997 valve bypass piping wall thickness measurements given above showed a maximum 

wall loss of about 10%. Considering the limited number of test points in each inspection, the 

bypass piping lowest wall thickness readings taken during the 2012 inspection indicate no 

change from the 1997 readings. 

 

 According to the station staff the hydraulic operating system for the valve is in good condition. It 

has one small accumulator that could not supply sufficient oil for valve closure. No regular oil 

analysis is done. 
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Photo 5.3-4: Closed Unit 2 Turbine Shutoff Valve  

Slight leakage is wetting the spiral case walls (arrow). 
 

Assessment - Unit 1 Valve 
Unit 1 valve is in approximately the same good condition as Unit 2 valve. Specific items for this 

valve are as follows. 

 

The difficulty in closing the bypass line manual valve also applies to Unit 1.  

 

Considering the limited number of test points in each inspection, the bypass piping lowest wall 

thickness readings taken during the 2012 inspection indicate no change from the 1997 readings. 

 

The hydraulically powered valve operating system is working well, although Unit 1 operating 

cylinder has some minor leakage at the cylinder rod seal.  

 

The sliding flange of the downstream water seal has very slight leakage, probably due to a 

combination of O ring seal wear and slight corrosion of the metal sealing surfaces for the O ring. 

 

An inspection of the valve from inside the Unit 1 scroll case showed only minor leakage similar 

to that of Unit 2. 

 
Assessment – Both Valves 
Given the cavitation pitting experienced on the nozzle downstream of the Unit 2 motorized 

bypass valve, this area will need periodic inspection to ensure that pitting has not resumed. 
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If a hydraulic hose to the servomotor fails, the valve may move very quickly open or closed. The 

hydraulic oil schematic drawing indicates flow controlling orifices are in the lines at the cylinders. 

Their presence and the orifice sizes should be confirmed. 

 

If station electrical service and the manually operated diesel back up are unavailable the valves 

cannot be operated. A closing system not requiring AC electric power should be installed. This 

system would include additional oil accumulator tanks, and DC control valves, both to close the 

turbine shutoff valve and also to provide water pressure for seal operation. 

 

 
Photo 5.3-5: Unit 1 Valve Sliding Flange 

Slight leakage is dripping from the bottom (arrow). 
 
 

Unless dictated otherwise by the engineering review of safety codes and industry practices (see 

next paragraph), no major work on the valves is expected over the next thirty years except for 

possible replacement of the main seals of each valve.  

 
While the turbine shutoff valves are in good condition, operating and safety standards have 

evolved since Wreck Cove was commissioned, particularly with respect to the adequacy of a 

single isolation barrier to protect workers. Therefore, the valve design and operation requires an 

engineering review. Some issues to be considered are listed below. 
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 When a turbine is dewatered the valve’s upstream isolation seal is the only water barrier. It 

is not physically locked in place but is held by water pressure. If the other unit had a load 

rejection, the penstock pressure fluctuations may affect the water tightness of the seal. 

 If one of the three O rings on the upstream seal were to fail, while the scroll case door is 

open or the downstream extension piece is removed, the powerhouse would quickly flood.  

These O rings are likely original (1978) and cannot be replaced without draining Surge Lake. 

 Is the present closing speed appropriate for emergency protection service? 

 Should the seals operation be converted to oil pressure rather than penstock water 

pressure? 

 The acceptable present day safety practice and procedures for personnel working behind 

such a valve, as a single barrier isolation. 

 The acceptable practices and procedures used within other hydro and thermal plants in 

Nova Scotia Power and in other utilities with hydro stations.  An informal survey of five hydro 

stations by Nova Scotia Power indicates locking devices on the operating arm are typically 

provided and lockable upstream seals are often used. 

 

Recommendations 

 Perform an analysis of the oil in the hydraulic operating system every two years. 

 Repair or replace the upstream manual valves in the bypass lines of both units by 2014. 

Replacement cost: $10k for two valves. 

 Annually inspect the nozzles on the downstream side of the motorized bypass valves for 

evidence of cavitation pitting and repair as necessary. 

 Every 5 years, measure the wall thickness of the valves’ bypass piping. This could be done 

during the yearly outage. If the wall thickness decreases to 80% of nominal, replace the 

piping. Inspection cost: $4k for two units every 5 years. 

 In 2013, perform an NDE check of the turbine shut off valve stems using ultrasonic means. 

Review valve drawings and determine if there is any evidence of cracking in the stems. 

Inspection cost is estimated to be $2 k per valve. 

 Confirm if the upstream seal O-rings are original and if found to be so or if indeterminate, 

plan to replace the O-rings within three years. 

 Perform an engineering review by 2014 of the potential safety issues, looking at industry 

current best practices. Cost is estimated to be $25k.                                                                                        
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 Install turbine shutoff valve closing systems which are independent of AC station service 

power in 2013. This could be achieved by modifying the existing hydraulic systems, and the 

cost is estimated at $25k per unit. 

 Confirm the pressure, size, location and security of the orifices in the supply to the turbine 

shut off valve servomotors. This should be done in 2013 and the estimated cost is $2k per 

servomotor. 

 

Turbine Shutoff Valve Spare Parts 
 
Description 
The following parts are available: 

 Two sets of upstream and downstream seals 

 One valve operating cylinder (stored at Nova Scotia Power central shop) 

 

Assessment 
The seals are important spares as they are long delivery items and critical to unit operation. At 

present, they are lying unprotected on top of a crate where there is a chance they could be 

damaged. A nick or dent could seriously affect their sealing capability. 

 

The shut off valve body dimensions in the vicinity of the seals are different for Unit 1 and Unit 2, 

due to machining differences and this requires that the seals be of slightly different dimensions 

to properly fit.  It is likely that this is not reflected in record drawings, but may be noted in recent 

purchase orders.  As well, the O ring sizes and material specifications for the downstream seals 

are different from those shown on record drawings. 
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Photo 5.3-6: Spare Turbine Shutoff Valve Seals on Top of a Crate  

 

Recommendations 

 Store the spare valve seals securely in a purpose made wooden crate 

 Purchase a set of trunnion seals ($1k). This will minimize outage time if they have to be 

replaced.  

 Purchase a spare hydraulic pump and motor ($1.5k). If a pump fails, the generating unit 

cannot be operated.  

 Confirm that drawings and specifications are available for ordering new turbine shutoff valve 

main water seals (upstream and downstream) and new trunnion seals. 

 Amend the record drawings to show the difference in size between the seals of Unit 1 and 

Unit 2, and the correct O ring dimensions and materials. 

 

5.4 TURBINES 
 
Description 
The units were commissioned in 1978, and until recently were used for peaking, with a load 

factor of about 18%. Now the unit operations have changed to tracking the wind turbine load 

and acting as reserve power. The units often operate at low power but not below 45 MW. Below 

this level, station staff report that draft tube noise increases markedly. This is typical for Francis 

turbines which exhibit draft tube hydraulic instability below 50 to 60% power and are not 

generally designed to operate below that level. 
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The cumulative operating hours on each unit from start of operation in 1978 were not available. 

 

A yearly two week maintenance outage is scheduled for each unit although grid supply 

constraints sometimes cancel or shorten the planned outage times.  

 

The Mitsubishi Francis turbines are rated 102,950 kW (138,000 hp) at 355 m (1166 ft) head and 

operate at 450 r/min. The runner band outside diameter is 2640 mm (104 in). Since their 

commissioning in 1978 the turbines have operated very reliably. The original runners are still 

performing well. The normal wicket gate closing time is 13 seconds.  The spherical turbine 

shutoff valve takes three minutes to close and begins closure when the unit has slowed to 375 

r/min. 

 

In 1996, Unit 2 was dismantled to repair the runner band lower seal which was rubbing on the 

discharge ring liner. In 2009 Unit 2 had about 5 shear pin failures. The upper wicket gate 

bushings and the operating ring bearings were replaced which stopped the shear pin 

breakages. 

 

The units do not creep when they are stopped. The turbine shutoff valve closes as part of the 

shut down sequence so there is almost no head of water in the spiral case. If creep is detected, 

the turbine shutoff valve repeats its closure sequence. 

 

In 2011 Unit 1 was out of service to repair the governor. 

 

During the 2012 outages the turbines were dewatered and the spiral case door opened for 

inspection and for maintenance work by the station staff. The draft tube platform also was 

installed.  

 
Assessment 
Unit 2 was the first of the two units to be inspected and reported on so it is the first to be 

discussed. Most of the Unit 2 issues also apply to Unit 1. 

 

The turbine operating data was taken from the Mitsubishi turbine manual [1978] and the station 

operating manual [1978].  
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The turbine history was obtained from the station staff, and job safety analysis forms that had 

been filled out for past maintenance work. 

 

From the information available and the visual inspections, both the turbines appear to be in 

good mechanical condition except for the problem of wicket gates rubbing against the head 

cover, the spots of cavitation pitting through the head cover stainless overlay and cavitation on 

the Unit 1 wicket gates. The turbine runner blades have no significant cavitation damage or 

visible cracks. Considering the turbines have now seen 34 years of service, a major overhaul or 

refurbishment will be needed in the next 5 to 10 years.  

 

At the present time, due to the lack of comprehensive historical inspection and maintenance 

information and trending analysis, complete information needed to fully assess turbine condition 

is not available. The timing for such a major refurbishment would be best determined by 

implementing a more comprehensive periodic inspection and monitoring program, such as has 

been initiated with Acuren Ltd. on oil analysis, and shaft vibration analysis. 

 

Other than externally discernible turbine condition, there are other scenarios, alone or in 

combination, which can determine the optimum time to perform a major overhaul: 

 The condition of some components cannot be fully determined without partial or nearly 

complete disassembly. This would include such items as the head cover, the stay ring seats 

for the head cover and bottom ring and the wicket gate stems and lower bushings. The 

typical time between overhauls varies from 25-40 years (the large variability owing to the 

fact that hydraulic turbine designs are highly site-specific) and Wreck Cove is now in the 

upper middle of this time range. 

 The need to perform major generator work, such as winding replacement, which presents 

the opportunity to carry out a major overhaul on the turbine for little incremental outage cost. 

 Upgrading of the turbine (usually involving a runner replacement) may be planned and this 

requires virtually complete disassembly of the generator and turbine. 

 The units will be experiencing a change in service conditions, with more exposure to such 

mechanisms as fatigue induced cracking on critical components, as the units operate over a 

broad load range and spend less time at or near the optimum design load. This is likely to 

be the case with Wreck Cove units being used more for load following, as the wind turbine 

presence in Nova Scotia increases. In this case, a major overhaul would be prudently 

performed in advance to help avoid unplanned outages. 
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The operation of the Wreck Cove turbines at relatively low loads such as 40 MW, results in 

hydraulic flow instability in the draft tube, which is evidenced by a loud hammering noise and 

vibration, especially noticeable when standing near the draft tube access door.  

 

The vibration of the draft tube liner is induced by the hydraulic conditions and has likely 

contributed to the failure of the tripod air supply pipe and may be loosening the liner within the 

concrete.  The vibration may also be imposing added loading to other turbine parts such as the 

runner blades and the guide bearing. 

 

Francis type hydraulic turbines typically have a rough zone of operation in the low to middle 

power range, within which they are not intended to operate for long periods. When starting and 

loading such turbines, it is usually recommended to pass through the rough zone quickly and to 

limit excursions into this zone.  Operation within this zone is believed to be a contributing factor 

to the failure of the Sayano Shushenskaya turbine in Russia in 2009, and as such, extended 

operation within the rough zone should be carefully considered prior to long term use of the 

Wreck Cove turbines at low loads. As hydraulic turbines are custom engineered for the site 

conditions and for other owner requirements, it is not possible to identify for all turbines a 

general rule for load ranges within which the hydraulic instability and associated vibration is so 

severe as to preclude operation and avoid the accumulation of long term damage. 

 

Although it was not located, there may be in Nova Scotia Power records, a copy of the model 

test report, which would have been conducted in the course of the design of the Mitsubishi 

turbines.  If not available, it might be possible to obtain a copy from Mitsubishi or from SNC 

Lavalin, the successor company of the original engineers for Wreck Cove. 

 

A review of the model test report and a program of vibration testing on the turbines, at various 

loads, would provide essential information to define the rough load range and aid in identifying 

and assessing the potential unintended consequences of operation in the rough load range.  

The final aspect would be to define operating rules to avoid undue exposure to the excessively 

rough zone. 
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Recommendations 

 Consider new runners engineered to potentially provide a capacity increase, higher 

efficiency and a wide range of stable operation. Estimated cost is $5.55M for two runners. 

Installation would be during turbine overhauls. 

 To ensure long term unit reliability a comprehensive monitoring program should be 

established, with the following mechanical elements: 

o Install a shaft vibration analysis system that will give trending data on shaft runout, shaft 

orbit, and changes in the characteristic frequencies of the unit components 

o Record the bearing temperatures and institute a temperature analysis and trending 

system. 

o Continue to carry out yearly inspections but review what is to be inspected, based on the 

new operating conditions. Emphasize the close inspection of components susceptible to 

fatigue cracking, specifically the generator rotor and the turbine runner. Non destructive 

examination by LPI, MPI, and UT methods are recommended for critical areas. 

o Ensure the annual inspection and operation records are documented and available over 

the long term to allow for trending analysis. 

 The following repair work is required to be done within the next 5 years (funds are included 

in the major overhaul recommendation below): 

o Plan to take the turbines out of service for rehabilitation of the wicket gates, to stop the 

top of the wicket gates rubbing on the head cover. 

o During the same outage repair the cavitation on the headcover, discharge ring and 

runner. 

 Carry out major overhauls on each turbine concurrently with generator refurbishment or 

replacement. The estimated cost is $2.5 M per unit in 2017 and 2018. 

 Undertake an engineering study to review model test information and to conduct a vibration 

test program on the Wreck Cove turbines, to establish the extent of the rough load range 

and to assess the risks of extended and periodic operation within such rough load range.  

This work should be undertaken in 2013, with a view to completing the vibration tests and 

the assessment by 2014.  The estimated cost for this engineering study is $150k, including 

the vibration test work for one unit. 
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Turbine Shaft, Bearing and Shaft Seal 
 
Description 
The turbine shaft is 686 mm (27 in) diameter and 2286 mm (90 in) long. The babbitted turbine 

bearing does not have a cooling coil. Instead, the cooling water is pumped through the hollow 

bearing shoes. The shaft seal has three rows of carbon segments and an inflatable 

maintenance seal. 

 

The runouts at the turbine bearings are discussed with the generator shaft turnouts in the 

Generator shaft section of the report. 

 

Assessment – Unit 2 Turbine Shaft 
The turbine shaft appears to be in good condition, based on a limited visual inspection. 

 

Recent plant records of the combined generator and turbine shaft runouts are given below.  

 
Table 5.4-1: Unit 2 Shaft Runout in 2012 (mils peak to peak) 

Power 
MW 

Turbine 
Guide A 

Turbine 
Guide B 

Lower 
Generator 
Guide A 

Lower 
Generator 
Guide B 

Upper 
Generator 
Guide A 

Upper 
Generator 
Guide B 

45 3 3 9 7 9 9 

92 1 1 7 7 10 9 

A and B represent orthogonal axis readings at the bearings 

 

ISO standard 7919-5 (2005) gives shaft runout recommendations for this type and speed of unit. 

It allows up to 240 µm (0.010 in.) peak to peak runout at the optimum design point, usually at 

the best efficiency output. The turbine shaft runout is acceptable but the generator shaft runout 

is at the upper limit.  

 

When the unit is running at 92 MW it is close to the efficiency point where turbine shaft runout 

should be, and is, at a minimum. However as the load increases, the generator shaft runout 

does not change with increasing magnetic force. This indicates the generator shaft runout 

probably is caused by mechanical unbalance. This problem is being investigated separately. 
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The Unit 2 turbine bearing is said to be in good condition. The design radial clearance is 0.33 to 

0.38 mm (0.013 to 0.015 in). According to station staff, the only wipe that occurred was when a 

spare was installed that had too small an inside diameter. The bearing shoe cooling system 

works well. The condition of the bearing oil is not known, but the Acuren oil analysis program 

will cover this bearing. The bearing temperatures range from 35 to 60°C depending on the load. 

The 60°C temperature is somewhat higher than normal. This may be due to slight bearing 

damage or the shaft may be running hard over on one side of the bearing. This latter issue 

could be due to slight shaft misalignment. 

 

The shaft seal consists of three rows of spring loaded carbon segments. It is reported to be in 

good condition. The tailwater level is nominally one foot above the centre line of the distributor 

so the seal acts against only a small differential pressure. 

 

The shaft seal also incorporates an inflatable rubber maintenance seal. These seals are 

intended to be used to block the water flow while the carbon segments are being replaced. 

However, this work is done infrequently and almost always during a unit outage when the 

turbine is dewatered. This type of inflatable seal is always exposed to water and dirt and may 

rub on the shaft. Because of this environment at other utilities they are known to have 

deteriorated and failed during or shortly after inflation. This seal has not been used for many 

years as it is not required for its intended function. 

 
Assessment – Unit 1 Turbine Shaft 
The turbine shaft appears to be in good condition, based on a limited visual inspection. The 

combined generator and turbine shaft runouts are given below. 

 

Table 5.4-2: Unit 1 Shaft Runout in 2012 (mils peak to peak) 
Power 

MW 
Turbine 
Guide A 

Turbine 
Guide B 

Lower 
Generator 
Guide A 

Lower 
Generator 
Guide B 

Upper 
Generator 
Guide A 

Upper 
Generator 
Guide B 

45 5 5 6 4 11 11 

101 2 1 6 5 10 10 

A and B represent orthogonal axis readings at the bearings 

 

ISO standard 7919-5 (2005) gives shaft runout recommendations for this type and speed of unit. 

It allows up to 240 µm (0.010 in.) peak to peak runout at the optimum design point, usually at 
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the best efficiency output. The turbine shaft runout is acceptable but the generator shaft runout 

is slightly over the upper limit. The large difference in runout between the lower and upper 

generator guide bearings suggests the upper generator shaft may not be concentric with the 

lower generator shaft.  

 

When the unit is running at 101 MW, it is close to the efficiency point where turbine shaft runout 

should be, and is, at a minimum level. However as the load increases, the generator shaft 

runout does not change with increasing magnetic force. This indicates the generator shaft 

runout probably is caused by mechanical unbalance. This problem is being investigated for both 

Units 1 and 2.  

 

The Unit 1 turbine bearing is said to be in good condition. The design radial clearance is 0.33 to 

0.38 mm (0.013 to 0.015 in). The bearing shoe cooling system works well. The condition of the 

bearing oil is not known, but the Acuren oil analysis program will cover this bearing. Bearing 

temperatures are similar to Unit 2, ranging from 35 to 59°C. The latter temperature is higher 

than expected. 

 

The carbon segment shaft seal is reported to be in good condition. The tailwater level is 

nominally one foot above the centre line of the distributor, so the seal acts against only a small 

differential pressure. 

 

As with Unit 2, the inflatable seal has not been used for many years as the carbon seal 

replacement procedure does not require its use. 

 
Recommendations 

 Remove the inflatable shaft seals from service. The estimated cost is $6k per unit and as 

this is not a critical item, it has been scheduled for 2015. 

 Every two years filter the turbine bearing oil to remove dirt and especially any water. A filter 

medium that specifically removes water should be used. 

 Using the shaft vibration probe outputs, review the shaft orbits to see if the shaft is over to 

one side of the bearing. This could cause high running temperatures and may be due to 

shaft misalignment. 

 Check the calibration of the Bently Nevada vibration monitors to ensure the read outs are 

valid. This should be done in 2013. 
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 During the next outage (2013), perform an NDE examination of turbine shaft critical areas. 

Estimated cost is $2k per unit. 

 
Turbine Runners 
Description 
The turbines have 19 blade martensitic CA6NM stainless steel runners. The band outside 

diameter is 2640 mm (103.94 in). Because of the high head, both the top and bottom of the 

runner band have sealing surfaces. In the past, damage in this area has caused or extended 

some outages. In 1998 the runner band of Unit 1 was rubbing on the discharge ring liner. A 

CGE report in file [1998] describes building up the runner band and cleaning up the discharge 

ring by in situ machining. The runner seals are simple cylindrical and not a labyrinth type. 

 

Table 5.4-3: Design Runner Seal Radial Clearances 
Location Radial Clearance 

Outer crown 1.5 mm (0.060 in) 

Inner crown 1.27 mm (0.050 in) 

Band top (lower seal) 1.5 mm (0.060 in) 

Band bottom (discharge ring seal) 1.27 mm (0.050) 

Taken from Dwg: H-085S1-9-411-00-002 

 
The minor amounts of cavitation pitting experienced on the runners are weld repaired during the 

normal yearly outages. 309L stainless steel applied with the TIG welding process is used as the 

filler material. The surface is then blended and polished with a flap sander. 

 

Assessment – Unit 2 Runner 
The original stainless steel runner is in very good condition and has required no major repairs.  

Table 5.4-4: Unit 2 Runner: Measured Clearances - September 2012 
Location Upper Seal 

(Outer Crown)
Lower Seal Discharge Ring Seal 

Design clearance 1.5mm (0.060 in) 1.5 mm (0.060 in) 1.27 mm (0.050 in) 

Upstream 0.039 0.056 0.039 

Right 0.048 0.045 0.034 

Downstream 0.044 0.071 0.052 

Left 0.043 0.044 0.038 

All measurements in inches  
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These clearances are acceptable. 

 

The 2012 inspection of Unit 2 runner exhibited very minor cavitation pitting as follows: 

 At the blade trailing edges at the runner crown 

 At the inside of the band at the bottom  

 Some minor cavitation on one blade on the suction side 

 

 
Photo 5.4-1: Unit 2 Cavitation Pitting on the Top of Blade at the Trailing Edge  
(left arrow) and Minor Cavitation at the Vent on the Runner Cone (right arrow) 

 

 
Photo 5.4-2: Unit 2 Cavitation Pitting on Blade Trailing Edge at the Runner Band (arrow)  
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Also, in Photos 5.4-2 and 5.4-3, note the excellent pit free condition of the erection ring. 

 

 
Figure 5.4-3: Unit 2 Cavitation Pitting to be Repaired on the Blade Suction Side  

 

The surface roughness of the cavitated areas was comparable to 220 grit sandpaper. No cracks 

were observed in the visual inspection. The runner could only be inspected from the draft tube 

as the wicket gates were closed while governor maintenance was being done. 

 

It is fortunate that the runner has not cavitated badly as access through the openings between 

the blades and between the wicket gates is very tight. For major repairs the runner would have 

to be removed from the turbine. 

 

Assessment – Unit 1 Runner 
The original stainless steel runner is in good condition, although it has more cavitation pitting 

damage than Unit 2 runner. No cracks were observed. No major repairs have been required.  

 

 

 

 

ACE 2018 CI 49033 Attachment 2 Page 132 of 399

Date Filed:  November 22, 2017          Page 0658 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

  

 

 126  

Table 5.4-5: Unit 1 Runner: Measured runner clearances - November 2012 

Location Upper Seal 
(Outer Crown) 

Lower Seal Discharge Ring 
Seal 

Design clearance 1.5 mm (0.060 in) 1.5 mm (0.060 in) 1.25 mm (0.050 in) 

Upstream 0.038 0.070 NA 

Right 0.032 0.068 NA 

Downstream 0.030 0.065 NA 

Left 0.042 0.065 NA 

All measurements in inches; NA = not available  

 

These clearances are acceptable. 

 

At this inspection the Unit 1 runner exhibits minor cavitation pitting in the following areas: 

 The blade trailing edges at the runner crown 

 Minor cavitation on the runner cone 

 The  blade to band joints at the trailing edges  

 Cavitation patches on the suction side of the blades 

 Some minor cavitation patches on the erection ring 

 

 
Photo 5.4-4: Unit 1 Cavitation Pitting on the Blade Top at the Trailing Edges  

(orange circled grey areas) and Minor Cavitation on the Runner Cone (arrows) 
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Photo 5.4-5: Unit 1 Cavitation Pitting on the Blade Trailing Edges (circled in orange) 

and an Example Patch of Cavitation Pitting on the Erection Ring (arrow) 
 

 
Figure 5.4-6: Unit 1 Cavitation Pitting on the Suction Side of the Blade 

and an Example Patch of Cavitation Pitting on the Erection Ring 
 

The surface roughness of the cavitation affected areas is comparable to 220 grit sandpaper. No 

cracks were observed in the visual inspection.  
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Recommendations 

 Continue to keep the runners in their present good condition, with the periodic repairs to the 

minor cavitation pitting so the damage does not increase.  

 Measure the runner crown and band seal clearances every 2 years starting in 2013. 

 Every two years non-destructively inspect the runner for cracks, particularly at the blade and 

band welds, starting in 2013. The estimated cost is $3k per unit. 

 
Wicket gates and top and bottom sealing surfaces 
 
Description 
The wicket gates are stainless steel and are 325 mm (12.8 in) high. Because of the high head 

their top and bottom clearances are each only 0.25 mm (0.010 in). The gate stems have bronze 

bearings of SAE 660 material. According to station staff the upper bushings were replaced in 

2009 (See the wicket gate linkage section below). 

 

The head cover surface above the wicket gates top ends is an overlay of 304 stainless steel 3 

mm (0.12 in) thick. A similar overlay surface is on the bottom ring. 

 

Assessment – Unit 2 Wicket Gates 
Based on a visual inspection limited by the difficult access, the wicket gates are in reasonable 

condition. On the gates themselves, some slight surface discolouration and old polishing marks 

were noted, but no cavitation or erosion was evident. In fact numbers written on the gates last 

year (2011) with yellow marker are clearly visible. 
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Photo 5.4-7: Unit 2 Wicket Gates Seen through the Stay Vanes 

 

The following damage was observed: 

 Many small indentations downstream of the gate leading edges 

 Small horizontal wear lines on the gate leading edges 

 Patches of cavitation damage on the headcover beside the wicket gate tops. 

 Severe rubbing of the top of the wicket gates on the headcover at the position where the 

gates are nearly closed.  

 

The wicket gates upper seal packing is in good condition as indicated by only a small amount of 

leakage into the turbine pit. As discussed below, the lower gate stem bushing O ring seal is 

probably damaged and leaking. 

 

The wicket gate bushings could not be observed. They are similar to SAE 660 tin bronze, a 

commonly used material for wicket gate bushings. It has a history of successful operation at 

many utilities. The upper bushings were replaced in 2009 which appeared to stop a shear pin 

failure issue. This suggests the clearances may be excessive. The condition of the bottom 

bushings is not known although, as suggested below, they may be damaged. 

 

The leading edges on the inner side of almost all the gates have many small indentations (see 

the photo below). The station staff believes this damage occurred in 2009, after Surge Lake had 

been dewatered and dried out, and that stones on the lake bed became loose and on start-up 
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were carried into the penstocks and through the turbines. The station staff had a typical one 

inch size stone that had been found in the cooling water strainer. 

 

 
Photo 5.4-8: Unit 2 Wicket Gates Showing Indentation Damage on Leading Edges 

 

The wicket gate surfaces on the inner side near the trailing edges are dulled but do not appear 

to be pitted. Theses areas may become pitted in the future. 

 

The gate top and bottom design clearances are 0.254 mm (0.010 in) for a total of 0.51 mm 

(0.020 in) clearance. Measured clearances taken previously at different times give total 

clearances of approximately 0.762 mm (0.030 in). The current readings are given in Table 5.4-4. 

The vertical clearances and total clearances are acceptable although as discussed below, 

severe rubbing is occurring. 

 

The gate side clearances are listed in Table 5.4-5 below. The allowable clearance is unknown 

but for this high head unit it probably is 0.00 mm. Using this criteria, six sets of clearances are 

unacceptable.  
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When the gates were in the closed position no rubbing marks or erosion was seen on the facing 

plates adjacent to at the top and bottom of the gates. However after the inspection, the gates 

were moved to the open position. The following damage could then be seen. 

 

 Patches of cavitation erosion damage on the headcover beside the wicket gate tops. 

 Severe rubbing of the top of the wicket gates on the headcover at the position where the 

gates are nearly closed.  

 

Photos of the damage are shown below. Unit 1 has similar damage. The photos of Unit 1 show 

the damage more clearly. 

 

 
Photo 5.4-9: Unit 2 Cavitation Hole in Stainless Overlay (arrow)  
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Photo 5.4-10: Unit 2 Galling Rub Marks on the Headcover above the Wicket Gates 

 

The cavitation damage on the headcover probably occurs at low wicket gate positions 

when the water flow is disturbed. The damage is being repaired on an ongoing basis by 

welding and grinding. However because of extremely limited access, this machined 

surface can not be returned to original condition, and further cavitation damage will occur. 

 

 
Figure 5.4-1: Location of the Rubbing Wear on the Headcover 

 

The badly worn areas on the underside of the headcover are on the 304 stainless welded 

overlay. These rub marks are curved, and therefore are related to motion of the gate. If they 

were straight they could have been caused by erosion. The wear is almost entirely on the 

circumferential strip of the headcover that is raised above the rest of the surface. The surface 

appears to be typical of galling wear between the two surfaces. On the Unit 1 photos the build 

up of metal typical of galling can be seen. 

Stainless steel overlay on headcover

wicket gate

Raised circumferential strip Location of galling
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For two surfaces to undergo galling they must be pushed against each other while relative 

motion is taking place. This force could be supplied by a build up of head pressure under the 

lower wicket gate stem. If the O ring seal at the lower stem has failed there could be up to 3600 

kg (8000 lb) of force pushing a gate upwards. In addition, the gate thrust washer may be worn 

or not designed to withstand a large upward force. This would explain why the galling can occur 

even though the measured top and bottom gate clearances are within specification. 

 

The damage also may be connected with the gate stem bushing greasing amount and interval. 

The greasing is done manually on a weekly basis. Typically the wicket gate bushings at a high 

head plant might be greased every three hours of running time. Lack of grease may have 

damaged the gate lower stem O ring seal.  
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Table 5.4-6: Unit 2 Wicket Gate Top and Bottom Clearances- September 2012 

A B

C D

E

F

G

 
Gate # Top A Top B Bottom C Bottom D Total A+C Total B+D 

1 0.011 0.010 0.011 0.011 0.022 0.021 

2 0.014 0.017 0.008 0.006 0.022 0.023 

3 0.011 0.011 0.007 0.006 0.018 0.017 

4 0.010 0.012 0.009 0.007 0.019 0.019 

5 0.008 0.009 0.008 0.007 0.016 0.016 

6 0.007 0.007 0.012 0.013 0.019 0.020 

7 0.010 0.009 0.011 0.010 0.021 0.019 

8 0.013 0.012 0.004 0.006 0.017 0.018 

9 0.009 0.006 0.008 0.014 0.017 0.020 

10 0.011 0.009 0.008 0.012 0.019 0.021 

11 0.012 0.009 0.010 0.012 0.022 0.021 

12 0.011 0.013 0.008 0.006 0.019 0.019 

13 0.016 0.015 0.003 0.004 0.019 0.019 

14 0.003 0.002 0.018 0.019 0.021 0.021 

15 0.013 0.011 0.008 0.008 0.021 0.019 

16 0.011 0.011 0.006 0.007 0.017 0.018 

17 0.012 0.011 0.010 0.008 0.022 0.019 

18 0.010 0.009 0.008 0.009 0.018 0.018 

19 0.013 0.012 0.007 0.007 0.020 0.019 

20 0.008 0.008 0.009 0.009 0.017 0.017 

21 0.013 0.010 0.007 0.009 0.020 0.019 

22 0.012 0.008 0.008 0.011 0.020 0.019 

23 0.013 0.011 0.010 0.012 0.023 0.023 

24 0.013 0.011 0.009 0.010 0.022 0.021 

Design clearances: 0.25 mm (0.010 in) at each end. All measurements are in inches. 
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These clearances are considered acceptable, and the uniform heel and toe values indicate 

good head cover and bottom ring alignment. 

 

Table 5.4-7:  Unit 2 Wicket Gate Side Clearances- September 2012 

A B

C D

E

F

G

 

Gate # Top E Middle F Bottom G 

24-1 0.042 0.040 0.040 

1-2 0,003 0 0 

2-3 0.006 0.006 0,008 

3-4 0 0 0 

4-5 0 0 0 

5-6 0 0 0 

6-7 0 0 0 

7-8 0 0 0.002 

8-9 0 0 0 

9-10 0 0 0 

10-11 0 0 0.002 

11-12 0 0 0 

12-13 0.015 0.015 0.015 

13-14 0 0 0 

14-15 0 0 0 

15-16 0 0 0 

16-17 0 0 0 

17-18 0 0 0 

18-19 0 0 0 

19-20 0.005 0.005 0.004 

20-21 0 0 0 

21-22 0.010 0.009 0.008 

22-23 0 0 0 

23-24 0.018 0.018 0.018 

All measurements are in inches. 

These values are considered acceptable. 
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Assessment – Unit 1 Wicket Gates 
The following damage was found on Unit 1 wicket gates. It is very similar to the damage found 

on Unit 2, except that the Unit 1 wicket gates had some minor cavitation pitting, not found on 

Unit 2. Generally, the damage appears to be slightly greater on Unit 1 than on Unit 2. 

 

Damage found: 

 Cavitation on the suction side of the wicket gates 

 A small number of indentations downstream of the gate leading edges 

 Small horizontal wear lines on the gate leading edges 

 Patches of cavitation damage on the headcover beside the wicket gate tops. 

 Severe rubbing of the top of the wicket gates on the headcover at the position where the 

gates are nearly closed.  

 Patches of cavitation damage on the discharge ring beside the wicket gate bottoms 

 

 
Photo 5.4-11: Unit 1 Wicket Gates: Cavitation Pitting on the Suction Side 
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Photo 5.4-12: Unit 1 Underside of Headcover Showing  

 Galling Wear Caused by the Wicket Gates 
 

In the photo above observe the gate leading edge erosive wear lines (lower arrow), the 

deformed metal indicative of galling (middle arrow), and the patch of cavitation pitting (upper 

arrow), directly downstream of the water flow when the gates are open about 10%.   

 

 
Photo 5.4-13: Unit 1: Patch of Cavitation Pitting on Bottom Ring Beside Wicket Gates 
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Photo 5.4-14: Unit 1 Wicket Gate Suction Side  

Note horizontal wear lines on leading edge and cavitation pitting  
near trailing edge.  

 

The cavitation pitting on the suction side of the wicket gates is about 1.6 mm (1/16 in) deep. 

Most of the gates are cavitated in a similar manner. It would be interesting to see any photos of 

this area taken before the mode of operation changed. The present partial gate operation may 

be increasing the rate of cavitation pitting.  

 

The wear lines on the gate leading edges probably are “wire drawing” caused by leakage when 

the scroll case is at head pressure and the gates are closed. This could occur while the turbine 

shutoff valve is open during shutdown and start up 

 

As with Unit 2, the cavitation pitting damage on the headcover probably occurs at low wicket 

gate positions when the water flow is disturbed. The damage is being repaired on an ongoing 

basis by welding and grinding. However because of the extremely limited access, this machined 

surface will not be returned to its original condition. Further cavitation pitting damage will occur. 

 

The rubbing of the wicket gates on the headcover is similar to that of Unit 2. It probably also is 

caused by a build up of head pressure under the wicket gates’ lower stems because the O ring 

seal has failed. The deformed metal in the rubbing area, characteristic of galling, can be seen in 
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the above photograph. Like unit 2, the top and bottom clearance readings have been normal. 

Gate clearance measurements on Unit 1 in 2011 give total clearances between about 0.64 and 

0.76 mm (0.025 and 0.030 in). The readings taken during this outage are given in Tables 5.4-8 

and 5.4-9.  

 

The patches of cavitation on the discharge ring are relatively minor. They probably are caused 

by extended part load operation. 

 

The wicket gate bushings are said to be in good condition although on Unit 1 they are the 

original bushings. As previously discussed in Unit 2 comments, the lower stem bushing O ring 

probably is damaged and leaking so the bushing itself may be damaged. 

 

The wicket gates upper seal packing is in good condition as station staff reported only a small 

amount of leakage into the turbine pit.  

 

As discussed with Unit 2, the damage also may be connected with the gate stem bushing 

greasing amount and interval. Lack of grease may have damaged the gate lower stem O ring 

seal.  

 

The wicket gate bushings are greased on a weekly basis. This may be insufficient. For a high 

head station, a major utility standard recommends a 3 hour operating time greasing interval. 
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Table 5.4-8: Unit 1: Wicket Gate Top and Bottom Clearances – November 2012 

A B

C D

E

F

G

 

Gate # Top A Top B Bottom C Bottom D Total A+C Total B+D 

1 0.018 0.018 0.009 0.010 0.027 0.028 

2 0.016 0.019 0.014 0.014 0.030 0.032 

3 0.023 0.020 0.007 0.006 0.030 0.026 

4 0.012 0.012 0.010 0.011 0.022 0.023 

5 0.022 0.015 0.007 0.007 0.029 0.022 

6 0.023 0.021 0.004 0.004 0.027 0.025 

7 0.009 0.008 0.011 0.015 0.020 0.024 

8 0.012 0.012 0.005 0.009 0.017 0.021 

9 0.019 0.019 0.006 0.007 0.025 0.026 

10 0.016 0.016 0.006 0.009 0.022 0.025 

11 0.019 0.017 0.006 0.006 0.025 0.024 

12 0.019 0.017 0.006 0.008 0.025 0.025 

13 0.014 0.013 0.010 0.010 0.024 0.023 

14 0.013 0.011 0.017 0.017 0.030 0.027 

15 0.017 0.016 0.011 0.011 0.028 0.026 

16 0.015 0.016 0.004 0.004 0.019 0.020 

17 0.018 0.015 0.010 0.015 0.028 0.030 

18 0.016 0.015 0.004 0.004 0.020 0.019 

19 0.023 0.017 0.004 0.004 0.027 0.021 

20 0.017 0.015 0.004 0.004 0.021 0.019 

21 0.026 0.023 0.004 0.005 0.030 0.028 

22 0.025 0.023 0.003 0.004 0.028 0.027 

23 0.022 0.018 0.010 0.010 0.032 0.028 

24 0.018 0.014 0.009 0.010 0.027 0.024 
Design clearances: 0.25 mm (0.010 in) at each end. All measurements are in inches.
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Table 5.4-9:  Unit 1 Wicket Gate Side Clearances – November 2012 

A B

C D

E

F

G

 

Gate # Top E Middle F Bottom G 

24-1 0.000 NA 000.0 

1-2 0.000 NA 000.0 

2-3 0.000 NA 000.0 

3-4 0.000 NA 000.0 

4-5 0.000 NA 000.0 

5-6 0.000 NA 000.0 

6-7 0.000 NA 000.0 

7-8 0.000 NA 000.0 

8-9 0.000 NA 000.0 

9-10 0.000 NA 000.0 

10-11 0.000 NA 000.0 

11-12 0.000 NA 000.0 

12-13 0.000 NA 000.0 

13-14 0.000 NA 000.0 

14-15 0.000 NA 000.0 

15-16 0.000 NA 000.0 

16-17 0.000 NA 000.0 

17-18 0.000 NA 000.0 

18-19 0.000 NA 000.0 

19-20 0.000 NA 000.0 

20-21 0.000 NA 000.0 

21-22 0.000 NA 000.0 

22-23 0.000 NA 000.0 

23-24 0.000 NA 000.0 

All measurements are in inches 

 

Recommendations 

 Use dial indicators to measure upward movement of several wicket gates when the turbine 

is dewatered and when it is watered up. The dial indicators should be supported on the pit 

wall or on the turbine shaft and read against the top of the upper stems. If the gates raise 
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when the turbine is watered up then the lower stem seals probably have failed. This test 

should be performed in 2013 and the cost is $2k per unit. 

 Inspect and document with photos the wicket gate surfaces and the surrounding area during 

each yearly outage. Look for surface damage and signs of rubbing at the top and bottom of 

the gates. 

 Continue the yearly repairs to the wicket gate cavitation damaged surfaces until permanent 

repairs can be done. 

 Review the type of grease used, and the greasing timing and amount. Install automatic 

greasing systems in 2013. Cost $10k per unit. 

 Monitor the wicket gates upper stem area for seal leakage. Replace the packing during a 

yearly maintenance outage if excessive leakage occurs. Cost: $5k (materials)  

 Within one year, carry out an axial ultrasonic examination of the upper wicket gate stems to 

determine if cracking has occurred where the stems join the blade. Estimated cost is $2k per 

unit. 

 Within 5 years overhaul the wicket gates and repair the headcover and discharge ring 

surface damage. 

 

Spiral case 

Description 
The spiral case and stay vanes are made of heavy cast steel segments bolted together at radial 

joints. The spiral case door opens inward, and is held closed by the water pressure, not by the 

bolts. The 12 stay vanes are the normal high head configuration, that is, long in the direction of 

flow and short vertically. The spherical shut off valve is immediately upstream of the spiral case. 

 

Assessment – Unit 2 Spiral Case 
The spiral case is in good condition. No cavitation or erosion was observed and almost all of the 

paint is intact. No leakage was seen at any of the spiral case casting joints. (If there is leakage 

out of the spiral case, when it is dewatered inward leakage often occurs at the outward leakage 

points.)  

 

The stay vanes are in good condition. All of the vanes were visually inspected. No cracks were 

observed and the paint is mostly intact except for some of the leading and trailing edges which 
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are bare metal. The leading edges themselves are in good condition with almost no erosion, 

scale build up or other damage. 

 

 
Photo 5.4-15: Unit 2: Stay Vane Trailing Edge Devoid of Paint 

 

Where the stay ring abuts the bottom ring, at several locations around the circumference the 

bottom ring is up to about 6 mm (¼ in) higher than the stay ring. This step would be expected to 

cause turbulence and possibly erosion or cavitation, but no damage was observed. 

 

  
Photo 5.4-16: Unit 2: Step at the Joint between Stay Ring and Bottom Ring (arrow) 

ACE 2018 CI 49033 Attachment 2 Page 150 of 399

Date Filed:  November 22, 2017          Page 0676 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

  

 

 144  

Where the headcover abuts the upper stay ring there are some brown surface markings on the 

stainless steel cover plate. This appears to be only minor surface erosion. 

 

The spiral case door bolts and the matching bolt holes in the spiral case were visually 

inspected. No cracks or damaged threads were observed.  

 

Assessment – Unit 1 Spiral Case 
The spiral case is in good condition. No cavitation or erosion was observed and almost all of the 

paint is intact. No leakage was seen at any of the spiral case casting joints.  

 

The stay vanes are in good condition. All of the vanes were visually inspected. No cracks were 

observed and the paint is mostly intact except for the leading and trailing edges which have 

some bare metal. The leading edges are in good condition with almost no erosion, scale build 

up or other damage. 

 

 
Photo 5.4-17: Unit 1: Stay Vane Leading Edges with Some Bare Areas 

 

As for Unit 2, where the stay ring abuts the bottom ring, at several locations around the 

circumference the bottom ring is up to about 6 mm (¼ in) higher than the stay ring. This step 

would be expected to cause turbulence and possibly erosion or cavitation, but no damage was 

observed. 
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The spiral case door bolts and the matching bolt holes in the spiral case were visually 

inspected. No cracks or damaged threads were observed.  

 

Recommendations 

 Visually inspect the spiral case at each annual maintenance outage. Look for any erosion 

damage and for any cracking at the top and bottom of the stay vanes. For suspect 

indications and not less than every two years perform magnetic particle non destructive 

examination. Cost: $3k per unit. 

 

Draft Tube Liner (and Air Admission Tripod) 
See Section 4.6 Draft Tube, in the Civil Assessment part of this report. 

 

Headcover 
 
Description 
The headcover is fabricated of welded mild steel. All of the water sealing connections and 

flanges have O ring seals. The design is such that outer bolt circle transfers the hydraulic loads 

to the stay ring but it is not the water sealing surface. The sealing surface is at a slightly smaller 

radius at a lower elevation. See Drawing H-085S1-9-411-00-002.  

 

At each of the frequent unit stops and starts, the spiral case pressure changes from 

atmospheric pressure to full head. As a result, the headcover and specifically the outer flange 

stud bolts will have been subjected to cyclic axial and flexural loading. The material and preload 

on these bolts is not known. There is no record of them being inspected.  

 

The pipe plugs in the headcover have been known to fail resulting in severe leaking. One such 

plug hole was welded closed during this outage.  

There are no headcover sump pumps. Any leakage drains to the station sump. 

 

The turbovent air intake system is controlled by a cam on the operating ring. It appears to be 

working satisfactorily. 
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Assessment  
The head covers were observed but could not be examined closely. The water sealing appears 

to be good as no leakage was evident. The outer flange stud bolts could not be closely 

examined. There is no record of them being inspected. 

  

The pipe plugs in the headcover occasionally leak so welded replacements are installed.  

The headcover water-side damage caused by the wicket gates rubbing is discussed in the 

wicket gate section of this report. 

 

Recommendations 

 Inspect all the stud bolts on the head cover outer flange of both turbines in 2013, then every 

5 years. This would include an ultrasonic test, visual inspection and a representative check 

of the applied torque. The required torque should be determined by a mechanical engineer. 

Estimated NDE cost is $3k per unit. 

 During the next turbine disassembly clean, degrease and blast clean the headcover and 

NDE check all welds and the flange around the stud holes for cracking. Estimated cost is 

$10k per unit. 

 

Servomotors and Linkages 
 
Description 
The wicket gate servomotors appear to be in good condition. The piston rod packing on both 

units has been leaking and was to be replaced.  

 

Station staff reported that in 2009, Unit 2 experienced 5 shear pin breakages. The operating ring 

journal bearing, the upper wicket gate bushings and the link bushings were replaced, and no 

further shear pin breakages occurred. The wicket gate bushings are similar to SAE 660 tin 

bronze, according to station staff.  

 

During the 2012 visit some of the 2009 broken shear pins were examined. The fractures appear 

to be caused by overload and not by fatigue. It is surmised the loose clearances in worn 

bearings concentrated the loads on a few gates, which then caused the shear pin failures. The 
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unit has a shear pin failure alarm system, which alarms on a pin failure but does not identify the 

failed pin. 

 

 
Photo 5.4-18: Top of Turbine No.2 

 

Although the wicket gates are rubbing, the extra forces are not causing shear pin breakage. 

This probably is because the rubbing is only occurring between about zero and 10% gate 

opening on the raised circumferential strips on the headcover. At this point the hydraulic forces 

may be low. 
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Photo 5.4-19: Unit 2 - Turbine Gate Linkages, Shear Pin and Alarm 

 

Assessment – Unit 2 Servomotors 
The servomotors appear to be in good condition. The piston rod surfaces are relatively free from 

scratches and wear although there is some oil leakage from the piston rod packing. During this 

outage the staff planned to replace the rod seals. However the pin connecting the rod to the 

operating ring could not be removed so the work was postponed. 

 

The operating ring, gate links, link pins and shear pins appear to be in good condition. No 

problems have been reported since the 2009 bushing repairs. 

 

The greasing system for the wicket gates and links is a standard commercial design. It manually 

delivers a set amount of grease to each bushing. Greasing is done on a weekly basis, and may 

be insufficient. A major utility standard for high head stations recommends a 3 hour operating 

time greasing interval. 

 

Assessment – Unit 1 Servomotors 
The servomotors appear to be in good condition. The piston rod surfaces are relatively free from 

scratches and wear although there is some oil leakage from the piston rod packing.  
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The operating ring, gate links, link pins and shear pins appear to be in good condition. No 

problems have been reported. 

 

As with Unit 2, the greasing system for the wicket gates and links is a standard manually 

operated commercial design and may not be delivering sufficient grease. It delivers a set 

amount of grease to each bushing. Greasing is done on a weekly basis, and may be insufficient. 

A major utility standard for high head stations recommends a 3 hour operating time greasing 

interval. 

 

Recommendations 

 Consider installing piston rod lip seals having joints on their circumference. They can be 

easily installed without dismantling the servomotor rod end fittings. 

 Every year measure the governor pump cycling time with the wicket gates not moving. An 

increase in the cycling time may indicate wear of the servomotor piston rings, or governor 

control valve internal leakage. 

  As with the wicket gates, increase the greasing frequency for the operating ring and 

linkages and adjust the quantity of grease injected to avoid extraneous grease accumulating 

on the head cover. It will be important to assess the greasing frequency as the turbine 

wicket gates will be more active when the generator load will be continually changing to 

follow system wind load variations.  

 

Turbine Spare Parts 
 
Description 
The following turbine parts are on site:  

 3 wicket gates 

 3 wicket gate arms and shear pin levers 

 Shear pins 

 Three turbine bearings 

 Servomotor rod seals 
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Assessment 
The above spare parts are normally on hand at most stations. They are specific to the units and 

are the most important ones to have on site. They often are required on short notice and have a 

long delivery. 

 

 
Photo 5.4-20: Spare Turbine and Upper Guide Bearings Sitting on Runner Plate 

 

 
Photo 5.4-21: Spare Wicket Gate Fittings 
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Most of the spare parts are stored in crates. The wicket gate arms and levers on the floor and 

the loose shear pins should be tagged and shelved. The wicket gate arm bores on the floor 

should be measured to make sure they are not used ones which are worn oversize.  

 
Recommendations 

 The following spare parts should be acquired by 2014 as they may be needed at short 

notice. 

o Carbon seal segments and their springs 

o At least 5 wicket gate water seals per unit (upper and lower) 

 The estimated cost is $8k. 

 Sources for the following parts should be found, and drawings and specifications should be 

prepared: 

o Servomotor cast iron piston rings 

o Bearing re-babbitting companies. Re-babbitting specifications should be prepared 

o O rings for the headcover flanges. These may be non standard items 

o Magnetrol level switch parts or replacement units  

 

5.5 TURBINE REGULATING EQUIPMENT 
 

Description 
The governors are Woodward cabinet actuators. These governors are known to be very reliable, 

and many similar ones are in very good condition after 60 years of operation with regular 

maintenance. This type of governor can meet the North American Electric Reliability 

Corporation (NERC) compliance test standards of a frequency range between 59.4 and 60.6 Hz 

with a 0.06% deadband. Nova Scotia Power is a member of NERC through the Northeast 

Power Coordinating Council, Inc.  
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Photo 5.5-1: Governors 

The oil system for each governor includes the oil sump within the governor cabinet, two IMO 

screw pumps also within the governor cabinet, and the accumulator tank one floor above. The 

system working pressure is 2068 kPa (300 psig) and there is no connection between the oil 

systems of the two governors.  

 

Replacement parts for this type of Woodward governor are readily available from several 

sources.  

 

Assessment 
This assessment applies to both governors. 

 

Controls 
Based on discussions with maintenance staff, the governors are reliable with very little 

maintenance being required. An outside contractor (American Governor) usually has been 

brought in when governor work is done. There is no record of the governor being tested for 

compliance with the NERC standards. These tests are done by a specialized testing company.  
 

No reports of load rejection testing were found. The unit parameters for a load rejection are 

given below. 
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Table 5.5-1: Unit Load Rejection Parameters 

Parameter Value Source 
Generator maximum (r/min) 780 Nova Scotia Power RFP 

documentation  

Turbine maximum (r/min) 780 Mitsubishi manual 

Maximum design overspeed 
during a load rejection 

35% with a 7 second 
wicket gate closing time 

Mitsubishi manual 

Maximum penstock pressure 
for a load rejection of both 
turbines together 

4177 kPa (606 psi) Mitsubishi manual 

 

The governor dashpot settings are not known. Usually they are set at a compromise between 

reasonable response time and governor stability. They would be reviewed as part of the 

governor compliance testing. 

 

The main valve dither could not be observed and information was not available. Typically it 

would be about 0.102 mm (0.004 in). The dither also would be reviewed during compliance 

testing. 

 

The condition of the pilot and control valves is not known, but staff reported no related governor 

control issues such as servomotor hunting.  

 

The governor pump cycling time has not been measured but is said to be at least about 20 

minutes. The cycling time is good indication of any internal leakage of the oil system. The 

procedure is carried out with the wicket gates at a fixed position. Typically the period would be 

greater than 5 minutes. If the cycling period is under five minutes or is decreasing over the test 

periods then the servomotor piston rings or the governor main control valve clearances may be 

excessive. 

 
Oil Pumps 
The IMO screw pumps are known in the utility industry to be reliable. They have been the 

standard Woodward governor pump for many years. 
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As well as being on lead-lag configuration the two pumps often are operated alternatively as 

lead to equalize their running time. However this also means they will fail at about the same 

time. A better approach is to operate them on a 75/25 % basis so the time to failure will be very 

different.  

 

As the pumps are 35 years old finding spare parts may be difficult. 

 

 
Photo 5.5-2: Governor Oil System IMO Oil Pump 

 

Accumulator Tanks 
The accumulator tanks and their equipment appear to be in good condition. A pressure switch 

was replaced on Unit 2 tank during the inspection outages. The tanks’ access hole is of such a 

large size that an internal inspection could be done without entering the tank. The Nova Scotia 

Department of Labour pressure vessel inspection certificate is on the wall beside the tanks. The 

next inspection is due in 2015.  

 

The pressure relief valves were lift tested in 2011. As lift testing can result in ongoing valve 

leakage, instead of lift testing, it may be cost effective to install new or refurbished valves.  

Air make up to the accumulator tanks is manually carried out once a week. 

 

The Magnetrol level switches are original so parts will probably become difficult to find. Newer 

combined level indicator and switches are good replacements.  

ACE 2018 CI 49033 Attachment 2 Page 161 of 399

Date Filed:  November 22, 2017          Page 0687 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

  

 

 155  

 

 
Photo 5.5-3: Governor Accumulator Tanks - Note the Large Access Hatch 

 

As the compressed air in the top of the accumulator tank may contain moisture, there can be a 

long term issue with internal rusting and wall thickness loss.  

 

The air make up compressor does not have a downstream air cooler. If it is continuously 

running to fill a de-pressurized accumulator tank the supply line can become quite hot. If 

procedural changes can not resolve this concern an air cooler could be added. The air storage 

tank is manually blown down on a weekly basis, as there is no timed blow down valve. 

 
Recommendations 

 Carry out compliance testing of the governor within the next two years and at the same time 

review the dashpot settings. The estimated cost of the testing is $42k per unit. 

 After generator refurbishment or replacement is completed (2018), carry out a load rejection 

test on each unit under the supervision of experienced engineers (hydraulic, mechanical and 

electrical disciplines). The incremental procedure in the CEATI “Mechanical Overhaul Guide 

for Hydroelectric Turbine Generators” should be followed. See the turbine shutoff valve 

section of this report for load rejection test comments. This test is not recommended at 

present due to the risk associated with operating the rotors above synchronous speed. 

Estimated cost is $20k per unit. 
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 Within 2 years and thereafter every 5 years, inspect the interior of the accumulator tank and 

ultrasonically measure the wall thickness. 

 

Governor System Spare Parts 
 
Description 
The following spare parts are available on site: 

 Oil filters 

 Pressure switches 

 Governor pilot valve 

 Permanent magnet generator 

 O ring, seal kits 

 

Assessment 
Very few spare parts are required for governors other than those mentioned above. If 

replacement pumps of a different design are required, there will be some re-engineering 

required for mounting, proper elevation relative to oil surface and piping connections. 

 
Recommendations 

 Investigate the parts availability for the Magnetrol level switches. If parts are difficult to find, 

install modern combined level indicators and switches. 

 Investigate the availability of the governor oil pump replacement parts 2013. They may be 

very long delivery or no longer be available. 

 
5.6 GENERATOR- MECHANICAL 

 

General Description 
The generators were designed and manufactured by Canadian General Electric (CGE), are 

rated for 111 MVA, and operate at 450 r/min. After commissioning in 1978, the generators of 

both units (floating rim design) had ongoing rotor unbalance and vibration problems which 

caused the units to trip off-line. In 1998 the Unit 2 rotor spider to rim connection was modified by 

CGE to increase its stiffness. Extra rim keys were added at the top and bottom of the rotor, but 

the floating rim design was retained. See Photo 5.6-3. The guide bearing radial clearance also 

was reduced to 0.229 mm (0.009 in).  
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In 2002 Unit 1 had the same rotor rim key modifications as Unit 2. It also had new adjustable 

wedge type stator soleplate keys installed, replacing the rectangular keys. Unit 2 also was to 

have this soleplate modification but the work was not done; the keys are on site but were not 

installed. Both the stator frames do not appear free to move radially: the new stator soleplate 

keys on Unit 2 seem to be too thick.  This lack of radial freedom can result in loss of air gap 

uniformity, from a thermal ratcheting effect. 

 

This work appeared to solve the unbalance problem and no rotor balancing has been required 

for at least 10 years. Current shaft runouts are on the borderline of acceptable runout as given 

in ISO guidelines. Aside from the rotor modification work, the only outages have been for yearly 

scheduled maintenance. 

 

 
Photo 5.6-1: Unit 1 Stator 
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Photo 5.6-2: Unit 1 Rotor 

 

During the KGS Group inspection in September 2012, Unit 2 had the generator top covers 

removed but the rotor in place. The surface air coolers had been removed for maintenance so 

the stator frame in that area could be inspected. The generator operating data was taken from 

the manufacturer’s manual and the station operating manual. The generator history was 

obtained from the station staff, two reports [Report by Power Engineering Company on 

problems with rotor balancing: 1996 and Report by GE Hydro on modifications to Unit 2 rotor: 

1998], and job safety analysis forms that had been filled out for past maintenance work. 

 

During the Unit 2 outage in September 2012 the station staff found loose inter-pole support 

braces on the rotor. The rotor was removed to repair these items and Power Engineering 

Company was asked to review the generator condition in detail and define the scope of repairs 

needed. A summary of their November 20, 2012 report is included below.  

 

Because of the problems with Unit 2, for the November 2012 outage of Unit 1, the rotor was 

removed. Similar problems with the inter-pole support braces were found. Power Engineering is 

also preparing an inspection report of this unit. 
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Summary of Power Engineering Company Report on Unit 2 Generator 
Power Engineering Company found the following problems: 

 The rotor mechanical stiffness is marginal due to specific design features. 

 30 of the 32 field coil braces are loose and the rotor has damage associated with vibration 

and unbalanced magnetic forces. 

 The stator frame components have cracked welds. The core has waviness and signs of 

fretting at the splits. 

 Many slot wedges are loose. 

 
History of this Type of CGE Generator 
The CGE rotors of the 1970’s tended to have the following deficiencies: 

 The use of two lamination doughnuts with rim clamping studs having clearance holes 

instead of reamed fitted holes has allowed large plastic deformation of the rim laminations. 

The rotor “floating rim” design gives no radial constraining stiffness to the rim lamination 

doughnuts. 

 These floating rim units are very difficult to keep in balance. Misaligned rim doughnuts, high 

vibration, fretting and wear of rotor to shaft keys are the “norm” for CGE floating rim 

generators of this era. 

 Nearly all CGE hydro units supplied around this period with resinous ground-wall insulated 

stator coils suffered from coil looseness and partial discharges. CGE generator stator coils 

were prone to becoming “loose” in the stator slots owing to use of a new semi-conductive 

room temperature curing silicone (CRTV) side packing.  

 

The rotor and stator modifications implemented at Wreck Cove in 1998 and 2002 were partially 

successful; however they did not overcome all of the design problems nor address the 

component aging processes.  

 

Power Engineering Company Recommendations 
Wreck Cove generators’ condition and age indicates that their reliability is expected to be much 

lower in the forthcoming years, and major work is required to prevent long unplanned failures. 

The rotor stiffness is seen as a significant weak component. Should the rotor fail in a sudden 

manner, major consequential damage to the stator would occur. Due to the small population of 

similar CGE rotors, failure mode and remaining life cannot be precisely predicted. 
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An economic analysis should be made to determine whether to:  

a) Install a new generator or  

b) Refurbish and modify the present generator. 

 
New generator issues to be considered: 

 The new generators must fit into existing foundations. 

 The site work will be done in a subterranean power plant, with access limitations. 

 Generators produced overseas require increased quality assurance vigilance. 

 The expertise required to write a specification specifically for this site may not be readily 

available within Nova Scotia Power. 

 
Generator refurbishment scope would include: 

 Install new stator windings. 

 Install redesigned rotor spiders, with increased stiffness. 

 Modify the stator sole plate guide keys, and realign the stators. 

 Repair the damaged core insulation and repack the stator core splits. 

 Re-insulate the field poles. 

 Replace most of the auxiliary equipment and controls. 

 
 

Table 5.6-1: Power Engineering Company Generator Rehabilitation Work Priorities 

Component Rectify Deficiency Immediately or 
Before September 2013 

Rectify Deficiency Between September 
2013 & September 2017 

Stator 
Winding 

Schedule an outage to assess stator 
winding condition by NDT methods (Slot 
Discharge via Corona Probe and DC 
Hipot Tests). 

Based on winding age and history of 
OEM's winding insulation system lifetime 
(for this type of winding), and NDT results, 
order & install a complete stator winding. 
NDT results will revise priority. 

Stator Frame 
and Core 

Obtain spare bars     from a reputable coil 
manufacturer, and winding supplies. 
When materials are delivered to Wreck 
Cove schedule an outage to repack the 
stator core splits (requires some winding 
bars removal and rewinding at core 
splits). 
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Component Rectify Deficiency Immediately or 
Before September 2013 

Rectify Deficiency Between September 
2013 & September 2017 

Stator Frame 
and Core 

Retrofit existing adjustable radial keys to 
the stator soleplates (8), install shims in 
the frame-to-soleplates interface, 
realign stator frame so stator core 
satisfies CEA profile tolerances. This 
will mean that the unit will be 
realigned (adjust guide bearing bracket  
centres and thrust bearing level) 

Unit centreline alignment maybe repeated 
during turbine generator rehabilitation. 
 

Rotor Rim and 
Spider 

 Correct the rotor spider-to-rim alignment 
so rotor pole profile satisfies CEA 
tolerances. Realignment of the rim 
'donuts' will require that the field poles be 
removed and spline drive keys be 
replaced. If performed with a generator 
rehabilitation would involve 
manufacturing of a new rotor spider. 

Auxiliary 
systems 

Eliminate oil & water leak problems in 
bearing housings and heat exchangers. 
Eliminate carbon dust contamination 
problems. 

 

Field Pole and 
Coils 

 Test rotor field coils, re-insulate and 
reinstall. Activity should be coordinated 
with rotor rim and spider alignment 
correction.

Bolted joints 
and 
assemblies. 

Apply approved safety locking systems 
on all fasteners in the unit before unit 
is return to service in October, 2012. 

 

Rehabilitate 
turbine and 
generator 

 Turbine and generator rehabilitation shall   
satisfy relevant IEC and   IEEE Standards. 

 
Overview of Recommendations for Generators 

 Implement the Acuren shaft runout trending program and the Power Engineering Company 

unbalanced magnetic pull (UMP) system by March 2013. Review the data on a monthly 

basis.  

 Carry out the rotor and stator testing program recommended by Power Engineering 

Company, and KGS Group. 

 Perform a rotational alignment check on both units in 2013 and re-centre the stators relative 

to the rotors. 
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 Review the two options in the Power Engineering report: to replace the generator or perform 

a major refurbishment, and based on the results of these inspections and the soon to be 

obtained test data, establish a date for a refurbishment of the generator and the scope of 

work to be done. This review should be done in 2013. The estimated cost of refurbishment 

of two generators is $30M and to recognize site work space constraints, these costs are 

shown equally split between 2017 and 2018. Note: these costs are included in the Electrical 

Assessment section of this report. 
 

Generator Components 
 
Generator Rotors 
 
Description 
The 16 pole rotor has an eight arm spider connected to the rim with 16 keys at the top and 16 at 

the bottom. The 8 additional keys between the spider arms at the top and bottom were added in 

1998 for Unit 2 and in 2002 for Unit 1. 

 

  

Photo 5.6-3:  Unit 2 Rotor Extra Keys Added Between the Arms (arrow) 
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Assessment - Unit 2 Rotor 
All of the top rotor rim keys were inspected for signs of fretting. The bottom keys were not 

accessible. No red powder (a product of fretting) was observed. Thus it is unlikely fretting is 

occurring indicating no excessive movement of the rim.  

 

 
Photo 5.6-4: Unit 2 Rotor Rim Support Block  

(arrow indicates the high stress location) 
 

Critically stressed areas of the rotor were visually inspected for signs of cracking. These are the 

rotor arm to hub welds and the rim support blocks. No cracking at the arms was observed 

although the access for inspection at the rim is limited. The rotor rim support blocks were 

inspected at their inside corners, which is a known location for a crack to start. No cracks were 

observed in visual inspection.  

 

After the rotor was removed, the detailed assessment by Power Engineering found the following 

rotor issues.  

 Loose inter-pole coil braces 

 Movement in the doughnut erection key assemblies 

 Cracked locking welds on rotor spline keys 

 Signs of possible overheating 

 The rotor circularity and concentricity is within CEATI guidelines for operating units but 

above the commissioned unit tolerances 
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Photo 5.6-5: Unit 2 Rotor to Shaft Dowels (arrows) 

 

The radial dowels between the rotor and the generator shaft are showing signs of minor fretting. 

This is a typical occurrence with CGE units of this vintage. After the inspection, when the rotor 

was removed some of the radial dowel caps screws were said to be broken. During the next 

overhaul the dowel holes should be re-machined and new dowels fitted. 

 

The rotor is coated with a film of oil probably from the thrust bearing which has collected dust 

from the brakes and the carbon brushes. About 5 years ago the generator was cleaned by dry 

ice blasting, a process which will remove dry dirt but is not very effective in removing oil. The 

brake pad material needs to be confirmed as non asbestos. 

 

The lower fan blades on the rotor could not be observed as the covers were in place. 

 

The 32 brake track segments have minor patches of overheating and small areas of thermal 

checking. Visual inspection found no cracks. The track segment bolts are outside the sweep of 

the brake pads so cracking at the bolt holes is unlikely to occur.  Brakes come on at 45 rpm in 

the shutdown sequence. 
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Photo 5.6-6: Unit 2 Brake Track Segment 

 

Assessment - Unit 1 Rotor 
During the November 2012 KGS Group inspection visit the Unit 1 rotor was out of the stator. 

Power Engineering Company had inspected it and was assisting with high priority repair work. 

In general the issues with Unit 1 are the same as those of Unit 2. Power Engineering Company 

will be issuing a report on their findings and the remedial work required. 

 

 

Photo 5.6-7: Unit 1: Rotor Radial Dowels 
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Because the Unit 1 rotor was removed, the radial dowels between the rotor and the generator 

shaft were accessible. They are showing signs of fretting, which is a typical occurrence with 

CGE units of this vintage. No action is recommended at this time. During the next overhaul the 

dowels should be re-fitted. 
 

 
Photo 5.6-8: Unit 1: Very Large Balance Weight 

 

The rotor spider was visually examined. No weld cracks were observed. An extremely large 

balance weight is installed and its own mass may be contributing to the changes in the rim 

shape. 

 

The 32 brake track segments are in similar condition as those of Unit 2. They have minor 

patches of overheating and small areas of thermal checking. Visual inspection found no cracks 

but some surface damage. The track segment bolts are outside the sweep of the brake pads so 

cracking at the bolt holes is unlikely to occur.  
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Photo 5.6-9: Unit 1 Brake Track Segment with Minor Surface Damage 

 
Recommendations - Both Rotors 

 Implement the Power Engineering Company UMP system by March 2013. Review this data 

on a monthly basis for any changes and trends. Estimated equipment cost is $40k per unit. 

 In 2013 review the condition of the rotors as found from inspections and tests and plan 

future repairs. 

 Non-destructively inspect the rotor brake tracks every five years starting in 2013. Estimated 

cost is $2k per unit. 

 During the next unit overhauls, machine the radial dowel holes and replace the dowels. 

Funds for this are included in Section 5.4 Turbines, as part of a major turbine and generator 

mechanical refurbishment. 

 
Generator Stators 
 
Description 
The stator frames are welded steel plate design constructed in two pieces. In 1998 and 2002, 

when the rotor unbalance problems were being addressed, the two stator frame splits were 

reinforced with welded plates. This was an attempt to stop any relative movement in this area. 

At the same time, key bars were found to be broken in this area as well.  
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As part of the rotor modification work in 1998 and 2002, it was understood that CGE would 

modify the stator soleplates to allow radial movement. This was done for Unit 1 in 1998, but for 

unknown reasons the modification work on Unit 2 was not done. The keys are stored on site. 

 

 
Photo 5.6-10: Unit 2 Stator Frame Split - the Modifications are Painted Red 

 

 
Photo 5.6-11: Unit 2 Greased Stator Soleplates having the Original Rectangular Keys 
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Assessment – Unit 2 Stator 
The stator frame was visually inspected at one of the splits using the access provided while a 

surface air cooler was removed. The one stator split that was visible had plates welded across it 

and the stator bars in the immediate vicinity had been braced with welded-on plates.  

 

After the rotor was removed, the detailed assessment by Power Engineering Company found 

the following stator issues: 

 Several of the J type damper brackets have failed 

 The new soleplate keys in Unit 2 appear to be incorrectly installed (too thick) and do not 

allow radial displacement. 

 Core waviness near the stator splits 

 Core mechanical damage at the splits 

 Loose slot wedges 

 The stator and rotor concentricity and circularity are below CEATI guidelines for intervention 

on an operating unit but do not meet new unit standards.  

 Dirt and oil in the ventilation slots 

 

Assessment - Unit 1 Stator  
A detailed assessment by Power Engineering was carried out. From on site discussions with the 

Power Engineering staff, Unit 1 has the same issues as Unit 2, except that the stator has the 

original rectangular keys in place. 

 

Recommendations - Both Stators 

 In 2013 plan the work and timing of repairs and refurbishment, including consultation with 

the OEM.  

 In 2013 repack the stator cores at the splits, install the soleplate radial keys in Unit 1 and 

rectify the soleplate radial keys problem in Unit 2. Estimated cost is $100k per unit.  

 
Main Bracket 
 
Description 
The four arm main bracket is of welded construction and supports the thrust bearing as well as 

the brakes. The eight air operated brakes are mounted on top of the arms, two per arm. Each 
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brake has a limit switch to indicate if a brake is not retracted. The thrust bearing high pressure 

oil lift system is also mounted on one of the bracket arms.  

 

In 2010 pad eyes were welded to the bottom of the lower bracket arms. They are attachment 

points for the chain falls used to lift the turbine bearing.  

 

Assessment – Unit 2 
The arm welds were visually inspected for cracking. No cracks were found. The brake pads 

appear to be in good condition. They are about 38 mm (1 ½ in) thick. They are said to be the 

non asbestos type but this should be confirmed. 

 

Assessment – Unit 1 
The arm welds were visually inspected for cracking. No cracks were found. The brake pads 

appear to be in good condition. They are about 38 mm (1 ½ in) thick. They look to be the non 

asbestos type but this should be confirmed. 

 

Recommendations 

 Confirm that the brake pads are made of non asbestos material. Replace the pads if they 

are asbestos based. 

 Measure the brake pad thickness every five years. Replace any pads less than 25 mm (1 in) 

thick.  

 

Surface Air Coolers 
 
Description 
Each unit has four vertical surface air coolers, with finned tubing made of standard copper nickel 

alloy. During the 2012 outages the coolers were removed for repair and cleaning. Water leaks 

had been observed at the gasket between the water box and the cooler body. New sealant was 

applied and at the same time the tubes were rodded out. According to station staff these coolers 

were previously repaired about 15 years ago.  

 

Several years ago, the surface air cooler water piping was found to have severe internal build 

up with the pipes’ clear inside diameters being reduced in some places to only about 19 mm (¾ 

in). The pipes were replaced. 
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The cooling water for each generator comes directly from the strainer through an air powered 

shut off valve then a throttling valve. The single water supply line splits into two lines each going 

to two coolers. Flow meters on each of the lines alarm at a low flow of 909 L/min (200 IGPM). 

 

Assessment  
Only minor tube fouling was found during the 2012 cooler repairs. The water boxes have 

significant corrosion especially at the usual location where the copper nickel tubes are swaged 

into the steel water box. Cooler life could be extended for a short time by epoxy coating the 

water box interiors.   

 

 
Photo 5.6-12: Unit 2 Surface Air Cooler Water Box Interior 

 

Recommendations 

 Record the surface air cooler cooling water flows monthly.  

 NDE inspect the cooling water piping every 10 years.  Replace the piping within the 

generators in 30 years: $54k per unit 

 Replace the surface air coolers within 5 years: $148k per unit 

 

 
 
 

ACE 2018 CI 49033 Attachment 2 Page 178 of 399

Date Filed:  November 22, 2017          Page 0704 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

  

 

 172  

Generator Shafts 
 
Description 
The 686 mm (27 in) diameter generator shafts are of the usual CGE design where the top of the 

shaft forms the thrust block. The rotors are concentrically aligned to the top of the shaft by radial 

dowels.   

 

The shaft runouts at the upper guide bearing, the thrust bearing and the turbine bearing are 

monitored by a Bently Nevada vibration monitoring system. The two units have Bently Nevada 

non contact eddy current shaft runout sensors connected to a common readout and alarm 

panel. As with the oil analysis, a pilot program developed by Acuren is being implemented to 

record and track the shaft runout of the two units.  

 

Assessment – Unit 2 
Based on visual inspection, the generator shaft is in good condition. See the rotor assessment 

section in section 5.6 Generator – Mechanical for comments on the dowels at the rotor to shaft 

connection. 

 

Recent data on the combined generator and turbine shaft runouts in 2012 is given below.  

 
Table 5.6-2: Unit 2 Generator and Turbine Shaft Runout (inches peak to peak) 

Power 
MW 

Turbine 
Guide A 

Turbine 
Guide B 

Lower 
Generator 
Guide A 

Lower 
Generator 
Guide B 

Upper 
Generator 
Guide A 

Upper 
Generator 
Guide B 

45 0.003 0.003 0.009 0.007 0.009 0.009 

92 0.001 0.001 0.007 0.007 0.010 0.009 

A and B represent orthogonal axis readings at the bearings. 

 

ISO standard 7919-5 (2005) gives shaft runout recommendations for this type and speed of unit. 

It allows up to 240 µm (0.010 in.) peak to peak runout at the optimum design point, usually at 

the best efficiency output. The turbine shaft runout is acceptable but the generator shaft runout 

is at the upper limit and is therefore of concern.  

 

When the unit is running at 92 MW, it is likely close to the best efficiency point where turbine 

shaft runout should be, and is, at a minimum. The readings show that as the load increases, the 
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generator shaft runout does not change with the increasing magnetic force. This indicates the 

generator shaft runout probably is caused by mechanical unbalance or shaft misalignment. The 

same issue exists on Unit 1 and therefore the runout problem should be investigated on both 

units. 

 

The frequencies in the shaft runout signal often can be analysed to identify the source of 

excessive vibration. Table 5.6-3 is a reference for the characteristic frequencies of the Wreck 

Cove units. 
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Table 5.6-3: Characteristic Frequencies of the Wreck Cove Units 

 

 
Assessment – Unit 1  
Based on visual inspection, the generator shaft is in good condition. See the rotor assessment 

section in section 5.6 Generator – Mechanical for comments on dowels at the rotor to shaft 

connection. 

Source Frequency( Hz) Comment
Turbine

Runner blades 142.5
rps x number of runner 
blades

Wicket gates 180.0
rps x number of wicket 
gates

Interaction of wicket gates with 
runner blades

684.0 (rps x blades x 
gates)/(blades – gates)

Reingans frequency- draft tube 
instability 1.9 to 2.5

~1/3 to ¼ rps

Once per revolution frequency 7.5 1 x rps

Generator
Magnetic interaction of rotor with 
changed air gap at stator vertical 

joints 15.0

rps x number of stator 
vertical joints

Air gap problems
120.0

Rps x number of rotor 
poles

Rotor arms
120.0

Rps x number of rotor 
spider arms

Air gap problems
Values not known

Rps x number of stator 
slots

Shaft, coupling mis-alignment, shaft 
resonance 7.5 and 15

1 x rps, 2 x rps

Mechanical, generator magnetic, or 
hydraulic unbalance 7.5

1 x rps

Thrust bearing interaction
105.0

rps x  number of thrust 
shoes

Interaction between the thrust shoes 
and the  joints of split thrust bearing 

runner plates 210.0

rps x  2 x number of 
thrust shoes

Interaction between guide bearing 
pads and shaft 120.0

rps x number of guide 
bearing pads

One brake shoe rubbing brake track
240.0

rps x number of brake 
track segments

One brake track segment hitting 
each brake pad 60.0

rps x number of brake 
shoes

Stator problems such as loose core 
bolts or shorted field pole 120.0

For 60 Hz generator
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The combined generator and turbine shaft runouts in 2012 are given below. 

 

Table 5.6-4: Unit 1 Generator and Turbine Shaft Runout (inches peak to peak) 
Power 

MW 
Turbine 
Guide 

A 

Turbine 
Guide 

B 

Lower 
Generator 
Guide A 

Lower 
Generator 
Guide B 

Upper 
Generator 
Guide A 

Upper 
Generator 
Guide B 

45 0.006 0.005 0.006 0.004 0.011 0.011 

101 0.002 0.001 0.006 0.005 0.010 0.010 

A and B represent orthogonal axis readings at the bearings. 

 

ISO standard 7919-5 (2005) gives shaft runout recommendations for this type and speed of unit. 

It allows up to 240 µm (0.010 in.) peak to peak runout at the optimum design point, usually at 

the best efficiency output. The turbine shaft runout is acceptable but the generator shaft runout 

is slightly over the upper limit. The large difference in runout between the lower and upper guide 

bearings suggests the upper generator shaft may not be concentric with the lower generator 

shaft.  

 

Like Unit 2, as the load increases, the generator shaft runout does not change with the 

increasing magnetic force. This indicates the generator shaft runout probably is caused by 

mechanical unbalance or shaft misalignment.  

 

When the unit is running at 86 MW it is likely close to the best efficiency point where turbine 

shaft runout is at a minimum level. As the load increases from 45 to 106 MW, the generator 

shaft runout does not change with increasing magnetic force. This indicates the high generator 

shaft runout probably is caused by mechanical unbalance. The runout problem should be 

investigated for both Units 1 and 2.  

 
Recommendations 

 The shaft runout data collection and analysis program proposed by Acuren should be 

implemented and applied over the long term, to check for developing problems. 

 The calibration of the Bently Nevada vibration monitoring system should be checked to 

ensure it is working correctly. 

ACE 2018 CI 49033 Attachment 2 Page 182 of 399

Date Filed:  November 22, 2017          Page 0708 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

  

 

 176  

 The reason for the high runout levels at the lower and upper guide bearings of both units 

should be analyzed in 2013 as to cause and then addressed. Estimated study cost is 

$10k/unit. 

 During the next outage (2013), perform an NDE examination of generator shaft critical 

areas. Estimated cost is $2k per unit. 

 
Generator Shaft Bearings 
 
Description 
The generator bearing arrangement is a modified umbrella type having an upper guide bearing 

above the rotor and a combined thrust and guide bearing below the rotor.  

 

The upper guide bearing is a two segment babbitted bearing. The thrust bearing is a CGE 

spring mattress arrangement having 14 babbitted segments. The lower guide bearing is a 

babbitted 16 segment arrangement using the side of the thrust bearing runner plate as the 

journal surface. The thrust bearing runner plate is made of mild steel. According to the station 

staff, the units are operating with their original thrust bearings. 

 

In the past, oil analysis had only been carried out infrequently. A pilot program with Acuren Ltd. 

is now in place that covers oil sampling techniques, installation of collection points, analysis and 

trending. 

 

According to station staff the thrust and guide bearing oil coolers were replaced about four years 

ago. 

 

Assessment – Unit 2  
Information for the assessment came from a review of manuals, external visual inspection and 

discussion with maintenance staff. None of the bearings were dismantled for inspection. The 

bearings have operated reliably and there is no history of frequent thrust bearing wipes. 

 

Unit 2 thrust bearing runs at a significantly higher temperature than that of Unit 1.  according to 

plant staff, these relative operating temperatures have been consistent for many years. 
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Table 5.6-5: Unit 2 Bearing Temperatures - Degrees C 

Power 
MW 

Turbine 
Metal 

Turbine  
Guide 

Bearing 

Lower 
Generator 

Guide 

Thrust  Upper 
Generator 

Guide 

Date 

45 35 39 55 85 44 12/12/2011 

92 39 42 62 88 48 14/5/2012 

Unit 1 - 91* 59 47 46 67 44 12/6/2012 

*Unit 1 data given for comparison 

 

It is possible that the thrust segments of Unit 2 may have been slightly damaged at some time in 

the past because of a minor wipe, which could account for the higher operating temperature. 

Unit 2 thrust bearing temperature is currently quite high but in the short term is acceptable on 

the grounds that the bearing has operated for some years with no increase in temperature; 

however, if the bearing temperatures increase any further, the thrust segments should be 

replaced with the spare set. With this design of bearing the thrust shoes can be removed and 

replaced without dismantling the unit. An inspection should be arranged to investigate the cause 

of this condition. 

 

The thrust bearing high pressure oil lift system is said to be working well. It is a typical CGE 

design, although there is no oil filter in the system. As the oil is introduced directly onto the 

thrust segment babbitt surface, a filter would prevent the introduction of dirt in a critical area. 

The filter also is a useful inspection point to see if any babbitt particles or other debris is in the 

oil pot. The filter would be located upstream of the pressure switch.  

 

However, if these units will be experiencing frequent (daily, for instance) starts and stops, they 

could be candidates for having PTFE coated thrust segments installed. PTFE material is more 

tolerant of thermal crowning and no time is required for stabilization between start up and shut 

down. PTFE segments also do not require high pressure oil lift and the existing system could be 

abandoned. 
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Unit 2 – Thrust Bearing High Pressure Oil Lift System 

 

At the upper guide bearing, carbon dust from the brush gear is about 5 mm deep on the top 

cover and on the felt seal. As the felt seal wears, this dust could enter the bearing oil and cause 

lubricant performance degradation. 

 

 
Photo 5.6-13: Upper Guide Bearing with Carbon Dust on the Top Cover 

 

The three Magnetrol level switches sensing oil level in the bearings are reported to be operating 

reliably. It is likely they will have to be replaced within the next thirty years ($3k). 
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Oil has collected on the top cover of the thrust bearing oil pot, and some oil is dripping into the 

turbine pit. The rotor also has an oily film on its surfaces. The source of the oil appears to be 

leakage at the seal at the top of the thrust bearing oil pot. Further seals adjustments can be 

attempted although for complete elimination of the problem, a vacuum demisting unit may have 

to be installed. The amount of oil loss from the thrust bearing is relatively small and the station 

staff report only very minor amounts of makeup oil are required. 

 

The bearings are in good condition. They will require only routine maintenance over the next 30 

years.  

 

Assessment – Unit 1  
Information for the assessment came from a review of manuals, external visual inspection and 

discussion with maintenance staff. The upper guide bearing was on the floor and could be 

inspected. It is in good condition with only minor scratches. The bearings have operated reliably 

and there is no history of frequent thrust bearing wipes. 

 

 
Photo 5.6-14: Unit 1 Upper Guide Bearing 
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Table 5.6-6: Unit 1 Bearing Temperatures - Degrees C 

Power 
MW 

Turbine 
Metal 

Turbine  
Guide 

Bearing 

Lower 
Generator 

Guide 

Thrust  Upper 
Generator 

Guide 

Date 

46 61 50 51 64 45 13/7/2012 

91 59 47 46 67 44 12/6/2012 

100 61 49 50 64 44 3/7/2012 

 

The above operating temperatures are acceptable.  

 
Table 5.6-7: Unit 1 Upper Guide Bearing Clearances - November 2012 

Location Clearance - inches 

US 0.011 

US north 0.004 

North 0.000 – 0.003 

DS north 0.000 – 0.003 

DS 0.007 

DS south 0.014 

South 0.017 

US south 0.016 

US = upstream; DS = downstream 

 

The sums across the bearing diameters are all about 0.45 mm (0.018”). The design clearance is 

not known but it should be about this value. 

 

The thrust bearing high pressure oil lift system is said to be working well. It is a typical CGE 

design, although there is no oil filter in the system. As the oil is introduced directly onto the 

thrust segment Babbitt surface, a filter would prevent the introduction of dirt in a critical area. 

The filter also is a useful inspection point to see if any Babbitt particles or other debris is in the 

oil pot. The filter would be located upstream of the pressure switch. 

 

The level switches sensing oil level in the bearings are reported to be operating reliably. It is 

likely they will have to be replaced within the next ten to twenty years ($3k) 
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With the possible exception of the Unit 2 thrust bearing, the bearings of both units are in good 

condition. They will require only routine maintenance over the next 30 years, unless it is 

discovered during a major overhaul that the Babbitt bond is below standard, or during a thrust 

bearing inspection of Unit 2 that the babbitt surfaces are damaged.  

 

Recommendations 

 Filter the thrust and guide bearing oil every two years. This period may change depending 

on the Acuren oil analysis program findings. 

 The thrust bearing temperatures should be periodically recorded and the data reviewed on a 

six month basis. If at some time a continual temperature increase is noted, the thrust 

segments should be replaced with the spare ones.  Rebabbitting cost: $30k 

 Clean the top cover of the upper guide bearing yearly to prevent the carbon dust from 

mixing with the oil. 

 Install an oil filter in the high pressure oil lift systems by 2014 ($1k per unit) 

 Re-adjust the oil pot seals. If the leakage cannot be reduced to an acceptable level, install a 

vacuum demisting unit in 2013 ($15k per unit) 

 Check the condition of the Unit 2 thrust bearing by removing two segments for visual 

inspection in 2013. If the surface shows no sign of damage, check the calibration of the 

temperature measuring system. 

 Allow funds in the program to replace the thrust and guide bearing cooling coils within about 

20 years at their anticipated end of service life ($20k per unit). 

 

Generator Mechanical Spare Parts 
 
Description 
The following generator mechanical spare parts are on site. 

 One upper guide bearing 

 One set of thrust bearing pads 

 One thrust bearing runner plate (two piece) 

 One set  of lower guide bearing pads 

These are parts specific to the two units and normally are of the same dimensions for each set 

of units.  These components are the most important ones to have on site, and they often are 

required on short notice.  
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Assessment 
The parts listed above are the normal on-site generator parts carried by most generating 

stations. The following spare parts also should be kept at the station to keep unplanned outage 

times to a minimum. 

 High pressure oil lift pump and motor ($600) 

 High pressure oil lift pressure switches 

 

Other mechanical parts such as seals and bushings are available on short notice. The bearings 

are stored in crates and are well protected. The runner plate is lying on the floor wrapped in 

greased paper. 

 

Recommendations 

 By 2014, the runner plate should be coated with anti-rust compound, wrapped in protective 

paper and stored in a crate. The journal surface flatness tolerance is 0.013 mm (0.0005 in), 

so to prevent distortion, the plate must be evenly supported. Estimated cost is $3k. 

 Non-destructively, by UT method, inspect the spare set of thrust pads in 2013 to confirm 

their babbitt bond is acceptable. If the pads are to be installed, their flatness must first be 

checked on a surface plate.  

 By 2014, suppliers for the following parts should be found, and drawings and specifications 

should be prepared. This will reduce the delivery time when the parts are required. 

Estimated cost is $10k. 

o Bearing re-babbitting companies (prepare, in advance, specifications for rebabbitting 

and machining) 

o Magnetrol level switch parts or replacement switch units 

o Brake pads (one set of 8 pads) non asbestos type 

o Surface air coolers (one set of 4) 

o Thrust and upper guide bearing cooling coils (one of each) 

 

Cooling Water System 
 

Description 
There are two cooling water systems. The main system draws water from one or both turbine 

draft tubes, and has three 56 kW (75 hp) end suction Armstrong centrifugal pumps, two on 
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primary service and one on standby. Each has a capacity of 8,720 L/min (2,300 USgpm) at 36.6 

m (120 ft) head. They provide flow for the following applications: 

 Generator guide and thrust bearings 523 L/min (115 Igpm) per unit 

 Generator air coolers 4,360 L/min (960 Igpm) per unit 

 Main transformers 772 L/min (170 Igpm) per unit  

 

 
Photo 5.6-15: Cooling Water Piping (note deteriorated insulation) 

 

These pumps at one time also provided condenser cooling water to two mechanical air 

conditioning units located on El. 14.5 ft. However these units have not been in operation for 

many years. The system includes two large basket strainers, one ahead of the water supply to 

each generator. 
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Photo 5.6-16: Main Cooling Water Pumps 

 

There are also two smaller 3.7 kW (5 hp) cooling water pumps drawing water from the same 

draft tube suction header as the three 56 kW (75 hp) pumps. They provide bearing cooling 

water during generator/turbine start-up. After the generator(s) has started, the small pumps shut 

down and the larger main cooling water pumps supply all requirements including the larger 

quantities of flow needed by the generator surface air coolers. 

 

Cooling water from this pumped cooling system is discharged to the station tailrace.  

 

The second cooling water supply system, which is no longer in use, drew water from turbine #2 

penstock, just upstream of the turbine shutoff valve. Pressure was first reduced from 520 psi to 

200 psi for the turbine shaft seals, and from 520 psi to 90 psi for other service. Continuing 

problems with the pressure reduction valves required high maintenance effort and led to the 

system being abandoned many years ago, in favour of the system using cooling water pumps.  

 

Piping is steel throughout. Much of the piping is covered in a thin black spray-on protective 

insulation covering that provides protection against rust and also some protection against 

condensation. 
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Assessment 
The assessment is based on information collected from visual inspection of the cooling water 

system and interviews with plant maintenance and operating staff. 

 

Most of the cooling water piping for both systems is original piping. However the 62 mm (2.5 in) 

and smaller piping was recently replaced and was available for inspection in the generating 

station yard (see photos in Appendix 1C). The inside of this piping system had extensive build-

up and blistering taking place. Maintenance personnel noted the remaining original piping is 

continuing to perform well. There has been no pinhole leakage noted in this larger size (6 in, 8 

in, and 16 in) piping. 

 

The original heat exchangers for the upper guide and the thrust and lower guide bearings were 

replaced as follows: 

 Unit 1 – upper guide and lower guide and thrust bearing cooling coils in 2008 

 Unit 2 - upper guide cooling coil in 2007; lower guide and thrust bearing cooling coil in 

2008 

 

The generator surface air cooler water boxes have all been replaced, and the heat exchangers’ 

tubes and tube sheets were considered by maintenance staff to be in poor condition. 

 

The three 56 kW (75 hp) cooling water pumps and related isolation and check valves were 

replaced 5 years ago.  

 

Recommendations 

 In 2014, perform ultrasonic testing to confirm the level of wear or deterioration of the cooling 

water piping. Carry out visual checks of some extracted pipe sections to obtain additional 

information to decide on the need and timing to replace this piping. Estimated cost is $20k. 

 At the same time install air vents on both ends of the draft tube pump suction header. This 

would make air removal more effective and reliable regardless of which draft tube is being 

used to draw water from, or which pump is being run. 

 Replace piping larger than 76 mm (3 in) (piping smaller than 76 mm size was previously 

replaced) on both units’ cooling water piping systems. Pending further information on piping 

condition, it is recommended that funding for the piping replacement be scheduled for 2019. 

Estimated cost for this work is $1.8M, which covers piping, valves, instrumentation, hangers 
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and insulation and allows for the congested work area and the need to keep at least one unit 

available to operate during the replacement. 

 

5.7 TAILRACE EQUIPMENT 
 

Description 
The tailrace tunnel outlet is provided with a structural steel 6909 mm x 6706 mm (20 ft 8 in x 22 

ft) vertical lift bulkhead gate. It is stored adjacent to the tailrace outlet structure and installation 

of the gate is with a mobile crane into steel gains in the outlet structure. The gate has no rollers. 

Once in place, hydraulic cylinders integral to the gate are used to press the gate upstream 

within the gains to achieve effective contact of the seals on the tunnel side of the gate to the 

seal surface. The gate has an integral priming valve to refill the tunnel prior to gate removal. 

 

 
Photo 5.7-1: Tailrace Tunnel Outlet Gate Horizontal Member Prior Corrosion Pitting 
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Photo 5.7-2: Tailrace Tunnel Outlet Gate Prior Corrosion Pitting 

 

 
Photo 5.7-3: Tailrace Tunnel Outlet Gate Prior Corrosion Pitting 

 

Assessment 
Information for the assessment of the gate came from review of drawings, visual inspection from 

ground level and from the concrete deck of the gate storage structure, and from discussion with 

plant maintenance staff. 
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In late 2011, the gate were blasted clean and recoated with a marine enamel and the 

mechanical parts of the gate were replaced or refurbished. At the time of inspection (September 

2012), several locations of coating failure by cracking and rust were evident. Extensive pitting, 

presumably from long term corrosion were visible as the light-coloured enamel made these very 

evident. 

 

 
Photo 5.7-4: Tailrace Tunnel Outlet Gate Side Seal 

 

A check of the side seals (J type) position relative to the adjacent bearing bars indicated that the 

seals might not contact the sealing surface of the gains until differential water pressure from the 

sea side loads the seals. It was later confirmed that the gains have sealing bars which about 10 

mm thick and thus the seals should make full contact without differential pressure. 

 

During the inspection, it was noticed that wave action had placed cobblestones into the area of 

the tailrace tunnel outlet structure’s northerly gains to a depth of approximately two metres. 

Much of this material would need to be cleared to allow the gate to reach the sill, and close the 

outlet. 
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Recommendations 

 Develop a detailed installation plan for the tailrace tunnel outlet gate that deals with removal 

of the cobblestones obstructing the north side gains. This should be completed before major 

refurbishment work in the powerhouse or tunnel begins. This study is estimated to cost $10k 

and should be performed in 2013. 

 Monitor the condition of the coating on the tailrace tunnel outlet gate periodically, to track the 

failure of the coating, touching up the coating as found necessary. This work is estimated to 

cost $2k per year and should be performed annually. 

 Perform a stress and deflection analysis on the gate which considers the loss of metal from 

major members. While the results are not expected to condemn the gate, they will be useful 

in a future decision to refurbish or replace the gate. This should be done by 2017 and is 

estimated to cost $15k. 
 

Tailrace (Draft Tube) Sectional Gates and Storage Carriage Equipment 
 

Description 
The four sections of draft tube sectional gates are stored on a custom made steel carriage, 

which is manually moved to place each log under the monorail hoist. It runs on short steel rails 

embedded in the concrete floor. No inspection reports or maintenance records were available 

for review. 

 

Assessment 
The carriage is in good condition with no work required except for routine greasing of the chain 

drive and the wheel bearings.  

 

The gears on the manual chain drive are uncovered and could be a pinch point for the fingers of 

the person turning the operating handle.  

The sectional gates were reported to be in good condition.  They install without difficulty and 

seal well in both turbines’ draft tube gains. 
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Photo 5.7-6: Tailrace Log Storage Carriage 

 
Recommendations 

 Install a guard on the chain drive of the draft tube gates storage carriage to prevent the 

operator’s fingers from being trapped. ($1k in 2013) 

 

5.8 ANCILLARY EQUIPMENT (CRANES, MONORAILS) 
 
Description 
A 1.8 tonne (2 ton) Coffing hoist in the tailrace service gallery is used to raise and lower stop 

logs to isolate either of the turbine draft tubes. The hoist runs on a monorail to permit it to 

service both draft tubes.   

 

The tailrace hoist was replaced about 12 years ago. In addition, the monorail’s support system 

was changed to support the system from the floor instead of from the ceiling structure. The main 

disconnect switch was also recently replaced. 
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Photo 5.8-1: Monorail Hoist in Tailrace Service Gallery 

 
The main power house crane is original equipment. It is a Richard Wilcox 150 tonne (165 ton) 

unit with an auxiliary 22.7 tonne (25 ton) hoist, and has a span of 17.7 m (58 ft).  No record of a 

full load test in the original commissioning of the crane could be found. 

 

 
Photo 5.8-2: Powerhouse Bridge Crane 
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The electrical systems for the powerhouse crane are essentially original to the plant and were 

operated from the crane cab.  The powerhouse crane controls have been expanded to include a 

remote control about 4 years ago.  The original crane controls are of a wound rotor motor type. 

 

Assessment 
The assessment is based on information collected from visual inspection of the cranes, 

interviews with plant maintenance staff, and review of an inspection report on file at the plant. 

 

The tailrace hoist and related electrical systems are relatively new and in good condition. No 

problems were noted from discussions with plant maintenance staff. 

 

The powerhouse crane is inspected annually by Atlantic Crane & Material Handling. Their most 

recent inspection report provided is dated May 25, 2011. A letter from Nova Scotia Power to 

Atlantic Crane dated August 15, 2011, indicates action planned on various miscellaneous issues 

that Atlantic Crane had raised. The issues raised have since been addressed.    

 

These items included providing protective covering over drive motors to prevent water dripping 

from the ceiling above from damaging the motors. In addition a number of the crane rail tie 

down bolts had failed or gone missing. A bolt inventory was taken and the failed or missing bolts 

have been replaced. In addition a letter from Breton ND Testing dated 3 Oct 2011 indicates that 

magnetic particle testing of a sample of the rail tie down bolts was completed and no concerns 

were noted. A Log Book is kept that lists crane activities and repair work completed.  

 

The addition of the wireless control appears to have introduced sudden stop issues with the 

movement of the crane.  Maintenance staff noted that when the controls are released, the crane 

stops abruptly enough that the hook and any attached loads could swing. It would appear 

adding a slower speed drive would not necessarily address this issue, nor achieve precise load 

spotting control.  

 

The existing crane controls have effectively reached the end of their useful life.  Crane controls 

typically have an expected lifespan of 30-40 years.  The current configuration of the controls has 

operational issues with the movement capability of the crane during a lift.   
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Recommendations 

 The electrical systems for the powerhouse crane should be upgraded with a modern crane 

control system.  This work would be typical to this vintage of crane.  This work should also 

be done to resolve the quick stop issue of the crane movement. It is estimated that the 

upgrade would cost $550k, and this work should be performed within the next 3 years or 

prior to any major plant work requiring intense use of this crane.  A full load test of the crane 

should be performed with the new controls. 

 

5.9 HEATING VENTILATION & AIR CONDITIONING (HVAC) SYSTEM 
 

Description 
The station HVAC system was designed to provide heated fresh air and recirculation ventilation 

air to the powerhouse, provide any space heating required and also provide supplementary 

cooling which may be required when the generators are running or when space cooling is 

required for maintenance works that may be taking place. A system overview is presented in 

Figure 5.9-1 below.   
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Figure 5.9-1: HVAC Schematic 
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In overview, the system operates as follows. There is one main supply fan and one return fan in 

the Portal Building located at the powerhouse access tunnel entrance. The supply fan (S3) 

draws in a mixture of return air from the powerhouse access tunnel, and fresh outside air, and 

delivers this mixed air stream via a 864 mm (34 in) diameter spiral steel duct down the access 

tunnel back to the powerhouse. The air stream is heated as required by an electric heating coil 

located in the Portal Building before being returned to the powerhouse. 

 

 
Photo 5.9-1: Supply & Return Air Ductwork Located in Portal Building 

 

The return fan (R3) draws air from the powerhouse up the access tunnel back into the Portal 

Building where a portion is vented to the outside and the remainder is directed to the inlet side 

of supply fan S3 for return to the powerhouse. 

 

In winter the outside air is limited to about 1/3 of the air delivered to the powerhouse to limit air 

heating costs. In summer the outside air is increased to 100% and then the full 600 m3/min 

(21,200 cfm) supply air to the powerhouse is available to cool and dehumidify the powerhouse.  
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Photo 5.9-2:  Supply Air Duct to Powerhouse 

 

When the supply air from fan S3 arrives at the powerhouse it is directed to two separate air 

handling systems. Each includes a return fan (R1 and R2) that mixes some of the S3 supply air 

with powerhouse return air and circulates it through the powerhouse. One powerhouse 

ventilation system with fans R1 and S1 ventilates the main powerhouse at El. 29.5 ft. The 

second ventilation system with fan R2 and S2 ventilates the powerhouse lower levels El. 14.5 ft, 

El. 5 ft, and El. -10.0 ft. 

 

Each recirculation system also includes a packaged mechanical/refrigeration cooling unit which 

was intended to cool and to some degree dehumidify the powerhouse area that it serves. These 

packaged units were cooled using water supplied by the cooling water system, which was then 

discharged to the tailrace. The two packaged refrigeration units experienced recurring problems 

and eventually were abandoned, but left in place. 

 

Before powerhouse return air enters the access tunnel on its way back to the Portal Building, 

one return fan R4 draws a portion of the powerhouse air through the transformer vaults before 
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discharging into the access tunnel. A second return fan R5 draws air from high level in the main 

powerhouse and also discharges into the access tunnel. 

 

 
Photo 5.9-3: Powerhouse and Transformer Vault Exhaust Ductwork to Return Air Tunnel 

 

Outside air brought into the powerhouse by the ventilation system mostly travels back up the 

access tunnel, through the Portal Building return air fan to the outside. The remainder is 

discharged to the tailrace service gallery by two small exhaust fans E1 and E2, which draw 

exhaust air from the battery room and washroom, both located at powerhouse El. 29.5 ft.  

 

In the event of a fire emergency, the normal operation of the HVAC system is shutdown and 

replaced by a high rate smoke removal system. The Portal outside tunnel access door at grade 

is opened to allow outside air into the access tunnel. A large emergency exhaust fan E3 located 

in the tailrace service gallery is started. It then draws outside air down the access tunnel into the 

powerhouse. The emergency exhaust fan draws powerhouse air and smoke from El. 29.5 ft 

through automatic damper M-4 located just upstream of fan E3, and discharges into the partially 

water filled 1.7 km (5,585 ft) long tailrace tunnel and eventually to the outdoors at the tunnel 

outlet.   
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Mechanical HVAC Controls 
The controls for the HVAC systems and the miscellaneous other auxiliary systems such as 

cooling water are gathered together in one panel on the main floor of the powerhouse.  The 

HVAC portion of the controls was originally designed and installed by Honeywell and is 

essentially a pneumatic control system.  The remainder of controls are essentially relay based 

controls and manual on/off switches.  Much of the functionality of the systems has deteriorated 

over the years. Some critical alarms have been relayed to the plant SCADA system.  Much of 

the operations of the original ancillary controls and monitoring has deteriorated over the years 

and has not been well documented.  

 

  
Photo 5.9-4: Emergency Smoke Exhaust Fan on Tailrace Deck 

Assessment 
The assessment is based on information collected from visual inspection of the HVAC system, 

interviews with plant maintenance and operating staff, review of limited existing drawings and 

review of the Wreck Cove Risk Assessment Report prepared by Landsvirkjun Power in 2011. 

 

E3 Exhaust Fan 

Washroom 

Exhaust Fan 

Battery 

Room 

Exhaust Fan 
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The main ventilation system equipment is all original.  

 

The ventilation system in the Portal Building, including the ductwork, dampers, heating coil and 

fans are in good condition. No operational issues were noted. Similarly the 864 mm (34 in) 

supply air duct running down the tunnel is in generally good condition. There are a few areas 

where tunnel water leakage has caused ductwork corrosion beyond normal. 

 

Similarly ductwork, fans and dampers in the powerhouse are in good condition given their age, 

and are working well. No significant condition related concerns were noted.  

 

However the cooling units S1 and S2 have had significant operational issues, many related to 

freon refrigerant leakage. This resulted in high costs for frequent repairs over many years. As a 

result, they were shut down over 20 years ago and are currently not operational. Currently when 

space cooling is required, the ventilation system is adjusted to bring in 100% outside air and all 

return air is exhausted. This would increase outside air brought into the powerhouse for cooling 

from a normal level of 204 m3/min (7,200 cfm) to 600 m3/min (21,200 cfm).  

 

Powerhouse space temperatures in winter are acceptable. However, in summer, temperatures 

in the powerhouse when maintenance work is being performed, can get uncomfortably warm. 

To ease the situation, the tailrace service gallery doors were previously opened on occasion, 

which allowed cool, but moist and salty air into the powerhouse. This air was then drawn up the 

access tunnel by fan R3, and discharged out at the portal building. This did relieve the 

excessively warm working conditions somewhat but is no longer permitted due to concerns for 

corrosion of steel components in the powerhouse. The present practice of having the portal 

building vehicle door fully open provides some, but not complete relief from the heat. 

Unfortunately, there are no records of temperatures and humidities in the powerhouse along 

with outdoor temperatures and humidities. 
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Photo 5.9-5: Ventilation Air Cooling Compressors at El. 14 ft – 6 in 

 

In the past Nova Scotia Power decided not to replace the existing mechanical space cooling 

units (S1 and S2) due to high failure rates and repair costs. The estimated loss of cooling 

capacity is 400 kW. If the units are not to be replaced to improve the space temperature and 

humidity conditions, then the units should be removed as they are currently contributing to 

ventilation system pressure drop. Note also that operation of fans S1 and S2 are likely not 

necessary if the cooling units are removed. With these two units removed, there would be more 

free floor space, and less electrical energy used to circulate air. Removal of these units would 

include removal of the associated water cooling piping as well.  

 

The following option could be tried to further reduce warm space temperature conditions in 

summer and reduce the need to open the tailrace doors to allow cool but moist, salty corrosive 

air into the powerhouse. Shut down the existing supply and return fans in the portal building, 

open the access tunnel main door to allow outside air in, and turn on the emergency exhaust 

fan E3 in the tailrace service gallery and draw maximum outside air for cooling and 

dehumidification into the powerhouse. Based on the original design figures, this arrangement 

would draw twice as much outside air (40,000 cfm) into the powerhouse than normal summer 
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system operation would. It would also provide a higher level of assurance that the emergency 

exhaust system will actually be able to draw significant air volumes of outside air down the 

access tunnel and out the tailrace tunnel. This option could allow unauthorized access to the 

powerhouse, and thus if found to be successful, a perforated type of overhead door would need 

to be installed at the Portal Building to supplement the existing door. 

 

The lower level (El. -10.0 ft) is experiencing very moist conditions. As a result, mechanical 

systems, including piping, and valves are rusting at an accelerated rate. A major source of the 

moisture is from turbine draft tube leakage running across the walls and floor into the drain 

system. In addition, the piping and valves are moist from condensate as they are not well 

insulated, the water inside is cold, and the ventilation at this level is inadequate.  

 

According to the original design drawings, outside air that ends up in the lower levels for 

dehumidification is 22.6 m3/min (800 cfm), which is cut to 1/3 at the recirculation units S1 and 

S2 again for a net fresh air during winter of about 8.5 m3/min (300 cfm). This is an extremely low 

ventilation rate if this fresh air is to achieve any dehumidification in this area.  

 

The ventilation air that is presently directed down to the El.-10.0 ft level is discharged vertically 

at a high level (El. 11.0 ft), 6.4 m (21 ft) above the floor level. It appears that with this 

arrangement, there is little ventilation (dehumidification) air reaching most of this space. An 

electric heating coil was installed in the duct supplying air to this lower level in an effort to  

dehumidify this space, but is not effective due to the high air discharge elevation and increased 

humidity load.  

 

Aside from finding ways to reduce turbine and other water leakage at the El. -10 ft level, 

suggestions to improve the high humidity situation at this level include the following: 

 Insulate as much of the existing cooling water piping at this level as possible, including 

penstocks.  

 Spring, summer and fall – Bring the maximum amount of outside air into the powerhouse 

by opening the portal building vehicle access door to permit air into the station, and then 

using the emergency smoke removal fan E3 to draw the air through the powerhouse and out 
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the tailrace tunnel. This may require some changes to the existing control system, or manual 

operation of certain systems. 

 Extend the supply air duct closer to the floor level at El. -10 ft, to discharge not at ceiling 

level, but nearer to floor level. 

 Install ceiling propeller fans to create turbulent air movement in the pump room air at El. -10 

ft.  

 Winter - Provide a 170 m3/min (6,000 cfm) exhaust fan to draw the somewhat moist air from 

the El. -10 ft level and exhaust it into the tailrace service gallery. (Normally this 170 m3/min 

(6,000 cfm), according to original drawings, would flow up the powerhouse access tunnel to 

the outside.) 

 As for spring, summer and fall operation, use the proposed ceiling fans to create air 

movement in the pump room El. -10 ft. 

 

The Landsvirkjun Power report also raises concerns as to whether or not the existing smoke 

removal system will actually work when the need arises (see report pages 26, 33 and 59, item 

4). Their concern is that the stack effect of hot air associated with a fire rising up the access 

tunnel would work against the emergency ventilation fan, and may overpower it. Landsvirkjun 

Power recommend test operation of the system and a comprehensive review to ensure the 

system will deliver the design results under emergency conditions.  

 

KGS Group support this concern. Periodically running this emergency exhaust system during 

normal operation to improve cooling and dehumidification in the powerhouse might be useful in 

helping insure the system will be effective when required in an emergency.  

 

Also, KGS Group has some concerns that the HVAC system controls are nearing the end of 

their useful life. Modern digital controls would allow better control and reporting capability. 

Replace the HVAC system controls with modern digital controls. Estimated cost is $150k. The 

costs of electrical upgrades to this control system are reflected in the Electrical Assessment 

section of this report, under Protection and Controls Systems.  
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Recommendations 

 In 2013, install thermometers and hygrometers at several locations in the powerhouse and 

outdoors and monitor and record the conditions on a weekly basis and more frequently 

when tests to improve cooling are being performed. The data collected is important to 

determine the extent of the cooling problem and will assist in devising the optimum solution. 

The estimated cost is $5k. 

 No major replacement is foreseen over the next 30 years on the supply and exhaust fans in 

the portal building mechanical room. However, due to the criticality of these fans and 

dampers, a set of spare bearings, drive belts and drive motors for each fan and a 

replacement set of motorized dampers and motors should be acquired by 2014 at an 

estimated cost of $56k. 

 Adjust the ventilation system operation in summer to operate the emergency smoke removal 

system to maximize the amount of outside air brought into the powerhouse for cooling and 

dehumidification. Monitor temperatures and humidity levels in the powerhouse to check 

effectiveness. If the operation of the emergency smoke removal fan is unacceptable due to 

high noise levels, adjust the intake damper M1 in the portal building to full open, close 

damper M2. Monitor temperatures and humidity levels in the powerhouse to check 

effectiveness. These two tests should help establish whether mechanical cooling needs to 

be reinstated. 

 Bring El. -10 ft supply air ductwork down closer to floor level and provide propeller fans for 

the El. -10.0 ft level to improve dehumidification and reduce rusting of piping and equipment. 

Estimated cost $15k. 

 Pending successful results of the summer ventilation tests, remove the mechanical cooling 

units S1 and S2, and related cooling water piping. If the test fails, replacement of the 

mechanical cooling units would be required. Estimated cost for either solution is $150k. 

 Whether the abandoned mechanical cooling system is to be revived or removed, remove the 

poor condition fibreglass insulation and re-route the ductwork located downstream of air 

handling units S1 and S2. This section of ductwork obstructs the hatchway when major work 

is performed on the turbine generators. Estimated cost is $10k. 

 Add insulation to cold water piping and the penstocks at the El. -10.0 ft level. The cost is in 

the cooling water piping system replacement. 
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5.10 COMPRESSED AIR SYSTEMS 
 

Description 
There are two compressed air systems, both located in the powerhouse on floor El. 14.5 ft. The 

high pressure system provides 2068 kPa (300 psi) air to the turbine governor oil pressure 

system. A second low pressure compressed air system provides service air at 689 kPa (100 psi) 

to plant services, generator brakes, turbine shaft maintenance seals, and turbine grease pumps.  

 

The governor air system consists of two 7.5 kW (10 hp), 0.6 m3/min (20.9 scfm) Atlantic 

Compressed Air Ltd. reciprocating air compressors, complete with intercoolers and aftercoolers, 

and a 0.85 cubic metre (30 cubic foot) air receiver (Tank A). They operate to top up the 

governor air tanks weekly (manually performed), and typically run for about 5 minutes per week. 

These compressors were replaced about 2007. 

 

 
Photo 5.10-1: High Pressure Air Compressors 

 

The service air system consists of a single 2.8 m3/min (100 scfm), 30 kW (40 hp) Sulair air 

compressor (new in 2009), which includes an aftercooler and two air receivers. The 2.55 cubic 
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metre (90 cubic foot) air receiver (tank C) is intended for service air and cooling water system 

control valves. The service air system supplies various control valves and service air hoses 

located on floors El. 29.5 ft, El. 14.4 ft, El. 5 ft, and El. -10 ft. The smaller receiver (tank B) is 

reserved for the generator brake air.  All compressors are serviced by Atlantic Compressors Ltd. 

 

 
Photo 5.10-2: Low Pressure Compressor 

 

 
Photo 5.10-3: Compressed Air Receivers (Left to Right A, B & C) 
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The high pressure governor compressed air system is linked by a cross connection and a 

pressure reducing valve to the generator brake air system. This normally closed cross 

connection provides backup air to the brake system if service air is not available. 

 

Both high and low pressure piping systems are galvanized steel with screwed fittings.  

 

Assessment 
The assessment is based on information collected from visual inspection of the compressed air 

system and interviews with plant maintenance staff. 

 

The two high pressure reciprocating compressors are new and in very good condition. The 

service air compressor is 3 years old and also in very good condition.  

 

The receiver tanks were certified by the Nova Scotia Department of Labour in 2009. 

 

Piping in both high and low pressure systems was randomly visually inspected and is in good 

condition. 

 

The service air system refrigerated air dryer has not been working for some time and should be 

replaced.  

 

On the service air system, a control valve actuator pilot valve was venting compressed air 

continuously. Service air piping has not been checked for leaks for some time. 

 

On the piping system, the site staff noted the following items related to an upgrade on the piping 

system functionality: 

1. Piping around the receiver tanks should be reworked to permit each receiver tank to be 
individually isolated while permitting the remaining tanks to stay operational. This would 
assist in periodic relief valve testing activities.  

2. Currently the service air refrigerated air dryer (which is not working) only addresses the 
control valve compressed air, and not the shop air and generator brake system. It was noted 
that in the powerhouse lower levels, air tools often contained significant moisture. Piping 
should be revised to pass air for these services through the refrigerated air dryer as well.  
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Recommendations 

 Inspect the service air system for leaks and repair as required  

 To upgrade the functionality and reliability of the service air system, while simplifying 

maintenance, redesign the compressed air piping to allow individual tank isolation and 

replace the service air refrigerated dryer. Estimated cost is $20k and the work should be 

carried out within 3 years. 

 In 2013, install a timed blow down valve on the compressed air storage tanks which supply 

the governor and power tools ($10k). 

 In 2013, install an automatic air make up system for the governor accumulator tanks ($15k 

per unit). 

 

 

5.11 FIRE PROTECTION AND DETECTION SYSTEM 
 

Description 
Components which make up the fire protection systems for the Wreck Cove GS site include four 

automatic deluge systems (two for the unit transformers and two for the generators), a fire 

detection and alarm system and fire extinguishers and hose cabinets in the powerhouse.   

 

Mechanical 
Water for the fire protection system is obtained from two wells located behind the Quonset 

building. The pumps are 4 kW (5 hp) each and each can deliver an estimated 151 L/min (40 

USgpm). The pumps are used to keep two 113,560 L (30,000 US gallon) steel storage tanks 

located adjacent to the Portal Building full, to provide the station with the water required for a fire 

emergency. The pumps start and stop automatically based on level sensors in the storage 

tanks. The storage tanks are covered with soil and are not visible.  
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Photo 5.11-1: Fire Protection Well No. 1 

 

 
Photo 5.11-2: Fire Protection Well No. 2 
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From the storage tanks, water is carried via an 203 mm (8 in) steel pipe down the 561 m (1842 

ft) long access tunnel into the powerhouse. In the powerhouse the fire protection water services 

the generator and transformer deluge systems. Additional photos of the fire protection water 

piping systems are included in Appendix 1B. 

 

Additional fire protection systems in the access tunnel and powerhouse include dry chemical 

type 4.5 kg (10 lb) class ABC fire extinguishers. They are UC rated 4A-30BC complete with 

nozzle, shut-off valves, pressurized cartridges and pressure gauge.  

 

There are also fire hose stations equipped with 38 mm (1.5 in) Lexan electric fog nozzles and 

complete with 23.9 m (75 ft) of 38 mm (1.5 in) hose. They are located along the west side of the 

generator floor level and on the south side of the generator enclosures at the turbine floor level, 

as well as along the west side of the access tunnel.  

 

 
Photo 5.11-3: Typical Powerhouse Fire Hose Station and Extinguisher 

 

Each of the two generators has an automatic deluge system which consists of two deluge 

sprinkler rings with nozzles. One ring is mounted above the stator and one below. Water is 
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admitted to the deluge system by a solenoid valve which is activated by a local deluge control 

panel. (The triggers for the deluge control panel are a smoke detector and the generator 

differential trip signal which must be activated in combination). 

 

Each of the two power transformers has an automatic deluge system consisting of a sprinkler 

loop located around the top of the transformer and above the oil reservoir. Water is admitted to 

the deluge system by a solenoid valve which is activated via a control panel by a temperature 

sensitive detector. A timer controls the duration of the deluge to about 5 minutes. If the 

temperature sensor indicates the temperature is still high, the deluge will be restarted.  

 

The water flow requirement of the fire protection system is as follows: 

1. Fire hoses – 379 L/min (100 USgpm) each; 

2. Generator deluge at 345 to 380 kPa (50 to 60 psi) – 946 L/min (250 USgpm) per unit; 

3. Transformer deluge at 345 to 380 kPa (50 to 60 psi) – 1552 L/min (410 USgpm) per unit. 

 

The deluge systems are tested annually, with measures to divert water so as not to wet the 

generators. 

 

In addition, the fire protection system described above is supplemented by an underground life 

support refuge gallery. The gallery had been sealed at both ends as intended, but has 

deteriorated and is no longer a suitable refuge area. See Section 4.8 Powerhouse, which deals 

in more detail with Powerhouse Life Safety matters. 

 

The powerhouse also has a smoke detection system, and provisions in the powerhouse 

ventilation system for the emergency supply of fresh outside air and exhaust of smoke and 

fumes out through the tailrace tunnel. The smoke exhaust system is described in more detail in 

the Heating, Ventilation and Air Conditioning section of this report. 

 

The local fire department is a volunteer organization (the North Shore Volunteer Fire 

Department) and has no specific training related to Wreck Cove fire fighting. 
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Electrical Components 
The main electrical components which relate to fire protection are the controls and the main fire 

alarm panel.   

 

The two generator deluge systems each have new Siemens Fire Alarm Control panels installed 

(Photo 5.11-4) to control the operation of the deluge system.  These control panels are 

connected to the unit protections to monitor the status of the generator and verify that the unit 

has tripped if there is to be water sprayed on the units. 

 

 
Photo 5.11-4: Generator Deluge Control Panel 

 

The generator deluge systems are configured with Siemens smoke detectors (Photo 5.11-5) 

located within the generator enclosures.  The systems are programmed so that if there is smoke 

detected within the enclosure and the unit has tripped offline from a differential protection trip, 

then the generator deluge system will operate.  The generator deluge is limited in the amount of 

time that it will be operating. 
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Photo 5.11-5: Generator Deluge Smoke Detector 

 

The generator deluge systems report back to the plant SCADA system as to the status of the 

fire protection. 

 

The deluge control panels (Photo 5.11-6) for the transformers are the original control panels 

which have had some maintenance repairs over time, but are essentially original. 

 

 
Photo 5.11-6: Transformer Deluge Control Panels 
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The transformer deluge is controlled via pneumatic heat detectors which trigger a pressure 

switch to initiate transformer deluge.  These then trigger electrical solenoids which provide pilot 

water to the transformer deluge valves. There is no de-energizing of the transformers as a pre-

condition for deluge operation. 

 

The valves for this system are electrically held and fail to the open position. 

 

The main fire alarm panel is an older Edwards conventional zone panel.  There are a limited 

number of heat detection devices, smoke detectors in critical areas and pull stations around the 

powerhouse which will trigger a plant alarm.  This alarm will trigger plant evacuation as well as 

initiate the smoke evacuation system portion of the HVAC system. 

 

In order to indicate that there is a plant fire, there are bells throughout the plant to indicate the 

presence of fire. 

 

Assessment 
The assessment is based on information collected from visual inspection of the fire protection 

system, interviews with plant maintenance and operating staff, and a review of the Wreck Cove 

Risk Assessment Report dated 2011.  In general, the fire protection systems are for asset 

protection rather than for life safety. The systems in place are typical for generating stations of 

this significance, but as noted below improvements are recommended along with replacement 

of key components. 

 

Mechanical 
The fire protection system wells, water storage tanks and piping down to the powerhouse are 

original equipment and therefore 35 years old. The water level in the tanks is checked manually 

on a weekly basis, but the supply pumps are not monitored for hours of operation, and are not 

periodically tested. It is not certain that both pumps are in good working order. To the 

knowledge of plant personnel, the pumps have never been overhauled. There are no indications 

that water is being lost from the system, that is, level checks do not seem to indicate that the 
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tanks are leaking. However given their age and the fact they cannot be easily inspected, it is 

prudent to check their condition. 

 

There does not appear to be a recent study indicating how the station conforms to NFPA 851, 

Recommended Practice for Fire Protection for Hydroelectric Generating Stations - 2005. Neither 

is there a report from the insurer indicating any current concerns with the system as it is. 

However the Risk Assessment Report prepared by Landsvirkjun Power in May 2011 identifies 

that NFPA 851 recommends that the water storage capacity should be 568,000 L (150,000 US 

gal), instead of the current 227,000 L (60,000 US gal).  

 

The transformer deluge system was inadvertently triggered about 10 years ago and at that time 

the system worked.  

 

Electrical 
The Siemens deluge control panels which have been installed for the generators are new 

(within one year), appropriate for the task and in good condition.   

 

Typically on larger capacity hydro turbines (such as those at Wreck Cove GS), there would be 

some additional redundancies/ features built into the deluge system.  Those of note are: 

1. An additional interlock from the unit protections to ensure that the unit is absolutely offline.  

2. A parallel deluge valve to ensure that at least one valve operates when the system is 
required to discharge. 

3. Formally monitored sprinkler valves for the system to ensure that no valves which should be 
closed or open can be left in the improper state without triggering supervisory alarms.  

 

The deluge systems are also not tied into the plant fire alarm system to trigger evacuation of the 

plant in case of fire. 

 

The transformer deluge systems are reaching the end of their useful life and have shown signs 

of deterioration.  An overheated solenoid has already caused a fire within one of the panels.  

 

ACE 2018 CI 49033 Attachment 2 Page 221 of 399

Date Filed:  November 22, 2017          Page 0747 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

 

 

 215  
 

 
Photo 5.11-7: Transformer Deluge Control Showing Indications of Internal Fire 

 

As a final item, the Edwards fire alarm system has reached the end of its useful life.  While 

appropriate for the era in which it was designed, fire alarm systems from this time have the 

following issues: 

1. Parts are no longer readily available or reliable. 

2. Typically the audibility is poor, and given the requirement in many areas of the plant for 
hearing protection, the lack of visible alarms would likely result in no indication to the 
powerhouse occupants. 

3. There is no proper enunciator at the Portal Building, which means that there is a 
requirement to get all the way to the fire prior to understanding the fire condition of the 
powerhouse. 

4. There is no general alarm when there is a flow related to a fire hose. 

 

Adding to the complexity of the operation of the Wreck Cove GS, is the single path of egress 

and generally poor exiting guidance.  While not a replacement for additional exits, the addition 

of Early Warning Smoke detection systems is often used in facilities where exiting can be 

ACE 2018 CI 49033 Attachment 2 Page 222 of 399

Date Filed:  November 22, 2017          Page 0748 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

 

 

 216  
 

difficult or damage to assets can be significant.  This option should be reviewed for the Wreck 

Cove GS. 

 
Recommendations 
Mechanical  

 To establish their remaining life, arrange for inspection and wall thickness testing of the 

existing tanks and related piping from the well pumps to the storage tanks and also the 

piping and valves from the storage tanks into the powerhouse and to the generator and 

transformer fire protection systems. Based on the results of this testing, a plan for remedial 

work can be developed. Estimated investigation cost is $20k in 2013. 

  Address the current shortfall in the required water storage capacity. Current total storage 

capacity in the two tanks is 227,000 L (60,000 US gallons) versus an NFPA 851 requirement 

for 568,000 L (150,000 US gallons). Perform a study to investigate alternatives before 

implementing. Estimated cost to investigate the work described is $40k. 

 The two water supply wells should have vegetation removed from the immediate vicinity and 

fence post markers with identification tags placed to clearly identify the well locations. 

Estimated cost $2k. 

 Confirm that both well pumps are capable of operation and are in good working order. This 

can be achieved by flushing the fire protection supply line to the powerhouse with a flow rate 

not less than the transformer deluge capacity of 1552 L/min (410 USgpm), which will also 

remove any loose corrosion particulate matter from the supply line. Repeat this flush every 

two years.  

 

Electrical 

 The generator and transformer deluge systems should be tied to the station fire alarm 

system to ensure that there is proper evacuation in the case of a fire. The estimated cost is 

$10k and this work should be completed by 2014 or before major refurbishment work in the 

powerhouse is begun. 

 The transformer deluge control panels should be replaced with modern systems, at an 

estimated cost of $40k, and should be completed within the next 2 years 

 The main plant fire alarm system should be replaced.  This should include: 

o A system with new audible devices, including the addition of strobe indication. 
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o A proper enunciator installed in an area where a fire can be safely responded 

to. 

o Some review of early detection and more detailed annunciation that could be 

used in areas of refuge.  This is further addressed in the report section called 

Issues and Opportunities. 

 

The estimated cost is $550k and the work should be completed within the next 2 years and 

before major work in the powerhouse begins. 

 

5.12 SUMP SYSTEMS (DRAINAGE AND DEWATERING) 
 

Description 
The powerhouse has both a general drainage system and a dewatering system that is used to 

empty the turbine water passages below the tailrace water level, when required for turbine 

inspection and maintenance. Both systems pump to the tailrace.  

 

The powerhouse drainage system has a 13,250 L (3,500 US gallon) sump. It collects water from 

various drains and all groundwater leakage into the powerhouse. This sump has two drainage 

pumps P4 and P5. P4 is a non-clog sump pump, and P5 is a self priming sump pump. They 

each have a capacity of 1325 L/min (350 USgpm) at 27.4 m (90 ft) head and are float controlled. 

 

The drainage sump has a check valve protected overflow that discharges excess flow into the 

adjacent dewatering sump where the two dewatering pumps are available to assist with 

additional pumping capacity if required. The drainage sump does not have any oil containment 

or removal systems. 
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Photo 5.12-1: Drainage Sump Pumps P5 at Left & P4 at Right 

 

Note that the transformer vault drains, which are intended primarily for the fire protection deluge 

system, discharge directly to the tailrace and not to the drainage sump. In the event of a major 

transformer oil spill due to a tank rupture, how much of the oil would remain in the transformer 

room is not known, as there is only a plumbing-type inverted trap system to retain an oil-over-

water situation. 

 

None of the major oil containing equipment is provided with secondary oil containment. This 

includes the governor accumulator tanks, governor sump tanks, and turbine shutoff valves 

accumulator tanks and the valve operating cylinders.  The oil storage area includes a plastic 

type secondary containment, but it is inadequate for the volumes of oil stored during major work 

and therefore oil drums are placed outside the containment.  The headcover of the turbines, 

where governor oil, or generator or turbine bearing oil might spill to, drains by gravity to the 

station sump, which has no provision for oil recovery.  
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Photo 5-12-2: Pressure Unit with No Secondary Containment 

 

 
Photo 5-12-3: Accumulator Tanks with No Secondary Containment 
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Photo 5-12-3: Oil Storage Exceeds Secondary Containment Area 

 

The draft tube dewatering sump has a capacity of 18,900 L (5,000 US gallons) and is connected 

to the draft tubes by two 203 mm (8 in) pipes. It has two vertical turbine style pumps, a 30 kW 

(40 hp) unit with a capacity of 3785 L/min (1,000 USgpm) at 27.4 m (90 ft) head (P2), and a 15 

kW (20 hp) unit with 1325 L/min (350 USgpm) capacity at 27.4 m (90 ft) head (P1). A float level 

control system is used to start and stop the pumps.  

 

 
Photo 5.12-4: Dewatering Sump Pumps P1 & P2 
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Assessment 
The assessment is based on information collected from visual inspection of the dewatering 

system, interviews with plant maintenance staff, and review of equipment literature. 

 

Both drainage system sump pumps P4 and P5 were replaced in the fall of 2011. P5 is in very 

good condition. However pump P4 ran dry because the floats did not shut the pump down. As a 

result P4 has a high vibration level. Current plans are to replace this pump and keep refurbish 

the existing damaged pump to serve as a backup.  

 

On the dewatering system, the more frequently used smaller pump P1 was replaced in October 

2011 (the existing pump motor was reused).  

 

The larger pump P2 is original from 1977. It is now drawing low amperage suggesting that its 

impeller may be worn. In addition, its upper bearing is making noise and needs to be replaced. 

Since P2 represents 74% of the total dewatering sump pumping capacity, it should be replaced 

or repaired soon.  

 

The consequences of P2 at 3785 L/min (1,000 USgpm) capacity failing are that: 

 it would take longer to dewater the draft tube and related systems with only P1 at 1325 

L/min (350 USgpm) capacity in operation 

 in the event of a leak such as occurred with the spherical valve trunnion seal, the 

powerhouse could flood, and 

 in some cases, an inadequate pumping capacity can hinder achieving a seal on the draft 

tube gates, extending the isolation time.  

Also should P2 fail when needed, the extended generator outage time would add significantly to 

the real cost of an unplanned pump replacement. 

 

The pump discharge piping for both systems (some of which is visible and some of which is in 

concrete), should be ultrasonically inspected to check their condition and to assist in 

establishing when replacement is required. This piping system should be retained until it 

demonstrates it is no longer able to carry the flow being pumped, or it begins to leak.  
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Secondary oil containment should be provided around floor mounted equipment which contain 

stored oil, to intercept any leakage before it goes to the station sump or the tailrace.  The oil 

storage area secondary containment should be sized to accommodate the peak oil volumes 

kept on site during turbine generator maintenance, while any infrequently used lubricants should 

be moved out of the powerhouse. 

 

The drainage sump systems should be provided with an oil detection and oil skimmer system 

with alarm and interlock control to prevent pumping below a set level (oil-water interface) if oil is 

detected. Care must be taken to ensure the design would not flood the El. -10 ft floor.  

 

Recommendations 

 Replace pump P4. This work was completed in late 2012.  

 Replace or rebuild dewatering pump P2 in 2013. Replacement cost is estimated to be $3k. 

 Take representative thickness tests on the pump discharge piping to obtain a general 

indication of its thickness and an indication as to its remaining life. Based on the results of 

this testing, determine if piping replacement is warranted. Estimated study cost is $10k. 

 By 2014 provide secondary oil containment around floor mounted equipment containing oil 

and match the size of the containment area for the level of stored oil needed during turbine 

generator maintenance. Remove any infrequently used lubricants outside of the 

powerhouse.  Estimated cost is $30k. 

 By 2014 install an oil detection and skimmer system with alarm and pump interlock control 

on the station sump at an estimated cost of $25k. 

 Carry out a study on the routing of all plant and equipment drains to determine which drain 

directly to the tailrace. Determine what action, if any, is required to avoid or capture potential 

spills. Study cost is $40k and it should be completed by 2013. 

 

5.13 DOMESTIC WATER AND WASTEWATER SYSTEM 
 

Description 
Water for domestic use in the powerhouse is obtained from the fire protection system. The 

water was originally drawn from the fire protection tanks and travelled via a 50 mm (2 in) steel 
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pipe down the access tunnel to the powerhouse. This 50 mm piping was abandoned and the 

domestic water is now connected to the fire protection supply pipe, near where it enters the 

powerhouse.  There is no connection to the domestic water well, which supplies only the 

administration building. 

 

Where the access tunnel connects to the powerhouse, the water passes through a pressure 

reducing station and is stored in a 136 L (36 US gallon) galvanized steel storage tank. Inside the 

powerhouse, the domestic water piping is generally copper.   

 

The system has no treatment facility and supplies water to the following fixtures or applications:  

1. Service sink 

2. Water closet 

3. Urinal 

4. Hot water tank 

5. Hose connections in the powerhouse. 

 

The hose connections are used for general washing including floors and vehicles.  

 

 

 
Photo 5.13-1: Urinal and Water Closet 
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This system is not potable and is not used for drinking water; which is provided by bottled water.  

 

Wastewater from the various plumbing fixtures drains via PVC piping to a fibreglass holding 

tank installed in 1997/98 in the powerhouse lower level. This tank is pumped out by truck 2 to 3 

times a year. 

 

 

 
Photo 5.13-2: Fibreglass Sewage Holding Tank 

 
Assessment 
The assessment is based on information collected from visual inspection of the systems and 

interviews with plant maintenance staff. 

 

The copper piping is original and has received little attention since being installed. Not critical to 

station operation, it could be run as long as possible to get maximum value from the existing 

system.  

 

Concerns with this system were not noted. It appears to be working well. It may be best to 

continue using the system as is and making repairs to the system when the need arises.  
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The wastewater piping system is original, in good condition, and not in need of attention. The 

fibreglass tank is relatively new and should last another 30 years.  

 

Monitor the system and repair components as the need arises. Replace the plumbing fixtures 

and system components such as the well pump, hot water tank, or sink faucets as required. 

 

Recommendations 
No recommendations 

 

5.14 SURGE LAKE DRAIN VALVES 
 

Description 
Embedded in the Dam D11-2 on the south side of Surge Lake is a drain pipe terminating in two 

valves, which is designed to permit the lowering of Surge Lake water level below the bottom of 

the penstock inlet structure, if necessary. The valve arrangement consists of two butterfly valves 

in series, with the downstream valve controlling flow and the upstream being normally fully 

open. The arrangement is similar to that located at dam D4, where the valves control the 

riparian outflow from Gisborne Lake.  

 

On July 25, 2012, a major leak at dam D4 was detected. After investigation, the leak was 

determined to be caused by the downstream butterfly valve disc, which had become loose on its 

stem.  The loose disc was able to quickly turn on its stem and closed suddenly due to 

imbalanced upstream downstream forces. This created a water hammer effect which ruptured 

the pipe flanges and the valve body of the upstream valve, resulting in an increased release of 

water downstream. Owing to the lack of accurate as-built drawings, significant difficulty was 

encountered in safely stopping the flow, which was eventually achieved by plugging the pipe at 

the inlet end. 

 

Assessment 
The piping and valve system at the toe of the Surge Lake Dam D11-2 is believed to be of a very 

similar design, except for pipe and valve diameter, to that of Dam D4.  Although the valves are 

the same age, the service is different and the exposure to vibration caused by throttling is much 
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less. However, the valves have not been removed and inspected in detail since installation, and 

may be suffering from corrosion at the disc/stem connection. 

 

As the condition of the valve disc/stem bolting cannot be checked without removing the valve 

from the piping, a check should be performed and a new valve installed or the existing one 

repaired.  

 

Recommendations 

 Remove both valves of the Surge Lake drain piping and inspect for disc to stem bolting 

damage and security. Plan to repair or replace the valves, depending on the findings.  This 

work should be carried out by 2014 and is estimated to cost $20k, assuming only some 

minimal difficulty in closing off the pipe inlet, so that both valves can be checked. 

 

 
Photo 5.14-1 Surge Lake Drain Pipe Inlet 
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6 ELECTRICAL CONDITION ASSESSMENT 

 
GENERAL 
The following components were included in the electrical condition assessment:  

 Generators (Electrical) 

 Excitation Systems 

 Isolated Phase Bus Duct 

 Excitation Transformer 

 AC Station Service System, including: 

o Station Service Transformers 

o Auxiliary Service Transformers 

o AC Switchgear 

o Auto Transfer Control 

o MCC's and Panel Boards 

o Cable and Bus 

o Standby Diesel Generator 

 Protection and Controls Systems 

 Station DC Power System 

 Station Grounding System 

 Station Lighting System 

 
A general description, condition assessment, and recommendations follow for each of the above 

components. 

 

The assessment of the following systems’ electrical supply and controls are included in the 

Mechanical Assessment section of this report: 

 Tunnel T-2 Intake Gate 

 Heating, Ventilation and Air Conditioning 

 Fire Protection 

 

The following components at Wreck Cove were not in the scope of the assessment: 

 Main Output Transformers 
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 High Voltage Conductors to Switchyard 

 Switchyard 
 
 

6.1 GENERATORS (ELECTRICAL) 

 

Description  
Wreck Cove Generating Station contains two vertical shaft, umbrella type, synchronous 

generators manufactured by Canadian General Electric (CGE) Company in 1976. These units 

have a guide bearing above the rotor and a combined thrust and guide bearing located below 

the rotor. Each unit is recessed into a concrete housing. 

 

The generators are nameplate rated for 111 MVA, 13.8 kV, 4,648 A, 450 rpm, and 90°C 

temperature rise with a maximum design over speed of 780 rpm. The nameplate overload 

capacity is 116 MVA. As Wreck Cove has been operated as a peaking power plant, these 

generators have very rarely operated at their nominal rating. 

 

The generator rotor is a fabricated assembly consisting of a hub, a spider, a built-up rim fitted 

with field poles and a brake ring on the underside. The rim is piled in two sections which are 

clamped vertically by through studs and are keyed to the spider by dovetail keys. The Wreck 

Cove generator rim is a floating rim design. 

 

The field winding includes 16 interconnected field poles. Each of the field poles around the 

circumference of the rim are mounted with dovetails locked in place in the rim by sixteen 

tapered pole keys driven in at assembly. 

 

The stator assembly was manufactured in two sections and is supported on the foundation at 

eight equally spaced points around the periphery of the frame on sole plates grouted into the 

concrete. Radial keys on the sole plates permit the radial freedom necessary for the thermal 

expansion and contraction of the frame.  

 

The stator winding consists of single turn Roebel bars with two parallel circuits per phase. 

Packing and tight wedges restrain the bars throughout the length of the slot. The bars are 
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formed of several conductors in parallel, arranged to form a rectangular cross-section. Each 

conductor is insulated with polyester glass. The formed rectangular bar is wound with ground 

insulation consisting of epoxy impregnated mica paper tape which is heat cured and then 

covered with a glass tape saturated with conductive paint and an outer coating of conducting 

room temperature vulcanizing (CRTV) silicone rubber.    

 

Generator cooling is provided by four finned air-to-water heat exchangers located within the 

generator housing, through which the air of the machine is passed and then re circulated.  

 

After investigation of the available records at site the following historical significant activities 

were recorded for Unit 2:  

 1994 - Air Gap measurements on Unit 2. The results of this measurement were not available 

in the files.  

 1996 – During this annual shutdown which occurred in September, a significant amount of 

work was performed on Unit 2 including: 

o Inspection of the wedging of the stator winding bars and new wedges were installed in 

the stator slots at the splits. 

o Verification of the rotor winding insulation condition and torque level at the DC bus 

jumpers   

o Verification of the rotor pole wedges and tightness 

o Replacement of short brushes on the slip rings 

o Visual inspection of ring bus jumpers, pole caps and coupling capacitors for damage to 

epoxy 

o Modification of the mounting system for the fibreglass cover for the generator neutral 

connections. 

o Measurements of the stator to rotor air gap. No measurement data is available on file. 

o Electrical tests on the stator and rotor. However, no measurement data is available on 

file. 

 2011 – During this outage some electrical tests were performed on the generator such as 

dielectric test and a polarization index test. The generator rotor was also tested for rotor 

impedance and capacitance. All test results indicated the rotor and stator were in good 

condition electrically.   

ACE 2018 CI 49033 Attachment 2 Page 236 of 399

Date Filed:  November 22, 2017          Page 0762 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

 

 

 230  
 

 

No similar chronology for historical significant activities could be compiled for Unit 1. 

 

Assessment 
Assessment of the condition of the generators is mainly based on visual inspection, review of 

test records, review of the inspection report provided by Power Engineering Company and 

interviews with the plant maintenance staff. Inspection of the components involved identification 

of visual evidence of looseness, overheating, electrical deterioration, mechanical damage, 

dusting, fretting corrosion and other conditions that could lead to more extensive problems.  

 

The records of electrical tests performed during the outage September 2012 Unit 2 were also 

reviewed as a part of the assessment.   

 

At the time of the Unit 1 assessment in November 2012, the rotor of Unit 1 was already out for 

detail inspection by Nova Scotia Power. As both units at Wreck Cove GS are identical, most of 

the electrical issues are identical in nature.  

 

The details of the assessment are outlined below. 

 

Stator Winding – Unit 2  
At the time of the KGS Group inspection the generator rotor was in position so it was not 

possible to view the entire circumference of the stator windings. Visual inspection of the 

generator stator revealed evidence of extensive oil contamination within the generator housing. 

Although the review of the generator test report from the 2011 outage does not indicate any 

noticeable insulation degradation of the stator winding, long term contamination by oil can lead 

to a decrease in reliability by several means: 

 Stator contamination can foster electrical tracking which can lead to phase to ground and 

phase to phase faults. 

 Oil based contamination can leach into the core and cause inter-laminar looseness and, in 

some cases, inter-laminar abrasion. Loss of inter-laminar insulation can cause core hot 

spots which accelerate stator winding aging. 
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 Stator winding contamination in the end winding area can produce alternative electrical 

conduction paths between the end-winding and ground. 

 Oil on the winding can increase the risk of fire. 

 

 

Photo 6.1-1: Evidence of Oil Contamination within the Stator Winding 

 

With the amount of oil and dust contamination present, it was not possible to see any white 

powder which is evidence of partial discharge activity and no previous partial discharge test 

records were available with the maintenance records.  Interviews with the maintenance staff 

revealed that there was provision for online partial discharge measurement in the past but this 

system has not been functional for several years and has been mostly removed.  
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Photo 6.1-2: Provisions for Partial Discharge Probes 

Based on our initial discussions there were no signs that there were loose, broken or cracked 

slot wedges. Follow up conversation revealed that there were some loose elements found within 

the generator and the Power Engineering report reveals there are loose wedges in various slot 

locations and at the stator splits.  These loose elements are a concern.  

 

A visual inspection of the stator windings with the rotor in place showed no evidence of unusual 

conditions. Items reviewed were the migration of the fillers, indication of overheating, partial 

discharge activity or any mechanical damage.  

 

Later when the rotor was removed for the Power Engineering inspection it became evident that 

repacking of the stator core splits is required. As a consequence some degree of winding 

replacement will be required at the core splits. 

 

Visual inspection of the end winding area did not reveal any concerns. There is no evidence of 

erosion, overheating, partial discharge activity or corona activity at the end winding area except 

for a few scratches from assembly and dismantling of the top shrouds. 
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Photo 6.1-3: Scratches on the End Windings      Photo 6.1-4: Top of Stator Windings  

 

From the dielectric test results performed on 31st August 2012 if was observed that the 

Polarization Index (P.I.) was above 2.5. As per IEEE 43, this P.I. value is within the acceptable 

range. It is important to note that this value was achieved with heavy surface contamination. 

Even though the stator winding condition is not poor, considering the age of the generator it may 

be prudent to plan for re-winding of the stator within the next five years. This would extend the 

electrical life of this unit by 20 to 30 years. 

 

As a part of the life extension and modernization of Wreck Cove GS, it is recommended that a 

rewinding program be initiated. The scheduling of the rewinding process will depend on the 

results of the other evaluating tests such as partial discharge tests, DC hipot tests done at 

reduced voltage and off-line corona probe tests.  

 

Given the age of the stator winding (35 years) it very difficult to predict the number of years this 

unit will operate reliably without rewinding. To avoid a lengthy forced outage due to winding 

failure, it is prudent to re-wind by the year 2017.  

 

Stator Frame and Core – Unit 2 
The stator frame is fabricated of steel plate.  Visual inspection revealed no noted cracks, broken 

welds or distortion in the structure and no unusual water leakage was observed from the cooler 

tubes or cooler piping. The stator frame uses separate sole plates for anchoring to the 

foundation.  Radial keys are incorporated not only to resist torque but also to allow thermal 
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expansion and contraction of the stator. Visually no abnormality was observed in these 

components. 

 

Visual inspection of the stator core was limited by excessive amounts of oil and dust residue on 

the core surfaces. From our preliminary inspection no unusual core waviness was observed; 

however, the Power Engineering inspection with the rotor removed detected core waviness near 

the stator core splits. There is migration of insulation of the core split packing which is a factor 

and contributed to the stator profile out of tolerance. The migrated core packing may have been 

dissolved by continuous exposure to lubricating oil mixture. It is uncertain whether there are any 

hot spots within the stator core. The temperature records obtained from site do not indicate any 

issues with core hot spots.  

 

Even though this situation does not pose an immediate risk for operation, it is recommended to 

perform a detailed assessment of the stator core as soon as possible, ideally at the 2013 

outage, and at the same time the following tests on the stator core should be performed: 

 Through check of the core tightness  

 Stator Core Loop Test 

 ELCID Test 

 

These tests are recommended to determine whether there are any underlying hot spots within 

the stator core and to better understand the condition of the inter-laminar insulation. 
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Photo 6.1-6: Stator Core      Photo 6.1-7: Stator Frame and Core  

 

Rotor – Unit 2 
The rotor condition assessment is subdivided into:  

 Rotor coils, poles and damper winding  

 Collector and brush assembly. 

 

The following items were inspected visually on the rotor coils and poles where accessible. With 

the rotor in the machine, these items are essentially a spot check:  

 Evidence of dusting or erosion 

 Improper locking or looseness in field coil braces and their hardware 

 Insulation fretting, cracks or breaks 

 Evidence of overheating 

 Moisture, oil, dirt or other contamination 

 Mechanical damage of any kind 

 Looseness or fretting in the dovetail key assembly. 

 

The damper windings of these units were not visible for inspection as these are closely 

integrated with the construction of the poles. 
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Photo 6.1-11: Rotor Poles 

While there are no immediate major issues which were visually observed, during this inspection 

for the above items, an ongoing deficiency was identified in the form of a recurring generator 

field ground problem. At the time of the inspection the maintenance staff was working to rectify 

the generator field ground issue.  

 

Subsequent to KGS’s inspection, Nova Scotia Power performed additional assessments on the 

field poles and noted that there was looseness or fretting in the dovetail keys and the field coil 

braces were found extremely loose.  Nova Scotia Power has indicated that a detailed review 

and corrective measure of these issues are underway. 

 

The generator field copper bars are routed through a vertical shaft section from the slip ring 

housing and then connect with the main rotor leads. The picture below shows the mechanical 

arrangement of the rotor field connections, where it can be seen that the copper bars and their 

associated joints are insulated with mica tape.  
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Photo 6.1-12: Arrangement of Generator Rotor Leads 

This configuration can allow carbon dust from the collector ring assemblies to work its way into 

the rotor area.  We suspect that the oil contamination could carry some of this carbon dust to 

the small cracks and cause ground faults. Another possibility for ground issues is the 

accumulation of excessive carbon dust within the vertical section of buswork which could 

produce ground tracking. Carbon dust from brushes can find its way through the small pockets 

where the field copper bars are routed.  

 

 
Photo 6.1-13: Rotor Leads Routing through a Small Pocket near Slip Ring Housing 
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This issue also could be linked to the excessive vibration of the unit. The field pole ground issue 

has a long history at the plant, and has reportedly caused many outages.  The unit trip settings 

for the ground fault level have been adjusted to a setting which is not the recommended nominal 

value to help compensate. This field ground issue should be considered to be a major ongoing 

issue as it could lead to significant and long term outages.  It is recommended that Nova Scotia 

Power plan to resolve this issue in the 2013 outage. 

 

Rotor pole assemblies are original. Based on experience with other utilities in Canada, 

generator poles of similar manufacture continue to operate with minimal problems for much 

longer than the 36 years of this unit, provided they are free of contamination. While the 

contamination does not appear to be as severe as found on the stator, any amount of oil 

contamination on the poles can lead to faults. The critical issue with the oil and moisture 

contamination is that, in the course of time, contaminated oil might find a path into cracks, 

carbonize and provide a tracking path to ground, or could lead to looseness of the wedging. 

According to recent test records as well as the AC pole drop test there is no indication of any 

shorted turns in the field coils. Even though no unusual condition exists on the pole windings, 

considering the age of the units, it is prudent to re-insulate the poles at the same time when the 

stator rewinding is initiated. 

 

The brush and the slip ring arrangements were visually inspected. No excessive wear or 

deterioration of the surface was found on the collector rings and there was no abnormal surface 

colour which would indicate excessive heating. There is no substantial evidence of brush 

chipping or accumulation of excessive carbon dust on the collector insulation.  
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Photo 6.1-14: Slip Ring Housing with Arrangement of Brushes 

 

Based on the present condition, operation for the next 20 years is expected, provided a regular 

maintenance program is performed. 

 

Air Gap Measurements 
The air gap analysis is covered within the generator mechanical assessment section of this 

report. Review of the Power Engineering Company report reveals that the air gap variation due 

to stator eccentricity and the rotor non-circularity is progressing. Remedial action should be 

taken in accordance with the recommendations specified in their report. 

 

Discussion with the maintenance staff revealed that there had been a recommendation from the 

OEM to increase the temperature of the stator to reduce the vibration issues. However the 

control of flow of cooling water to the stator surface air coolers using an updated control valve 

design did not function adequately. We recommend this issue be investigated to find the 

underlying rationale. 
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Photo 6.1-8: Surface Air Coolers        Photo 6.1-9: Keystone Water Flow Control Valves 

 

Stator Winding – Unit 1  
At the time of the inspection the generator rotor was out and the generator stator was open for 

inspection.  

 

Visual inspection of the generator stator revealed evidence of extensive oil contamination within 

the generator housing.  

 

 
Photo 6.1-10: Generator Oil Contamination within the Stator Winding 

 

Excessive oil contamination within the stator area can foster electrical tracking which can lead to 

phase to ground and phase to phase faults. Oil based contamination can leach into the core and 

cause inter-laminar looseness and, in some cases, inter-laminar abrasion. Loss of inter-laminar 

insulation can cause core hot spots which accelerate stator winding aging. 
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Stator winding contamination in the end winding area can produce alternative electrical 

conduction paths between the end-winding and ground. 

 

As the time of the KGS Group inspection, no partial discharge test results were available at site 

and as a consequence it was not possible to determine the present condition of the winding. 

Interviews with the maintenance staff did not reveal any unusual behaviour with the stator 

winding. However, given the level of contamination, it is anticipated that there would be issues if 

the information was available. 

 

During the time of the inspection, Nova Scotia Power was inspecting the stator wedges and was 

in the process of replacing some of the loose wedges.  

 

As with Unit 2, the Power Engineering Company Unit 1 report identified that once the unit was 

inspected in detail, repacking of the stator core splits is required. As a consequence some 

degree of winding replacement will be required at and around the core split. 

 

Visual inspection of the end winding did not reveal any unusual condition or concerns. There is 

no evidence of erosion, overheating or partial discharge activity or corona activity at the end 

winding area except for few a scratches from assembly and dismantling of the top shrouds. 

 

With the limited data available on the condition of the stator winding, it is difficult to predict with 

any accuracy the number of years this unit will operate trouble free without re-winding of the 

stator. However considering the winding age, and to avoid a forced outage due to stator failure, 

it is prudent to re-wind within five years.  

 

Stator Frame and Core – Unit 1 
Visual inspection of the stator core revealed excessive amount of oil and dust residue on the 

core surfaces. This contamination has the potential to cause ongoing damage. 

 

Even though from the visual inspection no unusual core waviness was observed for the Unit 1 

stator core, it is believed that there is certain amount of core-waviness near the core splits. 
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There is migration of insulation of the core split packing which is a factor and contributed to the 

stator profile out of tolerance. It is possible that the migrated core packing has been dissolved 

by continuous exposure to lubricating oil mixture.  

 

While the temperature records obtained from site do not indicate any hot spot issues with the 

core, it is recommended to perform a detailed assessment of the stator core as soon as 

possible, ideally at the next outage, and at the same time perform the following: 

 Thorough check of core tightness  

 Stator Core Loop Test 

 ELCID Test  

 

These tests are recommended to determine whether there are any underlying hot spots within 

the stator core and to better understand the condition of the inter-laminar insulation. 

 

Industry standard in normal operating conditions is that a stator core for this type of unit would 

be acceptable for a long period of time and replacement would not be initiated when the stator 

winding is replaced.  For the Wreck Cove generators, without the above mentioned testing, it is 

difficult to determine if core replacement should be initiated on the first rewind or if the core can 

continue to operate reliably for another 20 to 30 years.  

 

Based on the life extension and modernization it is prudent to plan and include costs for the 

core replacement in the budget with the rewind, until more detailed test results can be obtained. 

 

Air Gap Measurements 
The air gap analysis is covered within the generator mechanical assessment section of this 

report. Based on the recommendation of Power Engineering Company, Nova Scotia Power 

have installed UMP sensors, which when the monitoring equipment is installed will provide 

continuous online monitoring of the unbalanced magnetic pull in the air gap.  

 

Rotor – Unit 1 
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The rotor condition assessment is subdivided into rotor coils, poles and damper winding and the 

collector and brush assembly. At the time of the inspection (November 2012) the rotor of Unit 1 

was already taken out and Nova Scotia Power was performing remedial work. 

  

Visual inspection of the poles revealed oil and dirt contamination on the surface of the pole 

bodies. Even though this contamination is not as severe as found in the stator, any amount of oil 

contamination on the poles can lead to significant issues. The rotor needs to be properly 

cleaned. 

 

 
Photo 6.1-15: View Showing Dirt Deports on the Field Coil Connections 

 

There is no sign or evidence of overheating in the pole bodies or overheating at the axial ends 

of the pole pieces.  

 

A detailed inspection of the rotor by Nova Scotia Power revealed loose inter-pole braces, which 

were corrected before the unit’s return to service.  
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Photo 6.1-16: Interpole Braces 

 

No insulation fretting, cracks or breaks were observed on any of the rotor coils.  There was no 

mechanical damage observed.  

 

Maintenance personnel indicated that there were similar field ground fault issues in Unit 1 as 

identified in Unit 2 but less severe.  

 

A more thorough inspection by Nova Scotia Power revealed that there is looseness or fretting in 

the dovetail key assembly.  

 

A discussion with the maintenance personnel did not reveal any issues, based on the insulation 

resistance measurement and AC pole drop test. But considering the age of the unit, it is prudent 

to consider re-insulation of the poles at the same time as stator re-winding.   

 

The brush and slip ring arrangements were inspected. No excessive wear or deterioration of the 

surface was found on the collector rings. There was no abnormal surface colour that would 

indicate excessive heating. There is no substantial evidence of brush chipping or accumulation 

of excessive dust on the collector insulation.  
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Photo 6.1-17: Brush Gear Assembly 

 

Recommendations 
The recommendations for the generators are based on generator refurbishment. Depending on 

the results of further testing and inspections, generator replacement may be a preferred 

solution. 

 A thorough detailed investigation should be done to find the cause of the persistent Unit 1 

and Unit 2 field grounds, involving the OEM or third party expert in the process. This should 

be done in 2013 at an estimated cost of $100k. 

 Rectify the loose stator wedges on both units in 2013, estimated at $100k. 

 The OEM proposed solution for improved temperature control and potential vibration 

reduction should be reviewed to understand the rationale. If warranted, a solution should be 

implemented with the unit re-wind. The assessment should be performed by 2014 and the 

estimated cost is $10k. 

 Re-implement the online partial discharge monitoring system on both units, which will 

require installation of new partial discharge (PD) couplers to obtain PD readings and an 

associated data acquisition device for analysis. If this is not feasible in the short term, then a 

periodic partial discharge measurement program should be initiated to monitor the stator 

insulation condition. The cost of this work is estimated at $65k and it should be done in 

2013.  
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 Install the permanent continuous UMP monitoring system on both units in 2013.  The cost 

estimate is $80k. 

 The rotor pole drop test should be performed annually on both units to determine the rotor 

field turns insulation health. Shorted turns can cause vibration, and unbalanced stresses on 

the generator stator core, frame and rotor. 

 A generator dielectric test should be performed annually on both stator windings to 

determine and track stator winding insulation condition. 

 Generator visual inspection should be done annually with specific attention to the common 

degradation problems:  

o Loose wedges 

o Loose field coil braces 

o Evidence of any partial discharge 

o Evidence of any overheating 

To perform this inspection the rotor and stator should be in a clean and oil-free state.  

 Perform the following testing in 2013 on both units to establish overall electrical condition of 

the generators. Budgetary cost is $200k. 

o Partial Discharge testing 

o DC Hipot test (Reduced Voltage) with DC ramp tester 

o Corona Probe test 

o ELCID test  

 After the UMP based monitoring systems are installed, monitor and review the air gap of the 

units. An air gap that does not stay within acceptable tolerances can cause undue stresses 

on components such as the stator and rotor, brackets and bearings and in extreme cases a 

stator and rotor collision could occur. The air gap of a hydro generator is ultimately 

determined by the circularity and concentricity of the rotor and stator.   

 Rewind the stators and re-insulate the pole windings within the next five years. The cost of 

re-winding including pole insulation is $3.2M per unit with 3-4 months downtime per unit to 

execute the work. It is anticipated that this work would be done in 2017 and 2018. The funds 

are included in the generator refurbishment recommendation below. 

 Before initiating a re-winding program, it is recommended to perform more in-depth 

inspection of the stator core by performing in-depth visual inspection, and an ELCID test to 

check for any hot-spots within the stator core. Normally stator cores of this type of generator 
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are not changed at the time of the first re-winding of the stator. With the already identified 

stator core issues and with the oil contamination, it is recommended to perform required 

tests soon, as the stator core may require replacement, along with the winding. The cost 

estimate to replace the stator core is $2.4M/unit, to be done at the same time as the re-wind 

in 2017 and 2018. The funds are included in the generator refurbishment recommendation 

below. 

 Replace the rotors with new rotors having improved mechanical rigidity. Assuming the shaft, 

thrust bearing and bracket can be reused, the estimated cost is $7.9M per unit. The funds 

are included in the generator refurbishment recommendation below. 

 Including excitation system replacement, the estimate for generator and refurbishment is 

estimated at $30M including costs related to removal of existing equipment, installation, 

contingency and commissioning.  These refurbishments are shown equally split between the 

years 2017 and 2018.  There could be some cost reduction depending on the condition of 

the stator frame and core as determined after further testing and inspection. 

 

Generator Spare Parts  
The following generator spare parts were found in the inventory:  

 4 spare stator winding bars 

 Spare stator winding connections 

 Unfinished flat bar for rotor field connections  

 One spare pole coil 
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Photo 6.1-18: Stator Winding Bars 

 

 
Photo 6.1-19: Spare Pole Coil 
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Photo 6.1-20: Stator Winding Connections, Flat Bar for Rotor Field Connections 

 

Recommendations 
It is recommended to keep the following minimum level of spares on hand:  

 12 top bars  

 12 bottom bars 

 Wedges for 12 slots 

 Fillers (Top, Centre & Bottom) for 12 slots 

 One of each type of stator winding connection 

 Winding material for 12 slots 

 The spare pole coil should be tested in 2013 

Estimated cost is $200k and these should be acquired in 2013. 

  

6.2 EXCITATION SYSTEMS 
 

Description 
Wreck Cove is equipped with Unitrol static excitation systems of 1976 vintage. The system is 

configured as a shunt field static excitation scheme and the complete installation is divided into 

four principal sections:  
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 Semi-conductor rectifiers (SCR’s) stage 

 Excitation start-up and field discharge equipment 

 Automatic and operational control unit 

 Excitation transformer 

The necessary excitation power is taken from the generator itself. It is fed through the excitation 

transformer to the SCR stage and eventually to the generator field via a DC field circuit breaker.  

Figure 6.2-1 below shows a schematic of the exciter arrangement. 

 
Figure 6.2-1: Exciter Schematic 

 

With several converters connected in parallel the control electronics are arranged in racks of a 

separate hinged frame to add greater redundancy. 

 

The SCR output stage bridge consists of three parallel bridges, each having six thyristors in 3-

phase bridge connections. Each parallel bridge is controlled by a final pulse stage, and is cooled 

by one fan. There are protection devices integrated with the excitation system for protection of 

the thyristor bridges.  
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The automatic unit consists of the voltage regulator type UN 2010. There are also over 

excitation and under excitation limiters which act in conjunction with the AVR. The rotor current 

limiter is UN1024 type while the rotor angle limiter is UN 1043 type. The rotor angle limiter 

works in the opposite direction and if the angle becomes too large, the field voltage is raised to 

avoid generator slip. 

 

This Unitrol exciter control module is equipped with a grid control module which is of type UN 

1001. This module provides the interface for automatic and manual operation.  

 

Assessment 
Condition assessment of the static exciter involved interviews with the operations and 

maintenance staff, spare parts assessment, visual inspections and a review of the test records. 

 

The excitation equipment is original which makes it more than 35 years old.   According to the 

present industry norms, the maximum operating life of such equipment would be approximately 

40 years. The operating life of these exciters has essentially been reached. 

 

   
Photo 6.2-1: Exciter Front View          Photo 6.2-2: Exciter Converter Section 

 

Although the excitation systems have operated without any major issues, recently intermittent 

“conduction failure” alarms have been recorded for the Unit 2 excitation system. This issue 

could be a sign of impending failure.  As these units are often operated at partial load, this 

would have helped maintain the lifespan of the exciter equipment over time; however they have 

reached the end of their expected life. 
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Interviews with the maintenance staff did not reveal any other major problems; however, given 

the age of the equipment, a major failure could be expected anytime. Moreover, such failure 

could cause a prolonged unit downtime, since the availability of OEM spare parts and technical 

support is poor to not available. 

 

A thorough visual inspection was performed on the control section, the converter section and on 

the protection devices. No major issues were detected.  

 

The field circuit breaker was visually inspected. No unusual deposits or any arcing indication 

was observed on the contacts and within the arcing chamber. 

 

 
Photo 6.2-3: Field Breaker Section of the Static Exciter 

 

Although the protection relays of the exciters are original, these are still in good condition. 

Maintenance personnel revealed no major issues with these relays. 
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Photo 6.2-4: Protection Relays within Static Exciter 

 

The static exciters should be replaced within the next five years before they reach the end of 

their service life.   

 

The replacement should be held until Nova Scotia Power decides what course of action 

(replacement or refurbishment) will be taken for the generators.  As such the exciter 

replacement budget has been placed in 2017 and 2018. 

 

It is anticipated that there would be an outage of approximately 1 month per unit while the 

excitation system is changed out. 

 

The spare parts were reviewed. Most of the spare electronic card modules are also over 35 

years old and no valid test or verification has been done to ensure that these spare parts are 

still useful. After a review with the original equipment manufacturer, it is evident that availability 

of spare parts and technical support on older model of Unitrol exciters is extremely limited or 

non-existent. 
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The dry type excitation transformer is in good condition. See Section 6.4 Excitation Transformer 

for further information. Note that any significant uprating of the turbine generators would likely 

require these transformers to be replaced. 

 

Recommendations 

 Based on the age of the equipment and declining support from the manufacturer, it is 

recommended to initiate the process of replacing these exciters, as they have reached end 

of life. It is estimated that these costs are $750k per unit, and the replacements would be 

done in 2017 and in 2018, when major generator work is proposed. These funds are 

included in the generator refurbishment recommendation estimate in Section 6.1 

Generators. 

 The existing spare parts should be checked to ensure that these are still functional. This 

process should be initiated soon to avoid any unexpected downtime.  This check is 

estimated at $20k and should be done in 2013. 

 

6.3 ISOLATED PHASE BUS DUCT (GENERATOR OUTPUT) 
 

Description 
The generators, station auxiliary transformers, excitation transformers and main output 

transformers are interconnected by a 15 kV air insulated, isolated phase bus (IPB) system. This 

is original to the station and was manufactured in 1977. In general, the IPB is mounted 

overhead. 

 

The IPB is naturally air cooled with dust tight aluminium enclosures. Conductors are formed of 

aluminium tubing and all conductors are mounted coaxially inside the housings and supported 

radially by porcelain insulators at various points along the bus. Expansion of the conductors is 

accommodated using laminated expansion joints. Flexible braid connectors are used at the 

transformer and generator terminals. The following are the major bus sections of the isolated 

phase bus ducts:  

 Bus section from generators to the main output transformers 

 Bus section from the generator to the auxiliary transformers 

 Bus section from the generator to the excitation transformers   
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The continuous current rating of the IPB is believed to be designed to a conductor temperature 

of 105°C or 65°C raise over 40°C ambient.     

 

The basic methodology of forming the ground bus is shown in Figure 6.3-1 below. On the 

ground enclosure, all split covers are solidly connected to their mating enclosure, thus forming a 

continuous conductor to prevent longitudinal circulating currents.  

 

 
Figure 6.3-1 Bus Duct Ground 

 

One end of the transverse mounting beams is insulated from the mounting structure. This 

insulation breaks up longitudinal circulating current paths through the structure. 

 

In addition to the basic enclosure system, potential transformers are included within the isolated 

phase bus duct system. The potential transformer cubicle is of the swing-out type.   
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Photo 6.3-1: Swing-out PT Cubicle 

 

Swinging the units out isolates the transformer and fuses by disconnecting the transformer 

primary and secondary connections and momentarily grounds the high potential side, permitting 

safe removal of the current limiting fuses. All transformer secondary leads terminate at the 

terminal board.   

 

No significant historical event record was found relating to the isolated phase bus ducts.  

 

Assessment 
Condition assessment of the IPB involved mainly visual inspection as there were no recent 

thermography reports available, interviews with the maintenance staff, review of any available 

information and review of available spare parts. 

 

Visual inspection of the IPB did not reveal any issues. At the time of the outage the sections of 

the bus between the generator and auxiliary transformer and the short section at the excitation 

transformer were accessible for inspection. The insulators were found clean, enclosures were 

defect free, and the conductors and flexible connections were secure with no visible signs of 

stress and overheating. 
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Photo 6.3-2: Isolated Phase Bus Ducts Routing 

 

 
Photo 6.3-3: Clean and Defect Free Insulators 
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Photo 6.3-4: Isolated Ducts with Flexible Braids 

 

No substantial maintenance records were available at the time of the inspection, however a 

detail discussion with maintenance personnel does not indicate any past or present issues with 

the isolated phase bus ducts. 

 

The insulation test results obtained from the 2011 outage were reviewed and the insulation 

appears to be within acceptable limits. A copy of the test results are included below. 
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Figure 6.3-2: Unit 2 Bus Duct Insulation Test Results 

 

No thermal scan reports were available at site for review. Interview with the maintenance staff 

reveals that previously thermal scanning was performed but no conclusive results were 

available on the basis of such reports.  This is reasonably to be expected.  As the plant typically 

does not operate at full capacity and only during peaking times, the opportunities of operating 

the plant to reveal an overheating location are minimal. 

 

Spare consumables such as gaskets etc. could be available locally but no inventory was found 

for the non-routinely replaced spares.  The manufacturer documentation recommends that 

these items be kept in stock and on hand.   
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The IPB appears to be in good condition and a continued reliable life span of 30 more years can 

be expected, provided no overheating issue is observed.  Any issues are best mitigated by a 

program of maintenance and monitoring. Note that a significant uprating of the turbine 

generators may require the IPB to be upgraded. 

 

Recommendations 

 A regular maintenance and monitoring program inclusive of visual inspection, cleaning and 

testing should be established to monitor the condition of the IPB on a regular basis.  The 

manufacturer literature recommends that at minimum an annual inspection be performed on 

the bus.   

 An operating temperature study of the IPB system should be performed at a time when the 

associated unit is running as close to peak load as possible. Allow $50k in 2014. 

 Spare flexible connections and insulators should be procured and stocked at the station. 

Allow $150k in 2014 for spare parts procurement.  It is important that these spares are 

available in hand otherwise a small failure could lead to a major unit outage. 

 

6.4 EXCITATION TRANSFORMERS 
 

This section covers the excitation transformers, which supply AC electrical power to the G1 and 

G2 static excitation systems. The station service transformers are assessed in Section 6.5 AC 

Station Service System. 

 

Description 
The power stage of both the G1 and G2 static excitation systems are supplied by dry-type 

power transformers. These transformers are original and were manufactured in 1976 by Federal 

Pioneer. They are located on the powerhouse floor adjacent to the excitation systems. The 

primary sides of these transformers are connected to the generator terminals via a tap off the 

isolated phase bus duct while their secondary is connected to the AC side of the static exciter 

bridge by cable. These transformers are housed in individual ventilated steel enclosures. Both 

the transformers are identical and are rated 475 kVA, 13.8 kV/220 V and the cooling is natural 

convection cooling. 
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Each transformer has three 100:5 current transformers which are installed around the high 

voltage side. The CT’s are used in each transformer for the over-current protection scheme. 

Both transformers are equipped with auxiliary devices to monitor the winding temperature and 

annunciation is provided in the event that temperature rises above the pre-set value. 

 

Interviews with the maintenance personnel did not reveal any major historical events. 

 

Assessment 
Condition assessment involved external visual inspection, spare parts review and interviews 

with operating and maintenance staff. 

 

The transformers and their enclosures are free of evidence of overheating or stress. The 

maintenance staff did not identify any issues with excitation transformer operation. As such, the 

excitation transformers appear to be in very good condition. 

 

There is no spare unit available on site. Although the condition of the transformer may be good 

for many further years of operation, if there is a significant failure requiring replacement, the 

lead time for the procurement of a new transformer is typically six months and requires some 

planning time.  In order to mitigate this risk, a rigorous monitoring and maintenance program 

should be in place. 

 

Provided there are no new issues revealed in the ongoing detailed testing and cleaning of the 

transformers, reliable operation for the next 10 years can be expected. This would take the 

transformers to the end of their expected life. Note that a decision to significantly uprate the 

turbine generators may require replacement of these transformers. 

 
Recommendations 

 Regular maintenance which includes visual inspection and cleaning should be done every 

year.  

 All the routine tests including a thermographic scan should be performed every two years. 

Estimated cost is $9k. 
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 The transformers should be replaced at the end of their expected life which would be 

approximately 2022. There may be a requirement to change the transformers with the 

excitation systems, if the units are uprated, as the logistics may be appealing. Replacement 

should include all the associated cable between the exciter and the transformer. Cost 

estimate is $550k for both. 

 

6.5 AC STATION SERVICE SYSTEM 

 

General 
The powerhouse AC station service provides AC power for starting and running of the unit 

auxiliary equipment, lighting and motor loads. Emergency power is provided from a dedicated 

diesel generator in the event of complete loss of power. The DC station service system, 

consisting of a single battery bank and charger, provides power for control, protection and 

annunciation systems. The single line diagram A-135-05-061 provides an overview of the Wreck 

Cove AC station service arrangement. 

 

The AC station service system consists of the following:  

 Powerhouse unit service transformers and associated switchboards 

 Powerhouse auxiliary service transformer and its associated switchboard 

 Diesel building auxiliary service transformer and its associated switchboard 

 Motor control centre 

 Distribution panels 

 Cable and buss 

 Standby Diesel Generator 

 Tunnel T-2 Gate AC System 

 

The assessment of the AC electrical equipment for Tunnel T-2 intake gate is grouped with the 

Mechanical Assessment of the gate in this report. See Section 5.1 Tunnel T-2 Intake 

Equipment. 

 

 

 

ACE 2018 CI 49033 Attachment 2 Page 269 of 399

Date Filed:  November 22, 2017          Page 0795 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

 

 

 263  
 

6.6 STATION SERVICE TRANSFORMERS 
 
Description 
There are two 500 kVA, 13.8 kV to 600 V dry–type unit service transformers, each of which are 

fed from its associated generator terminals and provide power to the unit switchboards and to 

the unit service MCCs.  The unit transformers are original and were manufactured in 1975 by 

Westinghouse. Both the transformers are connected in wye to delta configuration and equipped 

with off-load tap changers. The protection of the unit transformers is via over-current protection 

relays which are connected with protection class CT’s located at the 13.8 kV side of the 

transformer. 

 

Assessment 
The condition assessment involved exterior visual inspection and interviews with the 

maintenance staff. 

 

External visual inspection revealed no major issues. Some degree of dust accumulation was 

apparent. The transformers and their enclosures appear to be in good condition, free of 

evidence of overheating and stress. 

 

During the inspection there did not appear to be any unusual conditions such as vibration 

related noises, and interviews with the maintenance staff did not reveal any concerns with these 

transformers. 

 

The transformers have adequate grounding and auxiliary devices to monitor transformer 

condition.  The over-current protection of both the transformers is adequate for protection of 

such sizes of transformer. Both transformers are adequately sized based on the present loading 

condition. As there is no identified requirement for significant system changes, it is anticipated 

that the transformers will operate well to the end of their expected life of 40 years. 

 

The transformers are in fair condition and suitable for operation until the time when the AC 

station service system upgrade is recommended in 2019. 
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Recommendations 

 As no up to date test results were available during this inspection, it is recommended to 

perform insulation resistance tests in 2013.  

 A regular yearly maintenance, including thorough cleaning, and periodic test is 

recommended to be performed to keep the units in operation. 

 The transformers should be replaced during station service life extension upgrade by the 

year 2019. The replacement cost of the transformers is included in Section 6.8 AC 

Switchgear.  

 

6.7 AUXILIARY SERVICE TRANSFORMERS 
 

Description 
In addition to the unit service transformers, there are two 500 kVA auxiliary transformers AT-1 

and AT-2. The primary sides of these transformers are connected to the 25 kV distribution 

system at the 144 kV switchyard. These transformers feed power to the powerhouse auxiliary 

service switchboard for normal operation, as well as to the diesel generating building auxiliary 

service switchboard and provide standby and emergency power to the powerhouse, portal 

building and switchyard.  

 

One of the auxiliary transformers (AT-1) is located within the powerhouse and is close coupled 

with the powerhouse auxiliary service switchboard.  This transformer is a dry-type transformer 

rated at 500 kVA, 25 kV-600 V and is equipped with 4 X ± 2.5% off-load tap changer. This 

transformer is a May and Christie GmbH unit manufactured in 1977.  The other auxiliary 

transformer which is located in the 144 kV switchyard is an oil filled, sealed tank transformer 

manufactured by Carte Electric (AT-2). Transformer AT-2 feeds power to the emergency power 

switchboard located within the diesel generator building.  

 

Assessment 
The condition assessment of the auxiliary transformers involved exterior visual inspection, and 

interviews with the maintenance staff. The inspection was limited to the transformers and the 

downstream low voltage systems. The 25 kV equipment located within the switchyard, such as 
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the reclosers are not part of the assessment, although it was noted that these reclosers have 

recently been replaced. 

 

External visual inspection revealed no major issues other than a certain level of dust 

accumulation. This is true for both the oil filled and dry-type units. The transformers and their 

enclosures appear to be in good condition and free of evidence of overheating and stress.  As 

the dry-type transformer is ventilated, dust accumulation could become an issue over time and 

should be addressed. 

 

 At the time of the inspection, no test records were available for either auxiliary transformer and 

discussion with the maintenance staff did not reveal any major issues. Recent test records 

would better indicate any underlying issues with the transformers, but from our visual inspection 

and discussion with staff it is reasonable to conclude that the transformers will perform 

satisfactorily until they reach the end of their life.  These transformers would typically have a 

similar lifespan to the station service gear and should be replaced at a similar time. 

 

There is no sizing issue based on the present loading condition. However, a load reassessment 

is recommended ahead of the AC station service upgrade process. To assist in this Nova Scotia 

Power should begin a regular load monitoring program to provide a factual basis for sizing 

replacement transformers. 

 

Recommendations 

 Development of an annual maintenance and testing program is recommended.  Included in 

this program should be cleaning of the dry-type transformer, visual inspection, 

thermographic scanning, testing of oil from the oil-filled transformer and dielectric testing. 

 As there were no recent test results available during the inspection, it is recommended to 

perform a dielectric test on the transformers in 2013. 

 Replace both the transformers and their associated disconnect switches by the year 2019 

which is the life expectancy of the associated switchgear. The cost of the replacement is 

included in Section 6.8 AC Switchgear. 

 Nova Scotia Power should begin a regular load monitoring program in 2013, to provide a 

factual basis for sizing replacement transformers. 

ACE 2018 CI 49033 Attachment 2 Page 272 of 399

Date Filed:  November 22, 2017          Page 0798 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

 

 

 266  
 

 

6.8 AC SWITCHGEAR 
 

This section covers the 600 V AC switchgear including breakers, enclosures, bus-work, 

instrument transformers and transfer scheme. 

 

Description 
The AC distribution system consists of four metal enclosed switchgear assemblies which are, 

with the exception of the diesel generator building equipment, closed coupled with their 

respective transformers. These switchgear assemblies are known operationally as unit service 

switchgear, service switchgear and auxiliary service switchgear. All switchgear is of identical 

design and was manufactured by Westinghouse, and placed into service in 1978, making all 

switchgear 35 years of age. 

 

Each unit service switchgear is connected with its associated 500 kVA unit service transformer 

for normal operation and to the auxiliary service switchboard for starting of the units. Each unit 

service switchgear feeds power to the station auxiliaries through a station service MCC. The 

unit service switchgear and the unit service MCCs are interconnected with cables. The unit 

transformer and the unit switchgear are close coupled. The switchgear assemblies are 

ventilated and metal enclosed, but not of arc resistant construction.  

 

Each unit service assembly has bare copper bus work and two air circuit breakers: one 

incoming main breaker and one tie breaker. Main and tie breakers are interlocked to prevent 

paralleling of two power supplies. The switchgear bus is rated at 600 V, 600 A while the 

breakers are 600 A, 3 pole, and 600 VAC.  While not available on the nameplate, the 

interrupting rating of similar equipment is 35 kA and this equipment is anticipated to be the 

same.  

 

The breakers installed within the unit service switchgear are Westinghouse DS type draw-out 

style air circuit breakers which use atmospheric air and arc chutes for current interruption. The 

breakers are equipped with solid state LSI trip units. The breakers can be operated locally from 

the breaker front and from the switchgear control switches or automatically by remote control in 
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accordance with a transfer scheme. All operation is electrically interlocked to prevent ‘make 

before break’ operation.  The service and auxiliary service switchgear assemblies are similar to 

the unit service switchgear described above.  

 

The auxiliary service switchgear, fed from AT-1 auxiliary service transformer, feeds power to 

auxiliary service MCC for normal operation of the units and as well supplies power to each unit 

service switchgear for unit start up. The service switchgear located inside the diesel generating 

building fed from auxiliary service transformer AT-2 provides power for normal operation and is 

also an interconnect point for the diesel generator.   This service switchgear supplies power for 

lighting and other services in the switchyard control building, the administration building and the 

portal building.  

 

The rating and the breaker types of both switchgear assemblies are same as the unit service 

switchgear mentioned above. 

 

Assessment 
Condition assessment of the switchgear and its internal components involved visual inspection, 

review of maintenance records, interviews with maintenance staff, and spare parts assessment.  

 

The switchgear is original and 35 years of age.  Well maintained switchgear has a life 

expectancy of 30 to 40 years. The number of operations and service duty can factor in to 

increase or decrease the expected life; however, in general 40 years is a reasonable estimate. 

 

None of the switchgear at Wreck Cove GS is of arc-resistant construction. A strong emphasis by 

many utilities has been placed on switching out equipment with arc-resistant switchgear to 

reduce personnel safety hazards. Also, with older equipment, there is a likelihood of increased 

arc flash events due to mechanical or electrical failure, which can be a safety issue for the plant 

personnel. 

 

A rating and adequacy study was not conducted in this assessment; however, there have been 

no significant changes in the AC station service load which would expose the equipment to 

duties beyond its original required capabilities. 
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Based on the external visual inspection, no obvious sign of moisture ingress, stress or damage 

to assemblies was found. Also there is no evidence of excessive contact wear.  

 

 
Photo 6.8-1: Circuit Breaker Contacts 

 

At the time of the inspection, no test results or infra-red thermography reports were available for 

review and analysis. There also does not appear to be a program in place to routinely exercise 

the breakers in the systems. The maintenance records did not show any substantial test reports 

such as timing tests, closure tests, etc. 

 

Discussion with the maintenance personnel revealed that there have been some recent 

reliability issues with the switchgear. The transfer to the tie breaker in the auxiliary switchboard 

did not occur during a power outage and consequently there was full blackout condition while a 

generating unit was in operation. This is a major concern as this situation could damage the 

major equipment and cause significant downtime and cost. After investigation, it was found that 

the closing coil was burnt out and the breaker operating mechanism was not moving properly 

(sticky). The circuit breaker was eventually sent to the Siemens Moncton switchgear facility for 

repair 
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A failure of this type is likely a symptom of older switchgear and these types of events typically 

increase over time as the switchgear approaches the end of its life. 

 

There are operational safety issues associated with the switchgear.  There are currently no 

shutter doors in the breaker cell to cover the live stab once a breaker is removed from the cell.   

While typical for this vintage, this can expose personnel to significant electrical hazards. 

 

 
Photo 6.8-2: No Shutter within the Breaker Cell 

 

There has been no arc-flash hazard analysis study done on the station service system. 

Switchgear and the assemblies are not equipped with arc-flash hazard warning signs / labels 

which are becoming an industry standard. A formal documented system of equipment labelling, 

identifying protection requirements is needed. Procedures should be established for labelling, 

wearing personal protective equipment, and safe work/lockout schemes if equipment needs to 

be worked on while live. Failure to perform the study and establish correct procedures can 

expose the maintenance personnel to significant hazards. 

 

KGS did not find any substantial spare parts availability at site. Since this particular type of 

switchgear is no longer in production, availability of spare parts will become an issue if there are 

failures. To keep these running, refurbishment by the OEM may be the most practical solution. 
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With the present assessed condition, the 600 V switchgear may be reliably operable for the next 

10 years. However, given the recent failure and considering all aspects of the operational safety 

and reliability we recommend replacement of all 600 V switchgear by the end of 2019. 

 

Recommendations 

 Perform infra-red scans on all 600 V switchgear no later than 2013 at an estimated cost of 

$15k. 

 Initiate a refurbishment program with the OEM to maintain the reliability of the breakers until 

such time as they are replaced in 2019. Allow $15k per year for this work. 

 It is strongly recommended to perform an arc flash and protection co-ordination study on the 

entire 600 V AC station service system in 2013 to determine the possible level of arc energy 

at the switchgear locations. The cost estimate for the study is $50k. 

 As there are no recent test results available, the following tests should be performed by 

2014 on the 600 V switchgear, at a cost of $35k: 

o High voltage AC dielectric tests on wiring and bus bar 

o Contact resistance measurement of the breakers  

o Partial discharge (corona) 

o Secondary AC current injection to verify (LSI) breaker trip settings 

o DC protective circuits check 

o CT & PT transformation ratio check 

 The 600 V switchgear should be replaced in 2019. The cumulative budgetary price for 

upgrade of the overall AC station service is $2.9M. This budget price includes switchgear 

and other accessories such as feeder cables and cable trays. The new switchgear should 

be of the arc resistant type. In the meantime, the 600 V AC breakers should be refurbished 

depending on the test program results recommended above. 

 

6.9 AUTO TRANSFER CONTROL 
 

Description 
The auto-transfer is a relay-based logic transfer scheme which is integrated into the switchgear 

and provides ‘break-before-make’ transfer of the station service loads. There are several 
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scenarios under which the transfer scheme operates. Refer to the station service single line 

diagram (A-135-05-061) to aid in understanding the transfer process. 

 

Under normal operating conditions, when a generator is in operation, the unit service switchgear 

is fed from the unit service transformer. During unit start-up, the station service power is fed 

from the auxiliary service switchboard. After synchronization of a generator, the 144 kV breaker 

closes and a transfer occurs from the auxiliary service switchboard source to the unit 

transformer source. This process initiates opening of the tie breaker and closure of the main 

breaker. Each of the unit service switchboards is connected to its associated unit service 

transformer by its main breaker. The main and the tie breakers are interlocked so that only one 

breaker is closed at one time. The transfer is only possible if the selector switch is in “auto” 

position. All breakers are supplied with external breaker position indication lights; breaker closed 

indication light is red and breaker opened indication light is green. 

 

When loss of voltage on a unit service transformer occurs, the undervoltage relay will open the 

main line breaker and close the tie line breaker and a transfer from unit service to auxiliary 

service will take place. After restoration of the normal power to the unit transformer, the tie line 

breaker in the auxiliary service switchboard opens and main line breaker is closed. 

 

During the condition when the auxiliary service station supply fails (AT-1), the associated main 

breaker opens automatically and the tie breaker closes, and hence the unit service switchboard 

will be fed by (AT-2) transformer located in the switchyard. The same procedure applies in the 

case of AT-2 failure and power will be fed by the AT-1 transformer. Refer to the station service 

single line diagram for more details. 

 

In the case of losing both auxiliary transformers (AT-1 and AT-2), meaning complete loss of 

station service power, emergency power is fed from the 200 kW diesel generator. Transfer to 

diesel generator is done manually. The 400 A disconnect switch located in the auxiliary service 

MCC will open upon sensing a drop in line voltage and must be reset manually, as the diesel 

generator is only sized to pick up critical loads, not all loads.     
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Assessment 
The assessment of the auto-transfer scheme involved discussion with the maintenance staff 

and review of any records available on site.  

 

Discussion with the maintenance staff reveals that there has been some modification in the 

present auto-transfer scheme, but no formal drawings were found to identify the changes made 

to the original transfer scheme concept.  Some sketches of how the transfer scheme appears to 

operate have been prepared by operational staff to help in trouble shooting when transfers are 

required. 

 

No maintenance records were available to demonstrate that the auto-transfer scheme is tested 

on a regular basis. 

 

Discussion with the maintenance staff did reveal that there has been at least one failure of the 

transfer scheme as outlined in the discussion of the unit service switchgear above.  Other than 

that, there have not been any significant issues with the operation of the auto-transfer scheme. 

However, it is essential that an updated drawing of the auto-transfer scheme is made available, 

together with a description of its operation. A written procedure to implement the transfer 

manually should also be prepared. 

 

The scheme discussed is fairly simple in nature and is comprised of components which can be 

replaced as required.  The present condition of the transfer scheme components and their 

remaining life is difficult to determine. However, at 35 years of age, it is reasonable to forecast 

increased rates of component failure. 

 

As the AC station service system is reaching the end of its life, it is reasonable to assume that 

the auto-transfer scheme condition is adequate to provide service over the limited remaining 

lifetime of the switchgear, at which point it would be replaced.  

 

Recommendations 

 To ensure reliable operation of the system, detailed regular maintenance should be 

performed on the transfer equipment. 
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 The voltage relays and timers utilized by the auto-transfer system should be cleaned, tested 

and calibrated in 2013. 

 Starting in 2013, test the auto transfer system on an annual basis, prepare a written 

procedure for the manual transfer and update/revise original drawings to reflect the present 

arrangement. 

 The complete auto-transfer system together with the AC station service switchgear should 

be replaced during the station service upgrade. Cost of the upgrade is included within the 

AC Switchgear section.  

 

6.10 MCC’S AND PANEL BOARDS 
 

Description 
Electrically, downstream of the unit and auxiliary service switchboards are the unit service 

MCCs, auxiliary service MCCs and distribution panels. There are several motor control centres 

as follows: 

 Unit 1 service MCC  

 Unit 2 service MCC  

 Auxiliary service MCC  

 Portal building MCC  

 And numerous 600 V, 120 V/ 208 V distribution panels. 

 

Assessment 
The MCC’s and most of the 600 V distribution panels and are original to the station (1978).  The 

system is still operational but almost at the end of life.  It is suitable for operation until the time of 

the station service upgrade which should be scheduled for the near future. 

 

It was noted that there is significant dirt and debris build-up on and in some of the equipment, 

especially in the portal building equipment.  While this equipment may be maintained until the 

station service upgrade, it should all be thoroughly cleaned. 
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Photo 6.10-1: Distribution Panels         Photo 6.10-2: MCC 

 

 Recommendations 

 A thorough cleaning of all electrical equipment should be carried out in 2013 and then every 

3 – 5 years. 

 All MCC and distribution panels should be replaced at the time of station service upgrade in 

2019. Budgetary costs for the replacement are included in the station service upgrade cost 

associated with the AC Switchgear.  

 

6.11 CABLE AND BUS 
 

Description 
The cables are primarily original to the construction of the station and are typically an armoured 

cable or tray cable construction.  Some of the cable trays were found to be overfilled.  
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    Photo 6.11-1: Cable Tray Over Filled           Photo 6.11-2: Cable Runs 

 

 
Photo 6.11-3: Incoming Feeder from Switchgear to MCC 

 

Assessment 
Discussion with the maintenance staff did not reveal any issues with the condition of the cables. 

Cabling of this age can reasonably be expected to have life beyond its current 35 years, 

provided the cables are not reconfigured. Changes which require the cables to be moved and/or 

reconnected can be a concern, as the insulation can become brittle over time and is easily 

damaged by reconfiguration at equipment. 
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While the cabling itself will likely last until the station service upgrade, it is anticipated that the 

re-use of the cabling would be extremely difficult and as such, the cabling should be changed 

out with the upgrade of the associated system. 

 

Recommendations 

 Cables should be reviewed regularly to ensure there has been no mechanical damage, 

otherwise, cabling should be changed out when the associated system is changed out. 

 

6.12 STANDBY DIESEL GENERATOR 
 

 
Photo 6.12-1: Diesel Genset – West Side 
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Photo 6-12.2: Diesel Genset – East Side 

 

As part of the station service supply, a diesel generator is provided in a building adjacent to the 

plant switchyard.   The diesel generator consists of a Cummins model NT855-G six cylinder 

turbocharged diesel engine connected to a Brown Boveri Canada 200 kW/250 kVA generator.  

The genset is original to the plant and was placed into service in 1978.  The auxiliary equipment 

for the generator includes: 

 A diesel day-tank (approximately 900 L) 

 Two diesel fill pumps for the day-tank 

 A double wall bulk storage tank (25,000 L) 

 A battery charger 

 An auxiliary in flow type block heater 

 Full controls to allow the breaker to synchronize and close  
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Photo 6.12-3: Outdoor Bulk Storage Tank 

 

 
Photo 6.12-4: Diesel Day Tank and Pumps 
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Photo 6.12-5: Partially Failed Battery Charger 

 

 
Photo 6.12-6: Generator Controls and Station Service Equipment 

 

The generator is interconnected to the 600 A service switchboard in the diesel generator 

building.  The switchboard is covered in the AC station service assessment section of this 

report. 
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There are a number of other miscellaneous ancillary items including the building itself, the 

building heating, lighting and local 120 V distribution which are incidental to the generator.  

These are all original equipment dating to 1978. 

 

Assessment 
The engine heating system shows signs of repair over the years and it is reported that the parts 

for the generator are becoming increasingly difficult to acquire.  As the generator is a critical 

piece of equipment, lack of available spare parts is a concern and should be a reason for 

planning replacement of the diesel generator. 

 

 
Photo 6.12-7: Auxiliary Inline Heater Installed on Engine 

 

The existing battery charging system has partially failed.  The onsite review revealed that it 

cannot be left on the battery, and it has to be manually turned on and off. 

 

The diesel generator undergoes regular testing and maintenance by Atlantic Tractors and 

Equipment Ltd.  The last two inspection reports were reviewed as part of this assessment.  The 

equipment itself still appears to perform well. 

 

The diesel generator is approaching the end of its useful life and, given the difficulty in sourcing 

spare parts, it should be scheduled for replacement.  It was noted that the generator is already 
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slated for replacement in 2013. Diesel generators sets typically have a service life expectancy of 

approximately 30-40 years, and thus replacement at this time is not unusual. 

 

The building itself and its heating, grounding and local distribution system are in reasonable 

condition given their age.  They should continue to be maintained. 

 

The building lighting should be reviewed for replacement as part of the overall lighting upgrades 

which will eventually be required in the powerhouse and access tunnel. 

 

Recommendations  

 The existing diesel generator, including all directly related auxiliaries (day-tank, batteries, 

charger, generator controls etc.) should be replaced except for the bulk storage tank, the 

building and the building slab. It is anticipated that this will cost approximately $300k. 

Replacement does not include the station service distribution portion, as this is addressed 

elsewhere in this report.  It is recommended that Nova Scotia Power proceed with the 

planned replacement within the next five years.  (Note – the project was proceeding in 

2013.) 

 Provide secondary oil containment around the outdoor bulk fuel storage tank in 2013. 

Estimated cost is $25k. 

 

6.13 PROTECTION AND CONTROLS SYSTEMS 

6.13.1 Protections 

The assessment of the protection system includes the generator protections, transformer 

protections, station service transformer protections, low voltage bus protections, cables, wiring 

and instrument transformers. 

 

Description 
The protection system consists of 1970’s vintage electromechanical relays manufactured by 

Westinghouse. The powerhouse equipment protection relays are installed in a section within the 

unit control board where the control, indication and metering is on the front of the panel and 

protective relays are on the back of the panel.  
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Photo 6.13-1: Electromechanical Protection Relay Arrangement 

 

The line protection relays are the only exception; they are located within the switchyard control 

building and are not part of the scope of this assessment. 

 

Generator Protections 
The generators are protected by discrete electromechanical relays of 1970’s vintage. They 

consist of hardwired primary and auxiliary discrete relays, flush mounted on the panels along 

with the auxiliary tripping relays and other ancillary components. The fuses and links are 

mounted on the same panel as the protection relays. The generator protection implemented 

with single a electromechanical relay is not redundant, meaning that there is no redundant “A” 

and “B” protection or dual DC supply configuration in this plant. 

 

The protection elements provided for generator protection are as follows:  

 Generator voltage restrained over-current   51 VR 

 Generator phase unbalance     50/ 51 U 

 Generator over-voltage      59 

 Generator field ground      64 

 Generator P.T. unbalance     60 
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 Generator differential      87 G 

 Generator negative sequence     46 

 Generator loss of field      40 

 Generator grounding  transformer over-current   50 G 

 Generator ground over-voltage     59 G 

 Generator transformer differential    87 GT 

 Generator reverse power      32  

 

Main Output Transformers Protections 
The primary protection of the main output transformers is provided by a set of three-phase 

differential relays. Additional system ground protection is provided by an inverse timed over-

current relay connected to the neutral of the transformers. The transformers are also protected 

by gas relays which detect rapid rate of internal pressure rise. In addition to the transformer 

protection, a secondary protection for the 144 kV oil filled cable is provided with an HCB-1 pilot 

wire scheme. The following protection elements are presently configured for the transformers 

and 144 kV line protection:  

 Main transformer restricted ground fault     87 NG 

 Main transformer overfluxing     59/81 

 Main transformer neutral displacement current   59 ND 

 Main transformer neutral over-current    51 G 

 144 kV cable, pilot wire      87 PW 

 

Station Service Transformers Protections 
The dry type station service transformers, both unit transformers and the excitation transformers 

are protected by a set of three electromechanical relays providing timed and instantaneous 

over-current protection. The protection elements are as follows:  

 Unit transformer over-current     50 / 51 UT 

 Excitation transformer over-current    50 / 51 ET 

 

The low voltage bus protection is implemented with Westinghouse over-voltage relays and 

these relays are original and of 1975 vintage. 
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The location of the protection CT’s and PT’s are shown in the protection single line diagram 13-

4700-11. 

 

Operation of the protective devices on the generator system will result in tripping the unit offline 

(removing it from service). Fortunately, with the system configuration, a warning in the form of 

an alarm will typically be given before the tripping function occurs (an example would be the 

case of transformer high temperature). 

 

The present configuration of the protection system is divided into two main categories: “lock-out” 

and “non-lockout trip”. 

 

The non-lockout tripping includes all non-ordinary conditions and faults which do not warrant a 

visit to the plant before re-starting of the machine. Non-lockout tripping includes:  

 Generator loss of field  

 Generator negative sequence 

 Generator over-voltage 

 Fail to start 

 Volts / Hertz over-excitation 

 Generator reverse power 

 

The non-lockout relay (94) will do the following actions:  

 Trip the main circuit breaker 

 Trip the field breaker 

 De-energize the shutdown solenoid 

 Block auto-start 

 

When the generator has slowed and the wicket gates have closed, the 94 relay will reset itself 

and reset the auto-start system. The generator may then be restarted from any location. 

 

Lock-out tripping includes all scenarios that are considered critical enough to require 

investigation before restating the generator. There are three different lockout relays 

implemented in Wreck Cove GS.  
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The first lockout relay (86-1) will be operated from the following relays and devices:   

 Generator differential 

 Main transformer neutral over-current 

 Main transformer sudden gas pressure 

 Main transformer winding temperature extremely high 

 Main transformer oil level extremely low 

 Generator phase unbalance 

 Generator ground over-voltage 

 144 kV cable pilot wire differential protection 

 Neutral displacement voltage 

 Generator field ground 

 Generator rotor (field) over-voltage 

 Exciter AC supply failure 

 Exciter thyristor gate control failure 

 Failure of two exciter power stages 

 Exciter changeover switch off 

 

The second lock-out (86-2) will be operated from the following relays and devices:  

 Transformer restricted earth fault 

 Unit overall differential 

 Unit service transformer over-current 

 Unit service transformer temperature extremely high 

 Generator back-up voltage restrained over-current 

 Generator grounding transformer over-current 

 Exciter over-current and over temperature 

 Over speed 

 Cable oil pressure low 

 Trash rack differential high 

 

The third lock-out (86-3) will be operated from the following:  
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 Generator upper guide bearing temperature extremely high 

 Generator lower guide bearing temperature extremely high 

 Thrust bearing temperature extremely high 

 Unit service failure 

 Unit vibration 

 Governor oil pressure extremely low 

 Governor oil level extremely low 

 Gate cable failure 

 Tailrace level extremely high 

 

Operation of these lock out relays will prevent the generator from restarting.  In this case the 

operated relay opens the main starting circuit and cannot be reset without manual intervention. 

 

The generator differential protection also provides additional output to the fire protection system. 

If smoke is detected in parallel with this trip in a generator, the generator deluge system is 

activated. For further explanation of this, see the Fire Protection section, in the Mechanical 

Assessment part of this report. 

 

Assessment 
The assessment of the protection system included visual inspection, discussion with the 

maintenance staff, review of the maintenance and test records and KGS Group’s experience 

with similar facilities. The findings summarized below are applicable to all protection equipment 

covered in this section. 

 

The protections are not duplicated at any point.  Protection redundancy or A/B redundancy is 

typically implemented in modern facilities of this size.  Having properly planned duplicate 

protection in place can significantly help to increase the overall maintainability and reliability of 

the station. Currently, the failure of a single discrete relay may result in long outages, or worse 

yet, fail to protect the unit and possibly cause extensive damage. 

 

The age of the protections in place also poses issues. Re-verification of the electromechanical 

relays is becoming increasingly challenging. Due to the age of the relays, recalibration of the 
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internal mechanical components in order to obtain the designed time current characteristics 

should be performed on a regular basis.  This is a time consuming and often difficult task.  

 

There are insufficient detailed test records available at site to demonstrate that there is 

adequate testing done on the instrument transformers such as saturation, accuracy, ratio, and 

insulation resistance verification. 

 

The cables associated with the protection and control system enclosures contain asbestos 

which, while typical of this vintage of plant, poses significant health concerns and makes any 

work or repair required with this cabling or enclosure very difficult.  Any work would require 

asbestos containment enclosures, management and disposal plans, respirators and other 

associated safety gear, as work with the cabling can cause the asbestos to become friable and 

airborne.  

 

   
Photo 6.13-2: Cables within P&C Panel            Photo 6.13-3: Wiring within P&C Panel 

 

There are dedicated breakers for both protection and control within the DC distribution panel. 

Inspection of the protection and control cables reveals that there is sufficient separation of DC 

power between the protection and control circuits. 

 

A visual inspection of the cables and wires of the protection system shows that many of these 

are significantly worn and moreover most of the cables contain asbestos.    In the near future 

this is likely to become an unworkable condition both from a personnel health and an 

operational viewpoint. 
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The protection CT’s and the PT’s are original but still in reasonable condition.  They can likely 

be maintained in operation until a major protections upgrade is undertaken. The only issue with 

the present arrangement is that there are only single CTs and PTs available for protection. This 

will cause an issue for any future protection upgrade plans which consider A/B style redundant 

protections.  While these instruments could be shared in redundant schemes, it is ideal to have 

redundant instruments as well. 

 

   
Photo 6.13-4: Generator Neutral CT’s         Photo 6.13-5: Generator Line Side CT’s 

 

When reviewing the generator protection scheme, the existing configuration lacks the protection 

items that 40 years ago were not recognized to be a problem (i.e. out of step protection, 

inadvertent energization, etc). System protections and operating conditions for hydroelectric 

stations in general have drastically changed in that time. The requirements for a present day 

generator protection system demand a lot more than what was installed 40 years ago.  These 

types of upgrades to a modern configuration would typically be done as part of an overall 

generator protections upgrade, which has not been performed at this site. 

 

Visual inspection and discussion with the maintenance personnel did not reveal any major 

issues with the generator protections at this time.  
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Functionally no issues were reported on the generator mechanical protection and most of the 

protective devices such as level switches which trigger generator mechanical protections 

appear to be in good condition. 

 

The transformer protection relays are all old electromechanical relays and are of 1976 vintage. 

There is no reported functionality issue with the relays but it is recommended to replace these 

relays with newer multifunction relays as the electromechanical relays are no longer in 

production and any failure could result in a prolonged downtime of the plant. 

 

The station service and low voltage protection relays are effectively in the same condition and 

the same issues apply. 

 

Discussion with the maintenance personnel indicate that it is a separate testing group in Nova 

Scotia Power is responsible for the relay testing and maintenance of the protection relays. 

 

Spare parts are typically a critical issue for relays of older vintage. Discussion with the supplier 

indicates that availability of spare parts for the electromechanical relays at Wreck Cove would 

be limited or non-existent. 

 

Recommendations 

 Continue with maintenance and calibration of the existing protection systems until the 

existing system is replaced. 

 Given the age of the existing protections and lack of manufacturer support, a plant wide 

upgrade is in order.  As part of this upgrade, it would be anticipated that the entire system 

should be reviewed to see how the more modern protection schemes could benefit plant 

reliability and long term maintenance.  It is recommended that this upgrade be performed in 

the year 2016 and the estimated cost is $1.53M per unit, including engineering. 

Considerations for the upgrade should include: 

o Optimum method of project roll out to minimize outage lengths 

o Methods of encapsulating and removing asbestos from the existing system 

o Options for redundant protection schemes using modern multifunction digital relays 

o Locations and configuration of new equipment 
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o Integration with future station service switchyard protections  

o Anticipated design time is likely on the order of 12-15 months 

o Installation time could be in excess of 6 months including an outage of each unit which 

could be on the order of 1 month 

o It is anticipated that station controls upgrades would be performed in parallel with this 

work 

o This work would be done to accommodate the generator replacement or refurbishment. 

o Allow for an initial period of low reliability and retain the manual control capability that 

now exists to assist with this phase. 

o Ensure that maintenance persons with the appropriate education and training are in 

place for maintaining the new technology equipment. 

 

6.13.2 Control System 

This section covers all the control systems related to plant / generator control, SCADA RTU and 

its associated communications, start-stop controls, synchronizers, governor controls, metering, 

generator and station auxiliaries and miscellaneous items such as: generator and transformer 

deluge systems, water level gauging, tunnel T-2 gate controls, turbine shut-off valve controls 

and sump level control. 

Plant Control, SCADA RTU and Communications 

Description 
The control of generating units, reservoir gates, and substation can be performed from two 

locations: the unit control board at the powerhouse and the Energy Control Centre (ECC) 

located at Halifax. Historically, a control panel in the Administration Building control room could 

be used for unit control, but this system is no longer in use.  
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Photo 6.13-6: Control and Protection Cubicle Front View 

 

 
Photo 6.13-7: Control and Protection Cabinet Internal View 

 

The unit control board within the powerhouse is located adjacent to each individual unit. This 

panel is a duplex switchgear control panel with control, indication and metering located at the 

front with the protective relays mounted on the back of the panel. The controls are hardwired 
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and date back to the original design and construction of the station (1976).  The control system 

is designed around relay based logic control circuits. 

 

The operator interface for local control consists of control switches, timers, electromechanical 

relays and speed switches, analog and digital panel meters which are used locally to start, stop, 

synchronize and load generators. The control circuits interact with each unit’s electromechanical 

flyball centrifugal governor and static excitation system as well as the other generator auxiliary 

systems required to safely start, stop and control the generator. Synchronizing is performed by 

auto synchronizer. The Unit 2 auto-synchronizer module is integrated within the exciter control 

panels while the Unit 1 is equipped with a newly installed Basler auto-synchronizer. The system 

is composed mostly of the original control circuit components from 1976. Adjacent to the old unit 

control boards there is a PLC based supervisory system which, with its HMI may be used for 

monitoring of vibration levels, temperatures and flows. This supervisory system is interfaced 

with the plant control through SER panel’s repeater contacts. Discussions with the protection 

and control staff reveal that even though this supervisory system is available, it is not used for 

day to day operation and maintenance.  

 

Earlier there was a fibre optic link between this plant supervisory system and the control 

equipment located within the administrative building, this link is no longer functional. The unit 

annunciation mounted on the front panel of the unit control board provides most visual alarms. 

Pre-start condition can be checked by a manually operated pre-start check switch. 

 

In remote mode, the central SCADA system located at Halifax interacts with the generator 

hardwired control circuits to allow remote operators to start, stop and to perform a variety of 

plant control items. A remote terminal unit (RTU) located at the powerhouse connects the 

powerhouse unit control to the master SCADA control station. The powerhouse RTU is an ACS 

NTU 7510a RTU and communication with the remote SCADA is based on microwave 

communication. This remote interface provides the system operators with capability for 

telemetering and remote control. All critical operating functions can effectively be carried out on 

a continuous basis without manual intervention at the Wreck Cove GS itself.  

 

ACE 2018 CI 49033 Attachment 2 Page 299 of 399

Date Filed:  November 22, 2017          Page 0825 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

 

 

 293  
 

Status and condition of systems and units, water levels, etc., are monitored and operators can 

start, load and stop the generators as required. There is a similar ACS NTU 7510a based 

remote terminal unit (RTU) within the substation premises which allows the system operators at 

Halifax to monitor and initiate tripping or closing of the 144 kV line breakers. The reservoir water 

level information is telemetered to Halifax but no remote control of the reservoir gates is 

available. 

 

 
Photo 6.13-8: SCADA RTU within the Powerhouse  

 

A supervisory system for remote monitoring of the reservoir gates and supervisory water level 

indication is in place at Wreck Cove station. This supervisory system includes a master station 

at the administration building and a remote station located in the gate control structure. This 

system used to be a Motorola based system that has recently been changed to a PLC (SCADA 

PAC) based system. The remote station communicates with the master control station through 

radio communication while the master station communicates with the RTU located at the 144 kV 

substation.  

 

The SCADA system at Halifax receives supervisory data related to reservoir water level and 

gate opening indication through the substation RTU. A discussion about this system reveals that 

there was once fibre optic communication link between the powerhouse and this supervisory 
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master station which would allow viewing of data such as the generator temperatures and other 

basic plant parameters. However that communication link is no longer functional. Effectively, the 

control of the reservoir gates is done at locally at each gate while remote control is presently 

disabled. 

 

   
       Photo 6.13-9: Master Station   Photo 6.13-10: Water Level Screen 

 

For event recording there are dedicated panels within the powerhouse which house the 

equipment for the Sequence of Event Recorders (SER). (There is also a similar unit at the 

substation control building.) These units record the time and event and provide multiplying 

contacts for local and remote annunciation and display. 

 

The SER in the powerhouse is connected to a printer which captures all event records and also 

provides contacts for the unit annunciator, the station service annunciator in the powerhouse 

and to the SCADA system. 

 

ACE 2018 CI 49033 Attachment 2 Page 301 of 399

Date Filed:  November 22, 2017          Page 0827 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

 

 

 295  
 

 
Photo 6.13-11: Sequence of Events Recorder Adjacent to Power Control Cabinets 

Assessment 
The assessment was performed on the basis of visual inspection, discussion with the 

maintenance staff and review of the maintenance records. 

 

The existing unit control boards are original and have effectively reached the end of their 

expected life.  Most of the controls are relay based which are becoming obsolete. 

 

All the control wiring within the control panel contains asbestos and requires significant training 

and preparation to make any changes, so as not to not pose a health related risk for the 

maintenance personnel. 

 

It has been reported by the station maintenance personnel that the SCADA RTU has been 

problematic for many years. There are reported intermittent issues with the control cards that 

cause problems with the configuration stored in memory. Once the configuration is corrupted on 

the control board, the operator is unable to operate the relays associated with that control 

board. This can effectively stop plant operation until the issue is resolved.  In order to address 

these technical issues with the RTU, a specialized maintenance crew has to travel from Sydney 

to Wreck Cove. 
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The sequence of event recorder is also reaching the end of its life and is based on old 

technology. Even though the system is working, it is also effectively obsolete when compared 

with modern day systems. 

 

A system of this type would typically be replaced after approximately 25-30 years.  The existing 

system has already outlasted that estimate.  With care the system could be maintained until the 

overall protections and controls upgrade, but the operational issues may require that the 

timeline for the overall upgrades be shortened. 

 

A limited stock of spare auxiliary relays, time delay relays, etc. are available at site. However, 

the available stock is not sufficient to address all the needs in case of significant system failure. 

Availability of spare parts could be an issue and could potentially cause extended unit 

downtime. 

   

KGS Group recommends that Nova Scotia Power plan for an upgrade of the Wreck Cove 

control system to completely replace the installed system with a modern PLC based control 

systems with two new unit controllers for each unit and one plant controller for other common 

plant related activity.  This configuration would be typical for a facility of this significance; 

however a detail finalized configuration will be determined during a definition study on the 

overall plant protection and control systems.  See the considerations under 

 

Recommendations 

 The problem with the SCADA RTU should be investigated in more detail. Even though 

replacement of faulty modules within the RTU is acceptable to continue with the operation, 

procurement and installation of a new RTU is strongly recommended at the time of the 

control system upgrade. The cost is included within the budget estimated below. 

 The upgrade of the control system is recommended for the year 2016. The budgetary cost 

of replacement is approximately $2.5M.  In addition, a design allowance and investigations 

required for planning of $250k should be included in the year 2014. The upgrade of the 

control system has to be initiated together with the protection upgrade so that all the 

technical interfaces between these two systems can be addressed at the same time to 
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minimize complications. See Control System recommendations for considerations that may 

apply to Protections replacement. 

 

Start – Stop Control 

 
Description 
The units at Wreck Cove GS can be started and stopped in the following control modes:  

 Local-Manual 

 Local-Automatic 

 Remote-Automatic 

 

Sequentially controlled events are laid out within the control board relay logic to allow starting 

and stopping of the units either locally and or remotely from the Energy Control Centre.  The 

pre-start checks include:  

 Penstock readiness, confirmation of minimum lake water level  

 Verification of the turbine spherical valve status and, unit circuit breaker status etc. 

 Availability of AC and DC station services 

 Readiness of thrust bearing oil lift pump, transformer oil pump, turbine spherical valve, 

generator brakes and voltage regulator  

 Shutdown solenoid readiness within the governor cubicle 

 Dashpot bypass condition at the governor cubicle 

 Readiness of governor oil pumps and 

 Readiness of cooling water pumps. 

 

The selector switch 43CS on the unit control board allows local–manual, local-automatic and 

remote SCADA start-up and shutdown. During the start-up, after all the start-up preconditions 

are met, initiation of start command will pick up the starting relay (1X). This relays starts the 

“Incomplete Sequence” timer which is set for a time slightly longer than the expected longest 

sequencing time of the unit. 
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This timer (48) seals and picks-up the starting auxiliary relay (1Y). The starting auxiliary relay 

(1Y) will be energized through the timer contact and eventually a number of cascaded auxiliary 

relays are activated based on starting conditions and then the unit will be started. 

 

The shutdown is configured as normal-manual, normal-automatic, emergency and protection 

shutdown.  Initiation of emergency shutdown will activate the lockout relay which will trip the unit 

circuit breaker and close the turbine spherical valve. In case of emergency shutdown, the unit is 

locked out and requires someone to visit the powerhouse to reset the relays for unit re-starting. 

 

Protection shutdown is initiated by lockout relays triggered by electrical and mechanical 

protections. The electrical and mechanical shutdown is further segregated as non-lockout 

shutdown and lock-out shutdown. 

 

Assessment 
No major issues were observed relating to the plant start-stop control. The emergency and 

protection shutdowns are adequate for the plant operation. Discussions with the maintenance 

staff did not reveal any substantial issues with the plant start-stop control. 

 

The present start-stop control is adequate for the immediate future, until the upgrade of the 

control system. 

 

Recommendations 

 The start-stop control should be upgraded as part of the new PLC based control systems. 

The budgetary price for the plant start-stop control upgrade is included in the control system 

budget. 

 

Synchronizers 

 
Description 
The Wreck Cove plant does not contain a generator circuit breaker for each unit and the 

synchronization of the units is performed at the 144 kV level. The generator side PT is 

compared with the 144 kV bus PT for synchronization.  
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Photo 6.13-12: Upgraded Auto-Synchronizer 

 

The Unit 2 auto-synchronization devices are within the excitation panel while the Unit 1 auto-

synchronizer has been changed recently to a Basler BE1 – 25A based auto-synchronizer. 

 

Assessment 
The Basler auto-synchronizer is typical of a more modern system and is adequate for future 

operation of the system.  Generally as these electronic synchronizers have a life expectancy of 

approximately 20 years, the newer synchronizer is good for operation for the next 10-15 years.  

Typically this component would be replaced or re-integrated with the overall protection and 

control upgrade. 

 

The Unit 2 auto–synchronizer which is within the exciter control panel will have to be replaced 

during the protection and control upgrade. 

 

Recommendations 

 The new synchronization system should be integrated with the overall plant controls and 

protections upgrade. Funds for the synchronizer replacement are included in the controls 

budget. 
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Governor Controls 
 
Description 
The governors are hydraulic based mechanical governors manufactured by the Woodward 

Governor Company. The main electrical and control systems/devices supporting the two turbine 

governor systems are as follows:  

 Permanent magnet generator (PMG): Generator speed sensing is performed by a 

permanent magnet generator fixed to the generator shaft near the top of the unit. The AC 

signal originating from the PMG is cable connected to a synchronous motor located in the 

cabinet actuator which is used to drive the governor flyballs. 

 Pump power supplies: The governor oil system include two pumps per unit. Each are 

provided with power supplies from the AC station service unit switchboard and is furnished 

with a 3-pole disconnect located in one of the lower compartments of the cabinet actuator 

assembly. These are original to the station (1976). 

 Oil pressure and level measurement: The governor oil system accumulator tanks are 

provided with oil pressure and level switches to perform a variety of functions such as 

generator mechanical protections, pump control etc. There are float actuated level switches 

on each accumulator tank. The level and pressure switches are used for generator 

mechanical protection. 

 Oil sump high and low level detection: Each governor oil sump is furnished with float 

actuated level switches: one for low level detection and one for high level detection. 

 Wicket gate position switches: The governor systems are equipped with cam driven, gate 

position switches which provide gate position information to the generator control systems. 

The switches are located on linkages within the cabinet actuator and are original to the 

station (1976). 

 Gate position potentiometers: gate position and gate limit sensing, for purposes of generator 

control and operator indication is performed by potentiometers installed on the governor 

linkages.  

 Governor terminal racks: All control and low power cables for the governor system route 

through the governor terminal racks. The racks are in a lower compartment, which are an 

integral part of the cabinet actuators. 
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Photo 6.13-13: Cabinet Actuator Governor 

 

 
Photo 6.13-14: Woodward Mechanical Governor 

 
Assessment 
The majority of the electrical equipment related to the governor is in good condition.  There have 

been minimal reported issues with the governor system and with thorough maintenance an 

additional 20 years of reliable operation can be expected. 

 

The frequency response of such mechanical governor is suitable for control of the unit in many 

operating conditions. 
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A subset of the components such as the disconnect switches, pumps, internal actuator cabinet 

wiring, the potentiometers in the wicket gate/gate limit position detection, gate position switches 

and solenoid valves should be considered replaceable items and should be reviewed for 

replacement over the course of the next 5 – 10 years.   

 

Currently, there is a brake solenoid valve in Unit 1 governor, which is reported to be sticky. This 

needs to be checked and replaced, if this situation persists. 

 

 
Photo 6.13-15: Brake Solenoid Valve 

 

The following spares were found available within the plant maintenance group. 

 2 Motors (speed adjustment motor and limiter motor) 

 1 PMG with a set of speed switches 

 1 Governor pump motor 

 No spares were available for the pressure switches 
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Recommendations 

 Generally, this vintage of Woodward governor system has a long history of reliability.  Many 

of the minor electrical items should be assessed for replacement.  This is effectively routine 

maintenance.  Components such as the pumps, internal actuator cabinet wiring, 

potentiometers in the wicket gate/gate limit position detection, gate position switches and 

solenoid valves should be replaced in a continuous fashion.  A program of upgrades should 

be reviewed costing approximately $ 20k per year and running five years.  It is anticipated 

that this should start within ten years. 

 As a part of the life extension program for the governors it is recommended:  

o To perform a major overhaul in the year 2018 and then every 20 years. The cost of a 

major overhaul is $30k per unit. It is anticipated that this overhaul would be done in 

conjunction with the unit overhaul. 

o To perform minor overhauls every 5 years in between the two major overhauls. The 

budgetary cost of minor overhauls is $15k per unit. 

 Minor governor maintenance should be done as a part of regular maintenance activity. 

Lumpsum budgetary estimate is $2k per year.  

 Most of the major spare parts and the spares for the accumulator level and pressure 

measurements system should be procured. The budgetary cost of such spares procurement 

is $20k. This should be initiated in 2014. 

 The faulty brake solenoid should be replaced or repaired in 2013, at an estimated cost of 

$5k. 

 

Metering 
 
Description 
The metering provided for each unit is located on the powerhouse unit control board. The 

transducers used for the purposes of metering are original to the station (1976). The following 

metering is located in the unit control board: 

 Kilowatt hour meter 

 Megawatts 

 Megavars 

 AC volts 
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 AC amperes 

 DC (field) amperes 

 Frequency 

 Gate position 

 Gate limit  

 Speed droop 

 

The metering indication provided to the SCADA system is based on an old analog system, and 

includes the following indications for each unit: 

 Megawatts 

 Megavars 

 Kilowatt hours 

 Voltages 

 Gate position 

 Gate limit 

 Frequency 

 
Assessment  
While there are no visible signs of degradation or unusual conditions, the metering systems and 

their associated transducers are reaching the end of their expected life.  The present style and 

method of metering would typically be replaced with a control system upgrade to a modern 

metering arrangement.   
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Photo 6.13-16: Unit Control Board Metering 

 

 
Photo 6.13-17: Analog Metering Circuitry for SCADA 

 

Currently, the system used to transmit plant MW and MVARs to remote SCADA is an analog 

based system.  A more modern system would use digital interconnections to monitor and 

transmit this data. 
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 Recommendations 

 As the metering system is important to the remote and local operation of the plant, it is 

recommended that the current system be replaced as it has reached the end of its useful 

life.  The costs to replace this system have been included in the control upgrade costs. 

 
Station and Generator Auxiliaries 
 
Description 
The generator auxiliary systems include the following items:   

 Cooling water system  

 Heating and ventilation systems 

 Bearing oil level measurement 

 Temperature monitoring  

 High pressure oil lift pump system 

 Other generator related auxiliary systems 

Cooling Water System 

The cooling water system provides cooling water to the following electrical and mechanical 

equipment: 

 Generator surface air coolers and guide and thrust bearings 

 Turbine bearing and seals 

 Main power transformers 

 Heating and ventilating air conditioning units (refrigeration units are no longer in service) 

 

The control panel CP1 located within the powerhouse centralizes and integrates control and 

operation of the cooling water system in the powerhouse and also provides local indication of 

various alarm conditions. The cooling water section of CP1 provides selection of the operating 

and standby pumps and local indication of the status of all remotely controlled valves and 

pumps.  There are three centrifugal pumps configured to have two running and one in standby 

when pumps are in the automatic mode. Time delay and control/alarm relays for the various 

cooling water system components are contained within the panel CP1.  Panel CP1 also houses 
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alarm relays and provides local indication of alarm conditions for penstock low pressure, high 

penstock cooling water pressure, high water level in the valve gallery, brake and service air 

receiver high pressure, fire protection system low water pressure and main cooling water 

header flow.  

 

        
             Photo 6.13-18: CP1 Panel Internal View 

Heating Ventilation and Air Conditioning System 

The powerhouse heating ventilating, and air conditioning system is designed to provide fresh air 

and to evacuate smoke in the event of fire. Control panel CP2, located in the Portal building 

mechanical room, provides selection of control mode and indication of the operation of air 

handling units. Local manual or remote automatic control can be selected at the CP2 panel. 
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Photo 6.13-19: CP2 Panel in Portal Building 

Bearing Oil Level Measurement 

The lubrication oil in the turbine bearing oil reservoir and in the thrust/generator guide oil 

reservoir of each generating unit is measured and high or low level alarms are generated in 

response to abnormal conditions. 

 

Guide/thrust low and high oil level alarms are generated by a float actuated level switch. These 

switches are original to the station (1978). 

Temperature Monitoring 

The following temperatures are monitored for the generator mechanical protections and 

annunciations:  

 The stator of each generator contains temperature measurement RTDs for measurement of 

winding and core temperature  

 Bearing temperatures 

 

A new (4-5 years old) panel containing temperature transducers and a SCADA Pack based IO 

module is used to interface with the generator temperature sensors for supervisory information, 

as well as for mechanical protections.  

 

ACE 2018 CI 49033 Attachment 2 Page 315 of 399

Date Filed:  November 22, 2017          Page 0841 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

 

 

 309  
 

 
Photo 6.13-20: New Temperature Monitoring Interface Module with Transducers 

High Pressure Lift Oil System 

Each generator is equipped with a high pressure lift oil system which is used to provide thrust 

bearing lubrication during unit starts and stops. The system is controlled by the generator speed 

switch and consists of an electrical motor driven pump, a power supply and a pressure switch, 

 
Assessment 
Panel CP1 is old and has effectively reached the end of its useful life.  While it is relatively 

reliable in operation, limited indication and difficult trouble shooting would suggest that it should 

be replaced.  Essentially, the features within panel CP1 would typically be incorporated into the 

plant PLC with a controls upgrade. 

  

Panel CP2 has also effectively reached the end of its useful life.  While it may provide reliable 

operation for the next several years, it should be assessed for replacement when HVAC 

systems undergo major renewals.  The system will likely provide reliable service for the next ten 

years. 

 

The new temperature monitoring panel functions will be taken over by the proposed new control 

system and can be abandoned at that time, likely before it reaches end of life. 
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The generator temperature monitoring system is modern and good operation can be expected 

for the next 10 years. 

 

 Recommendations 

 It is recommended that the control panels CP1 and CP2 be considered for upgrade at the 

same time as the systems or equipment that they are related to or services are upgraded. 

While the estimated cost to upgrade CP1 has been included with the controls upgrade, the 

cost to upgrade the HVAC controls / CP2 is estimated to be approximately $150k and the 

work should be planned for 2016. 

 

Other Generator Related Auxiliary Systems 
 
Description 
Among the other generator related auxiliary systems, are:  

 Digital speed switch 

 Rotor creep detector 

 Thrust bearing water in oil detector 

 Brake pad position detection 

 Generator vibration monitoring system which is based on a Bentley Nevada system. There 

is also a vibration analysis system provided in the Wreck Cove plant. 

 

 Assessment 
Discussion with the maintenance staff did not reveal any major issues with the present 

instrumentation for the listed systems.  As part of a plant control system upgrade, further 

assessment would be made to identify the instrumentation requirements to match the upgrade. 

 

 Recommendations 

 Perform a thorough analysis of the compatibility of the plant control instrumentation with 

respect to modernization of the plant control system. It is anticipated that many of these 

instruments would be replaced at the time of a controls upgrade, but they could be done at 
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any time. A lump sum instrument replacement budget for these items is $100k, and the work 

should be planned for 2016. 

 

Miscellaneous Controls 
 
Description 
Included in this section are the following controls: 

 Water level gauging 

 Tunnel T-2 gate control 

 Tailrace manifold water level gauging 

 Turbine shut-off valves controls 

 Sump level controls 

 Deluge systems controls (see Mechanical Assessment section 5.11 Fire Protection and 

Detection System for details) 

 
Water Level Gauging 

There are several water level gauge sites in the Wreck Cove water system where Nova Scotia 

Power owned water level gauges are installed. The water elevation readings from these gauges 

are used for Wreck Cove operational purposes.  

 

The lake levels are measured using underwater sensors which respond to changes in lake level. 

The supervisory system located at the local station transmits the level information to the master 

station through a VHF radio communication link. The lake and reservoir level is measured for 

McMillan, Gisborne, Wreck Cove and also at Surge Lake. All the level information is available at 

the master station located in the Administration Building and also at Halifax through the RTU 

located at the substation.  

 

Tunnel T-2 Intake Gate Control 

The control systems for the Tunnel T-2 gate are included with the mechanical assessment of 

the gate. See Section 5.1 Tunnel T-2 Intake Equipment for further information. 
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Tailrace Manifold Gauging 

Wreck Cove was originally provided with a tailrace water level monitoring device, an alarm for 

high level and a lockout which would shut down the turbine generators on extreme high level. 

This equipment is mounted on the draft tube deck adjacent to Unit 1 draft tube outlet. 

 

 
Photo 6.13-21: Tailrace Water Level Alarm and Trip 

 

 
Photo 6.13-22: Floats for Tailwater Alarm and Trip 

ACE 2018 CI 49033 Attachment 2 Page 319 of 399

Date Filed:  November 22, 2017          Page 0845 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

 

 

 313  
 

 

Turbine Shut-off Valves Controls 
The electronic part of the turbine shut-off valve controls was changed recently and discussion 

with the maintenance personnel indicates that the system is working well. 

 

 
Photo 6.13-23: New Electronic Modules for Shut-off Valve Control 

Sump Level Controls 

The sump pumps are controlled by level switches installed within the sump. The power for the 

sump pumps is fed from the auxiliary service MCC while the control panel is located near the 

pumps. The picture below shows the present condition of the sump pump control panel. It is 

evident from the picture that there is the possibility of water ingress inside the panel as the 

panels are located very near a leak running on the wall. 
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   Photo 6.13-24: Sump Pump Control Panel    Photo 6.13-25: Sump Pump 

 

 Assessment 
The water level gauging system and the associated supervisory system is appropriate and 

acceptable for operation for the next 10 years. 

 

The tailwater level instrumentation is significantly corroded and the level monitoring function no 

longer works. The alarm and lockout functions are not tested on a regular basis but when last 

tested, the alarm functioned as intended and the lockout (with wiring to generating unit controls 

disconnected to avoid trips) worked as well. 

 

The sump pump control panels are in an inappropriate location and water ingress issues could 

occur at any time.  An outage of the sump pumps could lead to larger issues within the plant. 

 

The newly introduced control cards and electronic system for control of the turbine shut-off 

valves is good for operation for the next 15 years, at which time it should be replaced. 

 

Recommendations 

 Institute a periodic testing program for the tailrace water level alarm and lockout functions, 

as these functions are very important for worker safety and plant protection. 

 Re-instate the tailrace water level monitoring function and connect to SCADA for 

transmission to the Energy Control Centre in 2014 at an estimated cost of $25k. 

 Replace the tailrace water level alarm and lockout system within 3 years at an estimated 

cost of $15k. 
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 Replacement of the reservoir water level gauging system is estimated at $38k and should 

be performed in 2022. 

 The sump pump control system should be upgraded within the next five years, including, 

relocation of the panel to a dry area.  The budgetary cost for this work is $18k and it is 

allowed for in 2016. 

 Replace turbine shut-off valve controls with a PLC based system in 2027 at a cost of $50k 

for two units. 
 
6.14 STATION DC POWER SYSTEM 

 

Description 
Wreck Cove GS has a single station DC system, consisting of a single battery bank and 

charger/inverter system as well as a DC distribution system. 

 

The original DC system failed in 2011 and the inverter was replaced.  The new system is a 

Staticon Stativolt Plant Inverter System rated at 120 VDC and 75 A.  The batteries have also 

been replaced as of December 2011 with a 60 cell bank of GNB Absolyte GP batteries. 

 

 
Photo 6.14-1: Station Battery Bank 
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The power distribution centre is the original DC distribution panel.  The panel has exposed 

buswork under the access panel. 

 

Assessment 
As the inverter and battery have been recently replaced, they are in good condition.  The typical 

lifespan for batteries in a powerhouse DC system is 10 years.  Inverters would typically have a 

25 year life span.   

 

The distribution panel has likely reached the end of its useful life and has significant exposed 

bus-work and poor internal barriers which are not advisable for safe work in a modern facility.  

The existing power distribution panel should be replaced with the remainder of the equipment. 

 

As the DC system provides critical control power for plant operation, utilities typically install a 

complete parallel redundant DC system.  The current system has no redundancy and as such, 

any work which must be performed, or any failures which occur, cause complete plant outages. 

 

Recommendations  

 The power distribution panel for the DC system is a potential hazard given its exposed 

buswork.  Covers to ensure there is no access issues with the door open could help to 

reduce this risk, however, as parts of the DC system have substantially been upgraded, the 

distribution panel should be upgraded as well, to return the entire system to a like new 

condition.  An upgrade to the distribution panel would be done with a distribution panel with 

visible contacts and would cost $15k and should be preformed in 2014. 

 Should Nova Scotia Power wish to increase the reliability of the DC system to attain a more 

standard configuration with redundant DC supplies, a second battery system and inverter 

could be installed.  An additional battery system would cost $135k. This work would typically 

be done with station protections and controls upgrades and has been included in 2016. 
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6.15 STATION GROUNDING SYSTEM 
 
Description 
The station grounding system is essentially as installed during the construction of the plant.  

Drawings H-085S1-3-211-06-001 to H-085S1-3-211-06-007 shows the original as-built drawings 

of the station grounding system.  Much of this grounding system is embedded into the structure 

itself.  

 

A review of the site showed that the original station grounding system is fully intact.  The original 

grounding system consists of several copper busses which interconnect loops of 250 MCM 

copper conductor. While there is some sign that the cabling has been moved around over time 

during construction and operation of the plant, there is little evidence of deterioration of the 

grounding system or conductors in the powerhouse. 

 

Ocean Ground at Tailrace Tunnel Outlet   
There is a heavy ground conductor which extends from the station switchyard, on the overhead 

line out to the area where the tailrace tunnel discharges into the ocean.  This heavy ground was 

extended out to two large steel I-beams in the water, and was apparently used as a ground 

electrode at some point in time.  The bare conductor which was installed to connect this ground 

has been stolen and the ground is no longer connected.  It is not clear what the intent of the 

ground was or what system it was tied to.  This ground is outside the scope of this Wreck Cove 

GS plant assessment; however, as there was a significant ground in place which has been 

removed, its requirement should be revisited and it should be repaired if found to be required. 

 

Assessment 
The original ground installed in the powerhouse appears through visual inspection to be in good 

condition.  There are some areas where the strands of the ground conductors are slightly 

unwound (“bird caging”). However, there is no sign that this is causing any problems and it is 

likely that this has been present since construction. 

 

In general it is anticipated that the grounding system will provide an additional 40 years of 

service.  It is not clear what level of step or touch potential (personal potential) studies were 
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done at the time of the grounding installation.  Review of these items would require the 

performance of a modern grounding study, involving both site investigation and tests and 

specialized computer analysis. Given the advancement of grounding analysis tools over the last 

40 years, however, Nova Scotia Power should undertake a full grounding study including step-

touch potential analysis.   

 

As maintenance staff has expressed concerns about the state of the grounds immersed in the 

tailrace, Nova Scotia Power has decided to undertake an initial investigation in 2014.  

 

Recommendations  

 Perform a grounding study within in the next ten years. The cost is anticipated at $95k, and 

this amount has been included in the year 2020.  

 While it is not clear how much grounding modification would result from the study, $150k in 

grounding upgrades has been identified for 2021 as a reasonable estimate. 

 

6.16 STATION LIGHTING SYSTEM 
 

Description 
There are three items reviewed as part of the station lighting.  These items are general area 

lighting, emergency lighting and exit signage/lighting. 

Plant General Area Lighting 

The majority of the lighting throughout the plant is primarily original lighting fixtures, dating from 

1978. There have been a few fixtures upgraded in the access tunnel as existing fixtures have 

failed. 

 

The original lighting in the plant uses mercury vapour HID fixtures for the larger areas and T12 

style fluorescent lighting for the majority of the remaining areas.  There are some areas which 

also have large incandescent lamps. 

 

In the main powerhouse area, where the fixtures are suspended on a strut system from the 

ceiling of the cavern, the supports for the lighting and the conduits supplying power are showing 
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significant signs of deterioration and have failed in a few areas.  There are also a number of 

areas where the fixtures cannot be readily reached for repair. 

 

In the tunnel portion of the plant which could be used as a refuge area, the lighting and supports 

are deteriorated to the point of being no longer functional. 

 

As the lighting installed in the plant is nearing forty years old, it has reached the end of its useful 

life.  The fixtures are also significantly less efficient than modern fixtures. 

 

Given the age of the fluorescent fixtures, it is likely that there are ballasts containing PCB’s.  

While not a significant risk, these need to be disposed of properly when they are replaced.     

 

 
Photo 6.17-1: Typical Powerhouse Area Lighting Fixture Suspended from Strut 

 

 
Photo 6.17-2: Lighting Support Deteriorated and Fixtures Misaligned as Supports Break 
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Photo 6.17-3: Typical Fluorescent Area Lighting (Incandescent Fixture in Background) 

 

Plant General Emergency Lighting 

Emergency lighting throughout the powerhouse is typically provided using incandescent fixtures 

and DC power from the station DC system. Emergency lights are placed at key areas, but do 

not clearly illuminate the path of egress.  

 

There are a few unitized emergency lights in the plant.  The main area is in the current “refuge 

chamber”. 

Exit Signage 

There is currently no illuminated exit signage in the plant.   There are some signs which indicate 

“Fire Hose” which could be confused for exit signs, but these do not indicate the path of egress. 

 

Assessment 
Plant General Area Lighting 

The lighting throughout the powerhouse and access tunnel has effectively reached the end of its 

useful life.   Many of the lamps in use will become increasingly more difficult to obtain and are 

significantly less efficient than modern lighting.  The mounting for much of the lighting in the 

main powerhouse area is significantly deteriorated and should be replaced or repaired.  Some 

ACE 2018 CI 49033 Attachment 2 Page 327 of 399

Date Filed:  November 22, 2017          Page 0853 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

 

 

 321  
 

replacement of lighting supports was carried out late in 2012, but the same fixtures were 

returned to service. 

 

In general, the lighting levels are adequate, but the lighting systems should be replaced. 

Plant General Emergency Lighting 

Many utilities have begun to get away from emergency lighting which is sourced from the plant 

DC battery.  There are several reasons for this: 

1. Lighting loads are more significantly wired throughout the plant than most other DC loads 
and can introduce a much larger risk into the DC system which is a critical system for control 
and operation of the plant. 

2. The DC systems used for plant lighting are typically not listed/rated to be used as 
emergency lighting systems.  

3. Where emergency lighting systems are upgraded to meet modern requirements, the 
additional load on the station DC system is often more than the utility would like to add to 
their station DC system. 

4. As the emergency lighting system becomes a more tested/monitored system, it is desirable 
to decouple the emergency lighting from the station DC to more easily allow testing/repair. 

While the existing DC emergency lighting system is functional, it does not provide adequate 

illumination to meet good egress requirements. 

Exit Signage 

Given the underground nature of this plant, with limited egress, the lack of illuminated exit signs 

significantly contributes to workplace life safety risks. 

General Lighting Co-ordination 

When all lighting systems require upgrades as is the case with Wreck Cove, the lighting 

upgrades should take into consideration the following items which can help provide the long 

term operability, maintenance and the day to day operation of the plant: 

 Placement of emergency lighting circuits relative to regular lighting.  By coordinating these 

systems, modern techniques such as UPS for lighting can be used which can help minimize 

the re-wiring of the systems and reduce maintenance compared to two separate systems. 

 As there are a number of lighting technologies available today which can be used, they 

should be assessed with the long term operation of the facilities.  Estimates for the lighting 
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replacements are based on using T5HO high-bay fixtures and standard industrial fixtures in 

the lower levels.  Depending on the location, LED fixtures, which have a long mean time 

before failure or maintenance is required, could also be reviewed for use in areas where 

access for maintenance is more difficult. 

 

Recommendations  
Plant General Area Lighting 

 The lighting throughout the plant should be replaced within the next two to three years, 

along with the supporting structures where they show signs of corrosion.  The main areas 

where lighting should be upgraded along with their estimated cost include: 

 

Access Tunnel   $205k 

Plant Main Area   $220k 

Plant Auxiliary Areas  $180k 

Plant Refuge Tunnel area   $45k 

TOTAL    $650k 

This amount has been included in 2016 as its implementation would benefit generating unit 

overhaul activities. 

Plant General Emergency Lighting 

 A modern emergency lighting system should be installed which clearly illuminates the paths 

of egress. This should be installed in conjunction with exit signage and phosphorescent 

paint striping on the floor, which helps evacuation to occur down the correct route.  This new 

modern emergency lighting system would be DC, but separate from the station DC system. 

 

The cost of the emergency lighting system would be approximately $195k, and should be 

done by 2014 as it improves safety for plant staff. 

Exit Signage 

 Given that there a multiple circular routes and effectively only one exit, exit signs and 

phosphorescent paint striping on the floor should be installed to clearly indicate the 

directions of exit.  The cost of the exit signs is included with the above item.  If an exit 
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signage system is installed as a separate item, with standalone battery units, the cost of this 

work would be approximately $20k and should be done by 2014 as it reduces life safety 

risks for plant staff. These would essentially be self contained exit signs which would have 

internal chargers and batteries and would connect to AC station service.   
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7 OPPORTUNITIES AND ISSUES 

 

Opportunities 
 
1. Turbine Upgrading 

For many years Wreck Cove operated to help meet daily peak loads, and this has required the 

units to operate in a relatively narrow power range of relatively high efficiency for a limited 

number of hours per year (approximately 18 % of the time). For some years, Wreck Cove was 

also required to respond to very large and sudden steel mill load changes at Sydney. 

 

The future operational requirements for Wreck Cove GS will involve providing support for the 

grid with quickly varying MW as the capacity of wind-powered generation rises and falls with the 

prevailing wind speeds. This operating scenario will require the units to operate over a large 

range of power outputs and likely for many more hours per year. At the same time, Nova Scotia 

Power is obligated to meet increasingly demanding targets for the amount of renewable 

capacity supplying the grid. Wreck Cove may be able to contribute to these targets, by 

increasing the capacity of the units, primarily through upgrading of turbines by runner 

replacement.  

 

Turbine upgrades by runner replacement should be investigated prior to any planned major unit 

overhauls, and co-ordinated with these overhauls.  Upgrading is a widely practiced solution to 

extract energy gains by installing new higher efficiency runners, usually with slightly higher 

capacity as well. These improvements are available as the result of improved design tools and 

high precision manufacturing processes. 

 

To satisfy the combined requirements of increased capacity and a broader range of stable 

outputs is a challenging task and will require a design/development program involving both 

computerized fluid dynamics studies and precision scale model testing, to attain the design 

characteristics required. The source of supply can include the original equipment supplier, but is 

best expanded to include large reputable suppliers such as Andritz, Alstom and Voith. The 

essential need is for a supplier with strong design credentials and modern design tools and 

extensive experience with high head Francis turbines.  
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Other considerations for this opportunity include: 

 Efficiency gains could potentially justify at least some of the cost of the new runners.  

 Air admission requirements for partial load operation consistent with modern installations 

should be investigated during the engineering phase for new runners.  

 The potential to improve the geometry of the wicket gates and the draft tube should be 

considered in the engineering phase.  

 Comparison model testing of the existing and future runners should be performed.  

 The turbine hydraulic model and runner from the 1970’s may be reusable and should result 

in some cost savings for the engineering phase.  

 Depending on the capacity gain available, other power components will need to be 

assessed for upgrading/replacement, including generator windings, exciter, breakers, IPB, 

and main output transformers. 

 A limiting feature of Wreck Cove appears to be the hydraulic capacity of Tunnel T-2 to 

supply adequate water to Surge Lake to run two units at full load for a sustained period.   

 The installation of the new runners should be coordinated with the future major unit 

overhauls, rewinding and electrical equipment replacements.   

 

The estimated cost of supplying two replacement runners, including hydraulic model 

development is $5.55M, and the time required from preparing specifications to runner delivery 

would be 2 ½ to 3 years. 

 

ACE 2018 CI 49033 Attachment 2 Page 332 of 399

Date Filed:  November 22, 2017          Page 0858 of 2371          REDACTED



Nova Scotia Power  April 2013 
Wreck Cove GS Condition Assessment 2012   11-2242-01 

 

 

 326  
 

 
Photo 7.0-1: Turbine Hydraulic Model at Wreck Cove 

 

2. Plant Efficiency Tests 

It appears that the present overall efficiency at various loads for the Wreck Cove Facility is not 

known. No performance testing has been carried out since original commissioning when 

Mitsubishi performed a test, likely for the purpose of demonstrating compliance with turbine 

specifications. The test report was not available and may no longer exist. NS Power should 

consider performing a series of unit and turbine performance tests to determine: 

a) Overall plant and individual unit efficiency for all loads 

b) Penstock losses 

c) Turbine efficiency as a baseline for turbine upgrading 

 

The cost of the test program is estimated to be $250k, and would need to be performed by a 

company specialized in this type of testing. 

 

In the event that runner replacement does not proceed, having the test results would assist in 

optimizing the operation of the Wreck Cove units. 
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Issues 
1. Worker Refuge Facility 

In the original design of Wreck Cove, a basic worker refuge area was provided in the form of a 

modified mucking tunnel, upstream of the powerhouse cavern. Over the years, the tunnel refuge 

has not been maintained and at some point a steel refuge chamber was installed. The design 

requirements for the refuge chamber are unknown. It appears to have space for about 4-6 

persons, but for what time period or against what event is not clear. 

 

The capacity and location will be inadequate during the LEM site work phase, when large 

numbers of persons will be working in the plant. 

 

A combination of modern refuge enclosure(s) and fire safety modifications within the 

powerhouse would provide better protection for persons working on various plant floors. 

 

 
Photo 7.0-2: Exterior of Present Refuge Enclosure 
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Photo 7.0-3: Interior of Present Refuge Enclosure 

 

The following photos and text describe a modern refuge recently purchased by B.C. Hydro for 

one of its underground hydro stations. The supplier of the information and photos below and of 

the B.C. Hydro refuge is Mine ARC Company. 

 

 
Photo 7.0-4: Modern Refuge Enclosure 

 

This unit was custom built to customer specifications and features: 

 4 person occupancy / 24 hour stand-alone operation. 
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 Built-up wall construction using 1/4” steel exterior panel, 1” Promat calcium silicate fire 

resistant material and 1/8” steel inner panel. 

 Airlock system for flushing prior to entry into chamber including compressed breathing air 

cylinders and push-button activated flushing. 

 Air scrubbing of CO2 and CO 

 On board oxygen supply with medical grade oxygen regulator. 

 Powerless design using liquid CO2 to propel scrubbing fan and provide cooling and 

dehumidifying within refuge interior (we can also Engineer electrically-operated designs). 

 External lockable liquid CO2 cylinder bay. 

 Wheel package for transport with lifting and towing eyes, forklift slots, etc.  

 Rechargeable power packs for lighting, emergency strobe light and interior lighting. 

 Digital hygrometer/thermometer for managing scrubber/air conditioning system. 

 Manual gas monitoring of O2, CO2 and CO within refuge chamber. 

 Communications connections with ability to power radio off battery packs. 

 Seating, scrubbing chemicals, emergency food and water.  

 Chemical toilet and fire extinguisher. 

 Incoming compressed air line with three stage filter pack, auto-drains to exterior, regulator 

and auto muffler. 

 

For budgetary purposes a 6 person refuge chamber of similar design will be in the $90k range – 

however it is best for us to examine the exact needs of the facility prior to providing any costing.  

If you foresee the value in it, I will be happy to fly up to visit with you and your customer to do a 

site visit, examine their needs and provide an informal presentation/discussion on the subject – 

please let me know. 
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2. Maintenance Inspection and Testing Program 

 

The present periodic maintenance inspection and testing program for major equipment and for 

auxiliary systems and equipment should be reviewed, updated and expanded with the 

assistance of engineers familiar with hydro plant equipment. Inspection and test procedures with 

records sheets for ease of recording the findings should be prepared. 
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Adequate resources should be provided within the Wreck Cove maintenance crew to ensure 

that the inspection and test findings are documented in retrievable reports, and are available for 

trend analysis, monitoring and general reference. 

 

3. Preparations for Life Extension and Modernization 

 

In order to carry out the refurbishment of the Wreck Cove Facility in the safest, cost effective 

and outage schedule effective way, several enhancements and additions to infrastructure will be 

needed. This includes: 

 Surface storage/workshop building for major equipment components and workspace 

 Management of traffic in the powerhouse access tunnel, including parking at the 

powerhouse end 

 Provision of worker facilities – accommodations, food and parking 

 Life safety enhancements such as refuge areas, improved access to egress, refurbishment 

of lighting and ventilation improvements 

 Updating of powerhouse crane controls 

 

Furthermore, planning for the LEM will need to address: 

 Long lead time for activities such as engineering and procurement for major equipment and 

systems, much of which is custom designed,  

 Optimum sequencing and overlap for integrating various equipment replacement and 

refurbishment activities, and 

 Whether a potential additional access tunnel to the powerhouse is necessary. 

 

Supporting Information 
The following pages contain information related to the opportunities and Issues discussed in this 

section of the report. 
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9 STATEMENT OF LIMITATIONS AND CONDITIONS 

 

9.1 THIRD PARTY USE OF REPORT 
 

This report has been prepared for the Client to whom this report has been addressed and any 

use a third party makes of this report, or any reliance on or decisions made based on it, are the 

responsibility of such third parties. KGS Group accepts no responsibility for damages, if any, 

suffered by any third party as a result of decisions made or actions undertaken based on this 

report. 

 

9.2 SCOPE OF 2012 ASSESSMENT 
 

The 2012 Condition Assessment of Wreck Cove addressed the powerhouse equipment and 

systems, the access tunnel portal, the structures and equipment for water control at the 

entrance to tunnel T-2, at the inlet to the penstock and at the tailrace tunnel outlet, the 

penstocks and the standby diesel generator. 

 

Certain component parts of the Wreck Cove facility were outside the scope of the 2012 

assessment, including the storage dams, tunnels T-1, T-2, the powerhouse access tunnel and 

the tailrace tunnel, Gisborne Generating Station, the main output transformers and the 

associated 144 kV conductors, the switchyard, the Administration Building and all surface 

facilities such as dykes, roads, communication tower, storage buildings and other miscellaneous 

buildings.  Assessments for dam safety and assessments of these assets may result in 

identification of additional projects requiring funding which is not included here. 
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Thirty year total (2012 k$) $68,104 Five year total (2012 k$) $41,433 
Ten year total (2012 k$) $66,695 One year total (2012 k$) $2,695 

Discipline         \         Year All Years 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023-27 2028-32 2033-37 2038-42
Totals 68,104 2,695 2,167 4,901 9,841 21,829 19,455 4,784 113 189 721 435 350 201 423
Civil 9,263 648 771 2,514 3,244 1,061 234 19 14 14 129 158 204 74 179
Mechanical 15,924 870 609 2,346 1,502 4,187 4,174 1,854 2 14 2 60 88 60 156
Electrical 42,917 1,177 787 41 5,095 16,581 15,047 2,911 97 161 590 217 58 67 88

All Disciplines  (except for geotechnical)

Condition Assessment 
Facility Summary Sheet

WRECK COVE GS 

10,000

15,000

20,000

25,000

nt
s 

(2
01

2k
$)
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2. The 2012 Condition Assessment of Wreck Cove addressed the powerhouse equipment and systems, the access tunnel portal, the structures and equipment for 
water control at the entrance to tunnel T-2, at the inlet to the penstock and at the tailrace tunnel outlet, the penstocks and the standby diesel generator.
Certain component parts of the Wreck Cove facility were outside the scope of the 2012 assessment, including the storage dams, tunnels T-1, T-2, the powerhouse 
access tunnel and the tailrace tunnel, Gisborne Generating Station, the main output transformers and the associated 144 kV conductors, the switchyard, the 
Administration Building and all surface facilities such as dykes, roads, communication tower, storage buildings and other miscellaneous buildings.  Assessments for 
dam safety and assessments of these assets may result in identification of additional projects requiring funding which is not included here.
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Rating Condition Description Details Remediation Timetable
4 Good Only minor deterioration or defects are evident. 20 plus years 

(2034 & beyond)
3 Fair Moderate deterioration. Function is still adequate. 7-20 years

(2021 to 2033)
2 Poor Serious deterioration of at least some portions of the 

equipment. Function is inadequate.
OR:  Additional inspection, testing and assessment  
required in near future, to more fully define condition.

2-7 years
(2015 to 2020)

1 Unacceptable Extensive deterioration. Barely functional. Urgent need 
for remediation.
OR:  Additional inspection, testing and assessment 
urgently required to more fully define condition.

0-2 years
(2013 to 2014)

Notes:

Wreck Cove Condition Assessment - Condition Rating Scale

1. The basis year for this table is the end of 2012, by which time the assessment of equipment and structures was completed.                                
2. Condition considers physical deterioration and general adequacy for functional, safety and environmental adequacy.   
3. In some cases, additional inspection, testing, investigation or assessment activites are recommended to better define condition and to               
aid in selecting or refining the best solution.   
4. The condition rating scale is based on a similar table used by a large Canadian electrical utility.   
5. The term MTCE is used to identify routine/periodic maintenance program recommendations. These are not condition ratable. 

Condition Assessment 2012 WRECK COVE GS
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Condition Assessment Discipline Summary Sheet
WRECK COVE GS
Civil (except Geotechnical)

Thirty year total (2012 k$) $9,263 (costs in  2012 k$)
Ten year total (2012 k$) $8,648 TOTAL

Condition 
Rating 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023-2027 2028-2032 2033-2037 2038-2042 2013-2042

TOTALS 648 771 2,514 3,244 1,061 234 19 14 14 129 158 204 74 179 9,263
TUNNEL T2 INTAKE STRUCTURE 207 0 0 5 30 0 5 0 0 55 5 10 10 5 332
TUNNEL T2 ADIT 0 80 0 325 0 0 0 0 0 0 0 0 0 0 405
PENSTOCK INTAKE STRUCTURE AT SURGE LAKE 0 0 0 0 0 110 0 0 0 0 0 0 0 0 110
PENSTOCK FROM SURGE LAKE 5 12 0 0 0 5 0 0 0 20 5 5 5 5 62
SPIRAL CASE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DRAFT TUBE 50 10 0 0 0 0 0 0 0 0 0 0 0 0 60
TAILRACE 50 0 0 0 0 105 0 0 0 15 49 25 5 115 364
POWERHOUSE 20 40 10 110 110 10 10 10 10 10 50 160 50 50 650
POWERHOUSE EGRESS AND LIFE SAFETY 300 625 2,500 2,800 0 0 0 0 0 0 0 0 0 0 6,225
POWERHOUSE ACCESS TUNNEL 16 4 4 4 921 4 4 4 4 29 49 4 4 4 1,055
POWERHOUSE ACCESS TUNNEL FEEDERS 0 0 0 0 450 0 0 0 0 0 0 0 0 0 450

DETAILED SUMMARIES
TUNNEL T2 INTAKE STRUCTURE 207 0 0 5 30 0 5 0 0 55 5 10 10 5 332

Continue to periodically, visually monitor the concrete for evidence of deterioration and spalling and 
waterline erosion. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Carry out minor patching repairs to the spalled concrete within the next 10 years.  Other than the 
minor patch work no concrete repairs are recommended for the next 30 years.  Cost for the patch 
work is estimated to be $50k.

3 0 0 0 0 0 0 0 0 0 50 0 0 0 0 50

Remove deteriorated paint and corrosion and apply a protective coating to the Gate Hoist Building 
structural steel superstructure as well as gains. This work should be performed within the next 5 
years to maintain the integrity of the structure.  The estimated cost for this work is $30k. 2 0 0 0 0 30 0 0 0 0 0 0 0 0 0 30

Repair the failed caulking around the roof hatch within the next year.  Consideration should be given 
to replacing the failed caulking with grade mastic and mesh.  A protective coating should then be 
installed over the repair.  The estimated cost for this work is $6k.

1 6 0 0 0 0 0 0 0 0 0 0 0 0 0 6

Install an all season safety boom in 2013, at an estimated cost of $130k. 1 130 0 0 0 0 0 0 0 0 0 0 0 0 0 130
Include funds in the maintenance budget for boom maintenance in the amount of $5k every 3 years. MTCE 0 0 0 5 0 0 5 0 0 5 5 10 10 5 45

Extend the safety fencing to the boom anchor points in 2013 at an estimated cost of $70k. 1 70 0 0 0 0 0 0 0 0 0 0 0 0 0 70
Provide two additional public safety signs on the land side of the fencing in 2013, at an estimated 
cost of $1k. 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1

TUNNEL T2 ADIT 0 80 0 325 0 0 0 0 0 0 0 0 0 0 405
Within the next two years, inspect the inside of the Adit with a remotely operated tracked vehicle 
(ROV) to determine the condition, feasibility and the extent of repairs required to make the Adit safe 
for entry. The estimated cost for the inspection and assessment is $50k. 

1 0 50 0 0 0 0 0 0 0 0 0 0 0 0 50

In parallel with the inspection and condition assessment work, undertake a engineering study to 
investigate alternative means to de-water the tunnel, including the alternative of making the Adit 
safe, if found to be feasible, at an estimated study cost of $30k.  All alternatives should assume that 
the present valve and pressurized pipe penetration into Tunnel T-2 will need to be permanently 
sealed.  Any alternative using the Adit for drainage should assume that a new valve and pipe 
penetration into Tunnel T-2 are required. 

1 0 30 0 0 0 0 0 0 0 0 0 0 0 0 30

Allow funding in the capital budget in 2016 to provide a means of draining Tunnel T-2 and sealing 
off the existing pipe penetration. For the purpose of providing an estimate, the solution of drilling a 
1.5 m diameter vertical shaft 60 m long through the rock into the tunnel near the Adit is assumed, 
with an estimated cost of $325k for design and drilling. In the event an alternative tunnel dewatering 
system is not selected, or if its implementation is deferred some years beyond 2016, seal the 
drainage piping by 2016. 

2 0 0 0 325 0 0 0 0 0 0 0 0 0 0 325

PENSTOCK INTAKE STRUCTURE AT SURGE LAKE 0 0 0 0 0 110 0 0 0 0 0 0 0 0 110
Refurbish the trashracks at an estimated cost of $110k.  The refurbishment of the trashracks should 
be carried out no later than 2018. Refurbishment is estimated to be less costly than replacement 
($220k).

2 0 0 0 0 0 110 0 0 0 0 0 0 0 0 110

PENSTOCK FROM SURGE LAKE 5 12 0 0 0 5 0 0 0 20 5 5 5 5 62
The penstock steel plate in the powerhouse in the area where the limited thickness measurements 
were taken is in good condition.  Starting in 2013 perform more extensive ultrasonic thickness 
testing every 5 years. Estimated cost $5k for two penstocks.

MTCE 5 0 0 0 0 5 0 0 0 0 5 5 5 5 30

During the next planned penstock dewatering, take core samples of the concrete liner and carry out 
laboratory tests to rule out the remote possibility of alkali aggregate reaction.  The estimated cost to 
sample and test the concrete liner is approximately $20k.  For budgeting purposes, assume this 
coring / testing activity will take place within the next 10 years.

3 0 0 0 0 0 0 0 0 0 20 0 0 0 0 20

Condition Assessment 2012 1 WRECK COVE GS
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Condition Assessment Discipline Summary Sheet
WRECK COVE GS
Civil (except Geotechnical)

Thirty year total (2012 k$) $9,263 (costs in  2012 k$)
Ten year total (2012 k$) $8,648 TOTAL

Condition 
Rating 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023-2027 2028-2032 2033-2037 2038-2042 2013-2042

By 2014 carry out a (desk-top) assessment of the potential head losses and energy production 
losses due to the algae, calcium carbonate deposits, and surface irregularities to determine if power 
wash cleaning of the inside surface of the penstock is warranted.  The estimated cost for this 
assessment would be approximately $12k.  

1 0 12 0 0 0 0 0 0 0 0 0 0 0 0 12

SPIRAL CASE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
See under Turbine in the Mechanical spreadsheet for the projects related to spiral cases. NA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DRAFT TUBE 50 10 0 0 0 0 0 0 0 0 0 0 0 0 60
Continue to repair any draft tube liner cavitation pitting damage during the yearly maintenance 
outages. Repair the present minor damage within two years. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Refurbish the Unit 2 tripod air system within 8 months. Cost is estimated to be $40k. 1 40 0 0 0 0 0 0 0 0 0 0 0 0 0 40
Investigate the Unit 1 draft tube water leakage in 2013 at an estimated cost of $10k. 1 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10
During the next scheduled outages for each unit, the condition of the unlined draft tube concrete 
sections should be inspected and assessed.  Estimated cost for each unit inspection and 
assessment is $5k per unit. 

MTCE 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10

Repair the observed 250 mm deep hole in the concrete wall of Unit 2 draft tube by 2018. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TAILRACE 50 0 0 0 0 105 0 0 0 15 49 25 5 115 364

No significant draft tube deck and outlet concrete repairs are expected to be required over the next 
30 years other than potentially some minor patching of the concrete.  Allow $50k in the budget for 
the minor repairs to be carried out between years 2037 and 2042.

4 0 0 0 0 0 0 0 0 0 0 0 0 0 50 50

The safety railings on the draft tube deck will require sandblasting (or corrosion removed by other 
means) and repainting within the next 10 years at an estimated cost of approximately $15k. 3 0 0 0 0 0 0 0 0 0 15 0 0 0 0 15

The steel frame for the draft tube sectional gates monorail hoist may need to be repainted within the 
next 20 years.  Allow $20k for this task. 3 0 0 0 0 0 0 0 0 0 0 0 20 0 0 20

Continue to monitor the condition of the rock and shotcrete above the draft tube deck area and on 
an ongoing basis, scale and/or install rock anchors as required.  Allow $5k every 5 years for these 
activities.

MTCE 5 0 0 0 0 5 0 0 0 0 5 5 5 5 30

No significant tailrace tunnel outlet structure concrete repairs are expected to be required over the 
next 30 years other than minor patchwork.  Allow $60k between years 2022 and 2042. 4 0 0 0 0 0 0 0 0 0 0 0 0 0 60 60

The embedded steel gain liners will be required to be sandblasted and repainted within the next 15 
years at an estimated cost of $40k. 3 0 0 0 0 0 0 0 0 0 0 40 0 0 0 40

When any of the public safety warning signs are required to be replaced, they should be replaced 
with signs that have an “emergency call” number on them and they should be designed in 
accordance with the CDA Signage for Public Safety Around Dams Technical Bulletin standards.  
The signs are expected to be replaced with the next 15 years at a cost of approximately $4k.

MTCE 0 0 0 0 0 0 0 0 0 0 4 0 0 0 4

Install public safety signage on the downstream side of the tailrace portal structure.  This new 
signage should be installed within the next year and be in accordance with the CDA standards.  The 
estimated cost is $5k.

1 5 0 0 0 0 0 0 0 0 0 0 0 0 0 5

Extend the fencing along the downstream side of the tailrace deck to prevent the public from 
accessing the tailrace area immediately downstream of the handrail on the right side of the deck. 
The estimated cost is $15k and the work should be completed in 2013.

1 15 0 0 0 0 0 0 0 0 0 0 0 0 0 15

NSP should confirm that a structural analysis was carried for the design of the new anchorage 
system that was installed in 2011 for storing the gate in its vertical position and that the anchorage 
system does meet all applicable loading conditions (including seismic).  If an analysis has not been 
carried out it should be completed within the next year.  The cost for the analysis is estimated to be 
$20k.

1 20 0 0 0 0 0 0 0 0 0 0 0 0 0 20

By 2018, it would be prudent to repair the major rock fall found during the 2009 tunnel inspections to 
avoid risk of continuing rock fall.  The estimated cost for this repair work is $100k. 2 0 0 0 0 0 100 0 0 0 0 0 0 0 0 100

Provide instrumentation to allow the periodic measurement and recording of water levels at the inlet 
and outlet of the tailrace tunnel. Monitoring the hydraulic loss will provide an indication of the 
cumulative effects of rockfalls on the tunnel’s hydraulic performance. Assuming this is done with 
staff gauges, the estimated cost is $5k and the work should be done by 2014. 

1 5 0 0 0 0 0 0 0 0 0 0 0 0 0 5

POWERHOUSE 20 40 10 110 110 10 10 10 10 10 50 160 50 50 650
Investigate and evaluate within the next 2 years more efficient means to deal with the leakage issue 
such as installing a ceiling leakage collection drainage system.  The estimated cost for the study is 
$30k.  Allow approximately $200k in the budget for years 2016 and 2017 to install a system to 
handle the leakage.

2 0 30 0 100 100 0 0 0 0 0 0 0 0 0 230

Provide a budget allowance of $110k to repaint the supporting columns and crane in 20 years. 3 0 0 0 0 0 0 0 0 0 0 0 110 0 0 110
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Condition Assessment Discipline Summary Sheet
WRECK COVE GS
Civil (except Geotechnical)

Thirty year total (2012 k$) $9,263 (costs in  2012 k$)
Ten year total (2012 k$) $8,648 TOTAL

Condition 
Rating 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023-2027 2028-2032 2033-2037 2038-2042 2013-2042

Provide an annual allowance of $10k for miscellaneous items such as repairing / replacing 
individual tiles, patching concrete and shotcrete, adding / replacing rock anchors, repainting and 
repairing handrails, etc.  This annual allowance would also include for monitoring and removing the 
stalactities to avoid the potential for them to fall on persons working below. 

MTCE 10 10 10 10 10 10 10 10 10 10 50 50 50 50 300

In 2013 a survey of the alignment of the crane rails should be carried out to determine if any 
misalignment issues could have contributed to the failure of the bolts.  The estimated cost for this 
work is $10k.  

1 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10

Every two years starting in 2013, inspect the condition of the crane rails and bolts to ensure that 
failure of the crane bolts is not an ongoing issue. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

POWERHOUSE EGRESS AND LIFE SAFETY 300 625 2,500 2,800 0 0 0 0 0 0 0 0 0 0 6,225
The equipment and alarm system for monitoring the tailrace water level should be regularly tested 
to ensure that it functions satisfactorily and if necessary it should be refurbished or replaced. 

MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Provide a new short term refuge facility for present staff levels by 2014. Estimated cost is $150k for 
a 6 person 24 hour design. 1 0 150 0 0 0 0 0 0 0 0 0 0 0 0 150

Plan on providing two additional short term facilities or a permanent refuge facility for the increased 
worker levels anticipated when major work starts in the powerhouse. Assumed cost is $300k in 
2016.

2 0 0 0 300 0 0 0 0 0 0 0 0 0 0 300

Reduce worker exposure in the powerhouse by having any work which does not need to be 
performed inside the powerhouse, such as workshop work, done at the surface. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reduce the amount of combustible material stored in the powerhouse (oil, wood, rags), by removing 
it to a surface storage/workshop building located in the vicinity of the present Administration 
Building. Consider allowing only diesel engine vehicles into the access tunnel, to reduce the amount 
of readily flammable fuel in the powerhouse area.  A basic surface storage/workshop building is 
estimated to cost $425k and should be planned in 2013 for implementation in 2014.

1 0 425 0 0 0 0 0 0 0 0 0 0 0 0 425

Carry out a formal, comprehensive, detailed life safety and equipment protection engineering risk 
analysis, to identify failure modes and risks and to identify and assess solutions. The scope should 
include falling, fire and flooding risks, and should be undertaken in 2013, with a view to completing 
implementation prior to major equipment replacement with the anticipated increase in worker 
numbers in the powerhouse. The estimated study cost is $250k, and a budgetary allowance of $5M 
is recommended in 2015 and 2016 for implementation, with a small allowance of $100k split 
between 2013 and 2014 for improvements which can be implemented quickly.

1 300 50 2,500 2,500 0 0 0 0 0 0 0 0 0 0 5,350

Particular urgent attention should be given to the risk assessment associated with the absence of 
head gates at the penstock inlet structure, as the absence of effective mean of quickly stopping 
water flows in an emergency can lead to injury, fatalities and extensive plant destruction (e.g. Kainji 
in Nigeria, 2000 and Sayano-Shushenskaya in Russia, 2009). The study should address providing 
head gates at the penstock inlet structure with an alarm system that would alert the operators that 
there is an issue with the penstocks (i.e., large drop in pressure) and which would have the 
capability to close the head gates automatically or by remote control in an emergency situation. The 
engineering study costs are included above.

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

POWERHOUSE ACCESS TUNNEL 16 4 4 4 921 4 4 4 4 29 49 4 4 4 1,055
Sandblast and re-paint the corroded areas of the portal building steel support frame and cladding 
within the next 10 years to prevent any significant corrosion to occur that could compromise the 
structural integrity of the portal structure.  Repair/patching of the steel ceiling at the location where 
the steel has corroded and steel has been lost should also be carried out at the same time as the 
sandblasting and re-painting repair if not before.   The estimated cost to complete this work is $25k.

3 0 0 0 0 0 0 0 0 0 25 0 0 0 0 25

Seal the expansion joints of the concrete foundation plinth within the next year at an estimated cost 
of $2k. 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2

As a regular maintenance item clear debris that accumulates on the staircase to eliminate this 
tripping hazard. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sandblast and re-paint the staircase and railing up to the mechanical equipment room within the 
next 5 years.  The estimated cost to complete this work is $17k. 2 0 0 0 0 17 0 0 0 0 0 0 0 0 0 17

Carry out an investigation to determine where the rock that is accumulating between the portal 
structure and the gabion wall is falling from and then assess and implement means to prevent the 
rock from falling in the future. The cost of the study is estimated to be $10k and it should be carried 
out in 2013.

1 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10

Until a means has been implemented to prevent the rock from falling, a maintenance program 
should be implemented to remove the fallen rock between the portal structure and the gabion wall 
on an on-going basis.  Provide an annual allowance of $4k for this work.  

MTCE 4 4 4 4 4 4 4 4 4 4 4 4 4 4 56
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Condition Assessment Discipline Summary Sheet
WRECK COVE GS
Civil (except Geotechnical)

Thirty year total (2012 k$) $9,263 (costs in  2012 k$)
Ten year total (2012 k$) $8,648 TOTAL

Condition 
Rating 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023-2027 2028-2032 2033-2037 2038-2042 2013-2042

Provide an allowance of $25k to sandblast and re-paint the steel structural frame in the mechanical 
equipment room in approximately 15 years. 3 0 0 0 0 0 0 0 0 0 0 25 0 0 0 25

Provide an allowance of $20k to surface prepare and repaint the exterior of the portal structure in 
approximately 15 years. 3 0 0 0 0 0 0 0 0 0 0 20 0 0 0 20

POWERHOUSE ACCESS TUNNEL FEEDERS 0 0 0 0 450 0 0 0 0 0 0 0 0 0 450
A plan should be developed for one of the main station service feeders to be installed in an 
alternate configuration.  This work should be performed before any large equipment is transported 
down the access tunnel to the powerhouse.  The high voltage 25 kV cable has the smallest profile 
and could be more easily protected from vehicle impact on the opposite side of the tunnel in a 
location similar to that of the temporary cable. The estimated cost for this work, assuming use of 
Jersey barriers, is $450k and it should be carried out within 5 years. In comparison, the cost of 
constructing a new cable tunnel, which would relocate the feeders completely away from vehicle 
traffic, is estimated at $6.05M.

2 0 0 0 0 450 0 0 0 0 0 0 0 0 0 450
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Condition Assessment Discipline Summary Sheet
WRECK COVE GS 
Mechanical

Thirty year total (2012 k$) $15,924 (costs in  2012 k$)
Ten year total (2012 k$) $15,560 TOTAL

Condition 
Rating 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023-2027 2028-2032 2033-2037 2038-2042 2013-2042

TOTALS 870 609 2,346 1,502 4,187 4,174 1,854 2 14 2 60 88 60 156 15,924
TUNNEL T2 INTAKE EQUIPMENT 170 12 150 0 0 0 0 0 0 0 0 0 0 0 332
TUNNEL T2 ADIT DRAIN VALVE & PIPING 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TURBINE SHUTOFF VALVES 40 35 0 0 0 4 0 0 0 0 4 4 4 4 95
TURBINES 105 108 1,074 1,500 4,022 4,016 12 0 12 0 42 30 42 30 10,993
TURBINE REGULATING EQUIPMENT 0 84 0 0 0 0 40 0 0 0 0 0 0 0 124
GENERATOR MECHANICAL 373 32 0 0 148 152 1,800 0 0 0 4 44 4 112 2,669
TAILRACE EQUIPMENT 13 2 2 2 17 2 2 2 2 2 10 10 10 10 86
ANCILLARY EQUIPMENT (CRANES, MONORAILS) 0 0 550 0 0 0 0 0 0 0 0 0 0 0 550
HEATING, VENTILATION & AIR CONDITIONING 5 231 0 0 0 0 0 0 0 0 0 0 0 0 236
COMPRESSED AIR SYSTEMS 50 0 20 0 0 0 0 0 0 0 0 0 0 0 70
FIRE PROTECTION AND DETECTION SYSTEM 62 50 550 0 0 0 0 0 0 0 0 0 0 0 662
SUMP SYSTEMS (DRAINAGE AND DEWATERING) 53 55 0 0 0 0 0 0 0 0 0 0 0 0 108
DOMESTIC WATER & SEWAGE SYSTEM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SURGE LAKE DRAIN VALVES 0 20 0 0 0 0 0 0 0 0 0 0 0 0 20

DETAILED SUMMARIES
TUNNEL T2 INTAKE EQUIPMENT 170 12 150 0 0 0 0 0 0 0 0 0 0 0 332

Conduct a thorough assessment of gate condition by removing the top covers, and progressively 
raising and stopping the gate to allow for checking of the main and guide rollers for seizing/free 
rotation. At the same time check the condition of the skin plate and welds, visible structural 
members, side and bottom seals and seal clamping plates and fasteners, and the integrity of side 
roller assemblies and bumpers. If possible to access, also inspect the condition of the roller and 
seal path surfaces. From this inspection establish the scope and timing of a gate refurbishment. The
cost of the assessment is estimated at $15k and it should be completed by 2013.

1 15 0 0 0 0 0 0 0 0 0 0 0 0 0 15

Carry out a detailed inspection of the hoist, pulley block, holding brake, and wire rope and replace 
all lubricants. Depending on the findings, an overhaul may be required, not based on high usage, 
but because of long periods of inactivity may have resulted in corrosion of items such as anti-friction
bearings. Cost of inspection is estimated at $5k per gate, and this should be completed in 2013, 
before the first gate test.

1 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10

Following a review of available documentation, and discussions with original engineers and gate 
supplier if possible, establish and execute a periodic gate testing procedure. Ideally, this should 
involve closure under flow conditions, unless reasons are found to avoid such a test. Investigation 
cost is estimated at $12k and timing would be by 2014.

1 0 12 0 0 0 0 0 0 0 0 0 0 0 0 12

Plan for a gate refurbishment in 2015 to include recoating of the gate body, replacement of roller 
bushings and hoist bearings replacement. The exact scope will be determined by the above 
inspections and test. Cost is estimated to be $150k.

2 0 0 150 0 0 0 0 0 0 0 0 0 0 0 150

It is anticipated that the following work will be done in as a package.                                                   
• All electrical and control equipment should be replaced.
• Given the remoteness of the location and the presence of vandalism, it is recommended that NSP 
replace all electrical systems with more vandal resistant equipment. All abandoned or obsolete 
equipment at the site should be removed and all new equipment should be designed to be 
contained in a limited number of panels which can be installed in a way to improve serviceability.
• It is recommended that all lighting be replaced or returned to a working condition.
• It is recommended that all electrical equipment be installed in enclosures.                                        
• Provide for remote gate closure, to be used in the event of an emergency. This should be done in 
2013 at an estimated cost of $5k.
Estimated cost is $140k (does not include gate body or guide heating) and the work should be 
carried out within 2013.

1 145 0 0 0 0 0 0 0 0 0 0 0 0 0 145

TUNNEL T2 ADIT DRAIN VALVE & PIPING 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Carry out an inspection on the condition of the valve and piping, using an unmanned remotely 
operated tracked vehicle.  Co-ordinate this work with a geotechnical inspection and assessment of 
alternatives for the T-2 Adit (see report Section 4.2 Tunnel T-2 Adit for further details).  While it will 
not be possible to test operate the valve(s), the inspection will provide information on the exterior 
surface condition of the pressurized piping, which will indicate the urgency of sealing the 
penetration.  As well, the inspection will provide information on the condition of any exposed piping 
downstream of the valve(s), to develop a better estimate of the cost of restoring the Adit as a tunnel 
drainage solution.

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Condition Assessment Discipline Summary Sheet
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Thirty year total (2012 k$) $15,924 (costs in  2012 k$)
Ten year total (2012 k$) $15,560 TOTAL

Condition 
Rating 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023-2027 2028-2032 2033-2037 2038-2042 2013-2042

Whichever alternative is selected for Tunnel T-2 dewatering, the existing piping penetration will 
need to be sealed and if the T-2 Adit is the preferred solution, a new piping penetration and new 
valves will be needed. Funding to seal the existing piping is included in the recommendation for a 
Tunnel T-2 dewatering solution in the Civil section of the report (see report Section 4.2 Tunnel T-2 
Adit for further details).

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TURBINE SHUTOFF VALVES 40 35 0 0 0 4 0 0 0 0 4 4 4 4 95
Perform an analysis of the oil in the hydraulic operating system every two years. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Repair or replace the upstream manual valves in the bypass lines of both units by 2014.
Replacement cost: $10k for two valves. 1 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10

Annually inspect the nozzles on the downstream side of the motorized bypass valves for evidence
of cavitation pitting and repair as necessary. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Every 5 years, measure the wall thickness of the valves’ bypass piping. This could be done during 
the yearly outage. If the wall thickness decreases to 80% of nominal, replace the piping. Inspection 
cost: $4k for two units every 5 years

1 4 0 0 0 0 4 0 0 0 0 4 4 4 4 24

In 2013, perform an NDE check of the turbine shut off valve stems using ultrasonic means. Review 
valve drawings and determine if there is any evidence of cracking in the stems. Inspection cost is 
estimated to be $2 k per valve.

1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4

Confirm if the upstream seal O-rings are original and if found to be so or if indeterminate, plan to 
replace the O-rings within three years. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Perform an engineering review by 2014 of the potential safety issues, looking at industry current 
best practices. Cost is estimated to be $25k. 1 0 25 0 0 0 0 0 0 0 0 0 0 0 0 25

Install a turbine shutoff valve closing system which are independent of AC station service power in 
2013. This could be achieved by modifying the existing systems, and the cost is estimated at$25k 
per unit.

1 25 0 0 0 0 0 0 0 0 0 0 0 0 0 25

Confirm the pressure, size, location and security of the orifices in the supply to the turbine shut off 
valve servomotors. This should be done in 2013 and the estimated cost is $2k per servomotor. 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4

Store the spare valve seals securely in a purpose made wooden crate. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Purchase a set of trunnion seals ($1k). This will minimise outage time if they have to be replaced. MTCE 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Purchase a spare hydraulic pump and motor ($1.5k). If a pump fails, the generating unit could not 
be operated. MTCE 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2

Confirm that drawings and specifications are available for ordering new turbine shutoff valve main 
water seals (upstream and downstream) and new trunnion seals. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Amend the record drawings to show the difference in size between the seals of Unit 1 and Unit 2, 
and the correct O ring dimensions and materials. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TURBINES 105 108 1,074 1,500 4,022 4,016 12 0 12 0 42 30 42 30 10,993
Consider new runners engineered to potentially provide a capacity increase, higher efficiency and a 
wide range of stable operation. Estimated cost is $5.55M for two runners. Installation would be 
during turbine overhauls.

2 0 0 1,050 1,500 1,500 1,500 0 0 0 0 0 0 0 0 5,550

To ensure long term unit reliability a comprehensive monitoring program should be established, with
the following mechanical elements:
1. Install a shaft vibration analysis system that will give trending data on shaft runout, shaft orbit, 
and changes in the characteristic frequencies of the unit components
2. Record the bearing temperatures and institute a temperature analysis and trending system.
3. Continue to carry out yearly inspections but review what is to be inspected, based on the new 
operating conditions. Emphasize the close inspection of components susceptible to fatigue 
cracking, specifically the generator rotor and the turbine runner. Non destructive examination by 
LPI, MPI, and UT methods are recommended for critical areas.
4. Ensure the annual inspection and operation records are documented and available over the long 
term to allow for trending analysis.

MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The following repair work is required to be done within the next 5 years (funds are included in the 
major overhaul recommendation below):
1. Plan to take the turbine out of service for rehabilitation of the wicket gates, to stop the top of the 
wicket gates rubbing on the head cover
2. During the same outage repair the cavitation on the headcover, discharge ring and runner.

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Carry out major overhauls on each turbine concurrently with generator refurbishment/replacement. 
The estimated cost is $2.5 M per unit in 2017 and 2018, co-ordinated with the generator 
refurbishment work.

2 0 0 0 0 2,500 2,500 0 0 0 0 0 0 0 0 5,000
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WRECK COVE GS 
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Thirty year total (2012 k$) $15,924 (costs in  2012 k$)
Ten year total (2012 k$) $15,560 TOTAL

Condition 
Rating 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023-2027 2028-2032 2033-2037 2038-2042 2013-2042

Undertake an engineering study to review model test information and to conduct a vibration test 
program on the Wreck Cove turbines, to establish the extent of the rough load range and to assess 
the risks of extended and periodic operation within such rough load range.  This work should be 
undertaken in 2013, with a view to completing the vibration tests and the assessment by 2014.  The 
estimated cost for this engineering study is $150k, including the vibration test work for one unit.

1 50 100 0 0 0 0 0 0 0 0 0 0 0 0 150

Remove the inflatable shaft seals from service. The estimated cost is $6k per unit and as this is not 
a critical item, it has been scheduled for 2015. 2 0 0 12 0 0 0 0 0 0 0 0 0 0 0 12

Every two years filter the turbine bearing oil to remove dirt and especially any water. A filter medium 
that specifically removes water should be used. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Using the shaft vibration probe outputs, review the shaft orbits to see if the shaft is over to one side 
of the bearing. This could cause high running temperatures and may be due to shaft misalignment. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Check the calibration of the Bently Nevada vibration monitors to ensure the read outs are valid. This
should be done in 2013. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

During the next outage (2013), perform an NDE examination of turbine shaft critical areas. 
Estimated cost is $2k per unit. 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4

Continue to keep the runners in their present good condition, with the periodic repairs to the minor 
cavitation pitting so the damage does not increase. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Measure the runner crown and band seal clearances every 2 years starting in 2013. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Every two years non-destructively inspect the runner for cracks, particularly at the blade and band 
welds, starting in 2013. The estimated cost is $3k per unit. 1 6 0 6 0 6 0 6 0 6 0 18 12 18 12 90

Use dial indicators to measure upward movement of several wicket gates when the turbine is 
dewatered to when it is watered up. The dial indicators should be supported on the pit wall or on the 
turbine shaft and read against the top of the upper stems. If the gates rise when the turbine is 
watered up then the lower stem seal probably have failed. This test should be performed in 2013 
and the cost is $2k per unit.

1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4

Inspect and document with photos the wicket gate surfaces and the surrounding area during each 
yearly outage. Look for surface damage and signs of rubbing at the top and bottom of the gates. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Continue the yearly repairs to the wicket gate cavitation damaged surfaces until permanent repairs 
can be done. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Review the type of grease used, and the greasing timing and amount. Install an automatic greasing 
system in 2013. Cost $10k per unit. 1 20 0 0 0 0 0 0 0 0 0 0 0 0 0 20

Monitor the wicket gates upper stem area for seal leakage. Replace the packing during a yearly 
maintenance outage if excessive leakage occurs. Cost: $5k (materials) 1 5 0 0 0 0 0 0 0 0 0 0 0 0 0 5

Within one year, carry out an axial ultrasonic examination of the upper wicket gate stems to 
determine if cracking has occurred where the stems join the blade. Estimated cost is $2k per unit. 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4

Within 5 years overhaul the wicket gates and repair the headcover and discharge ring surface 
damage.  Funds are included in the major overhaul entry in this section. 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Visually inspect the spiral case at each annual maintenance outage. Look for any erosion damage 
and for any cracking at the top and bottom of the stay vanes. For suspect indications and not less 
than every two years perform magnetic particle non destructive examination. Cost: $3k per unit.

1 6 0 6 0 6 0 6 0 6 0 18 12 18 12 90

Inspect all the stud bolts on the head cover outer flange of both turbines in 2013, then every 5 years
This would include an ultrasonic test, visual inspection and a representative check of the applied 
torque. The required torque should be determined by a mechanical engineer. Estimated NDE cost is
$3k per unit.

1 6 0 0 0 0 6 0 0 0 0 6 6 6 6 36

During the next turbine disassembly clean, degrease and blast clean the headcover and NDE check 
all welds and the flange around the stud holes  for cracking. Estimated cost is $10k per unit. 2 0 0 0 0 10 10 0 0 0 0 0 0 0 0 20

Consider installing piston rod lip seals having joints on their circumference. They can be easily 
installed without dismantling the servomotor rod end fittings. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Every year measure the governor pump cycling time with the wicket gates not moving. An increase 
in the cycling time may indicate wear of the servomotor piston rings, or governor control valve 
internal leakage.

MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

As with the wicket gates, increase the greasing frequency for the operating ring and linkages and 
adjust the quantity of grease injected. to avoid extraneous grease accumulating on the head cover. 
It will be important to assess the greasing frequency as the turbine wicket gates will be more active 
when the generator load will be continually changing to follow system wind load variations. 

MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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The following spare parts should also be acquired by 2014 as they may be needed at short notice.
     • Carbon seal segments and their springs
     • At least 5 wicket gate water seals per unit (upper and lower)
The estimated cost is $8k.

1 0 8 0 0 0 0 0 0 0 0 0 0 0 0 8

Sources for the following parts should be found, and drawings and specifications should be 
prepared:
   • Servomotor cast iron piston rings
   • Bearing re-babbitting companies. Re-babbitting specifications should be prepared
   • O rings for the headcover flanges. These may be non standard items
   • Magnetrol level switch parts or replacement units 

MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TURBINE REGULATING EQUIPMENT 0 84 0 0 0 0 40 0 0 0 0 0 0 0 124
Carry out compliance testing of the governor within the next two years and at the same time review 
the dashpot settings. The estimated cost of the testing is $42k per unit. 1 0 84 0 0 0 0 0 0 0 0 0 0 0 0 84

After generator refurbishment or replacement is completed (2018), carry out a load rejection test on 
each unit under the supervision of experienced engineers (hydraulic, mechanical and electrical 
disciplines). The incremental procedure in the CEATI “Mechanical Overhaul Guide for Hydroelectric 
Turbine Generators” should be followed. See the turbine shutoff valve section of this report for load 
rejection test comments. This test is not recommended at present due to the risk associated with 
operating the rotors above synchronous speed. Estimated cost is $20k per unit.

2 0 0 0 0 0 0 40 0 0 0 0 0 0 0 40

Within 2 years and thereafter every 5 years, inspect the interior of the accumulator tank and 
ultrasonically measure the wall thickness. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Investigate the parts availability for the Magnetrol level switches. If parts are difficult to find, install 
modern combined level indicators and switches. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Investigate the availability of the governor oil pump replacement parts in 2013. They may be very 
long delivery or no longer be available. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

GENERATOR MECHANICAL 373 32 0 0 148 152 1,800 0 0 0 4 44 4 112 2,669
Implement the Acuren shaft runout trending program and the Power Engineering Company 
unbalanced magnetic pull (UMP) system by March 2013. Review the data on a monthly basis. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Carry out the rotor and stator testing program recommended by Power Engineering Company, and 
KGS Group 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Perform a rotational alignment check on both units in 2013 and re-centre the stators relative to the 
rotors. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Review the two options in the Power Engineering Company report: to replace the generator or 
perform a major refurbishment, and based on the results of these inspections and the soon to be 
obtained test data, establish a date for a refurbishment of the generator and the scope of work to be 
done. This review should be done in 2013. The estimated cost of refurbishment of two generators is 
$30M and to recognize site work space constraints, these costs are shown equally split between 
2017 and 2018. Note: these costs are included in the Electrical Assessment section of this report.

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Implement  the Power Engineering Company UMP system by March 2013. Review this data on a 
monthly basis for any changes and trends.  Estimated equipment cost is $40k per unit. 1 80 0 0 0 0 0 0 0 0 0 0 0 0 0 80

In 2013 review the condition of the rotors as found from inspections and tests and plan future 
repairs. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Non-destructively inspect the rotor brake tracks every five years starting in 2013. Estimated cost is 
$2k per unit. 1 4 0 0 0 0 4 0 0 0 0 4 4 4 4 24

During the next unit overhauls, machine the radial dowel holes and replace the dowels. Funds for 
this are included under Turbines, above, as part of a major turbine overhaul and generator 
mechanical refurbishment. 

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

In 2013 plan the work and timing of repairs and refurbishment, including consultation with OEM.  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
In 2013 repack the stator cores at the splits, install the soleplate radial keys in Unit 1 and rectify the 
soleplate radial keys problem in Unit 2. Estimated cost is $100k per unit. 1 200 0 0 0 0 0 0 0 0 0 0 0 0 0 200

Confirm that the brake pads are made of non asbestos material. Replace the pads if they are 
asbestos based. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Measure the brake pad thickness every five years. Replace any pads less than 25 mm (1 in) thick. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Record the surface air cooler cooling water flows monthly. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NDE inspect the cooling water piping every 10 years.  Replace the piping within the generators in 30
years: $54k per unit 4 0 0 0 0 0 0 0 0 0 0 0 0 0 108 108

Replace the surface air coolers within 5 years: $148k per unit 2 0 0 0 0 148 148 0 0 0 0 0 0 0 0 296
The shaft runout data collection and analysis program  proposed by Acuren should be implemented 
and applied over the long term, to check for developing problems. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Ten year total (2012 k$) $15,560 TOTAL

Condition 
Rating 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023-2027 2028-2032 2033-2037 2038-2042 2013-2042

The calibration of the Bently Nevada vibration monitoring system should be checked to ensure it is 
working correctly. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The reason for the high runout levels at the lower and upper guide bearings of both units should be 
analyzed in 2013 as to cause and then addressed. Estimated cost is $10k/unit. 1 20 0 0 0 0 0 0 0 0 0 0 0 0 0 20

During the next outage (2013), perform an NDE examination of generator shaft critical areas. 
Estimated cost is $2k per unit. 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0 4

Filter the thrust and guide bearing oil every two years. This period may change depending on the 
Acuren oil analysis program findings. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The thrust bearing temperatures should be recorded and the data reviewed on a six month basis. If 
at some time a continual temperature increase is noted, the thrust segments should be replaced 
with the spare ones.  Rebabbitting cost: $30k

1 30 0 0 0 0 0 0 0 0 0 0 0 0 0 30

Clean the top cover of the upper guide bearing yearly to prevent the carbon dust from mixing with 
the oil. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Install an oil filter in the high pressure oil lift systems by 2014 ($1k per unit). 1 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2
Re-adjust the oil pot seals. If the leakage cannot be reduced to an acceptable level, install a 
vacuum demisting unit in 2013 ($15k per unit). 1 30 0 0 0 0 0 0 0 0 0 0 0 0 0 30

Check the condition of the Unit 2 thrust bearing by removing two segments for visual inspection in 
2013. If the surface shows no sign of damage, check the calibration of the temperature measuring 
system.

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Allow funds in the program to replace the thrust and guide bearing cooling coils within about 20 
years at their anticipated end of service life ($20k per unit). 4 0 0 0 0 0 0 0 0 0 0 0 40 0 0 40

By 2014, the runner plate should be coated with anti-rust compound, wrapped in protective paper 
and stored in a crate. The journal surface flatness tolerance is 0.013 mm (0.0005 in), so to prevent 
distortion, the plate must be evenly supported. Estimated cost is $3k.

1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 3

Non-destructively by UT method inspect the spare set of thrust pads in 2013 to confirm their babbitt 
bond is acceptable. If the pads are to be installed, their flatness must first be checked on a surface 
plate.

1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2

By 2014, suppliers for the following parts should be found, and drawings and specifications should 
be prepared. This will reduce the delivery time when the parts are required. Estimated cost is $10k.
   • Bearing re-babbitting companies (prepare, in advance, specifications for rebabbitting and 
machining)
  • Magnetrol level switch parts or replacement switch units
  • Brake pads (one set of 8 pads) non asbestos type
  • Surface air coolers (one set of 4)
  • Thrust and upper guide bearing cooling coils (one of each)

MTCE 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10

In 2014, perform ultrasonic testing to confirm the level of wear or deterioration of the cooling water 
piping. Carry out visual checks of some extracted pipe sections to obtain additional information to 
decide on the need and timing to replace this piping. Estimated cost is $20k.

1 0 20 0 0 0 0 0 0 0 0 0 0 0 0 20

At the same time install air vents on both ends of the draft tube pump suction header. This would 
make air removal more effective and reliable regardless of which draft tube is being used to draw 
water from, or which pump is being run.

MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Replace piping larger than 76 mm (3 in) (piping smaller than 76 mm size was previously replaced) 
on both units’ cooling water piping systems. Pending further information on piping condition, it is 
recommended that funding for the piping replacement be scheduled for 2019. Estimated cost for 
this work is $1.8M, which covers piping, valves, instrumentation, hangers and insulation and allows 
for the congested work area and the need to keep at least one unit available to operate during the 
replacement.

3 0 0 0 0 0 0 1,800 0 0 0 0 0 0 0 1,800

TAILRACE EQUIPMENT 13 2 2 2 17 2 2 2 2 2 10 10 10 10 86
Develop a detailed plan for the installation of the tailrace tunnel outlet gate that deals with removal 
of the cobblestones obstructing the north side gains. This should be completed before major 
refurbishment work in the powerhouse or tunnel begins. This study is estimated to cost $10k and 
should be performed in 2013.

1 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10

Monitor the condition of the coating on the tailrace tunnel outlet gate periodically, to track the failure 
of the coating, touching up the coating as found necessary. This work is estimated to cost $2k per 
year and should be performed annually.

MTCE 2 2 2 2 2 2 2 2 2 2 10 10 10 10 60

Perform a stress and deflection analysis on the gate which considers the loss of metal from major 
members. While the results are not expected to condemn the gate, they will be useful in a future 
decision to refurbish or replace the gate. This should be done by 2017 and is estimated to cost 
$15k.

2 0 0 0 0 15 0 0 0 0 0 0 0 0 0 15
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Install a guard on the chain drive of the draft tube gates storage carriage to prevent the operator’s 
fingers from being trapped. ($1k in 2013) 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1

ANCILLARY EQUIPMENT (CRANES, MONORAILS) 0 0 550 0 0 0 0 0 0 0 0 0 0 0 550
The electrical systems for the powerhouse crane should be upgraded with a modern crane control 
system.  This work would be typical to this vintage of crane.  This work should also be done to 
resolve the quick stop issue of the crane movement. It is estimated that the upgrade would cost on 
the order of $550k, and this work should be performed within the next 3 years or prior to any major 
plant work requiring intense use of this crane.  A full load test of the crane should be performed with 
the new controls.

2 0 0 550 0 0 0 0 0 0 0 0 0 0 0 550

HEATING, VENTILATION & AIR CONDITIONING 5 231 0 0 0 0 0 0 0 0 0 0 0 0 236

In 2013, install thermometers and hygrometers at several locations in the powerhouse and outdoors
and monitor and record the conditions on a weekly basis and more frequently when tests to improve
cooling are being performed. The data collected is important to determine the extent of the cooling
problem and will assist in devising the optimum solution. The estimated cost is $5k.

1 5 0 0 0 0 0 0 0 0 0 0 0 0 0 5

No major replacement is foreseen over the next 30 years on the supply and exhaust fans in the 
portal building mechanical room. However, due to the criticality of these fans and dampers, a set of 
spare bearings, drive belts and drive motors for each fan and a replacement set of motorized 
dampers and motors should be acquired by 2014 at an estimated cost of $56k.

1 0 56 0 0 0 0 0 0 0 0 0 0 0 0 56

Adjust the ventilation system operation in summer to operate the emergency smoke removal system
to maximize the amount of outside air brought into the powerhouse for cooling and dehumidification.
Monitor temperatures and humidity levels in the powerhouse to check effectiveness. If the operation 
of the emergency smoke removal fan is unacceptable due to high noise levels, adjust the intake 
damper M1 in the portal building to full open, close damper M2. Monitor temperatures and humidity 
levels in the powerhouse to check effectiveness. These two tests should help establish whether 
mechanical cooling needs to be reinstated.

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bring El. -10 ft supply air ductwork down closer to floor level and provide propeller fans for the El. -
10.0 ft level to improve dehumidification and reduce rusting of piping and equipment. Estimated cost
$15k.

1 0 15 0 0 0 0 0 0 0 0 0 0 0 0 15

Pending successful results of the summer ventilation tests, remove the mechanical cooling units S1 
and S2, and related cooling water piping. If the test fails, replacement of the mechanical cooling 
units would be required. Estimated cost for either solution is $150k.

1 0 150 0 0 0 0 0 0 0 0 0 0 0 0 150

Whether the abandoned mechanical cooling system is to be revived or removed, remove the poor
condition fibreglass insulation and re-route the ductwork located downstream of air handling units
S1 and S2. This section of ductwork obstructs the hatchway when major work is performed on the
turbine generators. Estimated cost is $10k.

1 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10

Add insulation to cold water piping and the penstocks at the El. -10.0 ft level. The cost is in the
cooling water piping system replacement. 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

COMPRESSED AIR SYSTEMS 50 0 20 0 0 0 0 0 0 0 0 0 0 0 70
Inspect the service air system for leaks and repair as required MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

To upgrade the functionality and reliability of the service air system, while simplifying maintenance, 
redesign the compressed air piping to allow individual tank isolation and replace the service air 
refrigerated dryer. Estimated cost is $20k and the work should be carried out within 3 years.

2 0 0 20 0 0 0 0 0 0 0 0 0 0 0 20

In 2013, install a timed blow down valve on the compressed air storage tanks which supply the 
governor and power tools ($10k). 1 20 0 0 0 0 0 0 0 0 0 0 0 0 0 20

In 2013, install automatic air make up systems for the governor accumulator tanks ($15k per unit). 1 30 0 0 0 0 0 0 0 0 0 0 0 0 0 30

FIRE PROTECTION AND DETECTION SYSTEM 62 50 550 0 0 0 0 0 0 0 0 0 0 0 662
To establish their remaining life, arrange for inspection and wall thickness testing of the existing 
tanks and related piping from the well pumps to the storage tanks and also the piping and valves 
from the storage tanks into the powerhouse and to the generator and transformer fire protection 
systems. Based on the results of this testing, a plan for remedial work can be developed. Estimated 
investigation cost is $20k in 2013.

1 20 0 0 0 0 0 0 0 0 0 0 0 0 0 20

Address the current shortfall in the required water storage capacity. Current total storage capacity in 
the two tanks is 227,000 L (60,000 US gallons) versus an NFPA 851 requirement for 568,000 L 
(150,000 US gallons). Perform a study to investigate alternatives before implementing. Estimated 
cost to investigate the work described is $40k

1 40 0 0 0 0 0 0 0 0 0 0 0 0 0 40

The two water supply wells should have vegetation removed from the immediate vicinity and fence 
post markers with identification tags placed to clearly identify the well locations. Estimated cost $2k. 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2
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Confirm that both well pumps are capable of operation and are in good working order. This can be 
achieved by flushing the fire protection supply line to the powerhouse with a flow rate not less than 
the transformer deluge capacity of 1552 L/min (410 USgpm), which will also remove any loose 
corrosion particulate matter from the supply line. Repeat this flush every two years. 

MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The generator and transformer deluge systems should at least be tied to the station fire alarm 
system to ensure that there is proper evacuation in the case of a fire. The estimated cost is $10k 
and this work should be completed by 2014 or before major refurbishment work in the powerhouse 
is begun.

1 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10

The transformer deluge control panels should be replaced with modern systems, at an estimated 
cost of $40k, and should be completed within the next 2 years 1 0 40 0 0 0 0 0 0 0 0 0 0 0 0 40

The main plant fire alarm system should be replaced.  This should include:
• A system with new audible devices, including the addition of strobe indication.
• A proper enunciator installed in an area where a fire can be safely responded to.
• Some review of early detection and more detailed annunciation that could be used in areas of 
refuge.  This is further addressed in the report section called Issues and Opportunities.
The estimated cost is $550k and the work should be completed within the next 2 years and before 
major work in the powerhouse begins.

2 0 0 550 0 0 0 0 0 0 0 0 0 0 0 550

SUMP SYSTEMS (DRAINAGE AND DEWATERING) 53 55 0 0 0 0 0 0 0 0 0 0 0 0 108
Replace or rebuild dewatering pump P2 in 2013. Replacement cost is estimated to be $3k. 1 3 0 0 0 0 0 0 0 0 0 0 0 0 0 3
Take representative thickness tests on the pump discharge piping to obtain a general indication of 
its thickness and an indication as to its remaining life. Based on the results of this testing, determine
if piping replacement is warranted. Estimated study cost is $10k.

1 10 0 0 0 0 0 0 0 0 0 0 0 0 0 10

By 2014 provide secondary oil containment around floor mounted equipment containing oil and 
match the size of the containment area for the level of stored oil needed during turbine generator 
maintenance. Remove any infrequently used lubricants outside of the powerhouse.  Estimated cost 
is $30k.

1 0 30 0 0 0 0 0 0 0 0 0 0 0 0 30

By 2014 install an oil detection and skimmer system with alarm and pump interlock control on the 
station sump at an estimated cost of $25k. 1 0 25 0 0 0 0 0 0 0 0 0 0 0 0 25

Carry out a study on the routing of all plant and equipment drains to determine which drain directly 
to the tailrace. Determine what action, if any, is required to avoid or capture potential spills. Study 
cost is $40k and it should be completed by 2013.

1 40 0 0 0 0 0 0 0 0 0 0 0 0 0 40

DOMESTIC WATER & SEWAGE SYSTEM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
No recommendations. NA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SURGE LAKE DRAIN VALVES 0 20 0 0 0 0 0 0 0 0 0 0 0 0 20
Remove both valves of the Surge Lake drain piping and inspect for disc to stem bolting damage and
security. Plan to repair or replace the valves, depending on the findings.  This work should be 
carried out by 2014 and is estimated to cost $20k, assuming only some minimal difficulty in closing 
off the pipe inlet, so that both valves can be checked.

1 0 20 0 0 0 0 0 0 0 0 0 0 0 0 20
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Ten year total (2012 k$) $42,487 TOTAL

Condition 
Rating 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023-2027 2028-2032 2033-2037 2038-2042 2013-2042

TOTALS 1,177 787 41 5,095 16,581 15,047 2,911 97 161 590 217 58 67 88 42,917
GENERATORS (ELECTRICAL) 745 10 0 0 15,000 15,000 0 0 0 0 0 0 0 0 30,755
EXCITATION SYSTEMS 20 0 0 0 0 0 0 0 0 0 0 0 0 0 20
ISOLATED PHASE BUS DUCT 0 200 0 0 0 0 0 0 0 0 0 0 0 0 200
EXCITATION TRANSFORMERS 0 0 9 0 9 0 9 0 9 550 27 18 27 18 676
AC STATION SERVICE SYSTEM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
STATION SERVICE TRANSFORMERS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AUXILIARY SERVICE TRANSFORMERS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AC SWITCHGEAR 80 50 15 15 15 15 2,900 0 0 0 0 0 0 0 3,090
AUTO TRANSFER CONTROL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MCC'S AND PANEL BOARDS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CABLE AND BUS 0 0 0 0 0 0 0 0 0 0 0 0 0 0
STANDBY DIESEL GENERATOR 325 0 0 0 0 0 0 0 0 0 0 0 0 0 325
PROTECTION AND CONTROLS SYSTEM 7 297 17 4,295 1,557 32 2 2 2 40 190 40 40 70 6,591
STATION DC POWER SYSTEM 0 15 0 135 0 0 0 0 0 0 0 0 0 0 150
STATION GROUNDING SYSTEM 0 0 0 0 0 0 0 95 150 0 0 0 0 0 245
STATION LIGHTING SYSTEM 0 215 0 650 0 0 0 0 0 0 0 0 0 0 865

DETAILED SUMMARIES
GENERATORS (ELECTRICAL) 745 10 0 0 15,000 15,000 0 0 0 0 0 0 0 0 30,755

A thorough detailed investigation should be done to find the cause of the persistent Unit 1 and Unit 
2 field grounds, involving the OEM or third party expert in the process. (This should be done in 2013 
at an estimated cost of $100k).

1 100 0 0 0 0 0 0 0 0 0 0 0 0 0 100

Rectify the loose stator wedges on both units in 2013 estimated at $100k. 1 100 0 0 0 0 0 0 0 0 0 0 0 0 0 100

The OEM proposed solution for improved temperature control and potential vibration reduction 
should be reviewed to understand the rationale. If warranted, a solution should be implemented with 
the unit re-wind. The assessment should be performed by 2014 and the estimated cost is $10k.

1 0 10 0 0 0 0 0 0 0 0 0 0 0 0 10

Re-implement the online partial discharge monitoring system on both units, which will require 
installation of new partial discharge (PD) couplers to obtain PD readings and associated data 
acquisition device for analysis. If this is not feasible in the short term then a periodic partial 
discharge measurement program should be initiated to monitor the stator insulation condition. The 
cost of this work is estimated at $65k and it should be done in 2013.

1 65 0 0 0 0 0 0 0 0 0 0 0 0 0 65

Install the permanent continuous UMP monitoring system on both units in 2013. The cost estimate 
is $80k 1 80 0 0 0 0 0 0 0 0 0 0 0 0 0 80

The rotor pole drop test should be performed annually on both units to determine the rotor field 
turns insulation health. Shorted turns can cause vibration, unbalanced stresses on the generator 
stator core, frame and rotor.

MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

A generator dielectric test should be performed annually on both stator windings to determine and 
tract stator winding insulation condition. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Generator visual inspection should be done annually with specific attention to the common 
degradation problems: 
• Loose wedges
• Loose field coil braces
• Evidence of any partial discharge
• Evidence of any overheating
To perform this inspection the rotor and stator should be in a clean and oil-free state. 

MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Perform the following testing in 2013 on both units to establish overall electrical condition of the 
generators. Budgetary cost is $200k.
• Partial Discharge testing
• DC Hipot test (Reduced Voltage) with DC ramp tester
• Corona Probe test
• ELCID test 

1 200 0 0 0 0 0 0 0 0 0 0 0 0 0 200

After the UMP based air gap monitoring system is installed, monitor and review the air gap of the 
unit. An air gap that does not stay within acceptable tolerances can cause undue stresses on 
components such as the stator and rotor, brackets and bearings and in extreme cases a stator and 
rotor collision could occur. The air gap of a hydro generator is ultimately determined by the 
circularity and concentricity of the rotor and stator.  

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Rewind the stators and re-insulate the pole windings within the next five years. The cost of re-
winding including pole insulation is $3.2M per unit with 3-4 months downtime per unit to execute the 
work. It is anticipated that this work would be done in 2017 and 2018.  The funds are included in the 
generator refurbishment recommendation below.

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Before initiating a re-winding process, it is recommended to perform more in-depth inspection of the 
stator core by performing in-depth visual inspection, and an Elcid test to check for any potential hot-
spots within the stator core. In normal cases stator cores of this type of generator should be 
changed at the time of the second re-winding of the stator, but with the already identified stator core 
issues and with all the oil contamination issues, it is recommended to perform required tests soon 
as the stator core may require replacement, along with the winding. The cost estimate to replace the 
stator core is $2.4M/unit, to be done at the same time as the re-wind in 2017 and 2018. The funds 
are included in the generator refurbishment recommendation below.

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Replace the rotors with new rotors having improved mechanical rigidity. Assuming the shaft, thrust 
bearing and bracket can be reused, the estimated cost is $7.9M per unit. The funds are included in 
the generator refurbishment recommendation below.

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Including excitation system replacement, the estimate for generator and refurbishment is estimated 
at $30M including costs related to removal of existing equipment, installation, contingency and 
commissioning.  These refurbishments are shown equally split between the years 2017 and 2018.  
There could be some cost reduction depending on the condition of the stator frame and core as 
determined after further testing and inspection.

2 0 0 0 0 15,000 15,000 0 0 0 0 0 0 0 0 30,000

It is recommended to keep the following minimum level of spares on hand: 
• 12 top bars and 12 bottom bars
• Wedges for 12 slots
• Fillers (Top, Centre & Bottom) for 12 slots
• One of each type of stator winding connection
• Winding material for 12 slots
• The spare pole coil should be tested in 2013.
Estimated cost is $200k and these should be acquired in 2013.

1 200 0 0 0 0 0 0 0 0 0 0 0 0 0 200

EXCITATION SYSTEMS 20 0 0 0 0 0 0 0 0 0 0 0 0 0 20
Based on the age of the equipment and declining support from the manufacturer, it is recommended 
to initiate the process of replacing these exciters, as they have reached end of life. It is estimated 
that these costs are $750k per unit, and the replacements would be done in 2017 and in 2018, when 
major generator work is proposed. These funds are included in the generator refurbishment 
recommendation estimate under Generators, above.

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The existing spare parts should be checked to ensure that these are still functional. This process 
should be initiated soon to avoid any unexpected downtime.  This check is estimated at $20k and 
should be done in 2013.

1 20 0 0 0 0 0 0 0 0 0 0 0 0 0 20

ISOLATED PHASE BUS DUCT 0 200 0 0 0 0 0 0 0 0 0 0 0 0 200
A regular maintenance and monitoring program inclusive of visual inspection, cleaning and testing 
should be established to monitor the condition of the IPB on a regular basis.  The manufacturer 
literature recommends that at minimum an annual inspection be performed on the bus.  

MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

An operating temperature study of the IPB system should be performed at a time when the 
associated unit is running as close to peak load as possible. Allow $50k in 2014. 1 0 50 0 0 0 0 0 0 0 0 0 0 0 0 50

Spare flexible connections and insulators should be procured and stocked at the station. Allow 
$150k in 2014 for spare parts procurement.  It is important that these spares are available in hand 
otherwise a small failure could lead to a major unit outage.

1 0 150 0 0 0 0 0 0 0 0 0 0 0 0 150

EXCITATION TRANSFORMERS 0 0 9 0 9 0 9 0 9 550 27 18 27 18 676
Regular maintenance which includes visual inspection and cleaning should be done every year. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
All the routine tests including a thermographic scan should be performed every two years. 
Estimated cost is $9k. MTCE 0 0 9 0 9 0 9 0 9 0 27 18 27 18 126

The transformers should be replaced at the end of their expected life which would be approximately 
2022. There may be a requirement to change the transformers with the excitation systems, if the 
units are uprated, as the logistics may be appealing. Replacement should include all the associated 
cable between the exciter and the transformer. Cost estimate is $550k for both.

3 0 0 0 0 0 0 0 0 0 550 0 0 0 0 550

AC STATION SERVICE SYSTEM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
See individual components below. NA 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

STATION SERVICE TRANSFORMERS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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As no up to date test results were available during this inspection, it is recommended to perform 
insulation resistance tests in 2013. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

A regular yearly maintenance, including thorough cleaning, and periodic test is recommended to be 
performed to keep the units in operation. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The transformers should be replaced during station service life extension upgrade by the year 2019. 
The replacement cost of the transformers is included in AC Switchgear, below. 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

AUXILIARY SERVICE TRANSFORMERS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Development of an annual maintenance and testing program is recommended.  Included in this 
program should be cleaning of the dry-type transformer, visual inspection, thermographic scanning, 
testing of oil from the oil-filled transformer and dielectric testing.

MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

As there were no up to date test results available during the inspection, it is recommended to 
perform at least an insulation resistance test on the transformers in 2013. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Replace both the transformers and their associated disconnect switches by the year 2019 which is 
the life expectancy of the associated switchgear. The cost of the replacement is included in AC 
Switchgear, below.

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Nova Scotia Power should begin a regular load monitoring program in 2013, to provide a factual 
basis for sizing replacement transformers. 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

AC SWITCHGEAR 80 50 15 15 15 15 2,900 0 0 0 0 0 0 0 3,090
Perform infra-red scans on all switchgear no later than 2013 at an estimated cost of $15k. 1 15 0 0 0 0 0 0 0 0 0 0 0 0 0 15
Initiate a refurbishment program with the OEM to maintain the reliability of the breakers until such 
time as they are replaced in 2019. Allow $15k per year for this work. 1 15 15 15 15 15 15 0 0 0 0 0 0 0 0 90

It is strongly recommended to perform an arc flash and protection co-ordination study on the entire 
station service system in 2013 to determine the possible level of arc energy at the switchgear 
locations.  The cost estimate for the study is $50k.

1 50 0 0 0 0 0 0 0 0 0 0 0 0 0 50

As there are no recent testing results available, the following tests should be performed by 2014 on 
the 600 V switchgear, at a cost of $35k:
• High voltage AC dielectric tests on wiring and bus bar
• Contact resistance measurement of the breakers
• Circuit breaker timing test
• Current transformer (CT) polarity check
• Partial discharge (corona)
• Secondary AC current injection
• DC protective circuits check
• CT & PT transformation ratio check

1 0 35 0 0 0 0 0 0 0 0 0 0 0 0 35

The 600 V switchgear should be replaced in 2019. The cumulative budgetary price for upgrade of 
the overall AC station service is $2.9M. This budget price includes switchgear and other 
accessories such as feeder cables and cable trays. The new switchgear should be of the arc 
resistant type.
In the meantime, AC breakers should be refurbished depending on the test program results 

3 0 0 0 0 0 0 2,900 0 0 0 0 0 0 0 2,900

AUTO TRANSFER CONTROL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
To ensure reliable operation of the system, detailed regular maintenance should be performed on 
the transfer equipment. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The voltage relays and timers utilized by the auto-transfer system should be cleaned, tested and 
calibrated in 2013. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Starting in 2013, test the auto transfer system on an annual basis, prepare a written procedure for 
the manual transfer and update/revise original drawings to reflect the present arrangement. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The complete auto-transfer system together with the AC station service switchgear should be 
replaced during the station service upgrade. Cost of the upgrade is included within the AC 
Switchgear section, above. 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MCC'S AND PANEL BOARDS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A thorough cleaning of all electrical equipment should be carried out in 2013 and then every 3 – 5 
years. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

All MCC and distribution panels should be replaced at the time of station service upgrade in 2019. 
Budgetary costs for the replacement are included in the station service upgrade cost associated 
with the AC Switchgear, above. 

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

CABLE AND BUS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cables should be reviewed regularly to ensure there has been no mechanical damage, otherwise, 
cabling should be changed out when the associated system is changed out. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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STANDBY DIESEL GENERATOR 325 0 0 0 0 0 0 0 0 0 0 0 0 0 325
The existing diesel generator, including all directly related auxiliaries (day-tank, batteries, charger, 
generator controls etc.) should be replaced except for the bulk storage tank, the building and the 
building slab. It is anticipated that this will cost approximately $300k. Replacement does not include 
the station service distribution portion, as this is addressed elsewhere in this report.  It is 
recommended that NSP proceed with the planned replacement within the next five years.  NSP has 
indicated that they are proceeding in 2013.

1 300 0 0 0 0 0 0 0 0 0 0 0 0 0 300

Provide secondary oil containment around the outdoor bulk fuel storage tank in 2013. Estimated 
cost is $25k. 1 25 0 0 0 0 0 0 0 0 0 0 0 0 0 25

PROTECTION AND CONTROLS SYSTEM 7 297 17 4,295 1,557 32 2 2 2 40 190 40 40 70 6,591
Continue with maintenance and calibration of the existing protection systems until the existing 
system is replaced. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Given the age of the existing protections and lack of manufacturer support, a plant wide upgrade is 
in order.  As part of this upgrade, it would be anticipated that the entire system should be reviewed 
to see how the more modern protection schemes could benefit plant reliability and long term 
maintenance.  It is recommended that this upgrade be performed in the year 2016 and the 
estimated cost is $1.53M per unit, including engineering. Considerations for the upgrade should 
include:
• Optimum method of project roll out to minimize outage lengths
• Methods of encapsulating and removing asbestos from the existing system
• Options for redundant protection schemes using modern multifunction digital relays
• Locations and configuration of new equipment
• Integration with future station service switchyard protections 
• Anticipated design time is likely on the order of 12-15 months
• Installation time could be in excess of 6 months including an outage of each unit which could be 
on the order of 1 month
• It is anticipated that station controls upgrades would be performed in parallel with this work
• This work would be done to accommodate the generator replacement or refurbishment.
• Allow for an initial period of low reliability and retain the manual control capability that now exists to 
assist with this phase.

2 0 0 0 1,525 1,525 0 0 0 0 0 0 0 0 0 3,050

The problem with the SCADA RTU should be investigated in more detail. Even though replacement 
of faulty modules within the RTU is acceptable to continue with the operation, procurement and 
installation of new a RTU is strongly recommended at the time of the control system upgrade. The 
cost is included within the control system budget estimate below.

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The upgrade of the control system is recommended for the year 2016. The budgetary cost of 
replacement is approximately $2.5M. in addition, a design allowance and investigations required for 
planning of $250k should be included in the year 2014. The upgrade of the control system has to be 
initiated together with the protection upgrade so that all the technical interfaces between these two 
systems can be addressed at the same time to minimize complications. See Control System 
recommendations for considerations that may apply to Protections replacement.

2 0 250 0 2,500 0 0 0 0 0 0 0 0 0 0 2,750

The start-stop control should be upgraded as part of the new PLC based control systems. The 
budgetary price for the plant start-stop control upgrade is included in the control system budget, 
above.

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The new synchronization system should be integrated with the overall plant controls and protections 
upgrade. Funds for the synchronizer replacement are included in the controls systems budget, 
above.

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Generally, this vintage of Woodward governor system has a long history of reliability.  Many of the 
minor electrical items should be assessed for replacement.  This is effectively routine maintenance.  
Components such as the pumps, internal actuator cabinet wiring, potentiometers in the wicket 
gate/gate limit position detection, gate position switches and solenoid valves should be replaced in 
a continuous fashion.  A program of upgrades should be reviewed costing approximately $ 20k per 
year and running five years.  It is anticipated that this should start within ten years.

3 0 0 0 0 0 0 0 0 0 0 100 0 0 0 100
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As a part of the life extension program for the governors it is recommended: 
• To perform a major overhaul in the year 2018 and then every 20 years. The cost of a major 
overhaul is $30k per unit. It is anticipated that this overhaul would be done in conjunction with the 
unit overhauls, in 2017 and 2018.
• Perform minor overhauls every 5 years in between the two major overhauls. The budgetary cost of 
minor overhauls is $15k per unit.

2 0 0 0 0 30 30 0 0 0 0 30 30 30 60 210

Minor governor maintenance should be done as a part of regular maintenance activity. Lumpsum 
budgetary estimate is $2k per year. MTCE 2 2 2 2 2 2 2 2 2 2 10 10 10 10 60

Most of the major spare parts and the spares for the accumulator level and pressure measurements 
system should be procured. The budgetary cost of such spares procurement is $20k. This should 
be initiated in 2014

1 0 20 0 0 0 0 0 0 0 0 0 0 0 0 20

The faulty brake solenoid should be replaced or repaired in 2013, at an estimated cost of $5k. MTCE 5 0 0 0 0 0 0 0 0 0 0 0 0 0 5
As the metering system is important to the remote and local operation of the plant, it is 
recommended that the current system be replaced as it has reached the end of its useful life.  The 
costs to replace this system have been included in the control upgrade costs.

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

It is recommended that the control panels CP1 and CP2 be considered for upgrade at the same 
time as the systems or equipment that they are related to or service are upgraded. While the 
estimated cost to upgrade CP1 has been included with the controls upgrade, the cost to upgrade 
the HVAC controls / CP2 is estimated to be approximately $150k and the work should be planned 
for 2016.

2 0 0 0 150 0 0 0 0 0 0 0 0 0 0 150

Perform a thorough analysis of the compatibility of the plant control instrumentation with respect to 
modernization of the plant control system. It is anticipated that many of these instruments would be 
replaced at the time of a controls upgrade, but they could be done at any time. A lump sum 
instrument replacement budget for these items is $100k, and the work should be planned for 2016

2 0 0 0 100 0 0 0 0 0 0 0 0 0 0 100

Institute a periodic testing program for the tailrace water level alarm and lockout functions, as these 
functions are very important for worker safety and plant protection. MTCE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Re-instate the tailrace water level monitoring function and connect to SCADA for transmission to the 
Energy Control Centre in 2014 at an estimated cost of $25k. 1 0 25 0 0 0 0 0 0 0 0 0 0 0 0 25

Replace the tailrace water level alarm and lockout system within 3 years at an estimated cost of 
$15k. 2 0 0 15 0 0 0 0 0 0 0 0 0 0 0 15

Replacement of the reservoirs water level gauging system is estimated at $38k and should be 
performed in 2022. 3 0 0 0 0 0 0 0 0 0 38 0 0 0 0 38

The sump pump control system should be upgraded within the next five years, Including, relocation 
of the panel to a dry area.  The budgetary cost for this work is $18k and it is allowed for in 2016 2 0 0 0 18 0 0 0 0 0 0 0 0 0 0 18

Replace turbine shut-off valve controls with a PLC based system in 2027 at a cost of $50k for two 
units. 3 0 0 0 0 0 0 0 0 0 0 50 0 0 0 50

STATION DC POWER SYSTEM 0 15 0 135 0 0 0 0 0 0 0 0 0 0 150
The power distribution panel for the DC system is a potential hazard given its exposed buswork.  
Covers to ensure there is no access issues with the door open could help to reduce this risk, 
however, as parts of the DC system have substantially been upgraded, the distribution panel should 
be upgraded as well, to return the entire system to a like new condition.  An upgrade to the 
distribution panel would be done with a distribution panel with visible contacts and would cost $15k 
and should be performed in 2014.

1 0 15 0 0 0 0 0 0 0 0 0 0 0 0 15

Should NSP wish to increase the reliability of the DC system to attain a more standard configuration 
with redundant DC supplies, a second battery system and inverter could be installed.  An additional 
battery system would cost $135k. This work would typically be done with station protections and 
controls upgrades and has been included in 2016.

2 0 0 0 135 0 0 0 0 0 0 0 0 0 0 135

STATION GROUNDING SYSTEM 0 0 0 0 0 0 0 95 150 0 0 0 0 0 245
Perform a grounding study within in the next ten years. The cost is anticipated at $95k, and this 
amount has been included in the year 2020. 3 0 0 0 0 0 0 0 95 0 0 0 0 0 0 95

While it is not clear how much grounding modification would result from the study, $150k in 
grounding upgrades has been identified for 2021 as a reasonable estimate. 3 0 0 0 0 0 0 0 0 150 0 0 0 0 0 150

STATION LIGHTING SYSTEM 0 215 0 650 0 0 0 0 0 0 0 0 0 0 865
The lighting throughout the plant should be replaced within the next two to three years, along with 
the supporting structures where they show signs of corrosion.  The main areas where lighting should 
be upgraded along with their estimated cost include:
Access Tunnel:  $205k;  Plant Main Area: $220k; Plant Auxiliary Areas: $180k; Plant Refuge Tunnel 
Area: $45k, for a total of $650k.
This amount has been included in 2016 as it would benefit general unit overhaul activities.

2 0 0 0 650 0 0 0 0 0 0 0 0 0 0 650
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A modern emergency lighting system should be installed which clearly illuminates the paths of 
egress. This should be installed in conjunction with the exit signage which helps evacuation to occur 
down the correct route.  This new modern emergency lighting system would be DC, but separate 
from the station DC system. The cost of the emergency lighting system would be approximately 
$195k, and should be done by 2014 as it improves safety for plant staff.

1 0 195 0 0 0 0 0 0 0 0 0 0 0 0 195

Given that there a multiple circular routes and effectively only one exit, exit signs and 
phosphorescent paint on the floor should be installed to clearly indicate the directions of exit.  The 
cost of the system is included with the above item.  If an exit signage system is installed as a 
separate item, with standalone battery units, the cost of this work would be approximately $20k, and 
should be done by 2014 as it improves safety for plant staff..  As separate items, these would 
essentially be self contained exit signs which would have internal chargers and batteries and would 
connect to AC station service.  

1 0 20 0 0 0 0 0 0 0 0 0 0 0 0 20
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WRECK COVE GS 2013-04-23

Condition Assessment Summary 
2013 Recommended Activities

(costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017
Component or System Projects Rating

CIVIL
TUNNEL T2 INTAKE STRUCTURE 207 0 0 0 0

Continue to periodically, visually monitor the concrete for evidence of deterioration and 
spalling and waterline erosion. MTCE 0 0 0 0 0

Repair the failed caulking around the roof hatch within the next year.  Consideration should 
be given to replacing the failed caulking with grade mastic and mesh.  A protective coating 
should then be installed over the repair.  The estimated cost for this work is $6k. 1 6 0 0 0 0

Install an all season safety boom in 2013, at an estimated cost of $130k. 1 130 0 0 0 0

Extend the safety fencing to the boom anchor points in 2013 at an estimated cost of $70k. 1 70 0 0 0 0

Provide two additional public safety signs on the land side of the fencing in 2013, at an 
estimated cost of $1k. 1 1 0 0 0 0

TUNNEL T2 ADIT 0 0 0 0 0
No 2013 recommendations - 0 0 0 0 0

PENSTOCK INTAKE STRUCTURE AT SURGE LAKE 0 0 0 0 0
See Powerhouse Egress and Life Safety section below - 0 0 0 0 0

PENSTOCK FROM SURGE LAKE 5 0 0 0 0

The penstock steel plate in the powerhouse in the area where the limited thickness 
measurements were taken is in good condition.  Starting in 2013 perform more extensive 
ultrasonic thickness testing every 5 years. Estimated cost $5k for two penstocks.

MTCE 5 0 0 0 0

SPIRAL CASE 0 0 0 0 0
See Turbines section below. - 0 0 0 0 0

DRAFT TUBE 50 10 0 0 0
Continue to repair any draft tube liner cavitation pitting damage during the yearly 
maintenance outages. Repair the present minor damage within two years. MTCE 0 0 0 0 0

Refurbish the Unit 2 tripod air system within 8 months. Cost is estimated to be $40k. 1 40 0 0 0 0
Investigate the Unit 1 draft tube water leakage in 2013 at an estimated cost of $10k. 1 10 0 0 0 0
During the next scheduled outages for each unit, the condition of the unlined draft tube 
concrete sections should be inspected and assessed.  Estimated cost for each unit 
inspection and assessment is $5k per unit. 

MTCE 0 10 0 0 0

TAILRACE 50 0 0 0 0
Continue to monitor the condition of the rock and shotcrete above the draft tube deck area 
and on an ongoing basis, scale and/or install rock anchors as required.  Allow $5k every 5 
years for these activities.

MTCE 5 0 0 0 0

Install public safety signage on the downstream side of the tailrace portal structure.  This new 
signage should be installed within the next year and be in accordance with the CDA 
standards.  The estimated cost is $5k.

1 5 0 0 0 0

Extend the fencing along the downstream side of the tailrace deck to prevent the public from 
accessing the tailrace area immediately downstream of the handrail on the right side of the 
deck. The estimated cost is $15k and the work should be completed in 2013. 1 15 0 0 0 0

*Note: items showing no funds in 2013 are assumed to be covered with existing maintenance funding or internal 
engineering studies and assessments funding.
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(costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017
Component or System Projects Rating

*Note: items showing no funds in 2013 are assumed to be covered with existing maintenance funding or internal 
engineering studies and assessments funding.

NSP should confirm that a structural analysis was carried for the design of the new 
anchorage system that was installed in 2011 for storing the gate in its vertical position and 
that the anchorage system does meet all applicable loading conditions (including seismic).  If 
an analysis has not been carried out it should be completed within the next year.  The cost for 
the analysis is estimated to be $20k.

1 20 0 0 0 0

Provide instrumentation to allow the periodic measurement and recording of water levels at 
the inlet and outlet of the tailrace tunnel. Monitoring the hydraulic loss will provide an 
indication of the cumulative effects of rockfalls on the tunnel’s hydraulic performance. 
Assuming this is done with staff gauges, the estimated cost is $5k and the work should be 
done by 2014. 

1 5 0 0 0 0

POWERHOUSE 20 10 10 10 10
Provide an annual allowance of $10k for miscellaneous items such as repairing / replacing 
individual tiles, patching concrete and shotcrete, adding / replacing rock anchors, repainting 
and repairing handrails, etc.  This annual allowance would also include for monitoring and 
removing the stalactities to avoid the potential for them to fall on persons working below. 

MTCE 10 10 10 10 10

In 2013 a survey of the alignment of the crane rails should be carried out to determine if any 
misalignment issues could have contributed to the failure of the bolts.  The estimated cost for 
this work is $10k.  

1 10 0 0 0 0

Every two years starting in 2013, inspect the condition of the crane rails and bolts to ensure 
that failure of the crane bolts is not an ongoing issue. MTCE 0 0 0 0 0

POWERHOUSE EGRESS AND LIFE SAFETY 300 475 2,500 2,500 0
The equipment and alarm system for monitoring the tailrace water level should be regularly 
tested to ensure that it functions satisfactorily and if necessary it should be refurbished or 
replaced. 

MTCE 0 0 0 0 0

Reduce worker exposure in the powerhouse by having any work which does not need to be 
performed inside the powerhouse, such as workshop work, done at the surface. 1 0 0 0 0 0

Reduce the amount of combustible material stored in the powerhouse (oil, wood, rags), by 
removing it to a surface storage/workshop building located in the vicinity of the present 
Administration Building. Consider allowing only diesel engine vehicles into the access tunnel, 
to reduce the amount of readily flammable fuel in the powerhouse area.  A basic surface 
storage/workshop building is estimated to cost $425k and should be planned in 2013 for 
implementation in 2014.

1 0 425 0 0 0

Carry out a formal, comprehensive, detailed life safety and equipment protection engineering 
risk analysis, to identify failure modes and risks and to identify and assess solutions. The 
scope should include falling, fire and flooding risks, and should be undertaken in 2013, with a 
view to completing implementation prior to major equipment replacement with the anticipated 
increase in worker numbers in the powerhouse. The estimated study cost is $250k, and a 
budgetary allowance of $5M is recommended in 2015 and 2016 for implementation, with a 
small allowance of $100k split between 2013 and 2014 for improvements which can be 
implemented quickly.

1 300 50 2,500 2,500 0
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Condition Assessment Summary 
2013 Recommended Activities

(costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017
Component or System Projects Rating

*Note: items showing no funds in 2013 are assumed to be covered with existing maintenance funding or internal 
engineering studies and assessments funding.

Particular urgent attention should be given to the risk assessment associated with the 
absence of head gates at the penstock inlet structure, as the absence of effective mean of 
quickly stopping water flows in an emergency can lead to injury, fatalities and extensive plant 
destruction (e.g. Kainji in Nigeria, 2000 and Sayano-Shushenskaya in Russia, 2009). The 
study should address providing head gates at the penstock inlet structure with an alarm 
system that would alert the operators that there is an issue with the penstocks (i.e., large 
drop in pressure) and which would have the capability to close the head gates automatically 
or by remote control in an emergency situation. The engineering study costs are included 
above.

1 0 0 0 0 0

POWERHOUSE ACCESS TUNNEL 16 4 4 4 4
Seal the expansion joints of the concrete foundation plinth within the next year at an 
estimated cost of $2k. 1 2 0 0 0 0

As a regular maintenance item clear debris that accumulates on the staircase to eliminate 
this tripping hazard. MTCE 0 0 0 0 0

Carry out an investigation to determine where the rock that is accumulating between the 
portal structure and the gabion wall is falling from and then assess and implement means to 
prevent the rock from falling in the future. The cost of the study is estimated to be $10k and it 
should be carried out in 2013.

1 10 0 0 0 0

Until a means has been implemented to prevent the rock from falling, a maintenance program 
should be implemented to remove the fallen rock between the portal structure and the gabion 
wall on an on-going basis.  Provide an annual allowance of $4k for this work.

MTCE 4 4 4 4 4

POWERHOUSE ACCESS TUNNEL FEEDERS 0 0 0 0 0
No 2013 recommendations - 0 0 0 0 0

MECHANICAL
TUNNEL T2 INTAKE EQUIPMENT 170 0 0 0 0

Conduct a thorough assessment of gate condition by removing the top covers, and 
progressively raising and stopping the gate to allow for checking of the main and guide rollers 
for seizing/free rotation. At the same time check the condition of the skin plate and welds, 
visible structural members, side and bottom seals and seal clamping plates and fasteners, 
and the integrity of side roller assemblies and bumpers. If possible to access, also inspect the 
condition of the roller and seal path surfaces. From this inspection establish the scope and 
timing of a gate refurbishment. The cost of the assessment is estimated at $15k and it should 
be completed by 2013.

1 15 0 0 0 0

Carry out a detailed inspection of the hoist, pulley block, holding brake, and wire rope and 
replace all lubricants. Depending on the findings, an overhaul may be required, not based on 
high usage, but because of long periods of inactivity may have resulted in corrosion of items 
such as anti-friction bearings. Cost of inspection is estimated at $5k per gate, and this should 
be completed in 2013, before the first gate test.

1 10 0 0 0 0
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Condition Assessment Summary 
2013 Recommended Activities

(costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017
Component or System Projects Rating

*Note: items showing no funds in 2013 are assumed to be covered with existing maintenance funding or internal 
engineering studies and assessments funding.

It is anticipated that the following work will be done in as a package.                                           
• All electrical and control equipment should be replaced.
• Given the remoteness of the location and the presence of vandalism, it is recommended 
that NSP replace all electrical systems with more vandal resistant equipment. All abandoned 
or obsolete equipment at the site should be removed and all new equipment should be 
designed to be contained in a limited number of panels which can be installed in a way to 
improve serviceability.
• It is recommended that all lighting be replaced or returned to a working condition.
• It is recommended that all electrical equipment be installed in enclosures.                                
• Provide for remote gate closure, to be used in the event of an emergency. This should be 
done in 2013 at an estimated cost of $5k.
Estimated cost is $140k (does not include gate body or guide heating) and the work should 
be carried out within 2013.

1 145 0 0 0 0

TUNNEL T2 ADIT DRAIN VALVE & PIPING 0 0 0 0 0
No 2013 recommendations - 0 0 0 0 0

TURBINE SHUTOFF VALVES 40 0 0 0 0
Perform an analysis of the oil in the hydraulic operating system every two years. MTCE 0 0 0 0 0
Annually inspect the nozzles on the downstream side of the motorized bypass valves for
evidence of cavitation pitting and repair as necessary. MTCE 0 0 0 0 0

Every 5 years, measure the wall thickness of the valves’ bypass piping. This could be done 
during the yearly outage. If the wall thickness decreases to 80% of nominal, replace the 
piping. Inspection cost: $4k for two units every 5 years

1 4 0 0 0 0

In 2013, perform an NDE check of the turbine shut off valve stems using ultrasonic means. 
Review valve drawings and determine if there is any evidence of cracking in the stems. 
Inspection cost is estimated to be $2 k per valve.

1 4 0 0 0 0

Confirm if the upstream seal O-rings are original and if found to be so or if indeterminate, plan 
to replace the O-rings within three years. 1 0 0 0 0 0

Install a turbine shutoff valve closing system which are independent of AC station service 
power in 2013. This could be achieved by modifying the existing systems, and the cost is 
estimated at$25k per unit.

1 25 0 0 0 0

Confirm the pressure, size, location and security of the orifices in the supply to the turbine 
shut off valve servomotors. This should be done in 2013 and the estimated cost is $2k per 
servomotor.

1 4 0 0 0 0

Store the spare valve seals securely in a purpose made wooden crate. MTCE 0 0 0 0 0
Purchase a set of trunnion seals ($1k). This will minimise outage time if they have to be 
replaced. MTCE 1 0 0 0 0

Purchase a spare hydraulic pump and motor ($1.5k). If a pump fails, the generating unit could 
not be operated. MTCE 2 0 0 0 0

Confirm that drawings and specifications are available for ordering new turbine shutoff valve 
main water seals (upstream and downstream) and new trunnion seals. MTCE 0 0 0 0 0

Amend the record drawings to show the difference in size between the seals of Unit 1 and 
Unit 2, and the correct O ring dimensions and materials. MTCE 0 0 0 0 0
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WRECK COVE GS 2013-04-23

Condition Assessment Summary 
2013 Recommended Activities

(costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017
Component or System Projects Rating

*Note: items showing no funds in 2013 are assumed to be covered with existing maintenance funding or internal 
engineering studies and assessments funding.

TURBINES 105 100 12 0 12

To ensure long term unit reliability a comprehensive monitoring program should be 
established, with the following mechanical elements:
1. Install a shaft vibration analysis system that will give trending data on shaft runout, shaft 
orbit, and changes in the characteristic frequencies of the unit components
2. Record the bearing temperatures and institute a temperature analysis and trending 
system.
3. Continue to carry out yearly inspections but review what is to be inspected, based on the 
new operating conditions. Emphasize the close inspection of components susceptible to 
fatigue cracking, specifically the generator rotor and the turbine runner. Non destructive 
examination by LPI, MPI, and UT methods are recommended for critical areas.
4. Ensure the annual inspection and operation records are documented and available over 
the long term to allow for trending analysis.

MTCE 0 0 0 0 0

Undertake an engineering study to review model test information and to conduct a vibration 
test program on the Wreck Cove turbines, to establish the extent of the rough load range and 
to assess the risks of extended and periodic operation within such rough load range.  This 
work should be undertaken in 2013, with a view to completing the vibration tests and the 
assessment by 2014.  The estimated cost for this engineering study is $150k, including the 
vibration test work for one unit.

1 50 100 0 0 0

Every two years filter the turbine bearing oil to remove dirt and especially any water. A filter 
medium that specifically removes water should be used. MTCE 0 0 0 0 0

Using the shaft vibration probe outputs, review the shaft orbits to see if the shaft is over to 
one side of the bearing. This could cause high running temperatures and may be due to shaft 
misalignment.

1 0 0 0 0 0

Check the calibration of the Bently Nevada vibration monitors to ensure the read outs are 
valid. This should be done in 2013. 1 0 0 0 0 0

During the next outage (2013), perform an NDE examination of turbine shaft critical areas. 
Estimated cost is $2k per unit. 1 4 0 0 0 0

Continue to keep the runners in their present good condition, with the periodic repairs to the 
minor cavitation pitting so the damage does not increase. MTCE 0 0 0 0 0

Measure the runner crown and band seal clearances every 2 years starting in 2013. MTCE 0 0 0 0 0
Every two years non-destructively inspect the runner for cracks, particularly at the blade and 
band welds, starting in 2013. The estimated cost is $3k per unit. 1 6 0 6 0 6

Use dial indicators to measure upward movement of several wicket gates when the turbine is 
dewatered to when it is watered up. The dial indicators should be supported on the pit wall or 
on the turbine shaft and read against the top of the upper stems. If the gates rise when the 
turbine is watered up then the lower stem seal probably have failed. This test should be 
performed in 2013 and the cost is $2k per unit.

1 4 0 0 0 0

Inspect and document with photos the wicket gate surfaces and the surrounding area during 
each yearly outage. Look for surface damage and signs of rubbing at the top and bottom of 
the gates.

MTCE 0 0 0 0 0
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WRECK COVE GS 2013-04-23

Condition Assessment Summary 
2013 Recommended Activities

(costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017
Component or System Projects Rating

*Note: items showing no funds in 2013 are assumed to be covered with existing maintenance funding or internal 
engineering studies and assessments funding.

Continue the yearly repairs to the wicket gate cavitation damaged surfaces until permanent 
repairs can be done. MTCE 0 0 0 0 0

Review the type of grease used, and the greasing timing and amount. Install an automatic 
greasing system in 2013. Cost $10k per unit. 1 20 0 0 0 0

Monitor the wicket gates upper stem area for seal leakage. Replace the packing during a 
yearly maintenance outage if excessive leakage occurs. Cost: $5k (materials) 1 5 0 0 0 0

Within one year, carry out an axial ultrasonic examination of the upper wicket gate stems to 
determine if cracking has occurred where the stems join the blade. Estimated cost is $2k per 
unit.

1 4 0 0 0 0

Visually inspect the spiral case at each annual maintenance outage. Look for any erosion 
damage and for any cracking at the top and bottom of the stay vanes. For suspect indications 
and not less than every two years perform magnetic particle non destructive examination. 
Cost: $3k per unit.

1 6 0 6 0 6

Inspect all the stud bolts on the head cover outer flange of both turbines in 2013, then every 
5 years. This would include an ultrasonic test, visual inspection and a representative check of 
the applied torque. The required torque should be determined by a mechanical engineer. 
Estimated NDE cost is $3k per unit.

1 6 0 0 0 0

Consider installing piston rod lip seals having joints on their circumference. They can be 
easily installed without dismantling the servomotor rod end fittings. MTCE 0 0 0 0 0

Every year measure the governor pump cycling time with the wicket gates not moving. An 
increase in the cycling time may indicate wear of the servomotor piston rings, or governor 
control valve internal leakage.

MTCE 0 0 0 0 0

As with the wicket gates, increase the greasing frequency for the operating ring and linkages 
and adjust the quantity of grease injected. to avoid extraneous grease accumulating on the 
head cover. It will be important to assess the greasing frequency as the turbine wicket gates 
will be more active when the generator load will be continually changing to follow system wind 
load variations. 

MTCE 0 0 0 0 0

TURBINE REGULATING EQUIPMENT 0 0 0 0 0
Investigate the parts availability for the Magnetrol level switches. If parts are difficult to find, 
install modern combined level indicators and switches. MTCE 0 0 0 0 0

Investigate the availability of the governor oil pump replacement parts in 2013. They may be 
very long delivery or no longer be available. MTCE 0 0 0 0 0

GENERATOR MECHANICAL 370 0 0 0 0
Implement the Acuren shaft runout trending program and the Power Engineering Company 
unbalanced magnetic pull (UMP) system by March 2013. Review the data on a monthly 
basis. 

MTCE 0 0 0 0 0

Carry out the rotor and stator testing program recommended by Power Engineering 
Company, and KGS Group 1 0 0 0 0 0

Perform a rotational alignment check on both units in 2013 and re-centre the stators relative 
to the rotors. 1 0 0 0 0 0
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WRECK COVE GS 2013-04-23

Condition Assessment Summary 
2013 Recommended Activities

(costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017
Component or System Projects Rating

*Note: items showing no funds in 2013 are assumed to be covered with existing maintenance funding or internal 
engineering studies and assessments funding.

Review the two options in the Power Engineering Company report: to replace the generator or 
perform a major refurbishment, and based on the results of these inspections and the soon to 
be obtained test data, establish a date for a refurbishment of the generator and the scope of 
work to be done. This review should be done in 2013. The estimated cost of refurbishment of 
two generators is $30M and to recognize site work space constraints, these costs are shown 
equally split between 2017 and 2018. Note: these costs are included in the Electrical 
Assessment section of this report.

1 0 0 0 0 0

Implement  the Power Engineering Company UMP system by March 2013. Review this data 
on a monthly basis for any changes and trends.  Estimated equipment cost is $40k per unit. 1 80 0 0 0 0

In 2013 review the condition of the rotors as found from inspections and tests and plan future 
repairs. 1 0 0 0 0 0

Non-destructively inspect the rotor brake tracks every five years starting in 2013. Estimated 
cost is $2k per unit. 1 4 0 0 0 0

In 2013 plan the work and timing of repairs and refurbishment, including consultation with 
OEM.  1 0 0 0 0 0

In 2013 repack the stator cores at the splits, install the soleplate radial keys in Unit 1 and 
rectify the soleplate radial keys problem in Unit 2. Estimated cost is $100k per unit. 1 200 0 0 0 0

Confirm that the brake pads are made of non asbestos material. Replace the pads if they are 
asbestos based. MTCE 0 0 0 0 0

Record the surface air cooler cooling water flows monthly. MTCE 0 0 0 0 0
The shaft runout data collection and analysis program  proposed by Acuren should be 
implemented and applied over the long term, to check for developing problems. MTCE 0 0 0 0 0

The calibration of the Bently Nevada vibration monitoring system should be checked to 
ensure it is working correctly. 1 0 0 0 0 0

The reason for the high runout levels at the lower and upper guide bearings of both units 
should be analyzed in 2013 as to cause and then addressed. Estimated cost is $10k/unit. 1 20 0 0 0 0

During the next outage (2013), perform an NDE examination of generator shaft critical areas. 
Estimated cost is $2k per unit. 1 4 0 0 0 0

Filter the thrust and guide bearing oil every two years. This period may change depending on 
the Acuren oil analysis program findings. MTCE 0 0 0 0 0

The thrust bearing temperatures should be recorded and the data reviewed on a six month 
basis. If at some time a continual temperature increase is noted, the thrust segments should 
be replaced with the spare ones.  Rebabbitting cost: $30k

1 30 0 0 0 0

Clean the top cover of the upper guide bearing yearly to prevent the carbon dust from mixing 
with the oil. MTCE 0 0 0 0 0

Re-adjust the oil pot seals. If the leakage cannot be reduced to an acceptable level, install a 
vacuum demisting unit in 2013 ($15k per unit). 1 30 0 0 0 0

Check the condition of the Unit 2 thrust bearing by removing two segments for visual 
inspection in 2013. If the surface shows no sign of damage, check the calibration of the 
temperature measuring system.

1 0 0 0 0 0
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WRECK COVE GS 2013-04-23

Condition Assessment Summary 
2013 Recommended Activities

(costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017
Component or System Projects Rating

*Note: items showing no funds in 2013 are assumed to be covered with existing maintenance funding or internal 
engineering studies and assessments funding.

Non-destructively by UT method inspect the spare set of thrust pads in 2013 to confirm their 
babbitt bond is acceptable. If the pads are to be installed, their flatness must first be checked 
on a surface plate.

1 2 0 0 0 0

TAILRACE EQUIPMENT 13 2 2 2 2
Develop a detailed plan for the installation of the tailrace tunnel outlet gate that deals with 
removal of the cobblestones obstructing the north side gains. This should be completed 
before major refurbishment work in the powerhouse or tunnel begins. This study is estimated 
to cost $10k and should be performed in 2013.

1 10 0 0 0 0

Monitor the condition of the coating on the tailrace tunnel outlet gate periodically, to track the 
failure of the coating, touching up the coating as found necessary. This work is estimated to 
cost $2k per year and should be performed annually.

MTCE 2 2 2 2 2

Install a guard on the chain drive of the draft tube gates storage carriage to prevent the 
operator’s fingers from being trapped. ($1k in 2013) 1 1 0 0 0 0

ANCILLARY EQUIPMENT (CRANES, MONORAILS) 0 0 0 0 0
No 2013 recommendations - 0 0 0 0 0

HEATING, VENTILATION & AIR CONDITIONING 5 0 0 0 0
In 2013, install thermometers and hygrometers at several locations in the powerhouse and
outdoors and monitor and record the conditions on a weekly basis and more frequently when
tests to improve cooling are being performed. The data collected is important to determine
the extent of the cooling problem and will assist in devising the optimum solution. The
estimated cost is $5k.

1 5 0 0 0 0

Adjust the ventilation system operation in summer to operate the emergency smoke removal 
system to maximize the amount of outside air brought into the powerhouse for cooling and 
dehumidification. Monitor temperatures and humidity levels in the powerhouse to check 
effectiveness. If the operation of the emergency smoke removal fan is unacceptable due to 
high noise levels, adjust the intake damper M1 in the portal building to full open, close 
damper M2. Monitor temperatures and humidity levels in the powerhouse to check 
effectiveness. These two tests should help establish whether mechanical cooling needs to be 
reinstated.

1 0 0 0 0 0

COMPRESSED AIR SYSTEMS 50 0 0 0 0
Inspect the service air system for leaks and repair as required MTCE 0 0 0 0 0
In 2013, install a timed blow down valve on the compressed air storage tanks which supply 
the governor and power tools ($10k). 1 20 0 0 0 0

In 2013, install automatic air make up systems for the governor accumulator tanks ($15k per 
unit). 1 30 0 0 0 0

FIRE PROTECTION AND DETECTION SYSTEM 62 0 0 0 0
To establish their remaining life, arrange for inspection and wall thickness testing of the 
existing tanks and related piping from the well pumps to the storage tanks and also the piping 
and valves from the storage tanks into the powerhouse and to the generator and transformer 
fire protection systems. Based on the results of this testing, a plan for remedial work can be 
developed. Estimated investigation cost is $20k in 2013.

1 20 0 0 0 0
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WRECK COVE GS 2013-04-23

Condition Assessment Summary 
2013 Recommended Activities

(costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017
Component or System Projects Rating

*Note: items showing no funds in 2013 are assumed to be covered with existing maintenance funding or internal 
engineering studies and assessments funding.

Address the current shortfall in the required water storage capacity. Current total storage 
capacity in the two tanks is 227,000 L (60,000 US gallons) versus an NFPA 851 requirement 
for 568,000 L (150,000 US gallons). Perform a study to investigate alternatives before 
implementing. Estimated cost to investigate the work described is $40k

1 40 0 0 0 0

The two water supply wells should have vegetation removed from the immediate vicinity and 
fence post markers with identification tags placed to clearly identify the well locations. 
Estimated cost $2k.

1 2 0 0 0 0

Confirm that both well pumps are capable of operation and are in good working order. This 
can be achieved by flushing the fire protection supply line to the powerhouse with a flow rate 
not less than the transformer deluge capacity of 1552 L/min (410 USgpm), which will also 
remove any loose corrosion particulate matter from the supply line. Repeat this flush every 
two years. 

MTCE 0 0 0 0 0

SUMP SYSTEMS (DRAINAGE AND DEWATERING) 53 0 0 0 0

Replace or rebuild dewatering pump P2 in 2013. Replacement cost is estimated to be $3k. 1 3 0 0 0 0

Take representative thickness tests on the pump discharge piping to obtain a general 
indication of its thickness and an indication as to its remaining life. Based on the results of 
this testing, determine if piping replacement is warranted. Estimated study cost is $10k.

1 10 0 0 0 0

Carry out a study on the routing of all plant and equipment drains to determine which drain 
directly to the tailrace. Determine what action, if any, is required to avoid or capture potential 
spills. Study cost is $40k and it should be completed by 2013.

1 40 0 0 0 0

DOMESTIC WATER & SEWAGE SYSTEM 0 0 0 0 0
No 2013 recommendations - 0 0 0 0 0

SURGE LAKE DRAIN VALVES 0 0 0 0 0
No 2013 recommendations - 0 0 0 0 0

ELECTRICAL
GENERATORS (ELECTRICAL) 745 0 0 0 0

A thorough detailed investigation should be done to find the cause of the persistent Unit 1 
and Unit 2 field grounds, involving the OEM or third party expert in the process. (This should 
be done in 2013 at an estimated cost of $100k). 1 100 0 0 0 0

Rectify the loose stator wedges on both units in 2013 estimated at $100k. 1 100 0 0 0 0

Re-implement the online partial discharge monitoring system on both units, which will require 
installation of new partial discharge (PD) couplers to obtain PD readings and associated data 
acquisition device for analysis. If this is not feasible in the short term then a periodic partial 
discharge measurement program should be initiated to monitor the stator insulation condition. 
The cost of this work is estimated at $65k and it should be done in 2013.

1 65 0 0 0 0

Install the permanent continuous UMP monitoring system on both units in 2013. The cost 
estimate is $80k 1 80 0 0 0 0
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Condition Assessment Summary 
2013 Recommended Activities

(costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017
Component or System Projects Rating

*Note: items showing no funds in 2013 are assumed to be covered with existing maintenance funding or internal 
engineering studies and assessments funding.

The rotor pole drop test should be performed annually on both units to determine the rotor 
field turns insulation health. Shorted turns can cause vibration, unbalanced stresses on the 
generator stator core, frame and rotor.

MTCE 0 0 0 0 0

A generator dielectric test should be performed annually on both stator windings to determine 
and tract stator winding insulation condition. MTCE 0 0 0 0 0

Generator visual inspection should be done annually with specific attention to the common 
degradation problems: 
• Loose wedges
• Loose field coil braces
• Evidence of any partial discharge
• Evidence of any overheating
To perform this inspection the rotor and stator should be in a clean and oil-free state. 

MTCE 0 0 0 0 0

Perform the following testing in 2013 on both units to establish overall electrical condition of 
the generators. Budgetary cost is $200k.
• Partial Discharge testing
• DC Hipot test (Reduced Voltage) with DC ramp tester
• Corona Probe test
• ELCID test 

1 200 0 0 0 0

After the UMP based air gap monitoring system is installed, monitor and review the air gap of 
the unit. An air gap that does not stay within acceptable tolerances can cause undue stresses 
on components such as the stator and rotor, brackets and bearings and in extreme cases a 
stator and rotor collision could occur. The air gap of a hydro generator is ultimately 
determined by the circularity and concentricity of the rotor and stator.  

1 0 0 0 0 0

It is recommended to keep the following minimum level of spares on hand: 
• 12 top bars and 12 bottom bars
• Wedges for 12 slots
• Fillers (Top, Centre & Bottom) for 12 slots
• One of each type of stator winding connection
• Winding material for 12 slots
• The spare pole coil should be tested in 2013.
Estimated cost is $200k and these should be acquired in 2013.

1 200 0 0 0 0

EXCITATION SYSTEMS 20 0 0 0 0
The existing spare parts should be checked to ensure that these are still functional. This 
process should be initiated soon to avoid any unexpected downtime.  This check is estimated 
at $20k and should be done in 2013.

1 20 0 0 0 0

ISOLATED PHASE BUS DUCT 0 0 0 0 0
A regular maintenance and monitoring program inclusive of visual inspection, cleaning and 
testing should be established to monitor the condition of the IPB on a regular basis.  The 
manufacturer literature recommends that at minimum an annual inspection be performed on 
the bus.  

MTCE 0 0 0 0 0
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Condition Assessment Summary 
2013 Recommended Activities

(costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017
Component or System Projects Rating

*Note: items showing no funds in 2013 are assumed to be covered with existing maintenance funding or internal 
engineering studies and assessments funding.

EXCITATION TRANSFORMERS 0 0 9 0 9
Regular maintenance which includes visual inspection and cleaning should be done every 
year. MTCE 0 0 0 0 0

All the routine tests including a thermographic scan should be performed every two years. 
Estimated cost is $9k. MTCE 0 0 9 0 9

AC STATION SERVICE SYSTEM 0 0 0 0 0
See individual components below. - 0 0 0 0 0

STATION SERVICE TRANSFORMERS 0 0 0 0 0
As no up to date test results were available during this inspection, it is recommended to 
perform insulation resistance tests in 2013. MTCE 0 0 0 0 0

A regular yearly maintenance, including thorough cleaning, and periodic test is recommended 
to be performed to keep the units in operation. MTCE 0 0 0 0 0

AUXILIARY SERVICE TRANSFORMERS 0 0 0 0 0

Development of an annual maintenance and testing program is recommended.  Included in 
this program should be cleaning of the dry-type transformer, visual inspection, thermographic 
scanning, testing of oil from the oil-filled transformer and dielectric testing.

MTCE 0 0 0 0 0

As there were no up to date test results available during the inspection, it is recommended to 
perform at least an insulation resistance test on the transformers in 2013. MTCE 0 0 0 0 0

Nova Scotia Power should begin a regular load monitoring program in 2013, to provide a 
factual basis for sizing replacement transformers. 1 0 0 0 0 0

AC SWITCHGEAR 80 15 15 15 15

Perform infra-red scans on all switchgear no later than 2013 at an estimated cost of $15k. 1 15 0 0 0 0

Initiate a refurbishment program with the OEM to maintain the reliability of the breakers until 
such time as they are replaced in 2019. Allow $15k per year for this work. 1 15 15 15 15 15

It is strongly recommended to perform an arc flash and protection co-ordination study on the 
entire station service system in 2013 to determine the possible level of arc energy at the 
switchgear locations.  The cost estimate for the study is $50k.

1 50 0 0 0 0

AUTO TRANSFER CONTROL 0 0 0 0 0
To ensure reliable operation of the system, detailed regular maintenance should be 
performed on the transfer equipment. MTCE 0 0 0 0 0

The voltage relays and timers utilized by the auto-transfer system should be cleaned, tested 
and calibrated in 2013. MTCE 0 0 0 0 0

Starting in 2013, test the auto transfer system on an annual basis, prepare a written 
procedure for the manual transfer and update/revise original drawings to reflect the present 
arrangement.

MTCE 0 0 0 0 0

MCC'S AND PANEL BOARDS 0 0 0 0 0
A thorough cleaning of all electrical equipment should be carried out in 2013 and then every 3 
– 5 years. MTCE 0 0 0 0 0

CABLE AND BUS 0 0 0 0 0
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Recommended Condition 2013 2014 2015 2016 2017
Component or System Projects Rating

*Note: items showing no funds in 2013 are assumed to be covered with existing maintenance funding or internal 
engineering studies and assessments funding.

Cables should be reviewed regularly to ensure there has been no mechanical damage, 
otherwise, cabling should be changed out when the associated system is changed out. MTCE 0 0 0 0 0

STANDBY DIESEL GENERATOR 325 0 0 0 0

The existing diesel generator, including all directly related auxiliaries (day-tank, batteries, 
charger, generator controls etc.) should be replaced except for the bulk storage tank, the 
building and the building slab. It is anticipated that this will cost approximately $300k. 
Replacement does not include the station service distribution portion, as this is addressed 
elsewhere in this report.  It is recommended that NSP proceed with the planned replacement 
within the next five years.  NSP has indicated that they are proceeding in 2013.

1 300 0 0 0 0

Provide secondary oil containment around the outdoor bulk fuel storage tank in 2013. 
Estimated cost is $25k. 1 25 0 0 0 0

PROTECTION AND CONTROLS SYSTEM 7 2 2 2 2
Continue with maintenance and calibration of the existing protection systems until the existing 
system is replaced. MTCE 0 0 0 0 0

The problem with the SCADA RTU should be investigated in more detail. Even though 
replacement of faulty modules within the RTU is acceptable to continue with the operation, 
procurement and installation of new a RTU is strongly recommended at the time of the control 
system upgrade. The cost is included within the control system budget estimate below.

1 0 0 0 0 0

Minor governor maintenance should be done as a part of regular maintenance activity. 
Lumpsum budgetary estimate is $2k per year. MTCE 2 2 2 2 2

The faulty brake solenoid should be replaced or repaired in 2013, at an estimated cost of $5k. MTCE 5 0 0 0 0

Institute a periodic testing program for the tailrace water level alarm and lockout functions, as 
these functions are very important for worker safety and plant protection. MTCE 0 0 0 0 0

STATION DC POWER SYSTEM 0 0 0 0 0
No 2013 recommendations - 0 0 0 0 0

STATION GROUNDING SYSTEM 0 0 0 0 0
No 2013 recommendations - 0 0 0 0 0

STATION LIGHTING SYSTEM 0 0 0 0 0
No 2013 recommendations - 0 0 0 0 0
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Notes:

Rating Condition 
Description

Details Remediation 
Timetable

4 Good Only minor deterioration or defects are evident. 20 plus years 
(2034 & beyond)

3 Fair Moderate deterioration. Function is still adequate. 7-20 years
(2021 to 2033)

2 Poor Serious deterioration of at least some portions of the 
equipment. Function is inadequate.
OR:  Additional inspection, testing and assessment  
required in near future, to more fully define condition.

2-7 years
(2015 to 2020)

1 Unacceptable Extensive deterioration. Barely functional. Urgent need 
for remediation.
OR:  Additional inspection, testing and assessment 
urgently required to more fully define condition.

0-2 years
(2013 to 2014)

Notes:

1. The basis year for this table is the end of 2012, by which time the assessment of equipment and structures 
was completed.
2. Condition considers physical deterioration and general adequacy for functional, safety and environmental 
adequacy.
3. In some cases, additional inspection, testing, investigation or assessment activities are recommended to 
better define condition and to aid in selecting or refining the best solution.
4. The condition rating scale is based on a similar table used by a large Canadian electrical utility.
5. The term MTCE is used to identify routine/periodic maintenance program recommendations. These are not 
condition rateable.

2012 Wreck Cove Condition Assessment 

1. Added costs potentially in the range of 10 million dollars may be identified in a detailed life safety study 
recommended to be undertaken in 2013.
2. The 2012 Condition Assessment of Wreck Cove addressed the powerhouse equipment and systems, the 
access tunnel portal, the structures and equipment for water control at the entrance to tunnel T-2, at the inlet 
to the penstock and at the tailrace tunnel outlet, the penstocks and the standby diesel generator.
Certain component parts of the Wreck Cove facility were outside the scope of the 2012 assessment, 
including the storage dams, tunnels T-1, T-2, the powerhouse access tunnel and the tailrace tunnel, Gisborne 
Generating Station, the main output transformers and the associated 144 kV conductors, the switchyard, the 
Administration Building and all surface facilities such as dykes, roads, communication tower, storage 
buildings and other miscellaneous buildings.  Assessments for dam safety and assessments of these assets 
may result in identification of additional projects requiring funding which is not included here.

2012 Wreck Cove Condition Assessment - Condition Rating Scale
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WRECK COVE GS
Condition Assessment Summary 
2014 to 2017 Recommended Activities
(See also 2013 Recommended Activities document) (costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017 2018
Component or System Projects Rating

CIVIL
TUNNEL T2 INTAKE STRUCTURE 0 0 0 5 30 0

Remove deteriorated paint and corrosion and apply a protective coating to the Gate Hoist 
Building structural steel superstructure as well as gains. This work should be performed within 
the next 5 years to maintain the integrity of the structure.  The estimated cost for this work is 
$30k.

2 0 0 0 0 30 0

Include funds in the maintenance budget for boom maintenance in the amount of $5k every 3 
years. MTCE 0 0 0 5 0 0

TUNNEL T2 ADIT 0 80 0 325 0 0
Within the next two years, inspect the inside of the Adit with a remotely operated tracked 
vehicle (ROV) to determine the condition, feasibility and the extent of repairs required to make
the Adit safe for entry. The estimated cost for the inspection and assessment is $50k. 1 0 50 0 0 0 0

In parallel with the inspection and condition assessment work, undertake a engineering study 
to investigate alternative means to de-water the tunnel, including the alternative of making the 
Adit safe, if found to be feasible, at an estimated study cost of $30k.  All alternatives should 
assume that the present valve and pressurized pipe penetration into Tunnel T-2 will need to 
be permanently sealed.  Any alternative using the Adit for drainage should assume that a new 
valve and pipe penetration into Tunnel T-2 are required. 

1 0 30 0 0 0 0

Allow funding in the capital budget in 2016 to provide a means of draining Tunnel T-2 and 
sealing off the existing pipe penetration. For the purpose of providing an estimate, the solution
of drilling a 1.5 m diameter vertical shaft 60 m long through the rock into the tunnel near the 
Adit is assumed, with an estimated cost of $325k for design and drilling. In the event an 
alternative tunnel dewatering system is not selected, or if its implementation is deferred some 
years beyond 2016, seal the drainage piping by 2016. 

2 0 0 0 325 0 0

PENSTOCK INTAKE STRUCTURE AT SURGE LAKE 0 0 0 0 0 0
No 2014 to 2017 recommendations - 0 0 0 0 0 0

PENSTOCK FROM SURGE LAKE 0 12 0 0 0 0
By 2014 carry out a (desk-top) assessment of the potential head losses and energy 
production losses due to the algae, calcium carbonate deposits, and surface irregularities to 
determine if power wash cleaning of the inside surface of the penstock is warranted.  The 
estimated cost for this assessment would be approximately $12k.  

1 0 12 0 0 0 0

SPIRAL CASE 0 0 0 0 0 0
No 2014 to 2017 recommendations - 0 0 0 0 0 0

DRAFT TUBE 0 0 0 0 0 0
No 2014 to 2017 recommendations - 0 0 0 0 0 0

TAILRACE 0 0 0 0 0 0
No 2014 to 2017 recommendations - 0 0 0 0 0 0

POWERHOUSE 0 30 0 100 100 0
Investigate and evaluate within the next 2 years more efficient means to deal with the leakage 
issue such as installing a ceiling leakage collection drainage system.  The estimated cost for 
the study is $30k.  Allow approximately $200k in the budget for years 2016 and 2017 to install 
a system to handle the leakage.

2 0 30 0 100 100 0

2013-04-23

*Note: items showing no funds in 2014-2017 are assumed to be covered with existing maintenance funding or 
internal engineering studies and assessments funding.
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WRECK COVE GS
Condition Assessment Summary 
2014 to 2017 Recommended Activities
(See also 2013 Recommended Activities document) (costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017 2018
Component or System Projects Rating

2013-04-23

*Note: items showing no funds in 2014-2017 are assumed to be covered with existing maintenance funding or 
internal engineering studies and assessments funding.

POWERHOUSE EGRESS AND LIFE SAFETY 0 150 0 300 0 0
Provide a new short term refuge facility for present staff levels by 2014. Estimated cost is 
$150k for a 6 person 24 hour design. 1 0 150 0 0 0 0

Plan on providing two additional short term facilities or a permanent refuge facility for the 
increased worker levels anticipated when major work starts in the powerhouse. Assumed cost 
is $300k in 2016.

2 0 0 0 300 0 0

POWERHOUSE ACCESS TUNNEL 0 0 0 0 917 0
Sandblast and re-paint the staircase and railing up to the mechanical equipment room within 
the next 5 years.  The estimated cost to complete this work is $17k. 2 0 0 0 0 17 0

POWERHOUSE ACCESS TUNNEL FEEDERS 0 0 0 0 450 0

A plan should be developed for one of the main station service feeders to be installed in an 
alternate configuration.  This work should be performed before any large equipment is 
transported down the access tunnel to the powerhouse.  The high voltage 25 kV cable has the
smallest profile and could be more easily protected from vehicle impact on the opposite side 
of the tunnel in a location similar to that of the temporary cable. The estimated cost for this 
work, assuming use of Jersey barriers, is $450k and it should be carried out within 5 years. In 
comparison, the cost of constructing a new cable tunnel, which would relocate the feeders 
completely away from vehicle traffic, is estimated at $6.05M.

2 0 0 0 0 450 0

MECHANICAL
TUNNEL T2 INTAKE EQUIPMENT 0 12 150 0 0 0

Following a review of available documentation, and discussions with original engineers and 
gate supplier if possible, establish and execute a periodic gate testing procedure. Ideally, this 
should involve closure under flow conditions, unless reasons are found to avoid such a test. 
Investigation cost is estimated at $12k and timing would be by 2014.

1 0 12 0 0 0 0

Plan for a gate refurbishment in 2015 to include recoating of the gate body, replacement of 
roller bushings and hoist bearings replacement. The exact scope will be determined by the 
above inspections and test. Cost is estimated to be $150k.

2 0 0 150 0 0 0

TUNNEL T2 ADIT DRAIN VALVE & PIPING 0 0 0 0 0 0

Carry out an inspection on the condition of the valve and piping, using an unmanned remotely 
operated tracked vehicle.  Co-ordinate this work with a geotechnical inspection and 
assessment of alternatives for the T-2 Adit (see report Section 4.2 Tunnel T-2 Adit for further 
details).  While it will not be possible to test operate the valve(s), the inspection will provide 
information on the exterior surface condition of the pressurized piping, which will indicate the 
urgency of sealing the penetration.  As well, the inspection will provide information on the 
condition of any exposed piping downstream of the valve(s), to develop a better estimate of 
the cost of restoring the Adit as a tunnel drainage solution.

2 0 0 0 0 0 0

Whichever alternative is selected for Tunnel T-2 dewatering, the existing piping penetration 
will need to be sealed and if the T-2 Adit is the preferred solution, a new piping penetration 
and new valves will be needed. Funding to seal the existing piping is included in the 
recommendation for a Tunnel T-2 dewatering solution in the Civil section of the report (see 
report Section 4.2 Tunnel T-2 Adit for further details).

2 0 0 0 0 0 0

TURBINE SHUTOFF VALVES 0 35 0 0 0 0
Repair or replace the upstream manual valves in the bypass lines of both units by 2014.
Replacement cost: $10k for two valves. 1 0 10 0 0 0 0

Condition Assessment 2012 2 WRECK COVE GS

ACE 2018 CI 49033 Attachment 2 Page 391 of 399

Date Filed:  November 22, 2017          Page 0917 of 2371          REDACTED



WRECK COVE GS
Condition Assessment Summary 
2014 to 2017 Recommended Activities
(See also 2013 Recommended Activities document) (costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017 2018
Component or System Projects Rating

2013-04-23

*Note: items showing no funds in 2014-2017 are assumed to be covered with existing maintenance funding or 
internal engineering studies and assessments funding.

Perform an engineering review by 2014 of the potential safety issues, looking at industry 
current best practices. Cost is estimated to be $25k. 1 0 25 0 0 0 0

TURBINES 0 8 1,062 1,500 4,010 4,010
Consider new runners engineered to potentially provide a capacity increase, higher efficiency 
and a wide range of stable operation. Estimated cost is $5.55M for two runners. Installation 
would be during turbine overhauls.

2 0 0 1,050 1,500 1,500 1,500

The following repair work is required to be done within the next 5 years (funds are included in 
the major overhaul recommendation below):
1. Plan to take the turbine out of service for rehabilitation of the wicket gates, to stop the top of
the wicket gates rubbing on the head cover
2. During the same outage repair the cavitation on the headcover, discharge ring and runner.

2 0 0 0 0 0 0

Carry out major overhauls on each turbine concurrently with generator 
refurbishment/replacement. The estimated cost is $2.5 M per unit in 2017 and 2018, co-
ordinated with the generator refurbishment work.

2 0 0 0 0 2,500 2,500

Remove the inflatable shaft seals from service. The estimated cost is $6k per unit and as this 
is not a critical item, it has been scheduled for 2015. 2 0 0 12 0 0 0

Within 5 years overhaul the wicket gates and repair the headcover and discharge ring surface 
damage.  Funds are included in the major overhaul entry in this section. 2 0 0 0 0 0 0

During the next turbine disassembly clean, degrease and blast clean the headcover and NDE 
check all welds and the flange around the stud holes  for cracking. Estimated cost is $10k per 
unit.

2 0 0 0 0 10 10

The following spare parts should also be acquired by 2014 as they may be needed at short 
notice.
     • Carbon seal segments and their springs
     • At least 5 wicket gate water seals per unit (upper and lower)
The estimated cost is $8k.

1 0 8 0 0 0 0

Sources for the following parts should be found, and drawings and specifications should be 
prepared:
   • Servomotor cast iron piston rings
   • Bearing re-babbitting companies. Re-babbitting specifications should be prepared
   • O rings for the headcover flanges. These may be non standard items
   • Magnetrol level switch parts or replacement units 

MTCE 0 0 0 0 0 0

TURBINE REGULATING EQUIPMENT 0 84 0 0 0 0
Carry out compliance testing of the governor within the next two years and at the same time 
review the dashpot settings. The estimated cost of the testing is $42k per unit. 1 0 84 0 0 0 0

Within 2 years and thereafter every 5 years, inspect the interior of the accumulator tank and 
ultrasonically measure the wall thickness. MTCE 0 0 0 0 0 0

GENERATOR MECHANICAL 3 32 0 0 148 148
During the next unit overhauls, machine the radial dowel holes and replace the dowels. Funds 
for this are included under Turbines, above, as part of a major turbine overhaul and generator 
mechanical refurbishment. 

2 0 0 0 0 0 0

Measure the brake pad thickness every five years. Replace any pads less than 25 mm (1 in) 
thick. MTCE 0 0 0 0 0 0

Replace the surface air coolers within 5 years: $148k per unit 2 0 0 0 0 148 148
Install an oil filter in the high pressure oil lift systems by 2014 ($1k per unit). 1 0 2 0 0 0 0
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WRECK COVE GS
Condition Assessment Summary 
2014 to 2017 Recommended Activities
(See also 2013 Recommended Activities document) (costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017 2018
Component or System Projects Rating

2013-04-23

*Note: items showing no funds in 2014-2017 are assumed to be covered with existing maintenance funding or 
internal engineering studies and assessments funding.

By 2014, the runner plate should be coated with anti-rust compound, wrapped in protective 
paper and stored in a crate. The journal surface flatness tolerance is 0.013 mm (0.0005 in), so
to prevent distortion, the plate must be evenly supported. Estimated cost is $3k.

1 3 0 0 0 0 0

By 2014, suppliers for the following parts should be found, and drawings and specifications 
should be prepared. This will reduce the delivery time when the parts are required. Estimated 
cost is $10k.
   • Bearing re-babbitting companies (prepare, in advance, specifications for rebabbitting and 
machining)
  • Magnetrol level switch parts or replacement switch units
  • Brake pads (one set of 8 pads) non asbestos type
  • Surface air coolers (one set of 4)
  • Thrust and upper guide bearing cooling coils (one of each)

MTCE 0 10 0 0 0 0

In 2014, perform ultrasonic testing to confirm the level of wear or deterioration of the cooling 
water piping. Carry out visual checks of some extracted pipe sections to obtain additional 
information to decide on the need and timing to replace this piping. Estimated cost is $20k.

1 0 20 0 0 0 0

At the same time install air vents on both ends of the draft tube pump suction header. This 
would make air removal more effective and reliable regardless of which draft tube is being 
used to draw water from, or which pump is being run.

MTCE 0 0 0 0 0 0

TAILRACE EQUIPMENT 0 0 0 0 15 0
Perform a stress and deflection analysis on the gate which considers the loss of metal from 
major members. While the results are not expected to condemn the gate, they will be useful in
a future decision to refurbish or replace the gate. This should be done by 2017 and is 
estimated to cost $15k.

2 0 0 0 0 15 0

ANCILLARY EQUIPMENT (CRANES, MONORAILS) 0 0 550 0 0 0
The electrical systems for the powerhouse crane should be upgraded with a modern crane 
control system.  This work would be typical to this vintage of crane.  This work should also be 
done to resolve the quick stop issue of the crane movement. It is estimated that the upgrade 
would cost on the order of $550k, and this work should be performed within the next 3 years 
or prior to any major plant work requiring intense use of this crane.  A full load test of the 
crane should be performed with the new controls.

2 0 0 550 0 0 0

HEATING, VENTILATION & AIR CONDITIONING 0 231 0 0 0 0
No major replacement is foreseen over the next 30 years on the supply and exhaust fans in 
the portal building mechanical room. However, due to the criticality of these fans and 
dampers, a set of spare bearings, drive belts and drive motors for each fan and a replacement
set of motorized dampers and motors should be acquired by 2014 at an estimated cost of 
$56k.

1 0 56 0 0 0 0

Bring El. -10 ft supply air ductwork down closer to floor level and provide propeller fans for the 
El. -10.0 ft level to improve dehumidification and reduce rusting of piping and equipment. 
Estimated cost $15k.

1 0 15 0 0 0 0

Pending successful results of the summer ventilation tests, remove the mechanical cooling 
units S1 and S2, and related cooling water piping. If the test fails, replacement of the 
mechanical cooling units would be required. Estimated cost for either solution is $150k.

1 0 150 0 0 0 0

Condition Assessment 2012 4 WRECK COVE GS

ACE 2018 CI 49033 Attachment 2 Page 393 of 399

Date Filed:  November 22, 2017          Page 0919 of 2371          REDACTED



WRECK COVE GS
Condition Assessment Summary 
2014 to 2017 Recommended Activities
(See also 2013 Recommended Activities document) (costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017 2018
Component or System Projects Rating

2013-04-23

*Note: items showing no funds in 2014-2017 are assumed to be covered with existing maintenance funding or 
internal engineering studies and assessments funding.

Whether the abandoned mechanical cooling system is to be revived or removed, remove the
poor condition fibreglass insulation and re-route the ductwork located downstream of air
handling units S1 and S2. This section of ductwork obstructs the hatchway when major work
is performed on the turbine generators. Estimated cost is $10k.

1 0 10 0 0 0 0

COMPRESSED AIR SYSTEMS 0 0 20 0 0 0
To upgrade the functionality and reliability of the service air system, while simplifying 
maintenance, redesign the compressed air piping to allow individual tank isolation and 
replace the service air refrigerated dryer. Estimated cost is $20k and the work should be 
carried out within 3 years.

2 0 0 20 0 0 0

FIRE PROTECTION AND DETECTION SYSTEM 0 50 550 0 0 0
The generator and transformer deluge systems should at least be tied to the station fire alarm 
system to ensure that there is proper evacuation in the case of a fire. The estimated cost is 
$10k and this work should be completed by 2014 or before major refurbishment work in the 
powerhouse is begun.

1 0 10 0 0 0 0

The transformer deluge control panels should be replaced with modern systems, at an 
estimated cost of $40k, and should be completed within the next 2 years 1 0 40 0 0 0 0

The main plant fire alarm system should be replaced.  This should include:
• A system with new audible devices, including the addition of strobe indication.
• A proper enunciator installed in an area where a fire can be safely responded to.
• Some review of early detection and more detailed annunciation that could be used in areas 
of refuge.  This is further addressed in the report section called Issues and Opportunities.
The estimated cost is $550k and the work should be completed within the next 2 years and 
before major work in the powerhouse begins.

2 0 0 550 0 0 0

SUMP SYSTEMS (DRAINAGE AND DEWATERING) 0 55 0 0 0 0
By 2014 provide secondary oil containment around floor mounted equipment containing oil 
and match the size of the containment area for the level of stored oil needed during turbine 
generator maintenance. Remove any infrequently used lubricants outside of the powerhouse.  
Estimated cost is $30k.

1 0 30 0 0 0 0

By 2014 install an oil detection and skimmer system with alarm and pump interlock control on 
the station sump at an estimated cost of $25k. 1 0 25 0 0 0 0

DOMESTIC WATER & SEWAGE SYSTEM 0 0 0 0 0 0
No 2014 to 2017 recommendations - 0 0 0 0 0 0

SURGE LAKE DRAIN VALVES 0 20 0 0 0 0
Remove both valves of the Surge Lake drain piping and inspect for disc to stem bolting 
damage and security. Plan to repair or replace the valves, depending on the findings.  This 
work should be carried out by 2014 and is estimated to cost $20k, assuming only some 
minimal difficulty in closing off the pipe inlet, so that both valves can be checked.

1 0 20 0 0 0 0

ELECTRICAL
GENERATORS (ELECTRICAL) 0 10 0 0 15,000 15,000

The OEM proposed solution for improved temperature control and potential vibration 
reduction should be reviewed to understand the rationale. If warranted, a solution should be 
implemented with the unit re-wind. The assessment should be performed by 2014 and the 
estimated cost is $10k.

1 0 10 0 0 0 0
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WRECK COVE GS
Condition Assessment Summary 
2014 to 2017 Recommended Activities
(See also 2013 Recommended Activities document) (costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017 2018
Component or System Projects Rating

2013-04-23

*Note: items showing no funds in 2014-2017 are assumed to be covered with existing maintenance funding or 
internal engineering studies and assessments funding.

Rewind the stators and re-insulate the pole windings within the next five years. The cost of re-
winding including pole insulation is $3.2M per unit with 3-4 months downtime per unit to 
execute the work. It is anticipated that this work would be done in 2017 and 2018.  The funds 
are included in the generator refurbishment recommendation below.

2 0 0 0 0 0 0

Before initiating a re-winding process, it is recommended to perform more in-depth inspection 
of the stator core by performing in-depth visual inspection, and an Elcid test to check for any 
potential hot-spots within the stator core. In normal cases stator cores of this type of generator
should be changed at the time of the second re-winding of the stator, but with the already 
identified stator core issues and with all the oil contamination issues, it is recommended to 
perform required tests soon as the stator core may require replacement, along with the 
winding. The cost estimate to replace the stator core is $2.4M/unit, to be done at the same 
time as the re-wind in 2017 and 2018. The funds are included in the generator refurbishment 
recommendation below.

2 0 0 0 0 0 0

Replace the rotors with new rotors having improved mechanical rigidity. Assuming the shaft, 
thrust bearing and bracket can be reused, the estimated cost is $7.9M per unit. The funds are 
included in the generator refurbishment recommendation below.

2 0 0 0 0 0 0

Including excitation system replacement, the estimate for generator and refurbishment is 
estimated at $30M including costs related to removal of existing equipment, installation, 
contingency and commissioning.  These refurbishments are shown equally split between the 
years 2017 and 2018.  There could be some cost reduction depending on the condition of the 
stator frame and core as determined after further testing and inspection.

2 0 0 0 0 15,000 15,000

EXCITATION SYSTEMS 0 0 0 0 0 0

Based on the age of the equipment and declining support from the manufacturer, it is 
recommended to initiate the process of replacing these exciters, as they have reached end of 
life. It is estimated that these costs are $750k per unit, and the replacements would be done 
in 2017 and in 2018, when major generator work is proposed. These funds are included in the 
generator refurbishment recommendation estimate under Generators, above.

2 0 0 0 0 0 0

ISOLATED PHASE BUS DUCT 0 200 0 0 0 0
An operating temperature study of the IPB system should be performed at a time when the 
associated unit is running as close to peak load as possible. Allow $50k in 2014. 1 0 50 0 0 0 0

Spare flexible connections and insulators should be procured and stocked at the station. 
Allow $150k in 2014 for spare parts procurement.  It is important that these spares are 
available in hand otherwise a small failure could lead to a major unit outage.

1 0 150 0 0 0 0

EXCITATION TRANSFORMERS 0 0 0 0 0 0
No 2014 to 2017 recommendations - 0 0 0 0 0 0

AC STATION SERVICE SYSTEM 0 0 0 0 0 0
See individual components below. - 0 0 0 0 0 0

STATION SERVICE TRANSFORMERS 0 0 0 0 0 0
No 2014 to 2017 recommendations - 0 0 0 0 0 0

AUXILIARY SERVICE TRANSFORMERS 0 0 0 0 0 0
No 2014 to 2017 recommendations - 0 0 0 0 0 0
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WRECK COVE GS
Condition Assessment Summary 
2014 to 2017 Recommended Activities
(See also 2013 Recommended Activities document) (costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017 2018
Component or System Projects Rating

2013-04-23

*Note: items showing no funds in 2014-2017 are assumed to be covered with existing maintenance funding or 
internal engineering studies and assessments funding.

AC SWITCHGEAR 0 35 0 0 0 0
As there are no recent testing results available, the following tests should be performed by 
2014 on the 600 V switchgear, at a cost of $35k:
• High voltage AC dielectric tests on wiring and bus bar
• Contact resistance measurement of the breakers
• Circuit breaker timing test
• Current transformer (CT) polarity check
• Partial discharge (corona)
• Secondary AC current injection
• DC protective circuits check
• CT & PT transformation ratio check

1 0 35 0 0 0 0

AUTO TRANSFER CONTROL 0 0 0 0 0 0
No 2014 to 2017 recommendations - 0 0 0 0 0 0

MCC'S AND PANEL BOARDS 0 0 0 0 0 0
No 2014 to 2017 recommendations - 0 0 0 0 0 0

CABLE AND BUS 0 0 0 0 0 0
No 2014 to 2017 recommendations - 0 0 0 0 0 0

STANDBY DIESEL GENERATOR 0 0 0 0 0 0
No 2014 to 2017 recommendations - 0 0 0 0 0 0

PROTECTION AND CONTROLS SYSTEM 0 295 15 4,293 1,555 30
Given the age of the existing protections and lack of manufacturer support, a plant wide 
upgrade is in order.  As part of this upgrade, it would be anticipated that the entire system 
should be reviewed to see how the more modern protection schemes could benefit plant 
reliability and long term maintenance.  It is recommended that this upgrade be performed in 
the year 2016 and the estimated cost is $1.53M per unit, including engineering. 
Considerations for the upgrade should include:
• Optimum method of project roll out to minimize outage lengths
• Methods of encapsulating and removing asbestos from the existing system
• Options for redundant protection schemes using modern multifunction digital relays
• Locations and configuration of new equipment
• Integration with future station service switchyard protections 
• Anticipated design time is likely on the order of 12-15 months
• Installation time could be in excess of 6 months including an outage of each unit which could
be on the order of 1 month
• It is anticipated that station controls upgrades would be performed in parallel with this work
• This work would be done to accommodate the generator replacement or refurbishment.
• Allow for an initial period of low reliability and retain the manual control capability that now 
exists to assist with this phase.
• Ensure that maintenance persons with the appropriate education and training are in place 

2 0 0 0 1,525 1,525 0

The upgrade of the control system is recommended for the year 2016. The budgetary cost of 
replacement is approximately $2.5M. in addition, a design allowance and investigations 
required for planning of $250k should be included in the year 2014. The upgrade of the contro
system has to be initiated together with the protection upgrade so that all the technical 
interfaces between these two systems can be addressed at the same time to minimize 
complications. See Control System recommendations for considerations that may apply to 
Protections replacement.

2 0 250 0 2,500 0 0
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WRECK COVE GS
Condition Assessment Summary 
2014 to 2017 Recommended Activities
(See also 2013 Recommended Activities document) (costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017 2018
Component or System Projects Rating

2013-04-23

*Note: items showing no funds in 2014-2017 are assumed to be covered with existing maintenance funding or 
internal engineering studies and assessments funding.

The start-stop control should be upgraded as part of the new PLC based control systems. The
budgetary price for the plant start-stop control upgrade is included in the control system 
budget, above.

2 0 0 0 0 0 0

The new synchronization system should be integrated with the overall plant controls and 
protections upgrade. Funds for the synchronizer replacement are included in the controls 
systems budget, above.

2 0 0 0 0 0 0

As a part of the life extension program for the governors it is recommended: 
• To perform a major overhaul in the year 2018 and then every 20 years. The cost of a major 
overhaul is $30k per unit. It is anticipated that this overhaul would be done in conjunction with 
the unit overhauls, in 2017 and 2018.
• Perform minor overhauls every 5 years in between the two major overhauls. The budgetary 
cost of minor overhauls is $15k per unit.

2 0 0 0 0 30 30

Most of the major spare parts and the spares for the accumulator level and pressure 
measurements system should be procured. The budgetary cost of such spares procurement 
is $20k. This should be initiated in 2014

1 0 20 0 0 0 0

It is recommended that the control panels CP1 and CP2 be considered for upgrade at the 
same time as the systems or equipment that they are related to or service are upgraded. 
While the estimated cost to upgrade CP1 has been included with the controls upgrade, the 
cost to upgrade the HVAC controls / CP2 is estimated to be approximately $150k and the 
work should be planned for 2016.

2 0 0 0 150 0 0

Perform a thorough analysis of the compatibility of the plant control instrumentation with 
respect to modernization of the plant control system. It is anticipated that many of these 
instruments would be replaced at the time of a controls upgrade, but they could be done at 
any time. A lump sum instrument replacement budget for these items is $100k, and the work 
should be planned for 2016

2 0 0 0 100 0 0

Re-instate the tailrace water level monitoring function and connect to SCADA for transmission 
to the Energy Control Centre in 2014 at an estimated cost of $25k. 1 0 25 0 0 0 0

Replace the tailrace water level alarm and lockout system within 3 years at an estimated cost 
of $15k. 2 0 0 15 0 0 0

Replacement of the reservoirs water level gauging system is estimated at $38k and should be 
performed in 2022. 3 0 0 0 0 0 0

The sump pump control system should be upgraded within the next five years, Including, 
relocation of the panel to a dry area.  The budgetary cost for this work is $18k and it is allowed
for in 2016

2 0 0 0 18 0 0

STATION DC POWER SYSTEM 0 15 0 135 0 0
The power distribution panel for the DC system is a potential hazard given its exposed 
buswork.  Covers to ensure there is no access issues with the door open could help to reduce 
this risk, however, as parts of the DC system have substantially been upgraded, the 
distribution panel should be upgraded as well, to return the entire system to a like new 
condition.  An upgrade to the distribution panel would be done with a distribution panel with 
visible contacts and would cost $15k and should be performed in 2014.

1 0 15 0 0 0 0

Should NSP wish to increase the reliability of the DC system to attain a more standard 
configuration with redundant DC supplies, a second battery system and inverter could be 
installed.  An additional battery system would cost $135k. This work would typically be done 
with station protections and controls upgrades and has been included in 2016.

2 0 0 0 135 0 0

Condition Assessment 2012 8 WRECK COVE GS

ACE 2018 CI 49033 Attachment 2 Page 397 of 399

Date Filed:  November 22, 2017          Page 0923 of 2371          REDACTED



WRECK COVE GS
Condition Assessment Summary 
2014 to 2017 Recommended Activities
(See also 2013 Recommended Activities document) (costs in  2012 k$)

Recommended Condition 2013 2014 2015 2016 2017 2018
Component or System Projects Rating

2013-04-23

*Note: items showing no funds in 2014-2017 are assumed to be covered with existing maintenance funding or 
internal engineering studies and assessments funding.

STATION GROUNDING SYSTEM 0 0 0 0 0 0
No 2014 to 2017 recommendations - 0 0 0 0 0 0

STATION LIGHTING SYSTEM 0 215 0 650 0 0

The lighting throughout the plant should be replaced within the next two to three years, along 
with the supporting structures where they show signs of corrosion.  The main areas where 
lighting should be upgraded along with their estimated cost include:
Access Tunnel:  $205k;  Plant Main Area: $220k; Plant Auxiliary Areas: $180k; Plant Refuge 
Tunnel Area: $45k, for a total of $650k.
This amount has been included in 2016 as it would benefit general unit overhaul activities.

2 0 0 0 650 0 0

A modern emergency lighting system should be installed which clearly illuminates the paths of
egress. This should be installed in conjunction with the exit signage which helps evacuation to
occur down the correct route.  This new modern emergency lighting system would be DC, but 
separate from the station DC system. The cost of the emergency lighting system would be 
approximately $195k, and should be done by 2014 as it improves safety for plant staff.

1 0 195 0 0 0 0

Given that there a multiple circular routes and effectively only one exit, exit signs and 
phosphorescent paint on the floor should be installed to clearly indicate the directions of exit.  
The cost of the system is included with the above item.  If an exit signage system is installed 
as a separate item, with standalone battery units, the cost of this work would be approximately
$20k, and should be done by 2014 as it improves safety for plant staff..  As separate items, 
these would essentially be self contained exit signs which would have internal chargers and 
batteries and would connect to AC station service.

1 0 20 0 0 0 0

Condition Assessment 2012 9 WRECK COVE GS
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Notes:

Rating Condition 
Description

Details Remediation 
Timetable

4 Good Only minor deterioration or defects are evident. 20 plus years 
(2034 & beyond)

3 Fair Moderate deterioration. Function is still adequate. 7-20 years
(2021 to 2033)

2 Poor Serious deterioration of at least some portions of the 
equipment. Function is inadequate.
OR:  Additional inspection, testing and assessment  
required in near future, to more fully define condition.

2-7 years
(2015 to 2020)

1 Unacceptable Extensive deterioration. Barely functional. Urgent need 
for remediation.
OR:  Additional inspection, testing and assessment 
urgently required to more fully define condition.

0-2 years
(2013 to 2014)

Notes:

2012 Wreck Cove Condition Assessment - Condition Rating Scale

1. The basis year for this table is the end of 2012, by which time the assessment of equipment and structures 
was completed.
2. Condition considers physical deterioration and general adequacy for functional, safety and environmental 
adequacy.
3. In some cases, additional inspection, testing, investigation or assessment activities are recommended to 
better define condition and to aid in selecting or refining the best solution.
4. The condition rating scale is based on a similar table used by a large Canadian electrical utility.
5. The term MTCE is used to identify routine/periodic maintenance program recommendations. These are not 
condition rateable.

1. Added costs potentially in the range of 10 million dollars may be identified in a detailed life safety study 
recommended to be undertaken in 2013.
2. The 2012 Condition Assessment of Wreck Cove addressed the powerhouse equipment and systems, the 
access tunnel portal, the structures and equipment for water control at the entrance to tunnel T-2, at the inlet to 
the penstock and at the tailrace tunnel outlet, the penstocks and the standby diesel generator.
Certain component parts of the Wreck Cove facility were outside the scope of the 2012 assessment, including 
the storage dams, tunnels T-1, T-2, the powerhouse access tunnel and the tailrace tunnel, Gisborne 
Generating Station, the main output transformers and the associated 144 kV conductors, the switchyard, the 
Administration Building and all surface facilities such as dykes, roads, communication tower, storage buildings 
and other miscellaneous buildings.  Assessments for dam safety and assessments of these assets may result 
in identification of additional projects requiring funding which is not included here.

2012 Wreck Cove Condition Assessment 

Condition Assessment 2012 10 WRECK COVE GS
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Disclaimer 

This report was prepared for Nova Scotia Power Inc. (the “Client”) by Hatch Ltd. (the 
“CONSULTANT”) and is subject to the following limitations, qualifications and disclaimers: 

1. The report is intended for the exclusive use of the Client and it may not be used or relied 
upon in any manner for or for any purpose whatsoever by any other party. 

2. The report is for the Wreck Cover Life Extension and Modernization Project (the 
“Project”). Data required to support detailed engineering assessments have not always 
been available and in such cases engineering judgments have been made which may 
subsequently turn out to be inaccurate. There are, therefore, risks inherent in the Project 
which are outlined in the report. The CONSULTANT accepts no liability beyond using 
reasonable diligence, professional skill and care in preparing the report in accordance 
with the standard of care, skill, and diligence expected of professional engineering firms 
performing substantially similar work at the time such work is performed, based on the 
circumstances the CONSULTANT knew or ought to have known based on the 
information it had at the date the report was written and after due inquiry based on that 
information. 

3. The CONSULTANT shall not be responsible or liable for any interpretation or 
recommendation made by others, including any determination in respect of any sale by 
the Client or any purchase by any third party or any valuation in respect of the Project 
based in whole or in part on the data, interpretations and/or recommendations generated 
by the CONSULTANT in the report. 

4. The investigation described in the report is based solely upon site visits by the 
CONSULTANT, and the information received from the Client. 

5. The report speaks only as of its date and to conditions observed at that time, which 
conditions may change (or may have changed) by virtue of the passage of time or due to 
direct or indirect human intervention causing any one or more changes in plans or 
procedures or due to other factors. 

6. The report does not extend to any latent defect or other deficiency in the Project which 
could not have been reasonably discoverable or discovered by such observation, with the 
exception of any latent defect or other such deficiency of which the CONSULTANT had 
actual knowledge. 

7. The report is to be read in conjunction with all other data and information received and 
referenced in paragraph 4 and all correspondence between the Client and the 
CONSULTANT. Except as stated in the report, the CONSULTANT has not made any 
independent verification of such data and information and does not have responsibility for 
the accuracy or completeness thereof.
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Executive Summary 
Nova Scotia Power Inc. (NSPI) engaged Hatch Ltd. (Hatch) to assess the condition of the 
gate equipment installed at the T2 Intake of the Wreck Cove Generating Station (GS).  The 
objectives of the study were: 

• perform a thorough assessment of gate condition 

• complete an inspection of the hoist equipment, including electrical power systems 

• conduct a cursory design review on the principle dimensions of the gate 

• based on the results of the inspection and design review, establish the scope and timing 
of gate refurbishment or replacement, including sketches of the conceptual design 

• develop a feasibility study level cost estimate for refurbishment or replacement of the 
gate, hoist, and hoist support structure, including ancillary equipment. 

The site was visited by Hatch mechanical and electrical engineers in August and November 
2016.  The condition assessment noted that the gate skinplates (upstream and downstream) 
were in good condition, but the wheel boxes have several weld cracks.  Water was noted to 
have penetrated the gate body and scaling was observed on interior steel surfaces during a 
borescope inspection.  The gates seals were deteriorated and noted to be in poor condition.  
The gate wheels, embedded parts, hoist, and hoist enclosure were noted to be in fair 
condition. 

A cursory design review was conducted on the gate, however, due to the unusual design of 
the gate, and cracked welds observed, a more detailed analysis was conducted using Finite 
Element Analysis (FEA) to assess the gate structural integrity.  The FEA analysis was 
conducted under maximum hydrostatic pressure conditions using the Allowable Stress 
Design (ASD) method under the guidelines from the USACE ETL 1110-2-584 Design of 
Hydraulic Steel Structures publication.  FEA results showed that the maximum stresses on 
the loaded gate structure did not exceed the allowable stress of 19.8 ksi. 

A structural model of the hoist support structure was completed using SAP2000 software.  
The subsequent analysis showed that the support beams and columns are able to withstand 
the anticipated loads in accordance with CSA S16-09, Limit States Design of Steel 
Structures. 

Calculations were performed to assess the hoist capacity and determine if the gate weight is 
sufficient to allow for gate closure.  Both the original design conditions (water tight gate body, 
buoyancy forces) and current existing conditions (water allowed to infiltrate gate) were 
assessed.  The hoist was found to be slightly undersized for the current condition of water 
infiltration and it is recommended to increase the hoist capacity during any future 
refurbishment or replacement project. 
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The gate electrical system is generally in poor condition and in need of an upgrade due to the 
deterioration that has taken place.  There were numerous deficiencies noted during the site 
investigation. Only local control of the gate hoist is currently available.   

As a base case, it is recommended to replace the T2 Intake gate, hoist, hoist support 
structure, and hoist enclosure.  The major reasons for hoist replacement rather than 
refurbishment are to minimize the duration of a station outage, maintain flexibility within the 
short seasonal construction window, maximize the equipment life extension gain, and take 
advantage of the preassembled nature of the new equipment.  An estimated cost for the 
equipment replacement scope of work is $990,000.  
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1. Introduction 
Nova Scotia Power Inc. (NSPI) engaged Hatch Ltd. (Hatch) to assess the condition of the 
intake gate equipment at the T2 Intake at the Wreck Cove Generating Station (GS).  This 
work was undertaken on the basis of the Hatch proposal dated May 3, 2016. 

The objectives of the Tunnel T2 Intake Gate Assessment are to accomplish the following: 

• perform a thorough assessment of gate condition 

• complete an inspection of the hoist equipment, including electrical power systems 

• conduct a cursory design review on the principle dimensions of the gate 

• based on the inspection and design review, establish the scope and timing of gate 
refurbishment or replacement, including sketches of the conceptual design 

• develop a feasibility study level cost estimate for refurbishment or replacement of the 
gate, hoist, and hoist support structure, including ancillary equipment. 

The purpose of this report is to communicate the Hatch findings from the gate inspections 
completed at site and during the desktop analyses.  Recommendations on how to proceed 
with the T2 Intake equipment are included in this analysis, as well as a cost estimate for the 
base case scenario. 
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2. Background and Site Description 
This section provides a brief background to the history of the project, and a site description of 
the Wreck Cove Facility. 

2.1 Background 
A comprehensive condition assessment of the station was completed in 2011 and 2012. 
Various recommendations were provided, including estimated expenditures to maintain the 
facility as well as consideration of opportunities to improve plant performance and reliability in 
preparation for life extension and modernization. 

For the current phase of the project, NSPI has engaged Hatch to conduct engineering 
services specific to the improvement of the existing Tunnel T2 Intake Gate and associated 
equipment. 

2.1.1 Tunnel T2 Intake Gate Equipment Assessment 
The project objectives for the T2 Intake Area of the Wreck Cove site are: 

• conduct a detailed assessment of gate and hoist equipment condition 

• based on findings, establish the scope and timing of a gate equipment refurbishment or 
replacement program. 

2.2 Description of the Wreck Cove Facility 
A schematic of the Wreck Cove Facility (from Wreck Cove Lake to the underground 
Powerhouse) can be seen in Figure 2-1. The general features (from upstream to 
downstream) of the Wreck Cove GS are as follows: 

• Wreck Cove Lake Reservoir 

• Tunnel T2 intake structure with wheeled intake gate 

• Tunnel T2, 3590 m long 

• Surge Lake 

• Surge Lake penstock intake structure 

• concrete lined penstock, 496 m long 

• bifurcation and steel lined horizontal penstocks 

 two 6 ft dia spherical turbine inlet shutoff valves 

 200 MW underground powerhouse (placed in service in 1978) 

 tailrace tunnel, 1705 m long. 
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Figure 2-1:  Schematic of the Wreck Cove Facility (Ref. Drawing No. H-085S1-1-111-00-033) 

2.2.1 T2 Intake Control Structure 
The T2 intake structure controls the flow of water from the Wreck Cove Lake Reservoir to 
Surge Lake.  The control structure is equipped with a single vertical lift wheeled gate 
(4.725 m high x 4.623 m wide, 35,000 lb, four wheels per side), operated by a motor-driven 
wire rope hoist mounted on an elevated steel superstructure, enclosed with a metal-clad 
building.   

The T2 intake gate acts as a headgate for the Wreck Cove GS (the penstock intake at Surge 
Lake does not currently have a gate).  The T2 intake gate is currently the only shutoff device 
available to stop water flow upstream of turbine inlet valves.  The gate is intended for 
operation in the fully open or closed position, and currently has no electrical controls for 
remote or automatic emergency closure. 

The general arrangement of the T2 intake control structure can be seen in Figure 2-2. 
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Figure 2-2: General Arrangement of the T2 Intake Gate (Ref. Drawing No. H-085S1-2-628-00-001) 
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3. Methodology 
3.1 Gate Condition Assessment 

3.1.1 Data Review 
A desktop data review was carried out as part of the condition assessment.  NSPI provided 
various studies and drawings for each piece of equipment which were available prior to the 
site visit.   

In addition to the review of drawings and previous reports, the following NSPI staff, with 
previous experience working at these facilities, were interviewed during the site visit: 

• Ray Sampson – Senior Engineer 

• Tim Hawley – Electrical Technician 

• Dan _______ – Mechanical Technician. 

3.1.2 Site Visit 
The site inspection team was composed of professional engineers from Hatch with extensive 
experience in similar work on other projects. They were accompanied during the visit by NSPI 
staff. The Hatch team included: 

• Jonathan Atkinson – Senior Mechanical Engineer 

• Leonardo Chacon – Senior Electrical Engineer 

• Jerry Westermann – Mechanical Engineering Consultant 

• Andrew Bridgeman – Mechanical Engineer. 

Two inspections were carried out; the first on August 20, 2016, and the second on 
November 5, 2016. The purpose of the second inspection was to verify the interior condition 
of the welds, and verify wheel alignment. 

3.1.3 Condition Assessment 
Standardized condition assessment check sheets were used to collect data and record the 
perceived condition of the intake structure equipment.  The condition rating was determined 
based on a visual inspection of each component (looking for obvious irregularities), 
information gathered during data review, and information received from NSPI staff during and 
after the site inspections.   

Data recorded on the check sheets consist of nameplate information, overhaul/rehab history, 
condition ratings and notes for sub-components, photographs, and an overall condition rating. 
A copy of the inspection check sheets can be found in Appendix A. 
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4. Tunnel T2 Intake Gate Assessment 
Hatch completed an assessment of the major components at the T2 intake and generated 
condition assessment check sheets for each component assessed.   

It is noted that the perceived condition was based on a combination of the general overall 
visual condition of each component, O&M history, reported condition and concerns discussed 
with NSPI, as well as historical data.  Detailed inspection and testing of components (e.g., 
performance testing, oil samples, electrical tests, etc.) were not completed as part of the 
assessment, and the overall condition was assessed based on the discipline engineer’s 
experience with hydro power components and in discussion and agreement with NSPI staff.   

4.1 Gate and Hoist Condition 
Detailed inspection check sheets for equipment assessed during the site visit can be found in 
Appendix A.  A summary of the observations is provided in the following subsections. 

4.1.1 Gate Body 
The gate skinplates (upstream and downstream) are in good condition.  Plate thickness 
measurements were taken on the skinplates and indicated that there has been little or no loss 
of material in relation to the original drawing dimensions.  The coating system on the gate 
body is generally in fair condition, with surface corrosion and pitting on less than 10% of the 
skinplate surfaces. 

Many cracked welds were identified around the wheel boxes during the inspection.  Detailed 
crack mapping can be seen in Appendix B, with accompanying photographs of the cracks.  It 
is expected that the cracks were caused by water infiltration behind the wheel boxes, followed 
by freeze-thaw cycles, however, the exact cause has not been determined. 

The gate was originally designed to be water tight and heated, however the heating system 
has failed (reported to have failed approximately 25 years ago), and the power supply to the 
gate has been removed.  The cable access holes have not been plugged after the heating 
system was removed and currently water is allowed to freely enter the gate body.  The gate 
top cover gasket was also found to be severely deteriorated and is no longer maintaining a 
seal. 

The inside surfaces of the gate body were inspected with a borescope camera. Significant 
scaling was evident throughout the gate interior as a result of water infiltration. 

4.1.2 Gate Seals 
The gate seals were found to be in poor condition.  Minor tearing of the fluorocarbon film was 
evident, and the rubber seal material was deteriorated. 

The coating system on the seal clamp bars is failing and significant corrosion was observed 
throughout. 
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4.1.3 Gate Wheels 
The gate wheels were found to be in fair condition.  All wheels could be turned by hand, 
indicating that they are freely rotating.  Significant corrosion was identified on all wheels, 
including the axle cover plates and keeper plates. 

4.1.4 Embedded Parts 
The visible portion of the embedded parts was in fair condition.  Minor paint deterioration and 
corrosion were visible above water level.  A subsequent ROV inspection of embedded parts 
below the water surface completed after the site visit, showed that the condition of the 
embedded parts is fair.   

There are three gain heater conduits on each side of the gate slot (one upstream, two 
downstream); however, all gain heaters have failed and are no longer operational. 

4.1.5 Hoist and Hoist House 
The hoist and hoist house were visually inspected and found to be in fair condition.  Various 
deficiencies were identified during the inspection, and are summarized below: 

• main brake reported to be slipping, NSPI currently dogs the gate in place rather than 
relying on brake 

• no remote or automatic emergency closure capabilities are present on the hoist 

• fan brake damper is fully closed – fan brake damper should be fixed in place to ensure 
proper closing speed 

• minor surface corrosion on hoist drum 

• roof leaks in building onto various pieces of equipment. 

The hoist was also inspected by Hercules on October 31, 2016, who identified various 
deficiencies, mostly related to limit switches.  The Hercules inspection letter can be seen in 
Appendix C. 

4.1.6 Operational Tests 
During the site inspection, functional testing was performed on the gate.  The gate was fully 
closed and opened under balanced head conditions.  The tunnel was not dewatered during 
the testing to observe leakage; however, it was reported by operators that the tunnel was 
drained last fall and minimal leakage was observed on the gate. 

4.2 Intake Gate Finite Element Analysis (FEA) 
Finite Element Analysis (FEA) was conducted using ANSYS Workbench R15.0 for the Wreck 
Cove T2 Intake Gate to assess the gate structural integrity.  
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4.2.1 FEA Methodology and Model 
Allowable Stress Design (ASD) method was adopted using guidelines from USACE ETL 
1110-2-584 Design of Hydraulic Steel Structures publication. Observed cracks in the end 
beam welds were not modelled as it was assumed that these would be repaired.  

The FEA model (Appendix D, Figure D-5) geometry is illustrated in the details shown in 
Figure D-6. The gate plates were modelled using 4 node SHELL181 elements while the axles 
were modelled using 8 node SOLID185 elements (Figure D-7). The number of elements is 
121,300; the number of nodes is 124,500.  Continuous mesh was used between all plates 
forming the gate structure. 

To connect the solid-meshed axles (wheels and sheave block) to the shell-meshed gate no-
separation contacts allowing sliding were used.  Such contact type is considered adequate for 
the axle-plate interaction and significantly reduces the required solving time. The wheel axles 
consist of three different diameters. To attach the three axle components to each other 
bonded contacts were used (Figure D-10). 

A single load combination with a number of loading scenarios was used. Multiple load 
scenarios were considered based on discussions with NSPI to help determine if a misaligned 
wheel could have caused overstress. The load combination is LC1 = 1.0D + 1.0H, where D is 
the gate weight of 35,000 lbf (Figure D-13) and H is the hydrostatic pressure corresponding to 
the maximum operating water level of 1200.0 ft elevation (32 ft of hydrostatic head at the gate 
sill). Hydrostatic pressure, assuming water is inside the gate, was applied as illustrated in 
Figure D-14. The loading scenarios are as follows: 

LS1 All wheels are in contact with the wheel track (Figure D-12a) 

LS2 The pair of upper most wheels (01) is not in contact with the wheel track 
(Figure D-12b) 

LS3 The pair of 02 wheels is not in contact with the wheel track (Figure D-12c) 

LS4 The pair of 03 wheels is not in contact with the wheel track (Figure D-12d) 

LS5 The pair of bottom most wheels (04) is not in contact with the wheel track (Figure 
D-12e) 

For all loading scenarios above the gate was assumed to be supported by the wire rope with 
Uy=0 (vertical direction) constraint applied at the sheave axle (Figure D-11). In order to 
reduce computational time, only half of the gate was modelled due to symmetry about the 
middle X-Y plane. Symmetry boundary conditions were applied as shown in (Figure D-11).  

Steel material properties were assigned to all elements with E = 200 GPa, ρ = 7850 kg/m3, 

v = 0.3.  Nominal plate thicknesses are shown on Figure D-6.   
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For all loading scenarios 1/16 in. corrosion allowance was subtracted from all plates except 
for the 1/2 in. main girder webs and 1/2 in. inner end plates where 1/8 in. was subtracted.  
The adopted corrosion allowances are consistent with the results of Hatch’s site inspection. 

4.2.2 FEA Model Results 
The gate structure is fabricated out of G40.21-44T steel with 44 ksi yield strength (per 
H-085S1-9-625-00-048 drawings). The allowable stress per ETL 1110-2-584 is 44 ksi/ 
(1.67*1.33) = 19.8 ksi where 1.33 is the allowable stress modifier for emergency closure 
gates and 1.67 is the allowable stress design safety factor. 

The deflection criterion is taken from ETL 1110-2-584. The main girder deflection in the 
middle of the gate is limited to 1/800 times the span and the skinplate deflection is limited to 
0.4 times the plate thickness. 178 in./800 = 0.222 in. where 178 in. is the distance between 
the wheels. 0.4*0.625 in. = 0.25 in. where 0.625 in. is the skinplate thickness. 

The FEA results are summarized in Table 4-1 below. The results show that the stress levels 
in the gate do not exceed the allowable of 19.8 ksi. 

The wheel axles were analyzed using reaction forces from the FEA model and analytical 
methods. Although the axle material is not known both shear and bending stresses in the 
wheel axles are low. 

Main girder web to skinplate weld capacity was checked using nodal forces from the FEA 
model. The existing welds on both the upstream and downstream sides were determined to 
have a sufficient capacity to resist the applied loads. It should be noted that the present weld 
condition is unknown.  

End plate to skinplate weld capacity was checked using nodal forces from the FEA model. 
The welds connecting the end beam plates should be repaired and their size increased to 
3/8 in. using matching electrode. 

4.2.3 FEA Conclusions and Recommendations 
Based on the results of the assessment, Hatch concludes: 

• The gate load-carrying components (gate leaf, wheel axles, skinplate-to-end-plate welds 
in the end beams, main-girder-web-to-skinplate welds) investigated in this study show 
that these components have sufficient capacity to resist forces corresponding to the 
maximum operating water level (el 1200 ft).  

Hatch recommends the following: 

• The welds connecting the end beam plates shall be repaired and their original size 
increased to 3/8 in. using matching electrodes. 

• It is assumed that the gate will not be restored to its original completely sealed 
configuration. Therefore, drain holes shall be provided to avoid water entrapment and 
recurring issues with cracked welds. 
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Table 4-1:  FEA Results – Summary Table 

Loading 
Scenario 

Girder 
Deflection [in] 

Skinplate 
Deflection [in] 

Misaligned 
Wheel 

Deflection[in] 

Upstream 
Skinplate 
σvm [psi] 

Downstream 
Skinplate 
σvm [psi] 

Main Girder 
Bending 
σz[psi] 

End Beam 
σvm [psi] 

End Beam 
Bending 
σy [psi] 

LS1 0.113 0.045 0.0 10,530 16,520 7,120 8,680 5040 
LS2 0.181 0.045 0.092 10,860 18,100 8,130 15,990 15,300 
LS3 0.109 0.046 0.023 11,860 17,200 6,880 12,050 10,100 
LS4 0.118 0.037 0.022 10,440 16,500 7,020 9,820 8,390 
LS5 0.171 0.070 0.073 11,080 17,300 7,820 16,420 15,020 

 
Notes: 1. The allowable stress is 19,800 psi 
 2. The allowable girder deflection in the middle of the gate is 0.222 in. 

3. The allowable skinplate deflection is 0.25 in. 
4. The wheel axle eccentricity intended for wheel alignment is 0.125 in., Ref [2]. 
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4.2.4 FEA References 
The following references were used to create and analyze the FEA model of the T2 Intake 
Gate: 

[1] H-085S1-2-628-00-001 drawing 

[2] H-085S1-9-625-00-047 drawing 

[3] H-085S1-9-625-00-048 drawing 

[4] H-085S1-9-625-00-049 drawing 

[5] H-085S1-9-625-00-081 drawing 

[6] H-085S1-9-625-00-082 drawing 

[7] USACE ETL 1110-2-584 Design of Hydraulic Steel Structures. 

4.3 Hoist Superstructure Assessment 

4.3.1 Inspection 
Only one serious structural deficiency was noted during the inspection. On the downstream 
side of the structure, a bolt connecting cross bracing is missing, as seen in Figure 4-1. 

The missing bolt in the cross bracing should be replaced immediately using a structural bolt 
with diameter to match the original bolt. The bolt material is to be ASTM A325, the nut and 
washer are to be ASTM A563 and ASTM F436, respectively. 

ACE 2018 CI 49033 Attachment 3 Page 17 of 284

Date Filed:  November 22, 2017          Page 0942 of 2371          REDACTED



 
Figure 4-1:  Missing Bolt in Cross Brace on Downstream Side 

From an earlier assessment by Hercules, the existing ladder may not be constructed in 
accordance to current code standards.  This should be confirmed by NSPI. 

4.3.2 Structural Assessment 
Based on existing drawings, a computer model of the hoist building and support structure was 
created using SAP2000 software. The model was analyzed primarily to determine the 
capacity of the support columns. It was also possible to determine the capacity of the hoist 
equipment support beams using this model. A graphic of this model is included below: 
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Figure 4-2:  SAP2000 Hoist Support Structure Model 

The results of this analysis indicate that the hoist equipment support beams and columns are 
below capacity in accordance with CSA S16-09, Limit States Design of Steel Structures. 

The complete superstructure assessment results are in Appendix E. 

4.4 Hoist Capacity Calculation 
Calculations were performed to assess the hoist capacity and determine if the gate weight is 
sufficient to allow for gate closure.  Both the original design conditions (water tight gate body, 
buoyancy forces) and current existing conditions (water allowed to infiltrate gate) were 
assessed.  The calculations can be seen in Appendix F. 
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The analysis considered the following forces acting on the gate during hoisting and lowering 
operations: 

• seal friction 

• wheel bearing friction 

• wheel sliding resistance 

• downpull 

• buoyancy 

• gravity. 

The results of the design review are as follows: 

• In an analysis neglecting downpull forces and considering the full buoyancy forces of the 
original design conditions of the gate, the gate has enough weight to lower under gravity.  
This assessment considers that all wheels are rotating freely and that the fluorocarbon 
film on the seals is intact. 

• The hoist has 134% of the required capacity to lift the gate to the prime position, with full 
head acting on the upstream side of the gate considering the original design conditions 
(water tight gate, high buoyancy forces). 

• The hoist has 101% of the required capacity to lift the gate to the prime position, with full 
head acting on the upstream side of the gate considering the as-found conditions (water 
filled gate). 

Typically, hoists are sized to have a capacity not less than 110% of the calculated required 
capacity.  Therefore, in the as-found conditions the hoist is slightly undersized. Raising the 
gate to the prime position is a short operation which is done very infrequently, and operating 
the hoist in the as-found condition is not considered to be a concern.  However, it is 
recommended that the hoist capacity be increased during the gate and hoist 
refurbishment/replacement project. 

4.5 Electrical Review 

4.5.1 Description 
Power supply for the Tunnel T2 Intake Gate is taken from a 25 kV transmission line that runs 
from the Wreck Cove Switchyard parallel to the T2 Intake access road. At the end of the 
transmission line are three 25/0.6 kV single phase transformers that are installed for servicing 
the intake electrical equipment. 

Electrical equipment is installed in the hoist house and consists of one energy meter, 600 V 
AC and 120 V AC distribution panels, disconnect switch, 5 kVA lighting transformer, hoist 
control panel, RTU for remote communication, heaters and enclosure lighting. 
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At the gate deck level, electrical equipment was originally installed to supply power for gate 
and gain heaters and bubbler system. 

4.5.2 Assessment 
In general, all the electrical equipment at the hoist house and gate deck level are original and 
are in need of an upgrade. Gate local controls were modernized in 2012, but operation is only 
available locally.  In addition, the hoist building roof is damaged and it leaks, exposing the 
electrical equipment to water. 

The following list summarizes the electrical deficiencies observed during the site inspection: 

• Heater for hoist building is suspected to be inoperable due to roof water leakage. 

• Enough fluorescent lamps are installed but few are in operation. 

• There is no provision for voice communication. 

• All the building structure electrical grounds have been deliberately removed, apparently 
by vandals. 

• An RTU is installed inside an inadequate wooden cabinet with exposed batteries. 

• According to handwritten notes in the RTU Panel, the following signals are available: gate 
open limit, gate close limit, gate trouble alarm, intrusion alarm, gate local control, gate 
raise, gate lower and gate stop. Operations personnel reported that the gate is only 
operated locally and no remote supervision is currently available. 

• A pressure transducer is installed for reservoir water level measurement; however, it is 
not clear how this signal is transmitted to the powerhouse/ECC. 

• All cables for the gate and gain heaters have been removed. 

• Cables at deck level for pressure transducer and gate docking position limit switch are 
not protected with conduits. 

During the site inspection, the gate was operated for mechanical assessment and 
measurement. The motor seems to operate normally; however, functional verification of limit 
switches was not confirmed. 

Pictures of the above-mentioned deficiencies and others are indicated in Gate Electrical 
Check Sheets in Appendix A. 
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5. Recommendations 
5.1 Life Extension Alternatives 

Two life extension alternatives were evaluated for the Wreck Cove Intake; refurbishment and 
replacement.  The scope of work for each alternative is explained in further detail in the 
Section 5.1.1 and Section 5.1.2 

5.1.1 T2 Intake Replacement Alternative 
Replacement would involve removing the existing equipment and installing new equipment.  
This alternative would result in higher capital costs than a refurbishment scope, however the 
overall construction schedule would be compressed, minimizing outage duration and lost 
generation revenues. 

The following items would be included in the base case scope of work: 

• removal of existing gate, hoist, hoist enclosure, and hoist support structure 

• cleaning and refurbishment of the existing gate guide embedded parts 

• new downstream sealing vertical wheeled gate installed inside of the existing gate slots 
using the existing sealing surfaces and embedded parts 

• new steel hoist support structure installed at deck level and would facilitate removal of the 
gate from the gate slots 

• new wire rope gate hoist installed inside of a new heated hoist enclosure that is mounted 
on top of the new hoist support structure 

• new heated enclosure installed at deck level on the downstream side of the vertical gate 
to facilitate air entrance and exhaust [required during penstock filling (air escape) and 
penstock dewatering (air entrance)] 

 Note that there is currently a vent stack shown on the T2 Intake Gate design 
drawings.  This arrangement will be investigated and confirmed or recommended to 
be refurbished or replaced during the detailed design phase based on the air demand 
requirements 

• new winter season timber isolation beams to shield the gate guide area from ice cover 
(installed on the upstream side of the gate guides). 

This concept uses well-established technologies that are typically installed at similar hydro 
facilities and are in-line with prudent utility practice.   

It is recommended to review the air venting requirements and the capability of the existing 
vent stack as part of the next phase of the project.  This analysis will determine the vent 
surface area required based on the demands of the T2 tunnel during load rejections at the 
Wreck Cove GS.  Due to the presence of Surge Lake, it is not anticipated that a load rejection 
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at the Powerhouse would affect the assets at the T2 intake, but this should be confirmed 
during the detailed design phase. 

A similar hoist arrangement concept could be applied to the penstock intake at Surge Lake 
which would facilitate uniformity for spare parts and operation procedures. 

5.1.2 T2 Intake Refurbishment Alternative 
Refurbishment of the gate and hoist equipment is a potential option for extending the life of 
the equipment.  The refurbishment would be at a lower capital cost than full replacement, 
however extensive site work would be required resulting in a longer outage and higher cost 
due to lost revenues.   

The following sections contain lists of the rehabilitation measures proposed for the gates, 
embedded parts, hoist, and hoist support structure. 

5.1.3 Gate 
• Blast clean and paint gate body. 

• Replace seals. 

• Replace seal clamp bars, and refurbish backing bars. 

• Replace all seal bolting with stainless steel bolts. 

• Remove, refurbish, re-assemble, install, and adjust main roller assemblies. 

• Remove gate heater components to the extent possible. 

• Drill water drain holes on the upstream side of the gate and the enclosed compartments 
in the end beams. 

• Repair cracks in end beams and wheel boxes. 

• Replace and weld top covers on to gate. 

• Refurbish lateral guide rollers. 

 Replace springs and roller bushings. 

 Consider re-installation and possible design modification of lateral guide roller 
protective covers. 

• Replace lateral bumpers with fixed bronze bumpers. 

• Replace deformed end plates. 

• Design and install a gate well heating system to prevent the gate from freezing in place. 

• Cleaning and refurbishment of the existing gate guide embedded parts. 
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5.1.4 Hoist 
• Replace hoist motor. 

• Replace and commission main brake and brake drum. 

 Brake to include manual release lever. 

• Replace fan brake. 

• Inspect and lubricate bearings. 

• Conduct oil analysis of gearbox, and inspect gearbox (seals, bearings, gears). 

• Replace load block sheave assemblies, consider self-lubricated bushings. 

• Replace upper sheaves and equalizer, including load sensing pin. 

• Install wire rope retention device on load block sheaves. 

• Inspect and NDE hoist drum. 

• Mechanically clean and paint hoist support frame, and perform NDE on structural welds. 

• Install machinery guards to protect personnel from exposed hoist drum and other 
exposed rotating equipment. 

5.1.5 Electrical 
Considering the conditions of the electrical equipment it is recommended that the following 
work be completed: 

• replace all the electrical equipment including 600 VAC and 120 VAC distribution panels, 
lighting transformer, internal and external lighting 

• replace hoist control panel, including provisions for remote supervision and control 

• replace hoist house heater 

• reinstall ground cables  

• replace gain heaters, including cables and controls 

• evaluate conditions of main power supply cables coming from transformer bank  

• install means for voice communication 

• replace rotary control system, to include the following: 

 normal closed 

 prime position 
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 normal open position 

 maintenance position 

• install new digital position encoder  

• replace hoist over travel limit switch 

• install load cell for slack for and hoist overload conditions. 

5.1.6 Hoist House and Structural 
• Repair water leakage in hoist house roof. 

• Consider vent fan on humidistat control. 

• Provide screening. 

• Install missing bolt in support cross bracing. 

• Blast clean and paint superstructure. 

• Consider access safety issues, and ensure ladder, platforms and handrails meet current 
OHS requirements.  Consider installation of a staircase. 

5.1.7 Gate Well Heating Arrangement 
Regardless of the recommended alternative, a gate well heating arrangement is suggested to 
reduce the probability of having the gate frozen in the gains.   

The original design of the gate incorporated an upstream and downstream skinplate, an air 
tight sealed gate body, and internal gate heaters.  As described in Section 4.1.1, this 
arrangement has failed.  The heaters are no longer functional, and cracked welds have 
allowed for water to infiltrate the gate body. 

Both refurbishment and replacement alternatives do not recommend reinstating gate body 
heating arrangement, but instead recommend providing an upstream barrier to the gate well 
to close off the upstream wall, and heating the enclosed area.  The proposed arrangement 
would include the following components: 

• upstream guides, embedded into the existing concrete structure 

• upstream timber beam isolation wall, installed in the new guides to shield the gate guide 
area from ice, and minimize heat loss from the area 

• gate slot cover to minimize heat loss from the area 

• radiant heaters hanging from the gate deck. 

The proposed arrangement can be seen below in Figure 5-1. 
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Proposed insulated gate well 
cover to prevent heat lossProposed radiant heaters  

suspended from intake deck

Proposed timber ice shield mounted 
to upstream face of intake

Figure 5-1
Nova Scotia Power Inc.

Wreck Cove – T2 Intake Gate Assessment
Proposed Gate Well Heating Arrangement 
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5.2 Recommended Alternative 
Replacement of the major components will provide the maximum duration of life extension 
and lessen the overall construction schedule. Once the existing equipment is removed the 
new equipment can be installed resulting in a more efficient project and minimizing station 
downtime and lost generation.  A Preliminary Construction Cost Estimate was prepared for 
the T2 Intake equipment replacement and can be found in Section 5.3.  

The scope of work for gate and hoist replacement was developed based on observations 
made during the site inspection and conversations with NSPI site operations and engineering 
staff. 

If replacement of the T2 Intake equipment is not a preferred solution for NSPI, then 
refurbishment is an option.  While refurbishment will have a lower capital cost, the major 
drawbacks of this option are the extended duration of the site work that would be required 
(resulting in higher outage costs) and the challenges of working at site with limited laydown 
areas.  In order to minimize the station outage, the project would need to be completed on an 
accelerated schedule.   Costs for the refurbishment option were not estimated, but gate 
refurbishments can typically be between 40% to 70% of gate replacement cost. 
Refurbishments of the hoist, superstructure, and hoist house are typically between 20% to 
50% of replacement costs. 

5.3 Replacement Cost Estimate 
The estimated project cost for the Wreck Cove – T2 Intake Gate Assessment Project is 
$990,000 in 2017 Canadian dollars (CAD) and is subject to certain qualifications, 
assumptions and exclusions further explained in this section. 

This preliminary Construction Cost Estimate is considered to have an accuracy range of 
±30% 

The cost estimate can be found in Appendix G of this report. 

5.3.1 Estimate Methodology 
The cost estimates were developed based on unit costs obtained from previous NSPI 
projects as well budgetary quotes for the major equipment.  A copy of the budgetary quote 
provided by Canmec can be found in Appendix H. 

5.3.2 Scope of Estimate 

5.3.2.1 Qualifications and Assumptions 
The Construction Cost Estimate was compiled based on the following parameters: 

• an estimate base date of August 2017 

• all prices are in CAD 

• cost estimate was developed without comprehensive condition assessment of existing 
structures and site conditions   
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• existing structures assumed to meet stability requirements 

• existing structures assumed to be in acceptable condition for intended purpose 

• costs were provided based on local contractor (minimal per diems) 

• road access and possible laydown areas on the project site assumed to be in reasonable 
condition for construction equipment and crane access (allowance provided for minimal 
improvements) 

• dewatering managed by NSPI (outage planned) 

• grounding requirements based on standard design supplier requirements 

• CCTV camera included for visual inside intake to monitor freeze protection 

• all ladder and fall arrest systems by suppliers 

• 6-month project schedule. 

5.3.3 Exclusions 
• Geotechnical investigations or environmental studies. 

• Improvements to the existing ventilation shaft. 

• Owner’s Costs (project management, tendering, site supervision, QA testing, 
financing/IDC, taxes, land acquisition, legal services). 

• Construction insurance and bonds. 

• Escalation beyond 2017. 

• Mitigation measure for protection of archaeological areas (if applicable). 

• Concrete testing (Owner preference to coordinate). 

• Risk allowance. 

• Sales tax and import duties unless specifically included.  

• Schedule acceleration costs.  

• Schedule delays and associated costs, such as those caused by:  

 unexpected site conditions  

 unidentified ground conditions  

 labor disputes.  
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• Force majeure. 

• Permitting.  

• Development fees and approval costs of statutory authorities. 

5.3.4 Contingencies 
Contingencies are provisions for project costs which will occur, but which cannot be defined 
insufficient detail for estimating purposes due to the lack of complete, accurate and detailed 
information, as well as the limited engineering, which has been performed. The addition of 
contingency is required in order to determine the most likely cost of the project. Based on 
Hatch’s experience on similar projects, the contingency for the project was assessed at 20% 
of construction direct and indirect costs.  
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6. Conclusions and Recommendations 
The condition of the Tunnel T2 gate, hoist, and superstructure has been assessed by a team 
of Hatch mechanical and electrical engineers.  Detailed condition assessment checksheets 
are provided in Appendix A and a summary of major findings is provided in Section 4.  In 
addition to the site assessment, desktop calculations were preformed to assess the hoist, 
superstructure, and gate components.  A summary of findings from the desktop calculations 
is provided below: 

• The hoist equipment support beams and columns are below capacity in accordance with 
CSA S16-09, Limit States Design of Steel Structures. 

• The hoist capacity is sufficient when considering the original design (sealed gate cavity 
with large buoyancies forces); however, it is slightly undersized for the current conditions 
of the gate (water allowed to enter and fill the gate cavity).  This is not considered to be a 
major concern; however, during refurbishment/replacement it is suggested that the hoist 
capacity be increased. 

• The gate load-carrying components (gate leaf, wheel axles, skinplate-to-end-plate welds 
in the end beams, main-girder-web-to-skinplate welds) were investigated and these 
components have sufficient capacity to resist forces corresponding with the maximum 
operating water level (el 1200 ft). 

Cracked welds were identified on the end beams and around the wheel boxes, which require 
immediate attention.  It is presumed that these failures were initiated by water infiltration into 
the gate, resulting in freeze thaw damage.  A preliminary scope of suggested repairs was 
provided to NSPI in November 2016 to address these concerns, which can be seen in 
Appendix I.   

Due to the age of the existing T2 Intake equipment, site access challenges, seasonal 
construction schedule, desire to minimize station downtime, and the limited equipment life 
extension gained by a refurbishment project, it is recommended to replace the T2 Intake gate, 
hoist, hoist support structure, and hoist enclosure.  In addition, there may be a requirement to 
add a ventilation enclosure on the downstream side of the gate slots if it is confirmed that the 
existing vent shaft cannot transport the required air supply to the tunnel during penstock filling 
or emptying.  A general base scope of work for gate and hoist replacement was developed 
based on observations made during the site inspection and conversations with NSPI site 
operations and engineering staff.  The scope of work for replacement project is presented in 
Section 5.  A cost estimate for the T2 Intake equipment replacement base scope of work is 
provided in Appendix G. 
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Appendix A  
T2 Intake Conditions Assessment 

Checksheets 

ACE 2018 CI 49033 Attachment 3 Page 31 of 284

Date Filed:  November 22, 2017          Page 0956 of 2371          REDACTED



 
Nova Scotia Power Inc. Engineering Checklist
Wreck Cover - Assessment and Improvements Mechanical Engineering
H351728 Condition Assessment Checklist

 

   
Associated Doc No. PLP-110-056-0008 

 
H351728-00000-220-008-0001, Rev. A, 

Page 1
  
    Ver: 04.02
© Hatch 2017 All rights reserved, including all rights relating to the use of this document or its contents 

 

Condition Assessment Checklist 

Intake and Spillway Gate Hoist 

Site Name Wreck Cove T2 Intake 

Date of Inspection August 20, 2016 

Weather Cloudy/Light Rain 20°C 
Upstream Water Level Not confirmed 

Description of Item Equipment Data/O&M Data and Year 

Gate data:  

(record source if not seen on 
equipment) 

Type  

(tainter, vertical lift) 

 

W x H Side Seals Lintel seal 

H-085S1-9-625-00-053 Vertical 

 

13’ x 13’ 

Clear 
opening 

Rubber w 
flouro-carbon 

Rubber w   
flouro-carbon 

 

Hoist data:  

(record source if not seen on 
equipment) 

Design/actual speeds 
(lower/raise) 

 

Capacity Motor hp Torque switch 

H-085S1-9-625-00-053 2.42 fpm lifting 

2.8 fpm lowering 

41000 lb 
rated 

98000 lb 
stall 

3 hp  

 Hoist in open or enclosed Hoist supplier/year 
installed 

Lift 

Enclosed 1976 1212‘ top of deck

1168’ sill 

Hoist arrangement [drums (no./dia./no. wraps/left & rh grooving on drums?), hoist rope or chain, no. falls, no. 
sheaves (upper/lower)]: 

Single drum with gearbox, motor and wire rope.  LH/RH common drum. 

Operating problems reported 
(jamming, jerkiness, noisy, stalling, 
slow, vibration). 

None reported. 

Hoist system 

- inspection frequency 

- year overhauled 

- overhaul details 

Annual inspection by Hercules (maybe bi-annual for gate).  Believe only 
good for 5 years.  Only wire rope has been recently replaced (otherwise 
maybe 15 years ago was replaced).  Last decal on hoist suggests last 
inspection in 2009.  Controls done recently (approximately 2 years ago), but 
unsure of scope. 
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Intake and Spillway Gate Hoist 

Major repairs, modifications None – appears original (other than controls). 

Maintenance problems Brake slipping – possible asbestos in pads. 

NSPI currently looking at replacing brake. 

Last Sept/Oct when Surge Lake was drained, motor thermals were tripping 
out (suspect when gate under head). 

Drawings/manuals-record location 
(site, office, both) 

Stored in site office. 
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Item Rating Reason for Rating 

Couplings, Shafts and Bearings   1    2    3    4 No issues reported. 

Gear Reducer, V-Belts and 
Sheaves 

  1    2    3    4 Don’t think any oil samples done. 

Open Gearing   1    2    3    4 N/A 

Main Brake and Fan Brake 

  1    2    3    4 

Slippage; No lever on brake. 

No issues with fan brake reported – damper 
is closed. 

Appears rust build-up inside fan housing. 

Hoist Drum 
  1    2    3    4 

Some surface corrosion, grooves appear ok, 
new rope. 

Wire Rope Sheaves and Wire 
Ropes   1    2    3    4 

Rope recently replaced (1.5 months), believe 
Hercules looked at sheaves, etc.  Sheaves 
show signs of surface corrosion. 

Hoist Support Structure 
  1    2    3    4 

Some rusting, bolt mission on brace on 
downstream side.  Roof leaks in building onto 
various equipment. 

Platforms, Stairs, Ladders, 
Handrails, Toeplates   1    2    3    4 

No issues.  General surface corrosion.  
Mentioned that ladders don’t meet current 
requirements.   

Joints, Rivets, Welds, Anchor Bolts, 
Misc. Steel Bolting 

  1    2    3    4 Bolt missing on cross bracing. 

Hoist system performance reported 
  1    2    3    4 

Other than brake, no issues. 

Thermal overload in Oct 2015. 

Gate hoist enclosure heater 
  1    2    3    4 

Thermostat control. 

No issues reported but unsure if it works. 

Other 

  1    2    3    4 

Appears that mechanical rotary counter 
provides position indication to RTU.  Rotary 
cam – one abandoned, one wired to gate 
panel (8 wires with one pair spare and three 
connected in panel).     

Additional information  

(Test results, Photographs, Notes, 
Sketches, etc) 

 

 In past remote control ability, but never remotely operated. 

 In winter concerns regarding freezing, so local control only. 

 Believe only way to E-drop is to manually open brake (no lever – need 
to use screwdriver) to close on fan brake control.  Handle missing? 
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Item Rating Reason for Rating 

 Have portable hydraulic power pack but not large enough to operate 
gate – fitting on hoist shaft is there if required.   

 No back-up generator, hand crank only. 

 Leakage into roof onto equipment. 

 Controls replaced after KGS inspection. 

 Believe status signals are slack, hoist overtravel, rotary cam for 
elevation, remote gate position and false alarm to local control center 
(radio link). 

 Spares not known.  Used to have spare wire rope (suspect can get on 
short notice but made to length). 

 25 kV line on poles, stepped to 600 V at site (transmission between 
Wreck Cove and Gisbourn). 

 Not aware if dam safety requirements qualify gate for Dam Safety 
Purposes.  

 NSPI not sure of procedure to raise gate by hand crank. 

o Clutch considered hand brake. 

 

 

 

Rating Condition 
Description 

Details 

1 Good Only minor deterioration or defects are evident. 
2 Fair Moderate deterioration.  Function is adequate. 
3 Poor Serious deterioration of at least some parts.  Function is inadequate. 
4 Unacceptable Extensive deterioration.  Barely functional.  May be unsafe to operate. 
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Intake Hoist Photographs 

Photo 1: Intake hoist assembly 
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Intake Hoist Photographs 

Photo 2: Hoist Drum 

Photo 3: Wire rope equalizer 
sheave 
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Intake Hoist Photographs 

Photo 4: Hoist motor 

 

Photo 5: Hoist motor nameplate 
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Intake Hoist Photographs 

Photo 6: Fan brake with damper 
fully closed 

Photo 7: Hoist speed reducer 
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Intake Hoist Photographs 

Photo 8: Speed reducer 
nameplate 
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Intake Hoist Photographs 

Photo 9: Hoist brake 

Photo 10: Hoist enclosure 
electric heater 
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Intake Hoist Photographs 

Photo 11: Downstream side of 
hoist superstructure 
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Intake Hoist Photographs 

Photo 12: Upstream side of 
hoist superstructure 
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Intake Hoist Photographs 

Photo 13: Missing bolt on cross 
brace 
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Condition Assessment Checklist 

Vertical Lift Gate (1 of 6) 
Gate General 

Site Name Wreck Cove T2 Intake 

Date of Inspection August 20, 2016 

Weather Cloudy/Light Rain 20°C 
Upstream Water Level Not confirmed 

  Description of Item Equipment Data/O&M Data and Year 

Gate data  

(record source if not seen on 
equipment) 

Skinplate location  

(u/s, d/s): 

Width: 

 

Height: 

 

Double Skinplate 13’ net opening 13’ net opening 

H-085S1-2-628-00-001 

H-085S1-9-625-00-047 

Side/bottom seals – 
type/material 

Gate supplier: Year installed: 

J-type rubber (side) with 
flouro-carbon. 

Double stem rubber 
(lintel) with flouro-carbon 

Stainless steel (sill). 

Marine Steel 
Foundaries Ltd. 

Approximately 1977. 

Operating problems reported 
(jamming, jerkiness, noisy, slow, 
vibration) 

Very rarely operated – maybe 1x per year, and only if penstock (at Surge 
Lake intake) needs to be dewatered. 

Otherwise, no issues are known. 

Gate maintenance: 

- inspection frequency 

- year overhauled 

- overhaul details 

Typically inspected 1x per year by Hercules (hoist only). Gate structure and 
superstructure not inspected regularly. Wire rope replaced recently (in past 
year). Annual NSPI inspection – pull up and look at rollers, sheaves, etc.  
Rubber seals never been replaced.  Gate never been touched – controls 
recently replaced in last 3 years. 

Major repairs, modifications Gain heaters and gate heaters failed and removed from service. 

(Reported to have failed ~ 25 years ago). 

Maintenance problems Hold brake concerns with holding gate in the open position. 

Drawings/manuals-record location 
(site, office, both) 

Drawings located in site office. 

Other When tunnel closed last fall, tunnel partially drained, minimal leakage 
presumed on gate as there was no flow at D/S tunnel when closed. 
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Gate General Photographs 

Photo 1: Downstream 
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Gate General Photographs 

Photo 2: Upstream 
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Gate General Photographs 

Photo 3: Upstream 
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Gate General Photographs 

Photo 4: Gate Slot 

 

Photo 5: Gate Slot 

 

Rating Condition Description Details 
1 Good Only minor deterioration or defects are evident. 
2 Fair Moderate deterioration.  Function is adequate. 
3 Poor Serious deterioration of at least some parts.  Function is inadequate. 
4 Unacceptable Extensive deterioration.  Barely functional.  May be unsafe to operate. 
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Vertical Lift Gate (2 of 6) 
Gate Leaf 

Site Name Wreck Cove T2 Intake 
Date of Inspection August 20, 2016 
Weather Cloudy/Light Rain 20°C 
Upstream Water Level Not confirmed 

Item Rating Reason for Rating 

Skinplate 
  1    2    3    4 

Some paint system failure, and localized 
pitting on upstream and downstream 
skinplate surface 

Main Girders 

  1    2    3    4 

Appears ½” plate webs 

Not visible – upstream and downstream 
skinplates fully enclose girders 

Stiffeners and End Girders 
  1    2    3    4 

End girders show sever signs of cracking 
around wheel boxes 

Gate Internal Steelwork   1    2    3    4 Not visible 

Bottom Lip   1    2    3    4 Not visible (below deck) 

Insulation and Cladding   1    2    3    4 N/A 

Bumpers 

  1    2    3    4 

Side bumpers show signs of corrosion on 
sliding surface.  Unable to inspect sliding 
pivot surface. 

Lateral guide roller assemblies show signs of 
paint failure and minor corrosion, rollers in 
good condition. 

Joints (Rivets, Welds and Bolts) 
  1    2    3    4 

Welds around wheel boxes are severely 
cracked. 

Other   1    2    3    4  
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Gate Leaf Photographs 

Photo 1: Skinplate paint failure 
and pitting 
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Gate Leaf Photographs 

Photo 2: Side Bumper 

ACE 2018 CI 49033 Attachment 3 Page 52 of 284

Date Filed:  November 22, 2017          Page 0977 of 2371          REDACTED



 
Nova Scotia Power Inc. Engineering Checklist
Wreck Cover - Assessment and Improvements Mechanical Engineering
H351728 Condition Assessment Checklist

 

   
Associated Doc No. PLP-110-056-0008 

 
H351728-00000-220-008-0002, Rev. A, 

Page 9
  
    Ver: 04.02
© Hatch 2017 All rights reserved, including all rights relating to the use of this document or its contents 

 

Gate Leaf Photographs 

Photo 3: Side Bumper 
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Gate Leaf Photographs 

Photo 4: Side Rollers 
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Gate Leaf Photographs 

Photo 5: Bottom Lip 
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Gate Leaf Photographs 

Photo 6: Cracking on end 
beams around wheel boxes 
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Gate Leaf Photographs 

Photo 7:  Cracking on end 
beams around wheel boxes 
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Gate Leaf Photographs 

Photo 8:  Cracking on end 
beams around wheel boxes 

 

 
Rating Condition Description Details 
1 Good Only minor deterioration or defects are evident. 
2 Fair Moderate deterioration.  Function is adequate. 
3 Poor Serious deterioration of at least some parts.  Function is inadequate. 
4 Unacceptable Extensive deterioration.  Barely functional.  May be unsafe to operate. 
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Vertical Lift Gate (3 of 6) 
Wheels and Rollers 

Site Name: Wreck Cove T2 Intake 
Date of Inspection: August 20, 2016 
Weather: Cloudy/Light Rain 20°C 
Upstream Water Level: Not confirmed 
Number of Gate Wheels: 4 per side 
Diameter: 15” 
Item Rating Reason for Rating 

Gate Wheels 

H-085S1-9-625-0047 

  1    2    3    4 

Eight rollers total, no reported issues. 

Corrosion on wheels. 

Roller ability to spin (view from D/S): 

 L1 (top): stiff to spin 
 L2: stiff to spin 
 L3: Okay 
 L4 (bottom): Okay 
 R1 (top): Okay 
 R2: Okay 
 R3: Okay 
 R4 (bottom): Okay. 

Wheel box welds cracked at connection with 
downstream skinplate 

Axles, Bushings, Keeper Plates and 
Thrust Washers for Gate Wheels 

  1    2    3    4 
Keeper plates, and cover plates significantly 
corroded. 

Side Guide Rollers 

  1    2    3    4 

Rollers appear in satisfactory condition.  Minor 
paint failure and corrosion on support steel.  
Noted gaps on rollers during raise/lower 
(suspect some adjustment required).   

Axles, Bushings, Keeper Plates and 
Thrust Washers for Side Guide 
Rollers 

  1    2    3    4 Rollers rotating freely. 

Other   1    2    3    4  
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Wheels and Rollers Photographs 

Photo 1: Corrosion on wheels, 
keeper plates and cover plates 
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Photo 2: Evidence of wheels 
sliding (not rotating freely).  
Cracks visible around wheel 
box welds 

 
Rating Condition Description Details 
1 Good Only minor deterioration or defects are evident. 
2 Fair Moderate deterioration.  Function is adequate. 
3 Poor Serious deterioration of at least some parts.  Function is inadequate. 
4 Unacceptable Extensive deterioration.  Barely functional.  May be unsafe to operate. 
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Vertical Lift Gate (4 of 6) 
Gate Seals, Seal Path and Roller Path 

Site Name: Wreck Cove T2 Intake 
Date of Inspection: August 20, 2016 
Weather: Cloudy/Light Rain 20°C 
Upstream Water Level: Not confirmed 
Type of Seals: Huntington rubber seals / Stainless steel lintel 
Location of Side Seal: Downstream skinplate 
Item Rating Reason for Rating 

Side Seals and Path 
H-085S1-9-625-00-047 

  1    2    3    4 

Seals material is deteriorating – minor 
tearing of fluoro-carbon film.  Seal clamp 
bars corroded. 
Huntington No. 2314, with 0.08” thick 
fluoro-carbon film. 
Seal path 304 SS, 3/8” plate 

Lintel Seal and Seal Path 
H-085S1-9-625-00-047 

  1    2    3    4 

Seals material is deteriorating – minor 
tearing of fluoro-carbon film.  Seal clamp 
bars corroded. 
Huntington No. 2284 with 0.06” thick 
flouro-carbon film. 
Seal path 304 SS, 3/8” plate 

Bottom Seal and Sill Beam 

  1    2    3    4 

Stainless steel seal – ½” plate 
Embedded beam with stainless steel top 
plate. 
Not visible during inspection 

Roller Path and Gains 
  1    2    3    4 

Minor paint deterioration and corrosion 
visible above water level. 
Roller on 1” thick plate. 
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Gate Seals, Seal Path and Roller Path 
Photographs 

Photo 1: Minor damage on lintel 
seal and side seal 
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Photo 2: Lintel Seal 
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Photo 3: Side Seals 
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Photo 4: Roller path and gains 

 

 
Rating Condition Description Details 
1 Good Only minor deterioration or defects are evident. 
2 Fair Moderate deterioration.  Function is adequate. 
3 Poor Serious deterioration of at least some parts.  Function is inadequate. 
4 Unacceptable Extensive deterioration.  Barely functional.  May be unsafe to operate. 
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Vertical Lift Gate (5 of 6) 
Heaters and Miscellaneous 

Site Name: Wreck Cove T2 Intake 
Date of Inspection: August 20, 2016 
Weather: Cloudy/Light Rain 20°C 
Upstream Water Level: Not confirmed 
Item Rating Reason for Rating 

Gate Heaters  
H-085S1-2-628-00-001   1    2    3    4 

Heater tubes in gate all failed, and not 
operational.  Heaters may still be in 
gate.   

Gain Heaters 

  1    2    3    4 

3 gain heater conduits (1 U/S, 2 D/S), all 
failed and not operational. 
Appears air vent heaters (unsure if 
operational). 

Gate Hoist Enclosure Heater   1    2    3    4 Electric coil, ceiling mounted heater 

Forebay Ice Prevention System 
(record type) 

  1    2    3    4 

Bubbler installed in 2010, but shortly 
after shut down.  Intent was to prevent 
freezing in.  Had some “piping” issues 
on dams on Surge Lake (need gate to 
dewater Surge Lake). 
Reported that gate froze in place in 
approx. 2006/07.  Gate could not move, 
wire rope came off drum, some slack in 
rope, left site, gate slipped on brake and 
gate closed remaining of way and Surge 
Lake drained until head pond alarm. 
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Heaters and Miscellaneous Photographs 

Photo 1: Gate hoist enclosure 
heater 

 

Photo 2: Gain heater slots 

 

Rating Condition Description Details 
1 Good Only minor deterioration or defects are evident. 
2 Fair Moderate deterioration.  Function is adequate. 
3 Poor Serious deterioration of at least some parts.  Function is inadequate. 
4 Unacceptable Extensive deterioration.  Barely functional.  May be unsafe to operate. 
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Vertical Lift Gate (6 of 6) 
Additional Info 

Additional information  

(Test results, Photographs, Notes, 
Sketches, etc) 

Typically, gate is opened approx. 4” – 6” to start tunnel rewater.  Wait 15 to 
20 mins and continue opening. 

1145 cfs at full head (34.2 cms). 

Head pond pressure transducer moved over to 24” drain valve on D11 (on 
Surge Lake).  Moved away from gate.   

Wreck Cove Lake is at Gate house. 

Microwave from here to Ragged Lake (is ECC). 

Skinplate Thickness Measurements L = Left; LM = Left Middle;  
CL = centerline; RM = right middle; R = right. 

1 = Upper Roller, 2 = 2nd Roller, 3 = 3rd Roller, 4 = Bottom Roller. 
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Condition Assessment Checklist 

Condition Assessment Checklist 
Site Name Wreck Cove Control Structure T2 Intake Gate 
Date of Inspection August 20, 2016 
Weather Cloudy/Light Rain 20°C 

Equipment Cubicles, Enclosure Building Identification 
Item Rating Reason for Rating 

Component Labelling 

  1    2    3    4 

In general most of the components/ 
devices have handwritten identification. 
Labels missing for 600 & 220/120 VAC 
Distribution Panels 

Nameplate 
  1    2    3    4 

No nameplate found for the hoist building 
and distribution panels 

Cleanliness, External 
Damage 

  1    2    3    4 
Hoist building roof is leaking. A thorough 
cleanup is required in the building 

Connections, Mounting 
  1    2    3    4 

In general electrical panels are properly 
secured and mounted 

Evidence of Overheated or 
Damaged Components 

  1    2    3    4 
No damaged reported for electrical 
equipment 

Moisture Entry, Corrosion   1    2    3    4 Hoist building roof leaking 

Protective Devices, Fusing 
  1    2    3    4 

Gate/hoist motor control panel modernized 
in 2012. Rotating limit switch was replaced 
but box is opened and cut cables exposed. 

Heaters 
  1    2    3    4 

O&M personnel suspect that heater for 
hoist building is not working due to roof 
water leakage.  

Lighting 
  1    2    3    4 

Enough fluorescent lamps installed but few 
working. 

Security/Locks   1    2    3    4 Building is properly secured with locks 

Spares 
  1    2    3    4 

O&M personnel reported that no spares 
are available. 

Voice Communications   1    2    3    4 No phone available  

Drawings and Manuals   1    2    3    4 TBC 
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Condition Assessment Checklist 
Additional information  
 

1) All the building structure grounds have been deliberately removed 
by vandalism. 

2) RTU installed for remote communication. According to handwritten 
notes in the RTU the following signals are available: gate open limit, 
gate close limit, gate trouble alarm, intrusion alarm, gate local control, 
gate raise, gate lower and gate stop. O&M reported that the gate is 
only operated locally and no remote control is functioning. Need to 
confirm which remote supervision is actually working. 

3) Pressure transducer installed for reservoir water level 
measurement. Need to confirm how this signal is reported to 
powerhouse/ECC 

4) According to sticker on 600VAC DP, the last inspection of the hoist 
was performed by the company Atlantic in May/2009. 

 
 

 
Rating Condition Description Details 
1 Good Only minor deterioration or defects are evident. 
2 Fair Moderate deterioration.  Function is adequate. 
3 Poor Serious deterioration of at least some parts.  Function is inadequate. 
4 Unacceptable Extensive deterioration.  Barely functional.  May be unsafe to operate. 
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Intake Building/Equipment Photographs 

Photo 1: Intake hoist building 

Photo 2: Intake Distribution 
Panels and Gate Control Panel 
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Photo 3: Internal view Gate 
Control Panel 

Photo 4: 600 VAC Gate 
Distribution Panel 
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Photo 5: Intake RTU for remote 
monitoring 

Photo 6: Ground deliberately 
removed in all hoist structure 
columns 
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Photo 7: Embedded tail for 
bonding to ground intake 
equipment deliberately cut 

Photo 8:Heater for hoist building 
presumably not working due to 
roof water leakage 
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Photo 9: Lighting in hoist building. 
Several lamps not working 

Photo 10: Last inspection of 
intake equipment in May/2009 
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Intake and Spillway Gate Hoist Condition Assessment Checklist 

Site Name Wreck Cove Control Structure T2 Intake Gate 
Date of Inspection August 20, 2016 
Weather Cloudy/Light Rain 20°C 

Motor, Brake, Gearbox Heater Identification 
Item Rating Reason for Rating 

Component Label, Nameplates 
  1    2    3    4 

Nameplate for motor and brakes 
covered with paint 

Cleanliness, External Damage 
  1    2    3    4 

Cleanup is required, rust found in fan 
brake 

Connections, Mounting   1    2    3    4 No issues found/reported 

Evidence of Overheating or 
Damaged Components 

  1    2    3    4 No issues found/reported 

Moisture Entry, Corrosion 
  1    2    3    4 

Hoist building roof leaking, corrosion in 
fan brake 

Motor (check for unusual 
noises, vibration)   1    2    3    4 

Motor operation is normal. Motor 
current measurement could not be 
taken 

Motor Heater   1    2    3    4 (N/A) 

Gearbox Heater   1    2    3    4 (N/A) 

Break Solenoid   1    2    3    4 No issues found/reported 

Drawings and Manuals   1    2    3    4  

Additional information  
 

 
 

 
Rating Condition Description Details 
1 Good Only minor deterioration or defects are evident. 
2 Fair Moderate deterioration.  Function is adequate. 
3 Poor Serious deterioration of at least some parts.  Function is inadequate. 
4 Unacceptable Extensive deterioration.  Barely functional.  May be unsafe to operate. 
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Hoist Motor & Brake Photographs 

Photo 11: Motor hoist nameplate 

Photo 12: Solenoid for gate brake  
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Intake and Spillway Gate Hoist Condition Assessment Checklist 

Site Name Wreck Cove Control Structure T2 Intake Gate 
Date of Inspection August 20, 2016 
Weather Cloudy/Light Rain 20°C 

Cable Identification 
Item Rating Reason for Rating 
Armoured Cable 
Corrosion 

  1    2    3    4 
No issues found/reported. Teck cables 
installed in hoist building recently for 
gate controls 

Signs of deterioration   1    2    3    4 No issues found/reported. 
Clamps are secure   1    2    3    4 No issues found/reported. 
Cleanlines-potheads and 
terminators   1    2    3    4 No issues found/reported. 

Signs of distortion from cold 
flow or overheating   1    2    3    4 No issues found/reported. 

Thermoplastic Covered Cable 

Cleanliness-freedom from 
excessive dirt and moisture, 
drain holes clear   1    2    3    4 

Cables at deck label for pressure 
transducer and gate docking position 
limit switch are not protected with 
conduits. Refer to pictures 

Sheath-if multi-conductor and 
shielded, check that shield is 
grounded 

  1    2    3    4 Not verified 

Additional information  
 

1) All cables for gate and gain heaters have been removed 
2) All cables without identification labels 

 
Rating Condition Description Details 
1 Good Only minor deterioration or defects are evident. 
2 Fair Moderate deterioration.  Function is adequate. 
3 Poor Serious deterioration of at least some parts.  Function is inadequate. 
4 Unacceptable Extensive deterioration.  Barely functional.  May be unsafe to operate. 
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Intake Cables Photographs 

Photo 13: Cables for gain and 
gate heaters cut 

 

Photo 14:  Cables for gain and 
gate heaters cut 
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Photo 15: Cable for water level 
transducer not properly installed 
and protected 

 

Photo 16: Cable for gate dogging 
position not protected 
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Intake and Spillway Gate Hoist Condition Assessment Checklist 

Site Name Wreck Cove Control Structure T2 Intake Gate 
Date of Inspection August 20, 2016 
Weather Cloudy/Light Rain 20°C 

Overhead Line Identification 
Item Rating Reason for Rating 

Conductor Sag and Condition   1    2    3    4 No issues found/reported. 

Guy Wires and Anchors   1    2    3    4 No issues found/reported. 

Supporting Members (poles, 
etc) 

  1    2    3    4 No issues found/reported. 

Insulators   1    2    3    4 No issues found/reported. 

Fuses   1    2    3    4 No issues found/reported. 

Other – Pole-mounted 
Devices/Equipment/Hardware 
(describe) 

  1    2    3    4 No issues found/reported. 

Encroachment of Vegetation   1    2    3    4 No issues found/reported. 

Security or routing   1    2    3    4 No issues found/reported. 

Additional information  
 

1) Power supply to intake gate is taken from a 25kV transmission 
line that runs from the Wreck Cove switchyard parallel to the 
access road to the Intake area. At the end of the transmission 
line a 3 single phase transformer bank is installed. The line and 
transformer bank is not under the jurisdiction of Wreck Cove 
GS staff. 

2) It is suspected that one or two of the transformers were 
changed since they are not similar. 

3) Low voltage cables from the transformer bank seems to have 
the cable jacket frayed. Refer to picture 18 below. 

4) Emergency power supply not available for gate operation. 
 

Rating Condition Description Details 
1 Good Only minor deterioration or defects are evident. 
2 Fair Moderate deterioration.  Function is adequate. 
3 Poor Serious deterioration of at least some parts.  Function is inadequate. 
4 Unacceptable Extensive deterioration.  Barely functional.  May be unsafe to operate. 
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Intake Power Supply Photographs 

Photo 17: Transformer bank for 
intake power supply. Note 
transformers that probably was 
changed 

Photo 18: Low voltage cables 
from transformer with frayed 
jacket 
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Appendix B  
Gate Crack Mapping 
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Photo
1 & 2

Photo 3

Photo 4, 5 & 6

Photo 7 Photo 9

Photo 10

Photo 11

Photo 8

Wreck Cove T2 Intake Gate - Mapping of Cracks 
(based on inspections by Hatch in Aug and Nov 2016)

H351728 
November 9, 
2016
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Appendix C  
Hercules Hoist Inspection
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INSPECTION & TRAINING DIVISION 

520 WINDMILL ROAD, DARTMOUTH, NOVA SCOTIA, B3B 1B3 
PHONE: 902-482-3120 FAX: 902-482-3030 

 

Nova Scotia Power                                   November 17, 2016 
42338 Cabot Trail 
Wreck Cove, Nova Scotia, B0C1H0 
 
Attention:  Ray Sampson 

Reference:  Inspection of Wreck Cove, T2 Inlet  

 
 
Ray/Paul,  
  
Please see our technician’s findings below from the inspection at Wreck Cove T2 Inlet on Oct 31 
2016 
 
 In order for this unit to be certified this year the following issues would need to be addressed:  
 
1) Main rotary upper limit is not setup 
2) Secondary rotary upper limit is completely disconnected (not hooked up) 
3) Secondary limit installed by NSP at the gate (gate comes up and hits limit arm) is not functional 
4) Extreme upper limit is not working  
  
The slack rope switch was adjusted at time of inspection. 
 
As a follow up to our conversation about long term use vs a complete replacement we would also 
recommend that at minimum the unit is completely rewired with a new brake drum and assembly 
installed, replacement of sheaves and bearings (complete with block heaters), and a load limiter 
installed. (Based on available parts)  Although we feel this unit is mechanical sound, we recommend 
a discussion with the manufacturer to determine availability of parts and if any parts are obsolete. 
  
It’s also worth noting that our tech was informed onsite that the gate was cracked and can fill up 
with water.  Please advise that this could cause the hoist/brake to be overloaded if the  
assumed weight is much higher than anticipated.  
  

 
Yours truly,  
 
 
 
James Jardine 
Crane Service Coordinator 

ACE 2018 CI 49033 Attachment 3 Page 98 of 284

Date Filed:  November 22, 2017          Page 1023 of 2371          REDACTED



Appendix D  
Gates Stress Analysis (FEA) 
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D.1 FEA Model Setup 

Graphical representations of the FEA model definition as described in Section 4.2.1 are 
presented in this section. 

 
Figure D1:  Intake Gate Finite Element Model 

Due to symmetry, only half of the gate was modeled.  
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1

1

2

2

3

3

4

4

A A

B B

C C

D D

7/8in sheave block lug 
0.4375in due to symmetry7/8 sheave block lug

5/8 sheave block 
d/s skinplate extension 

5/8in sheave block 
u/s skinplate extension

3/8in top cover stiffener

3/8 top cover

1/2 top girder stiffener

1/2 web01

1/2 web02

1/2 web 03

1/2 web04

1/2 web05

1/2 web06

3/8 end beam stiffener, TYP

1/2 outer end plate at box, TYP

1/2 inner end plate at box, TYP

1 1/4 outer wheel housing plate, TYP

1 1/4 inner wheel housing plate

XY symmetry plane

5/8 u/s skinplate

5/8 d/s skinplate

2.625

8.938

.875 .438

7.625

3.813

Sheave axle

Line of contact 
with 7/8 sheave block lug

Line of contact 
with 7/8 sheave block lug

Uy=0 constrain

Wheel axle

5.50 4.330 3.50

8.375

7.125

1.25 1.255.875

Line of contact with 
1 1/4 outer wheel 

housing plate

Line of contact with 
1 1/4 inner wheel 
housing plate

Ux=0 constrain

Figure 2: Dimensions and plate thicknesses as used in the FEA model. Name 
conventions and orientation.

All dimensions and plate thicknesses in inches 

8.50

End beam d/s and 
u/s plates 5/8

Wheel axle 01

Wheel axle 02

Wheel axle 03

Wheel axle 04
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Figure D3:  Finite Element Model Mesh 

The gate plates were meshed with 4-node SHELL181 elements. The axles were meshed with 
8-node SOLID185 hexahedron elements. 

  

ACE 2018 CI 49033 Attachment 3 Page 102 of 284

Date Filed:  November 22, 2017          Page 1027 of 2371          REDACTED



 
Figure D4:  Contact Model Between Sheave Block Lugs and the Sheave Axle 
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Figure D5:  Contact Model Between the Wheel Housing End Plates and Wheel Axles  
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Figure D6:  Bonded Contacts in the Wheel Axles to Join Between Different Diameters  
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Figure D7:  Boundary Conditions 

Ux = 0 in the middle of wheel axles. Uy = 0 in the quarter distance of sheave axle. Uz = 0 and 
Rx = Ry = 0 in the middle of the gate (symmetry plane boundary conditions).  
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a b c d e 

Figure D8:  Wheel Axle Constrains to Simulate No-Contacting Wheel 
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Figure D9:  Gravity Load (D) 

2.256*g was applied on the gate to match the 35,000 lbf weight specified on Drawing 
H08551-9625-00-081 to make up for the concrete ballast and corrosion allowance. 
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Figure D10:  Hydrostatic Pressure (H) with Water Inside the Gate 
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D.2 FEA Results 

Graphical representations of the FEA results presented in Error! Reference source not found. 
for the various loading scenarios are presented in this section. 

 
Figure D11:  LS1 – Deflection 

Max deflection of 0.113 in. occurs in web06 in the gate middle. Max skinplate deflection 0.158 
- 0.113 = 0.045 in. 
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Figure D12:  LS1 – Von Mises Stress 

Max of 20,130 psi occurs in the corner of the Girder 01 stiffener. Elsewhere in the gate the 
stresses are below 14,000 psi. Allowable 19,800 psi. 
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Figure D13:  LS1 – Von Mises Stress 

Max of 20,130 psi occurs in the corner of the Girder 01 stiffener. Elsewhere in the gate the 
stresses are below 14,000 psi. Allowable 19,800 psi. 
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Figure D14:  LS1 – Major Bending Stress σz 

Max of 7,117 psi (compression) occurs in the upstream skinplate in the middle of gate at 
Girder 06. Allowable 19,800 psi.  

ACE 2018 CI 49033 Attachment 3 Page 113 of 284

Date Filed:  November 22, 2017          Page 1038 of 2371          REDACTED



  
a b 

Figure D15:  LS1 – Von Mises Stress (a) and Bending Stress σy (b) in the end Beam 

Max 8,678 psi and 5,040 psi, respectively. Allowable 19,800 psi. 
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Figure D16:  LS2 – Deflection 

Max deflection of 0.181 in occurs in web01 in the gate middle. Max skinplate deflection 0.226 
- 0.181 = 0.045 in.  
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Figure D17:  LS2 – End Beam Deflection 

Max deflection at the top wheel (wheel 01) is 0.092 in.  
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Figure D18:  LS2 – Von Mises Stress 

Max of 18,078 psi occurs as a stress concentration in the downstream skinplate in the vicinity 
of Wheel 02. Elsewhere in the gate the stresses are below 16,000 psi allowable 19,800 psi. 
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Figure D19:  LS2 – Von Mises Stress 

Max of 18,078 psi occurs as a stress concentration in the skinplate in the vicinity of Wheel 02. 
Elsewhere in the gate the stresses are below 16,000 psi allowable 19,800 psi. 
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Figure D20:  LS2 – Major Bending Stress, σz 

Max of 8,132 psi (compression) occurs in the upstream skinplate in the middle of gate at 
girder 06. Allowable 19,800 psi. 
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a b 

Figure D21:  LS2 – Von Mises Stress (a) and Bending Stress σy (b) in the End Beam 

Max 15,987 psi and 15,295 psi (compression), respectively. Allowable 19,800 psi. 
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Figure D22:  LS3 – Deflection 

Max deflection of 0.109 in occurs in web04 in the gate middle. Max skinplate deflection 0.155 
- 0.109 = 0.046 in. 
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Figure D23:  LS3 – End Beam Deflection 

Max deflection at wheel 02 is 0.023 in. 
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Figure D24:  LS3 – Von Mises Stress 

Max of 22,747 psi occurs in the corner of the Girder 01 stiffener. Elsewhere in the gate the 
stresses are below 14,000 psi. Allowable 19,800 psi. 
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Figure D25:  LS3 – Von Mises Stress 

Max of 22,747 psi occurs in the corner of the Girder 01 stiffener. Elsewhere in the gate the 
stresses are below 14,000 psi. Allowable 19,800 psi. 
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Figure D25:  LS3 – Major Bending Stress, σz 

Max of 6,880 psi (compression) occurs in the upstream skinplate in the middle of gate at 
girder 06. Allowable 19,800 psi. 
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a b 

Figure D26:  LS3 – Von Mises Stress (a) and Bending Stress σy (b) in the End Beam 

Max 12,046 psi and 10,101 psi, respectively. Allowable 19,800 psi. 
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Figure D27:  LS4 – Deflection 

Max deflection of 0.118 in. occurs in web05 in the gate middle. Max skinplate deflection 0.155 
- 0.118 = 0.037 in. 
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Figure D28:  LS4 – End Beam Deflection 

Max deflection at wheel 03 is 0.022 in. 
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Figure D29:  LS4 – Von Mises Stress 

Max of 19,951 psi occurs in the corner of the Girder 01 stiffener. Elsewhere in the gate the 
stresses are below 14,000 psi. Allowable 19,800 psi. 
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Figure D30:  LS4 – Von Mises Stress 

Max of 19,951 psi occurs in the corner of the Girder 01 stiffener. Elsewhere in the gate the 
stresses are below 14,000 psi. Allowable 19,800 psi. 
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Figure D31:  LS4 – Major Bending Stress, σz 

Max of 7,014 psi (compression) occurs in the upstream skinplate in the middle of gate at 
girder 06. Allowable 19,800 psi. 
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a b 

Figure D32:  LS4 – Von Mises Stress (a) and Bending Stress σy (b) in the End Beam 

Max 9,818 psi and 8,386 psi, respectively. Allowable 19,800 psi. 
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Figure D33:  LS5 – Deflection 

Max deflection of 0.171 in. occurs in web06 in the gate middle. Max skinplate deflection 0.241 
- 0.171 = 0.070 in. 
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Figure D34:  LS5 – End Beam Deflection 

Max deflection at wheel 04 is 0.073 in.  
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Figure D35:  LS5 – Von Mises Stress 

Max of 17,282 psi occurs as a stress concentration in the downstream skinplate in the vicinity 
of Wheel 03. Elsewhere in the gate the stresses are below 15,000 psi Allowable 19,800 psi. 
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Figure D36:  LS5 – Von Mises Stress 

Max of 17,282 psi occurs as a stress concentration in the downstream skinplate in the vicinity 
of Wheel 03. Elsewhere in the gate the stresses are below 15,000 psi Allowable 19,800 psi. 
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Figure D37:  LS5 – Major Bending Stress, σz 

Max of 7,819 psi (compression) occurs in the upstream skinplate in the middle of gate at 
Girder 06. Allowable 19,800 psi. 
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a b 

Figure D38:  LS5 – Von Mises Stress (a) and Bending Stress σy (b) in the End Beam 

Max 16,415 psi and 15,022, respectively. Allowable 19,800 psi.

ACE 2018 CI 49033 Attachment 3 Page 138 of 284

Date Filed:  November 22, 2017          Page 1063 of 2371          REDACTED



D3 - Wheel Axels Stress Check 

ACE 2018 CI 49033 Attachment 3 Page 139 of 284

Date Filed:  November 22, 2017          Page 1064 of 2371          REDACTED



__________________________________________________________________________________________________________

Nova Scotia Power 
Wheel axles stress check

H351728-00000-200-230-0002-A

Wreck Cove T2 Intake Gate - Wheel axles stress check
Calculation Cover Sheet 

Customer: Nova Scotia Power 

Project Title: Wreck Cove Generating Station Dam Safety Assessment 

Discipline: Mechanical 

Calculation No.: H351728-00000-200-230-0002-App A File No:   Number of Sheets:  
Description:  Wreck Cove T2 Intake Gate - Wheel axles stress check
 

Category of calculation verification required   tick box 1 2
 

3 4

Prepared by:  Date: 06Feb2017 

Print Name > Oleg Belashov   

Preliminary Review by:  Date: 06Feb2017 

Print Name > Val Kovalishyn   

Can the calculation now be released for work? Yes No To the Client? Yes No

Checked by: by:  Date: 06Feb2017 

Print Name > Val Kovalishyn   

Reviewed by:  Date:  

Print Name >    

Approved by:  Date:  

Print Name >    

General Notes: Internal rev A-03 
 

Revisions 
Rev. Date Prepared by Checked by Approved by Description 
      

      

      

A 06Feb2017 O. Belashov V. Kovalishyn J.Atkinson  
Superseded by Calculation No.   Date: 
Reason voided: 
 

 

___________________________
Printed: 2/9/2017
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Nova Scotia Power 
Wheel axles stress check

H351728-00000-200-230-0002-A

Calculation Descriptions and Assumptions

The axle material cannot be read from H085S1-9-625-00-082 drawing due to poor quality of the scan1.
Reaction forces are take from the FEA study Ref 22.

References

H085S1-9-625-00-082 drawings .1.
H351728-00000-200-230-0002, Finite Element Analyses.2.
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Printed: 2/9/2017
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Nova Scotia Power 
Wheel axles stress check

H351728-00000-200-230-0002-A

1) Input Data 

hseal 173in Sill to lintel distance  

wseal 2 85.438 in 170.88 in Side seal to side seal distance   
  

ELmax 1200ft Max operating water elevation

ELsill 1168ft Sill elevation 

g 9.81
m

s
2

 Same g value as used in FEA to define hydrostatic pressure 

ρ 1000
kg

m
3

 Water density 

Wheel reaction forces from FEA study of Ref 2

LS1 LS2 LS3 LS4 LS5 
Rw

40808 0 54915 36807 33077
35649 113490 0 58907 11035

35891 9578 63618 0 114800

46567 35850 40383 63201 0



Rw Rw lbf

i 0 rows Rw  1

j 0 cols Rw  1

2) Reaction force verification  

Hsill ELmax ELsill 32 ft Hydrostatic head at the sill  

H wseal
Hsill hseal

Hsill

yρ g y




d 317832 lbf Total hydrostatic force on the gate 

HFE
j

2 Rw
j  Total hydrostatic force from FEA for each loading scenario

HFE HFE
T



LS1 LS2 LS3 LS4 LS5 
HFE 317830 317836 317832 317830 317824 lbf FEA 

H 317832 lbf Analytical. In very close agreement with FEA 
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Nova Scotia Power 
Wheel axles stress check

H351728-00000-200-230-0002-A

3) Wheel axle stresses  

d1 4.33in Axle diameter in the middle 

d2 3.5in Axle diameter at the inner end plate 

L 7.125in Distance between end plates

Distance between the middle of end plate to the middle of roller bearing. There
are two roller bearing per wheel   a 0.8in

1.25in

2
 1.43 in
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Nova Scotia Power 
Wheel axles stress check

H351728-00000-200-230-0002-A
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Nova Scotia Power 
Wheel axles stress check

H351728-00000-200-230-0002-A

A2 π

d2
2

4
 9.62 in

2
 Cross section area at the inner end plate 

I1 π

d1
4

64
 17.26 in

4
 Moment of inertia in the middle 

S1

I1

0.5 d1
7.97 in

3
 Section modulus in the middle 

Mi j 0.5 Rw
i j

 a Bending moment in the middle 

σi j
Mi j

S1
 Bending stress in the middle 

τi j
4

3

0.5 Rw
i j



A2
 Shear stress at the inner end plate 

LS1 LS2 LS3 LS4 LS5 

σ

3648 0 4909 3290 2957
3187 10146 0 5266 986

3209 856 5687 0 10263

4163 3205 3610 5650 0

psi

τ 3

4898 0 6591 4417 3970
4278 13621 0 7070 1324

4308 1150 7635 0 13778

5589 4303 4847 7585 0

psi

Both bending and shear stress in the wheel axles are low. Although the axle material is not known it can be
concluded the the wheel axles have sufficient capacity 
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Printed: 2/9/2017

______________________________________________________________________________________________________________________________
Page 6 of 13

ACE 2018 CI 49033 Attachment 3 Page 145 of 284

Date Filed:  November 22, 2017          Page 1070 of 2371          REDACTED



D4 - Main Girder Weld Capacity Check 

ACE 2018 CI 49033 Attachment 3 Page 146 of 284

Date Filed:  November 22, 2017          Page 1071 of 2371          REDACTED



________________________________________________________________________________________________________

Nova Scotia Power
Wreck Cove T2 Gate - Girder welds

H351728-00000-200-230-0002-B

Wreck Cove T2 Intake  Gate - Girder Weld Capacity Check
Calculation Cover Sheet 

Client: Nova Scotia Power  

Project Title: Wreck Cove T2 Intake 

Discipline: Mechanical/Structural 

Calculation No.: H351728-00000-200-230-
0002-App B 

File No:
 

 Number of Sheets:  

Description:  Wreck Cove T2 Intake Gate - Girder Weld Capacity Check 
 

Category of calculation verification required   tick box 1 2
 

3
 

4

Prepared by:  Date: 24Jan2017 

Print Name > Oleg Belashov   

Preliminary Review by:  Date: 24Jan2017 

Print Name > Val Kovalishyn   

Can the calculation now be released for work? Yes No To the Client? Yes No

Checked by:  Date: 24Jan2017 

Print Name > Val Kovalishyn   

Reviewed by:  Date:  

Print Name >    

Approved by:  Date: 24Jan2017 

Print Name > Jonathan  Atkinson   

General Notes: 
Internal Rev A-02 

Revisions 
Rev. Date Prepared by Checked by Approved by Description 
A 24Jan2017 O. Belashov V. Kovalishyn J. Atkinson  

      

      

      
Superseded by Calculation No.   Date:  
Reason voided: 
 

 

___________________________
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Nova Scotia Power
Wreck Cove T2 Gate - Girder welds

H351728-00000-200-230-0002-B

CALCULATIONS

Calculation description

This calculation checks the capacity of the girder welds at the the web-skinplate interface on both the downstream1.
and upstream sides
One loading scenario LS1, corresponding to max normal hydrostatic pressure with water inside the gate where all2.
wheels are in contact with the wheel track (Ref 3), is considered.
Nodal forces acting on the webs are extracted from the FEA model of Ref 33.

References

ETL 1110-2-584, Design of Hydraulic Steel Structures, June 20141.
Mechanical Engineering Design, Shigley2.
H351728-00000-200-230-0002, Finite Element Analyses 3.

___________________________
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Nova Scotia Power
Wreck Cove T2 Gate - Girder welds

H351728-00000-200-230-0002-B

1) Input Parameters

α 1.33 Gate performance factor, Ref 1

fa1_4 3.18
kip

in
 Fillet weld capacity for E60XX electrode for 1/4in weld, Ref 2

fa
2 fa1_4

α
4.782

kip

in
 Allowable weld capacity for E60XX electrode for double 1/4in fillet weld

Figure 1: Fillet weld capacity from Ref 1

ns 12 Number of spacings in the stitch weld ranging from the inner end plate to the middle of the gate 

Ls1 3in Length of one stitch in the interval marked as 1 in Figure 2

Ls2 1.5in Length of one stitch in the interval marked as 2 in Figure 2
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Nova Scotia Power
Wreck Cove T2 Gate - Girder welds

H351728-00000-200-230-0002-B

Middle 
of gate

Interval 2 Interval 1 

d 

Figure 2: Stitch weld on the downstream side. The upstream weld is continuous 1/4in fillet weld on both sides
of the web
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Nova Scotia Power
Wreck Cove T2 Gate - Girder welds

H351728-00000-200-230-0002-B

2) Input Data From FEA - Nodal Forces

The data below represents nodal forces (Ref 3) at the web-skinplate interface (both upstream and downstream)  from
loading scenario LS1 corresponding to max normal hydrostatic pressure with water inside the gate where all wheels are
in contact with the wheel track.  

d[in] Fx[lbf] Fx[lbf] Fx[lbf] d[in] Fx[lbf] Fx[lbf] Fx[lbf] 
G1US

0 1 2 3

0
1

2

0 -141.71 5.268 -127.75
0.697 -29.56 4.794 -293.95

1.393 -24.092 1.537 ...

 G1DS
0 1 2 3

0
1

2

0 -130.23 14.696 79.303
0.697 -52.07 32.799 253.53

1.393 -36.65 15.032 ...



Girder 1

G2US
0 1 2 3

0
1

2

0 -434.29 -2.849 -524.97
0.7 -363 -42.401 -701.71

1.401 -228.71 -11.712 ...

 G2DS
0 1 2 3

0
1

2

0 -380.88 1.39 383.91
0.7 -361.85 27.582 608.38

1.401 -231.58 7.031 ...



Girder 2

G3US
0 1 2 3

0
1

2

0 -454.64 8.969 -496.16
0.7 -346.39 -16.691 -751.29

1.401 -201.83 -2.529 ...

 G3DS
0 1 2 3

0
1

2

0 -422.97 -8.178 429.73
0.7 -352.15 0.103 705.37

1.401 -202.41 2.073 ...



Girder 3

G4US
0 1 2 3

0
1

2

0 -673.38 -4.721 -757.12
0.7 -233.41 -12.878 -870.41

1.401 -97.908 -2.643 ...

 G4DS
0 1 2 3

0
1

2

0 -700.76 14.016 770.12
0.7 -226.01 7.315 862.54

1.401 -72.341 1.959 ...



Girder 4

G5US
0 1 2 3

0
1

2

0 -475.04 -8.659 -576.68
0.7 -394.77 3.768 -754.56

1.401 -258.56 -1.062 ...

 G5DS
0 1 2 3

0
1

2

0 -456.63 4.603 477.04
0.7 -425.72 -11.397 694.89

1.401 -279.93 -2.093 ...



Girder 5

G6US
0 1 2 3

0
1

2

0 -426.23 -5.667 -505.27
0.7 -360.31 21.033 -701.84

1.401 -241.22 3.458 ...

 G6DS
0 1 2 3

0
1

2

0 -432.99 5.028 451.33
0.7 -404.46 -25.041 689.08

1.401 -270.25 -3.066 ...



Girder 6
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Nova Scotia Power
Wreck Cove T2 Gate - Girder welds

H351728-00000-200-230-0002-B

3) Weld check - Girder 1

Girder1  - Upstream weld 

Location "Girder1  - Upstream weld "

Data G1US

n rows Data  124 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

F Fx
2

Fy
2

 Fz
2

 Total force 

i 0 n 2

Δd 0

Δdi di 1 di

Check if the intervals can be considered equal 

min Δd  0.68 in max Δd  0.70 in Stdev Δd  0.006 in OK, to be considered  equal 

Δd mean Δd  0.69 in

Extrapolate force values for the first and last data points

i 1 n 2

dtemp 0 Ftemp 0

dtemp
i 1

di Ftemp
i 1

Fi

F0 linterp dtemp Ftemp d0 

Fn 1 linterp dtemp Ftemp dn 1 

f
F

Δd
 Force on the weld per unit length 

fmax max f  0.470
kip

in


fmax

fa
0.10  <1.0 Demand\capacity ratio for Location "Girder1  - Upstream weld "  where fa 4.78

kip

in


___________________________
Printed: 2/9/2017       Nova Scotia Power - Wreck Cove T2 Intake Gate - Girder Weld Capacity Check - RevA02.XMCD

______________________________________________________________________________________________________________________________
Page 6 of 37

ACE 2018 CI 49033 Attachment 3 Page 152 of 284

Date Filed:  November 22, 2017          Page 1077 of 2371          REDACTED



________________________________________________________________________________________________________

Nova Scotia Power
Wreck Cove T2 Gate - Girder welds

H351728-00000-200-230-0002-B

Location "Girder1  - Upstream weld "

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0

0.035

0.07

0.105

0.14

0.175

0.21

0.245

0.28

0.315

0.35
Nodal force

F

kip

d

in

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5
Force on weld per unit length

f
kip

in

d

in
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Nova Scotia Power
Wreck Cove T2 Gate - Girder welds

H351728-00000-200-230-0002-B

Girder1  - Downstream weld 

Location "Girder1  - Downstream weld"

Data G1DS

n rows Data  124 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

F Fx
2

Fy
2

 Fz
2

 Total force 

i 0 n 2

Δd 0

Δdi di 1 di

Check if the intervals can be considered equal 

min Δd  0.68 in max Δd  0.70 in Stdev Δd  0.006 in OK, to be considered  equal 

Δd mean Δd  0.69 in

Extrapolate force values for the first and last data points

i 1 n 2

dtemp 0 Ftemp 0

dtemp
i 1

di Ftemp
i 1

Fi

F0 linterp dtemp Ftemp d0 

Fn 1 linterp dtemp Ftemp dn 1 

f
F

Δd
 Force on the weld per unit length 
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Nova Scotia Power
Wreck Cove T2 Gate - Girder welds

H351728-00000-200-230-0002-B

Location "Girder1  - Downstream weld"

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0.1

0.17

0.24

0.31

0.38

0.45

0.52

0.59

0.66

0.73

0.8
Nodal force

F

kip

d

in

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1
Force on weld per unit length

f
kip

in

d

in

The spike at d=75in  is due to the gusset plate at this location 
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However the weld on the downstream side is not continuous (Figure 2). A single stitch is conservatively
assumed to have the capacity of 1/4 double fillet weld.

Weld capacity calculation for the 3in stitch weld 

i 0
n

2


F1 0

F1i Fi

Fmax max F1  0.32 kip

nmax match Fmax F 0 12 Find where the nodal force is max along Interval 1 as shown in Figure 2

dmax dnmax
8.36 in

Δw
max d 

ns
7.12 in One stitch is to withstand force from Δw 7.12 in

Fs1
dmax 0.5 Δw

dmax 0.5 Δw

xlinterp d f x 



d 3.280 kip Max force per single 3in stitch 

fs1
Fs1

Ls1
1.09

kip

in
 Required min weld capacity for a single stitch 

Demand\capacity ratio for Location "Girder1  - Downstream weld"  for the 3in stitch

weld where fa 4.78
kip

in


fs1

fa
0.23  <1.0

Weld capacity calculation for the 1.5in stitch weld 

i
n

2
n 1

F2 0

F2
i

n

2


Fi

Fmax max F2  0.75 kip Find where nodal force is max along Interval 2 as shown in Figure 2

nmax match Fmax F 0 109

dmax dnmax
75.94 in

Fs2
dmax 0.5 Δw

dmax 0.5 Δw

xlinterp d f x 



d 4.320 kip Max force per single 1.5in stitch 
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fs2
Fs2

Ls2
2.88

kip

in
 Required min weld capacity for a single stitch 

Demand\capacity ratio for Location "Girder1  - Downstream weld"  for the 1.5in stitch

weld where fa 4.78
kip

in


fs2

fa
0.60  <1.0
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in
4) Weld check - Girder 2

Girder2  - Upstream weld 

Location "Girder2  - Upstream weld "

Data G2US

n rows Data  123 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

F Fx
2

Fy
2

 Fz
2

 Total force 

i 0 n 2

Δd 0

Δdi di 1 di

Check if the intervals can be considered equal 

min Δd  0.70 in max Δd  0.70 in Stdev Δd  0.000 in OK, to be considered  equal 

Δd mean Δd  0.70 in

Extrapolate force values for the first and last data points

i 1 n 2

dtemp 0 Ftemp 0

dtemp
i 1

di Ftemp
i 1

Fi

F0 linterp dtemp Ftemp d0 

Fn 1 linterp dtemp Ftemp dn 1 

f
F

Δd
 Force on the weld per unit length 

fmax max f  1.327
kip

in


fmax

fa
0.28  <1.0 Demand/capacity ratio for Location "Girder2  - Upstream weld "  where fa 4.78

kip

in
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Location "Girder2  - Upstream weld "

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Nodal force

F

kip

d

in

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0

0.14

0.28

0.42

0.56

0.7

0.84

0.98

1.12

1.26

1.4
Force on weld per unit length

f
kip

in

d

in
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in

Girder2  - Downstream weld 

Location "Girder2  - Downstream weld"

Data G2DS

n rows Data  123 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

F Fx
2

Fy
2

 Fz
2

 Total force 

i 0 n 2

Δd 0

Δdi di 1 di

Check if the intervals can be considered equal 

min Δd  0.70 in max Δd  0.70 in Stdev Δd  0.000 in OK, to be considered  equal 

Δd mean Δd  0.70 in

Extrapolate force values for the first and last data points

i 1 n 2

dtemp 0 Ftemp 0

dtemp
i 1

di Ftemp
i 1

Fi

F0 linterp dtemp Ftemp d0 

Fn 1 linterp dtemp Ftemp dn 1 

f
F

Δd
 Force on the weld per unit length 
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Location "Girder2  - Downstream weld"

0 8.544 17.087 25.631 34.175 42.718 51.262 59.806 68.35 76.893 85.437
0.2

0.28

0.36

0.44

0.52

0.6

0.68

0.76

0.84

0.92

1
Nodal force

F

kip

d

in

0 8.544 17.087 25.631 34.175 42.718 51.262 59.806 68.35 76.893 85.437
0.2

0.32

0.44

0.56

0.68

0.8

0.92

1.04

1.16

1.28

1.4
Force on weld per unit length

f
kip

in

d

in
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However the weld on the downstream side is not continuous (Figure 2). A single stitch is conservatively
assumed to have the capacity of 1/4 double fillet weld.

Weld capacity calculation for the 3in stitch weld 

i 0
n

2


F1 0

F1i Fi

Fmax max F1  0.95 kip

nmax match Fmax F 0 13 Find where the nodal force is max along Interval 1 as shown in Figure 2

dmax dnmax
9.1 in

Δw
max d 

ns
7.12 in One stitch is to withstand force from Δw 7.12 in

Fs1
dmax 0.5 Δw

dmax 0.5 Δw

xlinterp d f x 



d 9.562 kip Max force per single 3in stitch 

fs1
Fs1

Ls1
3.19

kip

in
 Required min weld capacity for a single stitch 

Demand\capacity ratio for Location "Girder2  - Downstream weld"  for the 3in stitch

weld where fa 4.78
kip

in


fs1

fa
0.67  <1.0

Weld capacity calculation for the 1.5in stitch weld 

dmax
max d 

2
42.72 in Location where nodal force is max along Interval 2 as shown in Figure 2

Fs2
dmax

dmax Δw

xlinterp d f x 



d 5.461 kip Max force per single 1.5in stitch 

fs2
Fs2

Ls2
3.64

kip

in
 Required min weld capacity for a single stitch 

Demand/capacity ratio for Location "Girder2  - Downstream weld"  for the 1.5in stitch

weld where fa 4.78
kip

in


fs2

fa
0.76  <1.0

___________________________
Printed: 2/9/2017       Nova Scotia Power - Wreck Cove T2 Intake Gate - Girder Weld Capacity Check - RevA02.XMCD

______________________________________________________________________________________________________________________________
Page 16 of 37

ACE 2018 CI 49033 Attachment 3 Page 162 of 284

Date Filed:  November 22, 2017          Page 1087 of 2371          REDACTED



________________________________________________________________________________________________________

Nova Scotia Power
Wreck Cove T2 Gate - Girder welds
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5) Weld check - Girder 3

Girder3  - Upstream weld 

Location "Girder3  - Upstream weld "

Data G3US

n rows Data  123 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

F Fx
2

Fy
2

 Fz
2

 Total force 

i 0 n 2

Δd 0

Δdi di 1 di

Check if the intervals can be considered equal 

min Δd  0.70 in max Δd  0.70 in Stdev Δd  0.000 in OK, to be considered  equal 

Δd mean Δd  0.70 in

Extrapolate force values for the first and last data points

i 1 n 2

dtemp 0 Ftemp 0

dtemp
i 1

di Ftemp
i 1

Fi

F0 linterp dtemp Ftemp d0 

Fn 1 linterp dtemp Ftemp dn 1 

f
F

Δd
 Force on the weld per unit length 

fmax max f  1.410
kip

in


fmax

fa
0.29  <1.0 Demand/capacity ratio for Location "Girder3  - Upstream weld "  where fa 4.78

kip

in
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Location "Girder3  - Upstream weld "

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Nodal force

F

kip

d

in

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0

0.16

0.32

0.48

0.64

0.8

0.96

1.12

1.28

1.44

1.6
Force on weld per unit length

f
kip

in

d

in
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in

Girder3  - Downstream weld 

Location "Girder3  - Downstream weld"

Data G3DS

n rows Data  123 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

F Fx
2

Fy
2

 Fz
2

 Total force 

i 0 n 2

Δd 0

Δdi di 1 di

Check if the intervals can be considered equal 

min Δd  0.70 in max Δd  0.70 in Stdev Δd  0.000 in OK, to be considered  equal 

Δd mean Δd  0.70 in

Extrapolate force values for the first and last data points

i 1 n 2

dtemp 0 Ftemp 0

dtemp
i 1

di Ftemp
i 1

Fi

F0 linterp dtemp Ftemp d0 

Fn 1 linterp dtemp Ftemp dn 1 

f
F

Δd
 Force on the weld per unit length 
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Location "Girder3  - Downstream weld"

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0.2

0.28

0.36

0.44

0.52

0.6

0.68

0.76

0.84

0.92

1
Nodal force

F

kip

d

in

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0.2

0.34

0.48

0.62

0.76

0.9

1.04

1.18

1.32

1.46

1.6
Force on weld per unit length

f
kip

in

d

in
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However the weld on the downstream side is not continuous (Figure 2). A single stitch is conservatively
assumed to have the capacity of 1/4 double fillet weld.

Weld capacity calculation for the 3in stitch weld 

i 0
n

2


F1 0

F1i Fi

Fmax max F1  1 kip

nmax match Fmax F 0 10 Find where the nodal force is max along Interval 1 as shown in Figure 2

dmax dnmax
7 in

Δw
max d 

ns
7.12 in One stitch is to withstand force from Δw 7.12 in

Fs1
dmax 0.5 Δw

dmax 0.5 Δw

xlinterp d f x 



d 10.098 kip Max force per single 3in stitch 

fs1
Fs1

Ls1
3.37

kip

in
 Required min weld capacity for a single stitch 

Demand\capacity ratio for Location "Girder3  - Downstream weld"  for the 3in stitch

weld where fa 4.78
kip

in


fs1

fa
0.70  <1.0

Weld capacity calculation for the 1.5in stitch weld 

dmax
max d 

2
42.72 in Location where nodal force is max along Interval 2 as shown in Figure 2

Fs2
dmax

dmax Δw

xlinterp d f x 



d 5.770 kip Max force per single 1.5in stitch 

fs2
Fs2

Ls2
3.85

kip

in
 Required min weld capacity for a single stitch 

Demand/capacity ratio for Location "Girder3  - Downstream weld"  for the 1.5in stitch

weld where fa 4.78
kip

in


fs2

fa
0.80  <1.0
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6) Weld check - Girder 4

Girder4  - Upstream weld 

Location "Girder4  - Upstream weld "

Data G4US

n rows Data  123 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

F Fx
2

Fy
2

 Fz
2

 Total force 

i 0 n 2

Δd 0

Δdi di 1 di

Check if the intervals can be considered equal 

min Δd  0.70 in max Δd  0.70 in Stdev Δd  0.000 in OK, to be considered  equal 

Δd mean Δd  0.70 in

Extrapolate force values for the first and last data points

i 1 n 2

dtemp 0 Ftemp 0

dtemp
i 1

di Ftemp
i 1

Fi

F0 linterp dtemp Ftemp d0 

Fn 1 linterp dtemp Ftemp dn 1 

f
F

Δd
 Force on the weld per unit length 

fmax max f  1.419
kip

in


fmax

fa
0.30  <1.0 Demand/capacity ratio for Location "Girder4  - Upstream weld "  where fa 4.78

kip

in
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Location "Girder4  - Upstream weld "

0 8.544 17.087 25.631 34.175 42.718 51.262 59.806 68.35 76.893 85.437
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Nodal force

F

kip

d

in

0 8.544 17.087 25.631 34.175 42.718 51.262 59.806 68.35 76.893 85.437
0

0.16

0.32

0.48

0.64

0.8

0.96

1.12

1.28

1.44

1.6
Force on weld per unit length

f
kip

in

d

in
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in

Girder4  - Downstream weld 

Location "Girder4  - Downstream weld"

Data G4DS

n rows Data  123 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

F Fx
2

Fy
2

 Fz
2

 Total force 

i 0 n 2

Δd 0

Δdi di 1 di

Check if the intervals can be considered equal 

min Δd  0.70 in max Δd  0.70 in Stdev Δd  0.000 in OK, to be considered  equal 

Δd mean Δd  0.70 in

Extrapolate force values for the first and last data points

i 1 n 2

dtemp 0 Ftemp 0

dtemp
i 1

di Ftemp
i 1

Fi

F0 linterp dtemp Ftemp d0 

Fn 1 linterp dtemp Ftemp dn 1 

f
F

Δd
 Force on the weld per unit length 
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Location "Girder4  - Downstream weld"

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0.2

0.28

0.36

0.44

0.52

0.6

0.68

0.76

0.84

0.92

1
Nodal force

F

kip

d

in

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0.2

0.34

0.48

0.62

0.76

0.9

1.04

1.18

1.32

1.46

1.6
Force on weld per unit length

f
kip

in

d

in
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However the weld on the downstream side is not continuous (Figure 2). A single stitch is conservatively
assumed to have the capacity of 1/4 double fillet weld.

Weld capacity calculation for the 3in stitch weld 

i 0
n

2


F1 0

F1i Fi

Fmax max F1  0.99 kip

nmax match Fmax F 0 14 Find where the nodal force is max along Interval 1 as shown in Figure 2

dmax dnmax
9.8 in

Δw
max d 

ns
7.12 in One stitch is to withstand force from Δw 7.12 in

Fs1
dmax 0.5 Δw

dmax 0.5 Δw

xlinterp d f x 



d 10.001 kip Max force per single 3in stitch 

fs1
Fs1

Ls1
3.33

kip

in
 Required min weld capacity for a single stitch 

Demand\capacity ratio for Location "Girder4  - Downstream weld"  for the 3in stitch

weld where fa 4.78
kip

in


fs1

fa
0.70  <1.0

Weld capacity calculation for the 1.5in stitch weld 

dmax
max d 

2
42.72 in Location where nodal force is max along Interval 2 as shown in Figure 2

Fs2
dmax

dmax Δw

xlinterp d f x 



d 5.924 kip Max force per single 1.5in stitch 

fs2
Fs2

Ls2
3.95

kip

in
 Required min weld capacity for a single stitch 

Demand/capacity ratio for Location "Girder4  - Downstream weld"  for the 1.5in stitch

weld where fa 4.78
kip

in


fs2

fa
0.83  <1.0
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7) Weld check - Girder 5

Girder5  - Upstream weld 

Location "Girder5  - Upstream weld "

Data G5US

n rows Data  123 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

F Fx
2

Fy
2

 Fz
2

 Total force 

i 0 n 2

Δd 0

Δdi di 1 di

Check if the intervals can be considered equal 

min Δd  0.70 in max Δd  0.70 in Stdev Δd  0.000 in OK, to be considered  equal 

Δd mean Δd  0.70 in

Extrapolate force values for the first and last data points

i 1 n 2

dtemp 0 Ftemp 0

dtemp
i 1

di Ftemp
i 1

Fi

F0 linterp dtemp Ftemp d0 

Fn 1 linterp dtemp Ftemp dn 1 

f
F

Δd
 Force on the weld per unit length 

fmax max f  1.455
kip

in


fmax

fa
0.30  <1.0 Demand/capacity ratio for Location "Girder5  - Upstream weld "  where fa 4.78

kip

in
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Location "Girder5  - Upstream weld "

0 8.544 17.087 25.631 34.175 42.718 51.262 59.806 68.35 76.893 85.437
0

0.12

0.24

0.36

0.48

0.6

0.72

0.84

0.96

1.08

1.2
Nodal force

F

kip

d

in

0 8.544 17.087 25.631 34.175 42.718 51.262 59.806 68.35 76.893 85.437
0

0.16

0.32

0.48

0.64

0.8

0.96

1.12

1.28

1.44

1.6
Force on weld per unit length

f
kip

in

d

in
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Girder5  - Downstream weld 

Location "Girder5  - Downstream weld"

Data G5DS

n rows Data  123 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

F Fx
2

Fy
2

 Fz
2

 Total force 

i 0 n 2

Δd 0

Δdi di 1 di

Check if the intervals can be considered equal 

min Δd  0.70 in max Δd  0.70 in Stdev Δd  0.000 in OK, to be considered  equal 

Δd mean Δd  0.70 in

Extrapolate force values for the first and last data points

i 1 n 2

dtemp 0 Ftemp 0

dtemp
i 1

di Ftemp
i 1

Fi

F0 linterp dtemp Ftemp d0 

Fn 1 linterp dtemp Ftemp dn 1 

f
F

Δd
 Force on the weld per unit length 
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Location "Girder5  - Downstream weld"

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0.2

0.29

0.38

0.47

0.56

0.65

0.74

0.83

0.92

1.01

1.1
Nodal force

F

kip

d

in

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0.2

0.34

0.48

0.62

0.76

0.9

1.04

1.18

1.32

1.46

1.6
Force on weld per unit length

f
kip

in

d

in
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However the weld on the downstream side is not continuous (Figure 2). A single stitch is conservatively
assumed to have the capacity of 1/4 double fillet weld.

Weld capacity calculation for the 3in stitch weld 

i 0
n

2


F1 0

F1i Fi

Fmax max F1  1.04 kip

nmax match Fmax F 0 13 Find where the nodal force is max along Interval 1 as shown in Figure 2

dmax dnmax
9.1 in

Δw
max d 

ns
7.12 in One stitch is to withstand force from Δw 7.12 in

Fs1
dmax 0.5 Δw

dmax 0.5 Δw

xlinterp d f x 



d 10.474 kip Max force per single 3in stitch 

fs1
Fs1

Ls1
3.49

kip

in
 Required min weld capacity for a single stitch 

Demand\capacity ratio for Location "Girder5  - Downstream weld"  for the 3in stitch

weld where fa 4.78
kip

in


fs1

fa
0.73  <1.0

Weld capacity calculation for the 1.5in stitch weld 

dmax
max d 

2
42.72 in Location where nodal force is max along Interval 2 as shown in Figure 2

Fs2
dmax

dmax Δw

xlinterp d f x 



d 6.059 kip Max force per single 1.5in stitch 

fs2
Fs2

Ls2
4.04

kip

in
 Required min weld capacity for a single stitch 

Demand/capacity ratio for Location "Girder5  - Downstream weld"  for the 1.5in stitch

weld where fa 4.78
kip

in


fs2

fa
0.84  <1.0
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8) Weld check - Girder 6

Girder6  - Upstream weld 

Location "Girder6  - Upstream weld "

Data G6US

n rows Data  123 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

F Fx
2

Fy
2

 Fz
2

 Total force 

i 0 n 2

Δd 0

Δdi di 1 di

Check if the intervals can be considered equal 

min Δd  0.70 in max Δd  0.70 in Stdev Δd  0.000 in OK, to be considered  equal 

Δd mean Δd  0.70 in

Extrapolate force values for the first and last data points

i 1 n 2

dtemp 0 Ftemp 0

dtemp
i 1

di Ftemp
i 1

Fi

F0 linterp dtemp Ftemp d0 

Fn 1 linterp dtemp Ftemp dn 1 

f
F

Δd
 Force on the weld per unit length 

fmax max f  1.386
kip

in


fmax

fa
0.29  <1.0 Demand/capacity ratio for Location "Girder6  - Upstream weld "  where fa 4.78

kip

in
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Location "Girder6  - Upstream weld "

0 8.544 17.087 25.631 34.175 42.718 51.262 59.806 68.35 76.893 85.437
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1
Nodal force

F

kip

d

in

0 8.544 17.087 25.631 34.175 42.718 51.262 59.806 68.35 76.893 85.437
0

0.14

0.28

0.42

0.56

0.7

0.84

0.98

1.12

1.26

1.4
Force on weld per unit length

f
kip

in

d

in
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Girder6  - Downstream weld 

Location "Girder6  - Downstream weld"

Data G6DS

n rows Data  123 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

F Fx
2

Fy
2

 Fz
2

 Total force 

i 0 n 2

Δd 0

Δdi di 1 di

Check if the intervals can be considered equal 

min Δd  0.70 in max Δd  0.70 in Stdev Δd  0.000 in OK, to be considered  equal 

Δd mean Δd  0.70 in

Extrapolate force values for the first and last data points

i 1 n 2

dtemp 0 Ftemp 0

dtemp
i 1

di Ftemp
i 1

Fi

F0 linterp dtemp Ftemp d0 

Fn 1 linterp dtemp Ftemp dn 1 

f
F

Δd
 Force on the weld per unit length 
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Location "Girder6  - Downstream weld"

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0.2

0.29

0.38

0.47

0.56

0.65

0.74

0.83

0.92

1.01

1.1
Nodal force

F

kip

d

in

0 8.544 17.088 25.631 34.175 42.719 51.263 59.807 68.35 76.894 85.438
0.2

0.34

0.48

0.62

0.76

0.9

1.04

1.18

1.32

1.46

1.6
Force on weld per unit length

f
kip

in

d

in
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However the weld on the downstream side is not continuous (Figure 2). A single stitch is conservatively
assumed to have the capacity of 1/4 double fillet weld.

Weld capacity calculation for the 3in stitch weld 

i 0
n

2


F1 0

F1i Fi

Fmax max F1  1.03 kip

nmax match Fmax F 0 10 Find where the nodal force is max along Interval 1 as shown in Figure 2

dmax dnmax
7 in

Δw
max d 

ns
7.12 in One stitch is to withstand force from Δw 7.12 in

Fs1
dmax 0.5 Δw

dmax 0.5 Δw

xlinterp d f x 



d 10.358 kip Max force per single 3in stitch 

fs1
Fs1

Ls1
3.45

kip

in
 Required min weld capacity for a single stitch 

Demand\capacity ratio for Location "Girder6  - Downstream weld"  for the 3in stitch

weld where fa 4.78
kip

in


fs1

fa
0.72  <1.0

Weld capacity calculation for the 1.5in stitch weld 

dmax
max d 

2
42.72 in Location where nodal force is max along Interval 2 as shown in Figure 2

Fs2
dmax

dmax Δw

xlinterp d f x 



d 5.906 kip Max force per single 1.5in stitch 

fs2
Fs2

Ls2
3.94

kip

in
 Required min weld capacity for a single stitch 

Demand/capacity ratio for Location "Girder6  - Downstream weld"  for the 1.5in stitch

weld where fa 4.78
kip

in


fs2

fa
0.82  <1.0
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8) Summary

Main girder welds at the web-skinplate interface at both the upstream and downstream sides have adequate
capacity 
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Wreck Cove T2 Intake  Gate - End Beam Weld Capacity Check
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Superseded by Calculation No.   Date:  
Reason voided: 
 

 

CALCULATIONS

Calculation description

This calculation checks the capacity of end beam welds connecting the 5/8in skinplate to the 1/2in and 1 1/4in end1.
plates.
Five loading scenario including max normal hydrostatic pressure with water inside the gate (Ref 3) were considered.2.
The five loading scenarios are as follows: LS1=all wheels in contact with the wheel track; LS2=Wheel 01 not in
contact with the wheel track; LS3=Wheel 02 not in contact with the wheel track; LS4=Wheel 03 not in contact
with the wheel track; LS5=Wheel 04 not in contact with the wheel track; 
Nodal forces acting on the inner and outer end plates were extracted from the FEA model of Ref 33.

References

EETL 1110-2-584, Design of Hydraulic Steel Structures, June 20141.
Mechanical Engineering Design, Shigley2.
H351728-00000-200-230-0002, Finite Element Analyses 3.
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1) Input Parameters

α 1.33 Gate performance factor, Ref 1

fa3_8 4.77
kip

in
 Fillet weld capacity for E60XX electrode for 3/8in weld, Ref 2

fa
fa3_8

α
3.586

kip

in
 Allowable weld capacity for E60XX electrode for 3/8in fillet weld

Figure 1: Fillet weld capacity from Ref 2
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End plate nom thickness 
Upstream side 

dist from
top

t
plate 

Wheel 1
tUS

0.001

8.75

24.25

43.25

73.25

92.25

116.25

135.25

154.25

175.276

0.5

0.5

1.25

0.5

1.25

0.5

1.25

0.5

1.25

0.5































in

End plate nom thickness 
Wheel 2 Downstream side 

dist from
top

t
plate 

Wheel 3
tDS

0.001

8.75

24.25

43.25

73.25

92.25

116.25

135.25

154.25

173.25

0.5

0.5

1.25

0.5

1.25

0.5

1.25

0.5

1.25

0.5































in

Wheel 4

Figure 2: Paths along the edges of the end plates on upstream and downstream side of the gate. Four paths were created:
Upstream Inside end plate (USI), Upstream Outside end plate (USO), Downstream Inside end plate (DSI), Downstream
outside end plate (DSO)  

___________________________
Printed: 2/9/2017       Nova Scotia Power - Wreck Cove T2 Intake - End Beam Weld Capacity Check - RevA02.XMCD

______________________________________________________________________________________________________________________________
Page 4 of 49

ACE 2018 CI 49033 Attachment 3 Page 188 of 284

Date Filed:  November 22, 2017          Page 1113 of 2371          REDACTED



________________________________________________________________________________________________________

Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

2) Input Data From FEA - Nodal Forces

The data below represents nodal forces (Ref 3) at the web-skinplate interface (both upstream and downstream)  from
loading scenario LS1 corresponding to max normal hydrostatic pressure with water inside the gate where all wheels are
in contact with the wheel track.  

d[in] Fx[lbf] Fx[lbf] Fx[lbf] d[in] Fx[lbf] Fx[lbf] Fx[lbf] 
AllUSI

0 1 2 3

0
1

2

3

0 0 0 0
0.673 0 0 0

1.346 0 0 0

2.019 0 0 ...

 AllDSI
0 1 2 3

0
1

2

3

0 0 0 0
0.673 0 0 0

1.346 0 0 0

2.019 0 0 ...



AllUSO
0 1 2 3

0
1

2

3

0 16.444 9.338 -0.179
0.672 4.662 26.339 -5.932

1.345 2.758 38.709 -2.584

2.018 1.614 47.821 ...

 AllDSO
0 1 2 3

0
1

2

3

0 18.966 16.869 -2.053
0.673 4.852 46.811 4.36

1.346 2.872 70.709 2.468

2.019 1.93 88.109 ...



W1USI
0 1 2 3

0
1

2

3

0 0 0 0
0.673 0 0 0

1.346 0 0 0

2.019 0 0 0

 W1DSI
0 1 2 3

0
1

2

3

0 0 0 0
0.673 0 0 0

1.346 0 0 0

2.019 0 0 0



W1USO
0 1 2 3

0
1

2

3

0 -5.707 -2.333 -0.265
0.672 -2.461 -5.471 0.841

1.345 -0.735 -7.526 0.097

2.018 0.045 -8.397 -0.199

 W1DSO
0 1 2 3

0
1

2

3

0 -1.735 -8.322 -2.694
0.673 -2.369 -23.934 -3.104

1.346 -0.804 -38.205 -0.455

2.019 0.272 -49.456 0.285



W2USI
0 1 2 3

0
1

2

3

0 0 0 0
0.673 0 0 0

1.346 0 0 0

2.019 0 0 0

 W2DSI
0 1 2 3

0
1

2

3

0 0 0 0
0.673 0 0 0

1.346 0 0 0

2.019 0 0 0



W2USO
0 1 2 3

0
1

2

3

0 23.175 12.932 -0.168
0.672 6.798 36.17 -8.01

1.345 3.81 53.011 -3.408

2.018 2.091 65.222 -1.856

 W2DSO
0 1 2 3

0
1

2

3

0 25.215 -19.419 -1.821
0.673 7.021 -53.663 6.667

1.346 3.986 -80.428 3.372

2.019 2.435 -99.654 2.052
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d[in] Fx[lbf] Fx[lbf] Fx[lbf] d[in] Fx[lbf] Fx[lbf] Fx[lbf] 

W3USI
0 1 2 3

0
1

2

3

0 0 0 0
0.673 0 0 0

1.346 0 0 0

2.019 0 0 0

 W3DSI
0 1 2 3

0
1

2

3

0 0 0 0
0.673 0 0 0

1.346 0 0 0

2.019 0 0 0



W3USO
0 1 2 3

0
1

2

3

0 15.929 8.982 -0.154
0.672 4.546 25.304 -5.741

1.345 2.691 37.183 -2.504

2.018 1.577 45.946 -1.421

 W3DSO
0 1 2 3

0
1

2

3

0 18.561 -16.754 -2.135
0.673 4.729 -46.458 4.118

1.346 2.792 -70.237 2.37

2.019 1.89 -87.57 1.586



W4USI
0 1 2 3

0
1

2

3

0 0 0 0
0.673 0 0 0

1.346 0 0 0

2.019 0 0 0

 W4DSI
0 1 2 3

0
1

2

3

0 0 0 0
0.673 0 0 0

1.346 0 0 0

2.019 0 0 0



W4USO
0 1 2 3

0
1

2

3

0 8.075 5.142 -0.279
0.672 1.844 15.066 -3.46

1.345 1.401 22.38 -1.615

2.018 1.022 28.014 -1.02

 W4DSO
0 1 2 3

0
1

2

3

0 10.956 -13.428 -2.128
0.673 2.011 -37.719 1.714

1.346 1.468 -57.716 1.438

2.019 1.31 -72.601 1.165
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3) Weld check - All wheels in contact

All wheels in contact - US inner plate  

Name "All wheels in contact - US inner plate"

Data AllUSI

n rows Data  268 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tUS
0  di  0

ti tUS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals
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f
F

Δd
 Force on the weld per unit length 

fmax max f  1.109
kip

in


fmax

fa
0.31  <1.0 Demand\capacity ratio for Name "All wheels in contact - US inner plate"  where fa 3.59

kip

in


Name "All wheels in contact - US inner plate"

0 18.71 37.42 56.13 74.84 93.55 112.26 130.97 149.68 168.39 187.1
0

0.08

0.16

0.24

0.32

0.4

0.48

0.56

0.64

0.72

0.8

0.4

0.6

0.8

1

1.2

1.4
Nodal force

F

kip

t

in

d

in
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

All wheels in contact - DS inner plate  

Name "All wheels in contact - DS inner plate"

Data AllDSI

n rows Data  260 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tDS
0  di  0

ti tDS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals

f
F

Δd
 Force on the weld per unit length 
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

Δd

fmax max f  2.367
kip

in


fmax

fa
0.66  <1.0 Demand\capacity ratio for Name "All wheels in contact - DS inner plate"  where fa 3.59

kip

in


Name "All wheels in contact - DS inner plate"
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0.36
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

All wheels in contact - US outer plate  

Name "All wheels in contact - US outer plate"

Data AllUSO

n rows Data  268 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tUS
0  di  0

ti tUS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 
i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals

f
F

Δd
 Force on the weld per unit length 
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

fmax max f  0.883
kip

in


fmax

fa
0.25  <1.0 Demand\capacity ratio for Name "All wheels in contact - US outer plate"  where fa 3.59

kip

in


Name "All wheels in contact - US outer plate"

0 18.71 37.42 56.13 74.84 93.55 112.26 130.97 149.68 168.39 187.1
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

All wheels in contact - DS outer plate  

Name "All wheels in contact - DS outer plate"

Data AllDSO

n rows Data  264 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tDS
0  di  0

ti tDS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals

f
F

Δd
 Force on the weld per unit length 
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

fmax max f  1.036
kip

in


fmax

fa
0.29  <1.0 Demand\capacity ratio for Name "All wheels in contact - DS outer plate"  where fa 3.59

kip

in


Name "All wheels in contact - DS outer plate"

0 18.175 36.35 54.525 72.7 90.875 109.05 127.225 145.4 163.575 181.75
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

4) Weld check - Wheel 1 not in contact

 Wheel 1 not in contact - US inner plate  

Name "Wheel 1 not in contact - US inner plate"

Data W1USI

n rows Data  268 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tUS
0  di  0

ti tUS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

f
F

Δd
 Force on the weld per unit length 

fmax max f  3.031
kip

in


fmax

fa
0.85  <1.0 Demand\capacity ratio for Name "Wheel 1 not in contact - US inner plate"  where fa 3.59

k


Name "Wheel 1 not in contact - US inner plate"
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

 Wheel 1 not in contact - DS inner plate  

Name "Wheel 1 not in contact - DS inner plate"

Data W1DSI

n rows Data  260 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tDS
0  di  0

ti tDS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals

f
F

Δd
 Force on the weld per unit length 
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

fmax max f  5.681
kip

in


fmax

fa
1.58  <1.0 Demand\capacity ratio for Name "Wheel 1 not in contact - DS inner plate"  where fa 3.59

k


Name "Wheel 1 not in contact - DS inner plate"

0 18.175 36.35 54.525 72.7 90.875 109.05 127.225 145.4 163.575 181.75
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There is a small section that will be overloaded but it is not a concern since the stress will be redistributed 
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

 Wheel 1 not in contact - US outer plate  

Name "Wheel 1 not in contact - US outer plate"

Data W1USO

n rows Data  268 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tUS
0  di  0

ti tUS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals

f
F

Δd
 Force on the weld per unit length 
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

fmax max f  2.833
kip

in


fmax

fa
0.79  <1.0 Demand\capacity ratio for Name "Wheel 1 not in contact - US outer plate"  where fa 3.59

k


Name "Wheel 1 not in contact - US outer plate"
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

 Wheel 1 not in contact - DS outer plate  

Name "Wheel 1 not in contact - DS outer plate"

Data W1DSO

n rows Data  264 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tDS
0  di  0

ti tDS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

f
F

Δd
 Force on the weld per unit length 

fmax max f  6.067
kip

in


fmax

fa
1.69  <1.0 Demand\capacity ratio for Name "Wheel 1 not in contact - DS outer plate"  where fa 3.59

k


Name "Wheel 1 not in contact - DS outer plate"
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There is a small section that will be overloaded but it is not a concern since the stress will be redistributed 
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

5) Weld check - Wheel 2 not in contact

 Wheel 2 not in contact - US inner plate  

Name "Wheel 2 not in contact - US inner plate"

Data W2USI

n rows Data  268 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tUS
0  di  0

ti tUS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

f
F

Δd
 Force on the weld per unit length 

fmax max f  1.407
kip

in


fmax

fa
0.39  <1.0 Demand\capacity ratio for Name "Wheel 2 not in contact - US inner plate"  where fa 3.59

k


Name "Wheel 2 not in contact - US inner plate"
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

 Wheel 2 not in contact - DS inner plate  

Name "Wheel 2 not in contact - DS inner plate"

Data W2DSI

n rows Data  260 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tDS
0  di  0

ti tDS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals

f
F

Δd
 Force on the weld per unit length 
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

fmax max f  3.267
kip

in


fmax

fa
0.91  <1.0 Demand\capacity ratio for Name "Wheel 2 not in contact - DS inner plate"  where fa 3.59

k


Name "Wheel 2 not in contact - DS inner plate"
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

 Wheel 2 not in contact - US outer plate  

Name "Wheels 2 not in contact - US outer plate"

Data W2USO

n rows Data  268 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tUS
0  di  0

ti tUS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 
i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

f
F

Δd
 Force on the weld per unit length 

fmax max f  1.345
kip

in


fmax

fa
0.37  <1.0 Demand\capacity ratio for Name "Wheels 2 not in contact - US outer plate"  where fa 3.59

Name "Wheels 2 not in contact - US outer plate"
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

 Wheel 2 not in contact - DS outer plate  

Name "Wheel 2 not in contact - DS outer plate"

Data W2DSO

n rows Data  264 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tDS
0  di  0

ti tDS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

f
F

Δd
 Force on the weld per unit length 

fmax max f  2.765
kip

in


fmax

fa
0.77  <1.0 Demand\capacity ratio for Name "Wheel 2 not in contact - DS outer plate"  where fa 3.59

k


Name "Wheel 2 not in contact - DS outer plate"
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

5) Weld check - Wheel 3 not in contact

 Wheel 3 not in contact - US inner plate  

Name "Wheel 3 not in contact - US inner plate"

Data W3USI

n rows Data  268 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tUS
0  di  0

ti tUS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

f
F

Δd
 Force on the weld per unit length 

fmax max f  1.396
kip

in


fmax

fa
0.39  <1.0 Demand\capacity ratio for Name "Wheel 3 not in contact - US inner plate"  where fa 3.59

k


Name "Wheel 3 not in contact - US inner plate"
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

 Wheel 3 not in contact - DS inner plate  

Name "Wheel 3 not in contact - DS inner plate"

Data W3DSI

n rows Data  260 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tDS
0  di  0

ti tDS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals

f
F

Δd
 Force on the weld per unit length 
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

fmax max f  2.333
kip

in


fmax

fa
0.65  <1.0 Demand\capacity ratio for Name "Wheel 3 not in contact - DS inner plate"  where fa 3.59

k


Name "Wheel 3 not in contact - DS inner plate"
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

 Wheel 3 not in contact - US outer plate  

Name "Wheel 3 not in contact - US outer plate"

Data W3USO

n rows Data  268 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tUS
0  di  0

ti tUS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

f
F

Δd
 Force on the weld per unit length 

fmax max f  1.387
kip

in


fmax

fa
0.39  <1.0 Demand\capacity ratio for Name "Wheel 3 not in contact - US outer plate"  where fa 3.59

k


Name "Wheel 3 not in contact - US outer plate"
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

 Wheel 3 not in contact - DS outer plate  

Name "Wheel 3 not in contact - DS outer plate"

Data W3DSO

n rows Data  264 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tDS
0  di  0

ti tDS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

f
F

Δd
 Force on the weld per unit length 

fmax max f  3.489
kip

in


fmax

fa
0.97  <1.0 Demand\capacity ratio for Name "Wheel 3 not in contact - DS outer plate"  where fa 3.59

k


Name "Wheel 3 not in contact - DS outer plate"
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

6) Weld check - Wheel 4 not in contact

 Wheel 4 not in contact - US inner plate  

Name "Wheel 4 not in contact - US inner plate"

Data W4USI

n rows Data  268 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tUS
0  di  0

ti tUS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

f
F

Δd
 Force on the weld per unit length 

fmax max f  3.777
kip

in


fmax

fa
1.05  <1.0 Demand\capacity ratio for Name "Wheel 4 not in contact - US inner plate"  where fa 3.59

k


Name "Wheel 4 not in contact - US inner plate"
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There is a small section that will be overloaded but it is not a concern since the stress will be redistributed 
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

 Wheel 4 not in contact - DS inner plate  

Name "Wheel 4 not in contact - DS inner plate"

Data W4DSI

n rows Data  260 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tDS
0  di  0

ti tDS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

f
F

Δd
 Force on the weld per unit length 

fmax max f  6.449
kip

in


fmax

fa
1.80  <1.0 Demand\capacity ratio for Name "Wheel 4 not in contact - DS inner plate"  where fa 3.59

k


Name "Wheel 4 not in contact - DS inner plate"
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There is a small section that will be overloaded but it is not a concern since the stress will be redistributed 
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Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

 Wheel 4 not in contact - US outer plate  

Name "Wheel 4 not in contact - US outer plate"

Data W4USO

n rows Data  268 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tUS
0  di  0

ti tUS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals

___________________________
Printed: 2/9/2017       Nova Scotia Power - Wreck Cove T2 Intake - End Beam Weld Capacity Check - RevA02.XMCD
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________________________________________________________________________________________________________

Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

f
F

Δd
 Force on the weld per unit length 

fmax max f  2.511
kip

in


fmax

fa
0.70  <1.0 Demand\capacity ratio for Name "Wheel 4 not in contact - US outer plate"  where fa 3.59

k
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________________________________________________________________________________________________________

Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

Name "Wheel 4 not in contact - US outer plate"

0 18.71 37.42 56.13 74.84 93.55 112.26 130.97 149.68 168.39 187.1
0

0.18

0.36

0.54

0.72

0.9

1.08

1.26

1.44

1.62

1.8

0.4

0.6

0.8

1

1.2

1.4
Nodal force

F

kip

t

in

d

in

0 18.71 37.42 56.13 74.84 93.55 112.26 130.97 149.68 168.39 187.1
0

0.3

0.6

0.9

1.2

1.5

1.8

2.1

2.4

2.7

3

0.4

0.6

0.8

1

1.2

1.4
Force on weld per unit length

f
kip

in

t

in

d

in
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________________________________________________________________________________________________________

Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

 Wheel 4 not in contact - DS outer plate  

Name "Wheel 4 not in contact - DS outer plate"

Data W4DSO

n rows Data  264 Number of rows 

Read data from FEA

d Data 0  in Fx Data 1  lbf Fy Data 2  lbf Fz Data 3  lbf

Assign end plate thickness

k 0 t 0

i 0 n 1

ki reverse match 1 tDS
0  di  0

ti tDS
1  

ki  End plate thickness along d

F Fx
2

Fy
2

 Fz
2

 Total nodal force

Intervals 

i 0 n 2

Δd 0

Δdi di 1 di

Adjust intervals 

i 0 n 3

Δd1 0

Δd1i 0.5 Δdi 0.5 Δdi 1

i 0 n 1

Δd2 0

Δd2i 0

Δd20 0.5 Δd0

Δd2n 1 0.5 Δdn 2

i 0 n 3

Δd2i 1 Δd1i

Δd Δd2 Adjusted intervals
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________________________________________________________________________________________________________

Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

f
F

Δd
 Force on the weld per unit length 

fmax max f  5.043
kip

in


fmax

fa
1.41  <1.0 Demand\capacity ratio for Name "Wheel 4 not in contact - DS outer plate"  where fa 3.59

k


___________________________
Printed: 2/9/2017       Nova Scotia Power - Wreck Cove T2 Intake - End Beam Weld Capacity Check - RevA02.XMCD

______________________________________________________________________________________________________________________________
Page 47 of 49

ACE 2018 CI 49033 Attachment 3 Page 231 of 284

Date Filed:  November 22, 2017          Page 1156 of 2371          REDACTED



________________________________________________________________________________________________________

Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

Name "Wheel 4 not in contact - DS outer plate"

0 18.175 36.35 54.525 72.7 90.875 109.05 127.225 145.4 163.575 181.75
0

0.4

0.8

1.2

1.6

2

2.4

2.8

3.2

3.6

4

0.4

0.6

0.8

1

1.2

1.4
Nodal force

F

kip

t

in

d

in

0 18.175 36.35 54.525 72.7 90.875 109.05 127.225 145.4 163.575 181.75
0

0.6

1.2

1.8

2.4

3

3.6

4.2

4.8

5.4

6

0.4

0.6

0.8

1

1.2

1.4
Force on weld per unit length

f
kip

in

t

in

d

in

There is a small section that will be overloaded but it is not a concern since the stress will be redistributed 
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________________________________________________________________________________________________________

Nova Scotia Power
WreckCoveT2Gate-End Beam welds

H351728-00000-200-230-0002-C

7) Summary

The results above show that the 3/8in E60 fillet weld to connect the 5/8in upstream and downstream skinplates to
the inner and outer end plates is sufficient. 
A localized overstress may occur in the welds if Wheel 1 or Wheel 4 are not in contact with the wheel track,
however the extent of the overstressed weld is very small and therefore is not a concern.
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_____________________________________________________________________________________________________

Standard calculation
H351728-00000-200-202-0001

_____________________________________________________________________________________________

Client: Nova Scotia Power

Project Title: Wreck Cove T2 Intake Assessment Project No:  H351728

Discipline: Mechanical
_____________________________________________________________________________________________

Calculation No.: H351728-00000-200-202-0001 File No: Number of Sheets: 7
_____________________________________________________________________________________________

Description: Combines hydrostatic loads and friction loads to estimate required hoist capacity for gate, and
determines if the gate weight is sufficent to ensure gate will close.

_____________________________________________________________________________________________

1 2 3 4Category of calculation verification required
_____________________________________________________________________________________________

Prepared by:           Andrew Bridgeman                       Date: September 20, 2016  
(Print Name)

Review by:              Daniel Flores                            Date: August 30, 2017        
(Print Name)

_____________________________________________________________________________________________

Yes No Yes NoCan the calculation now be released for work? To the Client?
_____________________________________________________________________________________________

General Notes:

_____________________________________________________________________________________________

Revisions:

Rev. Date Prepared by Checked by Approved by Description
0 10/20/2016 A. Bridgeman D. Flores A. Bridgeman

Superseded by Calculation No. Date:
_____________________________________________________________________________________________

Reason voided:

_____________________________
Calc: H351728-00000-200-202-0001 Rev: 0  Printed: 8/31/2017
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_____________________________________________________________________________________________________

Standard calculation
H351728-00000-200-202-0001

HOIST CAPACITY CALCULATIONS: TAILRACE BULKHEAD

Calculation description

Combines hydrostatic loads and friction loads to estimate required hoist capacity for gate, and determines if the1.
gate weight is sufficent to ensure gate will close.

Assumptions

Estimation of gate weight known1.

References

Drawings: 
H-085S1-9-625-00-047
H-085S1-9-625-00-048
H-085S1-9-625-00-049
H-085S1-9-625-00-050
H-085S1-9-625-00-053
H-085S1-2-628-00-001

_____________________________
Calc: H351728-00000-200-202-0001 Rev: 0  Printed: 8/31/2017

______________________________________________________________________________________________________________________________
Page 2 of 8

ACE 2018 CI 49033 Attachment 3 Page 253 of 284

Date Filed:  November 22, 2017          Page 1178 of 2371          REDACTED



_____________________________________________________________________________________________________

Standard calculation
H351728-00000-200-202-0001

OPERATING LOADS

Gate Data 

Gate Width B 15.5ft

Gate Height hgate 15.146ft 181.75 in

Gate Thickness d 16in

Wet Gate Height Hgate 15.146ft

Max Headwater Level HWmax 1203ft 366.67 m

Sill Elevation Hsill 1168ft 356.01 m

Max Head Hmax HWmax Hsill 10.67m

OPERATING LOADS

Parameters 
Width between seals Ws 178in 4.52 m

Width between load
blocks

Ww 186in 4.72 m

Total length of seal Lseal hgate 2 9.23 m

Total length of top seal Ltop B 4.72 m

Seal projection from 
clamp

bseal 44.4mm

distance from center 
of rotation to 
embedded part aseal 30mm

Seal stem thickness tseal 0.563in 14.3 mm

Seal friction coefficient 
( PTFE on steel) μseal .1

Youngs modulus   Est 30000000psi

Density of water ρ 1000
kgf

m3


Density of steel ρst 7860
kgf

m3


Density of concrete ρc 2400
kgf

m3


_____________________________
Calc: H351728-00000-200-202-0001 Rev: 0  Printed: 8/31/2017
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_____________________________________________________________________________________________________

Standard calculation
H351728-00000-200-202-0001

Hydrostatic Load HL Hgate Hmax
Hgate

2








 ρ Ws 1711.12 kN

Wheel Friction Friction in the bearing due to the total wheel load
produces a frictional resistance of E1 as follows:

Wheel Axle Diameter da 4in 0.1 m

Wheel Radius rw 15
in
2

0.19 m

Coefficient of dynamic wheel friction μ .003 (Roller Bearing - Ref. Erbisti)

Total static wheel friction E1 μ
da HL

2 rw
 1.37 kN

Sliding Resistance Flattening of the wheel contact area produces a
resistance to rolling, E2, as follows.

Ref.  "Machinery's Handbook", 26th. edition; page 191

Resistance to rolling factor f 0.02in (for iron on iron)

Resistance to sliding E2 HL
f
rw
 E2 5 kN

Seal Friction The rubber seals provide a frictional resistance of E3.
The wall reaction creates friction forces. Therefore, E3
can be computed as follows: 

Ref.  "Design of Hydraulic Gates", by Paulo C.F. Erbisti;
page 228

_____________________________
Calc: H351728-00000-200-202-0001 Rev: 0  Printed: 8/31/2017
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_____________________________________________________________________________________________________

Standard calculation
H351728-00000-200-202-0001

Average head on side seal Hseal Hmax
Hgate

2
 8.36 m

Head on lintel seal Hlintel Hmax Hgate 6.05 m

.

Water pressure on side seal pside Hseal ρ 81.98
kN

m2


Water pressure on top seal ptop Hlintel ρ 59.34
kN

m2


Normal force on side seal Nseal
pside Lseal

2 bseal
bseal

2 aseal
2

 aseal tseal 

Normal force on top seal Ntop
ptop Ltop

2 bseal
bseal

2 aseal
2

 aseal tseal 

Nseal 28.13 kN

Ntop 10.42 kN

Seal friction
due to head 

E3 μseal Nseal Ntop  3.86 kN

Precompression unit force ( for 3 mm preset) according to Figure 9.2 in Erbisti: 

_____________________________
Calc: H351728-00000-200-202-0001 Rev: 0  Printed: 8/31/2017
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_____________________________________________________________________________________________________

Standard calculation
H351728-00000-200-202-0001

Precompression of J Seal Fsealpc 62.7
kgf
m

 Fsealpc 3.51
lbf
in



Precompression of Bulb Seal Fbulbpc 483
kgf
m



precompression force Nsealpc Lseal Fsealpc Ltop Fbulbpc 28.05 kN

Seal friction due to precompression E3pc μseal Nsealpc 2.81 kN

Total seal friction E3t E3 E3pc 6.66 kN

Total friction E E1 E2 E3t E 13 kN

Weight of gate  A 35000( )lb g 155.69 kN as per gate drawings

Wire Rope moves up and down along with the gate. So, its weight shall be added.

WR 100kg

A A WR g 156.67 kN

Buoyancy 

Hydrostatic Forces Acting on the Top and
Bottom of the Gate 

Due to the enclosed gate body, there are hydrostatic
pressures acting on the top and bottom of the gate

First, calulate the buoyancy of the gate in the as-designed condition of the gate.  This assumes all seal welds are
intact, and the gate body is water tight.  This force will be used when considering the lowering forces, since the gate
body will be full of air, and only slowly fill with water as it is submerged.

Gate volume Vg d Ws hgate 8.48 m3


Buoyancy Force
(assuming gate cavity empty)

Fb1 Vg ρ 83.18 kN

Second, calculate the buoyancy of the gate in the as-found condition, where the seals are no longer intact and the gate
body will fill with water.  This force will be used when calculating required hoist power.  

Gate weight (steel)
(estimate from vertgate + 10%)

Ws 15000lb 1.1 1.65 104 lb

Weight of Concrete
(Estimate)

Wc 35000lb Ws 1.85 104 lb

Volume of Steel Vs
Ws g

ρst
0.95 m3



_____________________________
Calc: H351728-00000-200-202-0001 Rev: 0  Printed: 8/31/2017
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_____________________________________________________________________________________________________

Standard calculation
H351728-00000-200-202-0001

Volume of concrete Vc
Wc g

ρc
3.5 m3



Height of concrete
(to check against drawing)

hc
Vc

14.75in 170.375 in
7.08 ft

Plug location on gate appears to be located at approximately 8.5 ft.  Concrete fill level assumed to be within 0.5ft of
the plug level. Since the bottom of the gate is angled, estimated height of concrete (and therefore volume of concrete)
appears to be correct.

Buoyancy Force
(Assuming gate cavity full of water)

Fb2 Vs Vc  ρ 43.63 kN

The gate weight is usually required to exceed resistance to lowering by 115% minimum.

Required gate weight Areq 115 % E Fb1 
or: 

Areq 110.14 kN A 156.67 kN

Areq A 1 Okay 

Under emergency drop conditions, the gate has enough weight to lower under its own weight, provided that
the wheels are rotating freely, and Fluoro-carbon film on the seals is intact.

Downpull Estimate from Vertgate (during cracking)

dpcrack 8384lbf 37.29 kN

dpmax 17845lbf 79.38 kN

Original Hoist Requirements Fhoistorig A E dpcrack Fb1 123.37 kN

Hoist requirement = Weight of gate + friction forces + downpull - buoyancy (assuming gate water tight)

The current condition of the gate allows for the upper portion of the gate to be filled with water.  Originally full
buoyancy forces would have acted on the gate assuming water tight welds, however with water infiltration, the
buoyances forces are lower, and the hoist is required to lift the weight of water which has filled the cavity.

_____________________________
Calc: H351728-00000-200-202-0001 Rev: 0  Printed: 8/31/2017
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_____________________________________________________________________________________________________

Standard calculation
H351728-00000-200-202-0001

Calculate required capacity of 
the hoist to crack the gate

FhoistFinal A E dpcrack Fb2 162.93 kN answer 

Calculate required capacity of the hoist to lift the gate in balanced head conditions

Lifting force in equalized conditions FhoistEqual A E3pc Fb2 115.85 kN answer 

Estimate the actual hoist capacity based on nameplate conditions and assumed hoist efficiency:

Actual Hoist Capacity Hoisting Speed v 2.4
ft

min


Hoist Efficiency ηhoist 90% (Assumed sheave + gearbox
efficiency) 

Hoist Power Ph 3hp

Lifting Capactiy of Hoist Fhoistcalc Ph
ηhoist

v
 165.14 kN

Calculate the capacity factor of the hoist for all three loading scenarios:

CForig
Fhoistcalc

Fhoistorig
1.34

CFfinal
Fhoistcalc

FhoistFinal
1.01

CFequal
Fhoistcalc

FhoistEqual
1.43

Typically, hoist are designed to be at least 110% of the calculated required capacity.  Based on this critera, the hoist
capacity is sufficient for the original design conditions, and for lifting the gate under equilized head in the current
conditions, however it is slightly undersized for cracking the gate in the current conditions (not water tight, water
allowed to fill cavity reducing buoyancy forces).

_____________________________
Calc: H351728-00000-200-202-0001 Rev: 0  Printed: 8/31/2017
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Preliminary Construction Cost Estimate Rev A.

(Conceptual) (Issued for Client Review)

Client: Nova Scotia Power Inc. Date: April 19, 2017
Project Name: Wreck Cove - T2 Intake Gate Assessment Project Prepared by: J. Atkinson, I. Maan, D. Pinese

Project Number: H351728
Project Duration: Assumed approx 6 months Reviewed by: A. Bridgeman, M. Miller

Description: Conceptual Design Cost Estimate for Wreck Cove T2 Intake Gate Replacement and Modifications
Accuracy Range =  ± 30%

Item Description
Estim. 

Quantity
Unit Unit Price Amount

1 Contractor's Construction Indirects
1.1 Construction Facilities, Mobilization & Demobilization 1 LS $20,000 $20,000

Subtotal $20,000

2 General Items
2.1 Access Road and Laydown Area Improvements 1 LS $25,000 $25,000
2.2 Access Road Clearing 1 LS $10,000 $10,000
2.3 Environmental Management 1 LS $5,000 $5,000
2.4 Water Control 1 LS $5,000 $5,000

Subtotal $45,000

3 T2 Intake Gate / Gatehouse
3.1 Removal of Existing Gate Equipment, Support Structure, Hoist, and Building 1 LS $30,000 $30,000
3.2 Supply and Installation Supervision of Gate (embedded parts not included) 1 LS $125,000 $125,000
3.3 Supply and Installation Supervision of Hoist 1 LS $225,000 $225,000
3.4 Supply and Installation Supervision of Superstruture 1 LS $75,000 $75,000
3.5 Supply and Installation Supervision of New Insulated Gate Enclosure 1 LS $35,000 $35,000
3.6 Supply and Installation Supervision of Stairway Structure 1 LS $10,000 $10,000
3.7 Installation of Gate Equipment (gate, support structure, hoist) 1 LS $100,000 $100,000
3.8 New Reinforced Concrete Slab 1 LS $15,000 $15,000
3.9 Concrete Dowelling of new support structure into new concrete slab 1 LS $6,500 $6,500
3.1 Miscellaneous Steel (grating for deck openings)  1 LS $10,000 $10,000
3.11 Supply and Installation of Wood Timbers for Ice Prevention 1 LS $36,000 $36,000

Subtotal $667,500

4 Electrical
4.1 Electrical Works 1 LS $65,000 $65,000
4.2 Electrical Service Upgrade 1 LS $7,500 $7,500
4.3 Wreck Cove Intake and Foundation Grounding 1 LS $10,000 $10,000
4.4 CCTV Freeze Protection Camera 1 LS $10,000 $10,000

Subtotal $92,500

Total Estimated Construction Cost without Contingency $825,000

Contingency (20%) $165,000

Total Estimated Construction Cost $990,000
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Exclusions:
- Engineering design and environmental studies
- Owner's engineering costs (project management, tendering, site supervision, QA testing)
- Owner's other costs (financing/IDC, taxes, land acquisition, legal surveys)
- Construction Insurance and Bonds
- Escalation beyond September 2017
- Mitigation measures for protection of archaeological areas (if applicable)
- Concrete testing (Owner preference to coordinate)

Available Information:
- Cost estimates based on recent other NSPI projects (actuals and tendered)
-Budgetary quote received for major gate and hoist equipment

Other Notes/Assumptions:
- Contractor indirects such as site supervision, mob, demob, etc., assumed to be included in unit rates and LS costs (typical NSPI experience)
- Unit prices for concrete include formwork and reinforcing steel
- Cost estimate developed without comprehensive condition assessment of existing structures and site conditions
- Local contractor (minimal per diems)
- Existing structures assumed to be in acceptable condition for intended purpose
- Existing structures assumed to meet stability requirements
- Bedrock presumed to be sound and in good condition (geotech inspection required before foundation construction)
- Bedrock can be removed using excavator with rock breaker

- Dewatering managed by NSPI (outage planned)
- Grounding requirements based on standard design supplier requirements
- CCTV Camera included for visual inside gate well to monitor freeze protection
- All ladder and fall arrest systems by suppliers
- 6 month construction schedule

- Concrete surface preparation is considered incidental to the work (not a separate pay item)

- Road access and possible laydown areas on project site assumed to be in reasonable condition (some improvements needed) for construction equipment and crane 
access
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Wreck Cove GS – Gate Equipment  

Request for Budget Quote 

1. Item 1 – T2 Intake Gate Equipment 
1.1 Description 

The T2 intake gate at the Wreck Cove Generating Station in Nova Scotia controls the water 
passage between the Wreck Cove reservoir and Surge Lake.  Nova Scotia Power Inc. (NSPI) 
is considering replacement/refurbishment of the T2 intake gate equipment. 

There are no plans to replace the existing embedded parts as an underwater ROV inspection 
suggests that the embedded parts are in acceptable condition.   

Hoist arrangements being considered are:  

 Superstructure mounted wire rope hoist  

 Superstructure with deck mounted wire rope hoist. 

If the hoist is installed at deck elevation, the wire ropes will run from the hoist drum up at an 
angle to sheaves/pulleys located on the gate support structure above the gate slot.  The deck 
mounted hoist location has value as it allows for a shorter tower structure and for better 
access to the hoist during maintenance activities. 

1.2 Scope of Supply 
If possible, please provide pricing for the items listed below based on a superstructure 
mounted wire rope hoist. 

Please also comment on the feasibility of mounting the wire rope hoist at deck elevation. 

Description Weight or 
Capacity (kg) 

Budget Price ($CAN) 

Vertical wheeled intake gate    
Wire rope hoist   
Steel superstructure with ladder 
access 

  

Insulated hoist enclosure   
Staircase access (alternate to 
ladder access) 
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1.3 Design Requirements 
General design requirements as per below. 

Description Requirement 
Maximum Headwater Level 1200 ft 
Sill Elevation 1168 ft 
Deck Elevation 1212 ft 
Approximate Lift Height 45 ft  (bottom of gate should be 6 in. higher 

than deck elevation when in maintenance 
position) 

Seal Location Downstream 
Water Passage Clear Height 12 ft – 0 in. 
Water Passage Clear Width 13 ft – 0 in. 
Gate Center-to-Center Main Rollers 14 ft. – 10 in.  
Existing Seals Sill seal – metal to metal type 

Side seals – rubber J bulb type 
Lintel seal – rubber centre bulb type 

Lifting/Lowering Speed (minimum) Existing: 2.4 ft per minute 
Proposed: 3.0 ft per minute 

Emergency Closure Speed (minimum) 
under self-weight using fan brake 

Existing: 5.0 ft per minute 
Proposed: Average of 6.0 ft per minute and 
not more than 3 times rated speed 

Ladder or Stairs To meet applicable health and safety 
requirements 

Rated Capacity of Hoist Not less than 133% of calculated required 
capacity 

Self-weight of Gate To exceed forces resisting closure by a 
minimum of 25% 

Gate Corrosion Allowance 1/16 in. on all surfaces exposed to water 
 

1.4 Reference Drawings 
The following reference drawings are attached. 

Drawing Number Title 
H-085S1-9-625-00-047 Wreck Cove Tunnel Intake Gate – General 

Arrangement of Gate and Seals 
H-085S1-9-625-00-050 Wreck Cove Tunnel Intake Gate – General 

Arrangement of Embedded Parts 
H-085S1-9-625-00-053 Wreck Cove Tunnel Intake Gate – Hoist Drive 

General Arrangement 
H-085S1-9-625-00-057 Wreck Cove Tunnel Intake Gate – Hoist 

Support Structure - Elevations 
H-085S1-2-628-00-001 Wreck Cove Tunnel Intake Gate – Intake Gate 

General Arrangement 
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1.5 Reference Photos 
 

 
Photo 1 – T2 Hoist Support Structure and Enclosure 

 

 
Photo 2 – T2 Hoist Support Structure and Enclosure 
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Photo 3 – T2 Gate Intake Structure 
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2. Item 2 – Penstock Intake Gate Equipment 
2.1 Description 

A submerged penstock intake is used to transport water from Surge Lake to the Wreck Cove 
Powerhouse.  The submerged penstock intake currently uses stoplogs (sectional gates) for 
penstock and powerhouse isolation (requires dewatering of Surge Lake and installation by 
boom truck).  Proposed changes to the penstock intake include construction of a concrete 
gate tower/well (or steel structure) that will facilitate installation of a vertical wheeled gate.  
The wheeled gate will replace the stoplogs as the primary penstock/powerhouse isolation 
mechanism.  The overall scope of the new intake area at Surge Lake includes: 

 Extension of intake structure (by others) upstream to allow for installation of a concrete or 
steel gate tower (by others) for new vertical downstream stealing gate 

 If concrete, the tower will enclose the gate path to facilitate heating at the water 
surface 

 If steel, the wire ropes will be shielded and within a heated space to prevent 
freezing at the water surface 

 Installation of an access bridge to the gate tower (by others). 

Similar to the T2 intake gate, hoist arrangements being considered are:  

 Superstructure mounted wire rope hoist 

 Superstructure with deck mounted wire rope hoist. 

If the hoist is installed at deck elevation, the wire ropes will run from the hoist drum up at an 
angle to sheaves/pulleys located on the gate support structure above the gate slot.  The deck 
mounted hoist location has value as it allows for a shorter tower structure and for better 
access to the hoist during maintenance activities. 

2.2 Scope of Supply 
If possible, please provide pricing for the items listed below based on a superstructure 
mounted wire rope hoist.   

Please also comment on the feasibility of mounting the wire rope hoist at deck elevation. 

Description Weight or 
Capacity (kg) 

Budget Price ($CAN) 

Vertical wheeled intake gate    
Wire rope hoist   
Steel superstructure with ladder 
access 

  

Insulated hoist enclosure   
Staircase access (alternate to 
ladder access) 
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2.3 Design Requirements 
General design requirements as per below. 

Description Requirement 
Maximum Headwater Level 1200 ft 
Sill Elevation 1121.5 ft 
Deck Elevation 1212 ft (assumed to be similar to T2 intake) 
Approximate Lift Height To be determined by gate designer (bottom of 

gate should be 6 in. higher than deck 
elevation when in maintenance position) 

Seal Location Downstream 
Water Passage Clear Height Approx 14 ft – 6 in.  
Water Passage Clear Width Approx 13 ft – 0 in. 
Gate Dimensions To be determined by gate designer 
Seals Sill seal – metal to metal type (or that 

recommenced by designer) 
Side seals – rubber J bulb type 
Lintel seal – rubber centre bulb type 

Lifting/Lowering Speed (minimum) Proposed: 3.0 ft per minute 
Emergency Closure Speed (minimum) 
under self-weight using fan brake 

Proposed: Average of 6.0 ft per minute and 
not more than 3 times rated speed 

Ladder or Stairs To meet applicable health and safety 
requirements 

Rated Capacity of Hoist Not less than 133% of calculated required 
capacity 

Self-weight of Gate To exceed forces resisting closure by a 
minimum of 25% 

Gate Corrosion Allowance 1/16 in. on all surfaces exposed to water 
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2.4 Reference Drawings  (see sketch below) 
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2.5 Reference Photos 
 

 
Photo 1 – Penstock Intake (dewatered) 
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Appendix I  
Interim Repair Email 
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Fabiano, Gisella

From: Atkinson, Jonathan
Sent: Wednesday, November 09, 2016 7:05 PM
To: SAMPSON, RAY
Cc: Bridgeman, Andrew; Westermann, Jerry; Belashov, Oleg; 351728
Subject: Wreck Cove T2 Intake Gate - Status Update and Recommendations for Interim Repair
Attachments: Wreck Cove T2 Intake Gate - Mapping of Cracks in Welds.pdf

Hi Ray, 

We are currently in the process of preparing the inspection summary report and suggested refurbishment/replacement 
scope for the T2 intake gate. However, based on the cracked welds found on the gate during the initial site inspection 
and recent site inspection (to inspect the interior of gate with borescope and measure wheel alignment), we suggest 
that an interim repair be completed to ensure reliable use of the gate for isolation purposes. Please find below a brief 
status update of the inspections and analysis performed to date as well as recommendations. 

The following inspections have been completed: 

 Initial inspection completed on Aug 20, 2016. Results of initial inspections will be included in the summary
report.

 Recent inspection completed to attempt to inspect the interior of the gate via select drilled holes with
borescope completed on Nov 5, 2016. Inspection went well. There was a significant amount of scaling
throughout, so it was difficult to determine the condition of the welds inside the gate. The scaling was
consistent with the top of the gate however (below covers), and after removing debris and scaling, the welds
appeared to be in good shape (possible indication that interior welds not inspected and interior welds where
ballast located could be in similar condition).

The following analysis activities have been completed to date: 

 Hoist capacity is adequate, and the gate should lower in full flow conditions considering all static & dynamic
forces acting on the gate.

 Hoist superstructure columns were found to be adequate to take all expected hoisting loads, and the stall
torque of the hoist.

 Gate finite element analysis (FEA) determined that all gate stresses are within allowable for the original gate
design. The original end beam welds appear to have an adequate capacity given all wheels are in contact with
the wheel path. However, if one of the wheels is not in contact with the wheel path the end beam welds at the
above or below adjacent wheel may be overstressed.

 Currently, some welds on the gate have failed (we suspect likely due to freeze thaw issues and possible
overstress of welds as per above) and the gate is no longer under the same conditions it was designed for:

o Gate heating system has failed and been abandoned
o Gate cavity was originally water tight, and now water can fill the gate cavity.

Until a refurbishment approach/strategy can be further developed, the following recommendations are suggested in the 
short‐term to ensure reliable use of the gate for isolation purposes: 

 Repair the damaged welds as per the original design but using a minimum weld size of 5/16” (E70 electrode) for
end box weld repairs, and 3/8” (E70 electrode) for wheel box weld repairs. Remove material to sound metal by
gouging or grinding. Use Vee preparation to achieve minimum desired weld size.

 Slightly deformed plates may be left as‐is until gate refurbishment, unless the deformations affect the weld
procedure, or are anticipated to affect gate operational clearances with the embedded parts.
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 Consider drilling holes through the skinplate and end plates to allow for water drainage since the gate is 
currently not water tight. Location of holes to be determined. 

 Touch up paint around welds and drain holes to prevent corrosion using a compatible coating system. 
 

We have attached a PDF file that maps general gate cracking locations and have included below a few excerpts (three 
images) of the original gate drawings with mark‐ups of weld details that can be used to approach local fabricators for 
possible pricing for the repairs. 
 

 
 

 
 

 
 
 
Please let us know your thoughts and please don’t hesitate to call to further discuss any of above and next steps. 
 
Regards, 
Jon 
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Jonathan Atkinson, P.Eng., M.Eng. 
Project Manager / Water Power 
 
Tel: +1 780 392 1244 
9888 Jasper Avenue NW, Suite 1100, Edmonton  
Alberta Canada T5J 5C6 
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CI Number: 51235 

Title:  HYD Wreck Cove Main Access Road Refurbishment 

Start Date: 2017/06 
In-Service Date: 2018/10 
Final Cost Date: 2019/04 
Function: Hydro 
Forecast Amount: $2,686,075 

DESCRIPTION: 

This project is for the design and refurbishment of a section of the main access road (Highland Road) to the Wreck 
Cove Generating Station.  Highland Road connects Highway 312 Cabot Trail to the Wreck Cove Generating Station, 
and is the property of NS Power.  

The section of road was originally constructed in 1978 and underwent asphalt and settlement repairs in 1997. To 
extend the life of the roadway and to ensure safe access to the Hydro System the road requires refurbishments.  This 
includes improvements to the road surface and drainage system, replacement of the guard rails and protection from 
potential rock falls.  The embankment also requires repairs.   

Summary of Related CIs +/- 2 years 
2016 CI 50151 WRC Main Access Road Bridge Replacement $716,508 

Depreciation Class: Hydro Production Plant- Wreck Cove Hydro System 

Estimated Life of the Asset: 50 Years 

JUSTIFICATION: 

Justification Criteria:  Health & Safety 

Why do this project? 

This project is for the design and rehabilitation of a section of the main access road (Highland Road) to the Wreck 
Cove Generating Station. Highland Road was originally constructed in 1978 and underwent asphalt and settlement 
repairs in 1997.   Required repairs include improvements to the road surface and drainage system, replacement of 
the guard rails and protection from potential rock falls.  Currently, the outside lane of the access road is restricted 
due to potential for slope failure, as this road has a steep slope on one side, where rock falls could take place.  Heavy 
equipment (loaders, snow plows, etc.) carrying significant loads can be required on the site and the access road 
requires upgrades to be able to safely handle this equipment.  

Why do this project now? 

A recent road inspection (Attachment 1) indicated that the asphalt has deteriorated in places, the guard rail has 
shifted in some areas, and a significant quantity of loose rock has fallen onto the roadway and into the ditch. 
Additional loose rock threatens the safety of the roadway, due to falling rock. The inspection also recommended a 
lane closure for a section of the access road.  

Why do this project this way? 

Road upgrades are required to provide safe access to the Wreck Cove Generating Station. The only feasible option is to 
resurface the access road, replace the guardrail and refurbish the failed slope section. 
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: -CI Number 51235-H823 HYD Wreck Cove Main Access Road Refurbishment Project Number 51235-H823

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1361 1361 Wreck Cove Common Property

0300 - HGP - Bldg.,Struct.Grnd. 2,292,946Additions

0300 - HGP - Bldg.,Struct.Grnd. 393,129Retirements

Total Cost:

Original Cost:

2,686,075

763,838

Total Cost:Original Cost:
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Memo 
 

mm v:\1216\active\121620xxx\121620755\7_reports\02-class d costing memo\mem_mcm_class_d_wreck_cove_20170811.docx 

To: Colin MacDonald, P.Eng. 
 

From: Maureen Matthew, P.Geo. 
 

 Nova Scotia Power Inc. 
 

 Stantec Consulting Ltd. 
 

File: Wreck Cove Main Access Road 
Assessment 
Project No. 121620755 

Date: August 11, 2017 

Reference: Wreck Cove Main Access Road Assessment 
Class D Cost Estimate for Upgrades and Maintenance  

INTRODUCTION 

Stantec Consulting Ltd. (Stantec) was retained by Nova Scotia Power Inc. (NSPI) to provide 
consulting engineering services for the Wreck Cove Main Access Road Assessment, at the Wreck 
Cove Hydro Station, Cape Breton, NS.   

NSPI has identified that the main access road (Highland Road) requires upgrading to extend the 
service life and improve safety along the main access to the Wreck Cove Hydro Station.  
Components of the road that have been identified for assessment include: the asphalt driving 
surface, guard rails, road drainage system, overburden slopes and rock cuts (upslope), and the 
downslope embankment.  

Stantec understands that NSPI requires a cost estimate for the recommended remedial measures to 
upgrade Highland Road for 2018 capital expenditure planning.  This memo will be followed by a full 
Condition Assessment Report that provides details on the work completed, site conditions, 
engineering analyses, and recommendations for remediation.  However, in consideration of NSPI’s 
requirement for cost estimates for internal planning purposes, this memo is provided with Class D 
cost estimates on all recommended component upgrades in advance of the full report.   

ASSESSMENT SUMMARY 

Upslope Remediation  

An evaluation of the upslope overburden slopes and rock cuts has been carried out.  The road has 
been subdivided into sections of high, moderate, and low risk associated with rock slope/soil 
instabilities that may impact the road.   

Two options for remediation of the upslope area are provided for consideration: 

 Concrete Barrier option (low cost) to include: 
 Installation of a concrete jersey barrier along the high-risk sections of the road; 
 Installation of rock anchors in select areas to stabilize larger rock blocks; 
 Manual scaling of the rock face and slope crest along the entire road length; and 
 Clearing the catchment ditch of accumulated debris along the entire road length. 
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August 11, 2017 
Colin MacDonald, P.Eng. 
Page 2 of 3  

Reference: Wreck Cove Main Access Road Assessment 
Class D Cost Estimate for Upgrades and Maintenance  
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 Rock Slope Netting option (high cost) to include: 
 Installation of a secured rock slope drapery system over the high-risk section of the road; 
 Installation of rock anchors in select areas to stabilize larger rock blocks; 
 Manual scaling of the rock face and slope crest along the entire road length; and 
 Clearing the catchment ditch of accumulated debris along the entire road length.  

Option 1 (low cost) can be constructed by a local experienced contractor. Based on our analyses, 
this measure can provide over 90% catchment of anticipated rock fall events, with some 
requirement for ongoing maintenance and ditch clean out.  Option 2 (higher cost) will require 
installation by a specialized contractor, however, the slope will be more actively stabilized and 
rockfall events minimized. 

Road Surface Rehabilitation 

A visual assessment and intrusive investigation was carried out to assess the condition of the road 
surface and subgrade.  The results of the investigation and subsequent laboratory testing and 
analysis indicate that the existing road structure does not meet the required strength for a 20-year 
pavement design for the anticipated traffic loadings.  The pavement design was carried out in 
accordance with the 1993 AASHTO Guide for the Design of Pavement Structures.  

Stantec recommends a full depth reconstruction for the entire length of the study section.  Full 
depth reconstruction will address the inadequate strength of the existing pavement structure, the 
lack of drainage observed, and the potential realignment and/or widening.  

Civil Engineering Assessment 

Stantec’s civil engineering team has completed an assessment of the roadway alignment, guardrail 
condition, and drainage features as part of the project.  Based on the results of the site visit and 
review, the following components are proposed for remediation: 

 Guiderail Replacement to include: 
 Removal of existing double wire guide rail system; and 
 Installation of W-beam guide rail.  

 
 Drainage Reinstatement to include: 

 Clearing vegetation and debris within 3 culverts; 
 Replacement of 2 culverts;  
 Repair of downstream outlet area of 1 culvert; and 
 Ditch regrading and reinstatement. 

Downslope Embankment Assessment 

Assessment of the downslope embankment was not included as part of the original scope of work.  
During the initial site visits, tension cracks were observed in the road surface near the crest of the 
downslope embankment.  The presence of these cracks indicated potential slope instability, 
however, the mechanism of failure is currently unknown.   
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Reference: Wreck Cove Main Access Road Assessment 
Class D Cost Estimate for Upgrades and Maintenance  
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An additional site reconnaissance was completed by senior geotechnical personnel and a proposal 
for further geotechnical investigation and stability analysis has been provided to NSPI.  The 
investigation will be required prior to developing recommendations for remediation.  The cost of this 
additional work is included in the attached Class D cost estimate, Table 1. 

As the downslope stability has not been fully assessed at this time, a conceptual remedial approach 
has been utilized for the purpose of the cost estimate for the Highland Road upgrade.  The concept 
assumes that each area of potential downslope instability is stabilized using a retaining wall.  A 
general cost estimate for this approach is provided in Table 1.  

Table 1 Class D Cost Estimate for Highland Road Upgrades 

Remediation Component Class D Cost Estimate (excl. HST) 

Option 1 (Low Cost) Option 2 (High Cost) 

Upslope Remediation 

Road Surface Rehabilitation 

Guiderail Replacement 

Drainage Reinstatement 

Downslope Embankment Geotechnical Investigation 

Downslope Embankment Stabilization (Conceptual)1 

 

TOTAL CLASS D (LOW COST) 

TOTAL CLASS D (HIGH COST) 
Note: 1) The cost estimate associated with downslope embankment stabilization is based on a conceptual 
remedial model and has not been verified by a geotechnical investigation, analysis and design. Subject to 
change. 

We trust this information meets your present requirements.  If you have any questions or concerns on 
the information provided, please do not hesitate to contact the undersigned at your convenience. 

STANTEC CONSULTING LTD.  

Maureen Matthew, M.Sc., P.Geo. 
Engineering Geologist 
Phone: (902) 468-7777 
Fax: (902) 468-9009 
Maureen.Matthew@stantec.com 
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Stantec Consulting Ltd. 
102-40 Highfield Park Drive, Dartmouth NS  B3A 0A3 

   

August 3, 2017 
File: 121620755 

Attention: Mr. Colin MacDonald, P.Eng., Civil Project Engineer 
Nova Scotia Power Hydro and Wind Energy 
1223 Lower Water Street 
Halifax NS  B3J 3S8 

Dear Mr. MacDonald, 

Reference: Highland Road Geotechnical Embankment Fill Slope Stability Review Site 
Reconnaissance, Wreck Cove Main Access Road Assessment, Nova Scotia 

Stantec Consulting Ltd. (Stantec) has performed a site reconnaissance comprising a visual review 
of the crest area of the current Highland Road embankment surface for evidence of potential 
critical global instability associated with the roadway embankment fill. This letter reports the 
findings of our visual review along with recommendation and associated estimated costs to 
conduct further detailed in situ investigation, monitoring, and analyses of critical areas identified 
for potential global instability. 

We understand the roadway was constructed circa 1978 and the asphalt along the southern lane 
has been subsequently resurfaced. We understand that no deep-seated slope failures are known 
to have occurred within the embankment along the roadway alignment. 

The visual review was completed on July 19, 2017. The road surface and southern shoulder were 
visually reviewed for evidence of longitudinal cracking and anomalies of sloughing and/or 
excessive settlement/depressions which could suggest potential slope instability. During our visual 
review, four locations were identified as showing some indication of potential slope instability. The 
general locations of the four areas, indicated as Site 1 to Site 4, are shown on the attached Figure 
No. 1. Also attached are photos of each site area. Longitudinal cracking in the asphalt surface 
and significant tipping of the guiderail post down slope were observed in each of these areas. The 
length of each area was approximately 14 m at Site 1, 27 m at Site 2, 19 m at Site 3 and 90 m at 
Site 4.  

The asphalt cracking and guiderail tipping may be a result of shallow localized displacement of 
the embankment fill or possibly more critical deeper seated global slope instability. We therefore 
recommend that a more detailed slope stability assessment and evaluation of these areas be 
undertaken to assess the cause. As previously noted in our July 6, 2017 email correspondence, 
immediate precautionary measures are recommended at Site 3, at least until the more detailed 
assessment and evaluation is completed which will provide a better understanding of the cause 
of the asphalt cracking and settlement in this area. 

For the more detailed slope stability assessment and evaluation, topographic survey of the slope 
cross-sections, a series of boreholes, some fitted with slope inclinometer casings for monitoring 
lateral ground movement, and slope stability modeling are recommended. The recommended 
work scope for the program comprises: 

 Detailed topographic cross-sections that extend across the crest of the road embankment 
and out beyond the toe of slope at each of the four site locations. 
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August 3, 2017 
Mr. Colin MacDonald, P.Eng., Civil Project Engineer 
Page 2 of 3  

Reference: Highland Road Geotechnical Embankment Fill Slope Stability Review Site Reconnaissance, 
Wreck Cove Main Access Road Assessment, Nova Scotia 

  

 A series of fully sampled geotechnical boreholes put down into bedrock at Sites 1, 3 and 4. 
Boreholes are recommended within each road shoulder at each site. One borehole is also 
recommended at the slope toe of Site 1, which is accessible from the lower road. The 
boreholes will provide information on the subsurface embankment conditions which will be 
utilized to develop the slope stability model. 

 Installation of slope inclinometer casings within the southern shoulder boreholes at Site 1, 3 and 
4 along with a longer-term monitoring program. The inclinometer casings will provide a means 
of monitoring for deeper lateral ground movement. Measurements can be taken over time to 
observe ground displacement relative from the time of initial installation. An initial baseline set 
of slope inclinometer measurements will be completed following installation. Subsequent 
monitoring will be completed on a quarterly basis for a year and then semi-annually for a year 
(initial monitoring event plus 6 additional monitoring events).  

 Installation of standpipe for groundwater level measurement and monitoring in all other 
boreholes. The location of the groundwater table will be utilized in the slope stability modelling. 

 Engineering analysis principally comprising slope stability assessment using Geo-Slope’s 
Slope/W software program with models developed from the borehole and topographic survey 
data. 

 A geotechnical engineering report detailing all findings and comments/recommendations on 
the slope stability of each Site. 

 A brief letter report will be provided subsequent to the geotechnical report following the 
obtainment of each slope inclinometer data set.  

Estimate of probable costs to complete the work scope outline herein is summarized as follows: 

Topographical Cross-Section Survey 
Traffic Control, Four Days (3rd Party) 
Drill Rig Rental and Operation, Four Days (3rd Party) 
Field Supplies (inclinometer casing, standpipe, well covers) 
Field Technician for Planning, Coordinating and Drilling, Five Days 
Slope Inclinometer Measurements (6 events) and Reporting 
Project Management, Engineering and Reporting 

TOTAL (excluding HST) 

Stantec will engage Design Point Engineering & Surveying to completed the topographic cross-
sections at each site. 

Prior to mobilizing to the site to conduct the boreholes, Stantec will require confirmation from NSPI 
that no underground utilities are present in the immediate area of the proposed borehole 
locations. 

All boreholes would be laid out, surveyed, and logged in the field by Stantec geotechnical 
personnel. Boreholes would be advanced using a geotechnical drill rig operated by a locally 
subcontracted geotechnical drilling company. Soils would be sampled throughout the borehole 
depth and bedrock would be cored using diamond bit rotary methods. Upon completion of the 
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August 3, 2017 
Mr. Colin MacDonald, P.Eng., Civil Project Engineer 
Page 3 of 3  

Reference: Highland Road Geotechnical Embankment Fill Slope Stability Review Site Reconnaissance, 
Wreck Cove Main Access Road Assessment, Nova Scotia 

boreholes, slope inclinometer casings and stand pipes will be installed as previously noted. The 
casings and standpipes will be cut-off near flush with the ground surface. 

We would require up to about 2 weeks’ lead time to conduct planning and utility locates prior to 
commencing surveying and drilling of the boreholes. We estimate that up to four days will be 
required to complete drilling of the seven boreholes. Following completion of the field work, we 
would be able to complete and issue a geotechnical report within three weeks. 

This letter was prepared by Brian T. Grace, P.Eng., and reviewed by Mark Bochmann, P.Eng. We 
trust that the information contained in this report is adequate for your present purposes. If you 
have any questions about the contents of the report or if we can be of any other assistance 
please contact us at your convenience. 

Yours truly, 

STANTEC CONSULTING LTD. 

Brian T. Grace, P.Eng. Mark Bochmann, P.Eng. 
Principal, Geotechnical Engineering Associate, Geotechnical Engineering 
Phone: (902) 468-0426 Phone: (902) 468-0431 
Brian.Grace@stantec.com Mark.Bochmann@stantec.com 

Attachments: Figure No. 1  Road Embankment Stability Review Locations 
Photo Pages (4) 

v:\1216\active\121620xxx\121620755\7_reports\geotechnical\road embankment\geo_let_btg_mcm_embankment_20170803.docx 
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Page 1 Project No. 121620755 

Photo No. 1:  Site 1 West Looking East 

Photo No. 2:  Site 1 Toe Area 
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Page 2 Project No. 121620755 

 
Photo No. 3:  Site 2 West Looking East 

 
Photo No. 4:  Site 2 East Looking West 
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Page 3 Project No. 121620755 

 
Photo No. 5:  Site 3 West Looking East 

 
Photo No. 6:  Site 3 East Looking West 
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Page 4 Project No. 121620755 

 
Photo No. 7:  Site 4 West Looking East 

 
Photo No. 8:  Site 4 East Looking West 
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CI Number:  51234 

Title:  HYD Wreck Cove HVAC Upgrade 

Start Date: 2017/04 
In-Service Date: 2019/08 
Final Cost Date: 2020/02 
Function: Hydro 
Forecast Amount: $1,876,537 

DESCRIPTION: 

This project will upgrade the Heating, Ventilation and Air Conditioning (HVAC) system of the Wreck Cove Hydro 
Generating Station, replacing two dehumidification units, which no longer operate as intended.  Additionally, NS 
Power will upgrade several fans; install new fans for un-serviced areas and a system to measure the quality of the air 
inside the plant.  This will address the year round humidity issues in the plant, and the replacement unit's ability to 
measure air quality will improve the safety of operations. 

NS Power has operated the hydroelectric station at Wreck Cove since 1978, producing approximately 330 GWh 
annually.  Wreck Cove is a very important plant for wind following, peak capacity and fast response on the system. 

Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 

Depreciation Class:  Hydro Production Plant- Wreck Cove Hydro System 

Estimated Life of the Asset:  40 Years 

JUSTIFICATION:  

Justification Criteria:  Hydro, Wind and Biomass 

Why do this project? 

The original HVAC system is 40 years old and has undergone multiple repairs since the early 1990s.  The HVAC 
system is important for efficient operation of the plant.  Potential operational problems such as deterioration from 
high temperature and humidity are minimal with a functional air quality system.  As well, being an underground 
facility, the quality of the air can be measured using mining air quality measurement equipment that follows mining 
air standards.  The upgrade will include two air handler units (AHU) with dehumidification capacity, and fans and 
ducts to distribute fresh air to the underground powerhouse.  The main supply fans will be located in the access 
tunnel portal building on the surface.  These fans supply a mix of outside and recycled air through ductwork to the 
power plant, which then returns air back up the access tunnel for re-mixing.  Please refer to Attachment 1 for a 
report on temperature and humidity at the Wreck Cove Hydro Station. 

Why do this project now? 

Major life extension work is currently planned for the Wreck Cove site in the next 3-4 years.  Upgrades will address 
issues with the generating equipment within the plant, mitigate roof leakage, and improve working conditions in the 
plant to comply with regulatory requirements and current standards.  The HVAC of the plant must be upgraded to 
ensure equipment maintenance efforts and plant working conditions are addressed before major reinvestment work 
begins.  More workers are expected to occupy the space underground to support capital work activities. 

Why do this project this way? 

The existing AHUs will move air, but no longer dehumidify.  Refurbishment of these units is costly and difficult due 
to their age.  As such, installation of new and more efficient units is the desirable option.  To optimize the use of 
those units, some fans must also be upgraded.  As well, to comply with standards for underground facilities, it is 
necessary to install an air quality measuring system. 
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: -CI Number 51234-H822 HYD Wreck Cove HVAC Upgrade Project Number 51234-H822

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1361 1361 Wreck Cove Common Property

0300 - HGP - Bldg.,Struct.Grnd. 1,872,499Additions

0300 - HGP - Bldg.,Struct.Grnd. 4,038Retirements

Total Cost:

Original Cost:

1,876,537

541,207

Total Cost:Original Cost:
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Capital Project Detailed Estimate

Location: Hydro
FP# / P#: 51234

Title: HYD Wreck Cove HVAC Upgrade
Execution Year: 2018-2019

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

day 35 365 12,768$  
day 94 405 38,053$  

Sub-Total 50,820$  

Week 23 300$  6,900$  

Sub-Total 6,900$  

Ea 2 500,000$           1,000,000$           
CI 48052 - Annapolis 
HVAC Upgrade

Lot 1 43,500$             43,500$  
Lot 1 75,000$             75,000$  

Sub-Total 1,118,500$           

Lot 1 50,000$             50,000$  
Lot 1 50,000$             50,000$  
Lot 1 46,000$             46,000$  
Lot 1 13,343$             13,343$  
Lot 1 75,000$             75,000$  

Sub-Total 234,343$              

Lot 1 49,158$             49,158$  
Lot 1 62,300$             62,300$  
Lot 1 6,781$  6,781$  

Sub-Total 118,239$              

Weeks 23 150$  3,450$  

Sub-Total 3,450$  

% 15% 1,532,253$        229,838$              

Sub-Total 229,838$              

69,425$  

Sub-Total 69,425$  

23,555$  
21,466$  

Sub-Total 45,021$  
Sub-Total (no AO, AFUDC) 1,762,091$           

TOTAL (AO, AFUDC included) 1,876,537$           

Original Cost
541,207$              

Description

Regular Labour
Hydro River Staff - Construction

Engineering Staff

Site Visit
Travel Expenses

CI 48052 - Annapolis 
HVAC Upgrade

Upgrades to the HVAC System
Inspection contract

HVAC Control Panel

 Materials

Dehumidification Air handling units (2)
HVAC Control Panel

STANTEC - Roof leakage

Air Quality Monitoring System

Contracts
Installation of Dehumidification AHU

Air Quality Monitoring System

Consulting

STANTEC - HVAC upgrades design
Trimac - HVAC panel design

Meals 
Site Visit

Other Goods and Services
Contingency

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized
AFUDC

Administrative Overhead
Labour AO

Contracts AO
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Issued for Review T. Watson 10/12/17 M. Casimirri

Issue or Revision Reviewed By: Date Issued By: 

This document was prepared for the party indicated herein.  The material and 

information in the document reflects CBCL Limited’s opinion and best 

judgment based on the information available at the time of preparation.  Any 

use of this document or reliance on its content by third parties is the 

responsibility of the third party. CBCL Limited accepts no responsibility for any 

damages suffered as a result of third party use of this document. 
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EXECUTIVE SUMMARY 

In September 2017, CBCL Limited was engaged to deploy temperature and relative humidity (RH) 

loggers in five different areas at the Wreck Cove Power Plant.  Such areas included the main level, 

second level, third level, fourth level, and the generator.  Data loggers were deployed in specific 

locations in each of the aforementioned areas at the request of the NS Power representative.  

Temperature and RH levels were recorded from September 20, 2017 until October 3, 2017.  The 

collected data was assessed according to ASHRAE Standard 55-2013 to determine if the average 

conditions comply with the acceptable ranges of operative temperature and humidity for people in 

typical clothing and activity level at the plant. 

According to the results from the different assessments, four (4) of the five (5) areas comply with 

ASHRAE 55-2013.  Only one of the areas, Area 4 on the fourth level, does not meet the standard 

requirements.  Lower temperature conditions and higher relative humidity in this area could be 

addressed by reviewing the heating and dehumidification provided for this space.  Table 0.1 shows a 

summary of the findings for each of the five areas under study. 

Table 0.1: Summary – Analytical Comfort Zone Method ASHRAE 55-2013 

VARIABLES VARIABLES PMV PPD SENSATION SET COMPLIES 

AREA #1 MAIN LEVEL – AVERAGE T °C 22.6 
0.24 6% Neutral 26.3°C Yes 

AREA #1 MAIN LEVEL – AVERAGE %RH 56.0 

AREA #2 SECOND LEVEL – AVERAGE T °C 22.1 
0.15 5% Neutral 26°C Yes 

AREA #2 SECOND LEVEL – AVERAGE %RH 58.7 

AREA #3 THIRD LEVEL – AVERAGE T °C 21.5 
0.04 5% Neutral 25.5°C Yes 

AREA #3 THIRD LEVEL – AVERAGE %RH 62.3 

AREA #4 FOURTH LEVEL – AVERAGE T °C 17.5 
-0.75 17% 

Slightly 

Cool 
21.7°C No 

AREA #4 FOURTH LEVEL – AVERAGE %RH 81.6 

AREA #5 GENERATOR – AVERAGE T °C 23.5 
0.35 7% Neutral 26.5°C Yes 

AREA #5 GENERATOR – AVERAGE %RH 40.2 

It is worth mentioning that indoor temperature and RH levels are most likely to be higher during the 

warmest periods in July and August.  Also, an assessment that includes mean radiant temperature and 

air speed measurements, as well as occupant surveys (according to ASHRAE 55-2013 section 7) would 
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yield better information to determine the thermal comfort conditions in these areas.  Nevertheless, 

ambient temperatures ranged from a high of 27.4°C to a low of 0°C for the testing period.  A wide range 

of ambient conditions were monitored and the space dry bulb temperature represents a reasonable 

approximation for the operative temperature in the spaces with low air speeds and minimal radiant 

heat. 
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CHAPTER 1  OVERVIEW 
 

 

1.1 Purpose of Study 
Five different areas at the Wreck Cove Power Plant were selected, by NS Power personnel, to record the 

temperature and relative humidity (RH) levels for at least seven consecutive days.  The objectives of this 

study were: 

 To deploy temperature and RH loggers. 

 To create graphs and tables that include the collected data for each one of the areas under study. 

 To determine if the average conditions in each area are within the acceptable ranges of operative 

temperature and RH for people in typical clothing and activity level at the plant, according to 

ASHRAE Standard 55-2013. 

 

Mr. Paul Breski (NSPI) was on site to escort CBCL staff through the power plant during the walkthrough 

portion of the site visit and the deployment of the data loggers. 

 

 

1.2 Studied Areas 
The five areas under study included the main level, second level, third level, fourth level, and the 

generator.  Data loggers were installed in specific locations in each of the aforementioned areas as 

requested by the NS Power representative. 

 

 

1.3 Methodology 
The methodology to complete this study is described as follows: 

 Data loggers were installed in specific locations in each of the areas as per NS Power personnel 

request. 

 Temperature and RH was recorded every ten minutes, starting at 18:00 hours on September 20, 

2017. 

 Logging devices were removed on October 4, 2017. 

 The study considered the data recorded until October 3, 2017 at 18:00 hours. 

 Graphs showing the recorded data and the outside conditions from the Ingonish Beach RSC weather 

station were created for each area. 

 Tables showing the maximum, minimum, and average temperatures and RHs were created. 
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 Average conditions for each area were assessed with the CBE/ASHRAE Thermal Comfort Tool 

according to the ASHRAE 55-2013 acceptable thermal environment conditions.  Mean radiant 

temperature, air speed, metabolic rate, and clothing level were assumed to complete the 

assessment. 

 

 

1.4 Temperature and RH Loggers Summary 
Temperature and humidity levels in each area were recorded with the following equipment: 

 HOBO U12-012 temperature/RH/light logger 

 HOBO UX100-003 temperature/RH logger 

 HOBO U14-001 temperature/RH logger 

 MTP ST-171s temperature/RH logger 

 

According to information provided by HOBO manuals, “the U family of data loggers offers reliability and 

convenient monitoring for applications that require higher accuracy, better resolution, more memory, or 

USB connectivity for fast data readout to your computer”1. 

 

 

 

 

 

1 http://www.onsetcomp.com/files/manual_pdfs/13416-A-MAN-U14-00x.pdf. Retrieved on 05-Oct-2017, 05-Oct-
2017, Halifax NS.  
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CHAPTER 2  STANDARD 
 

 

2.1 Overview 
The six factors in steady state that shall be addressed when defining conditions for acceptable thermal 

comfort include: 

 Metabolic rate (met) 

 Clothing insulation (clo) 

 Air temperature 

 Radiant temperature 

 Air speed 

 Humidity 

 

ASHRAE 55-2013 provides the conditions for acceptable thermal 

environments, which involves the use of the ASHRAE thermal 

sensation scale (refer to Table 2.1).  This scale assigns words describing 

the thermal sensation felt by a person to a corresponding number. 

 

The ASHRAE thermal sensation scale is part of the “Analytical Comfort Zone Method”.  This method 

applies to all spaces where occupants have activity levels that translate in average metabolic rates 

between 1.0 and 2 met, where clothing is worn that provides 1.5 clo or less of thermal insulation, and 

where the average air speed is between 0.15 m/s (30 fpm) and 1.2 m/s (240 fpm). 

 

The standard includes energy balance equations that have been developed to use the predicted mean 

vote (PMV) index.  The PMV index forecasts the mean response of a large group of people following the 

ASHRAE thermal sensation scale.  The predicted percentage dissatisfied (PPD) index is related to the 

PMV.  ISO Standard 7730 includes a computer listing for allowing the calculation of PMV and PPD for a 

large range of variables.  The recommended PPD and PMV range for typical applications are presented 

in Table 2.2.  These values are the basis for the graphical and analytical comfort zone methods used in 

ASHRAE Standard 55-2013. 

 

Table 2.2: Acceptable Thermal Environment for General Comfort 

PPD PMV RANGE 

<10 -0.5 < PMV < +0.5 

Table 2.1: Thermal 

Sensation Scale 

3 Hot 

2 Warm 

1 Slightly warm 

0 Neutral 

-1 Slightly cool 

-2 Cool 

-3 Cold 
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ASHRAE permits the use of the Thermal Comfort Tool to comply with the Analytical Comfort Zone 

Method.  The Thermal Comfort Tool provides user friendly interface for calculating PPD and PMV values 

for certain conditions.  The tool is available at the Center for the Built Environment (CBE), University of 

California Berkeley website. 
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Figure 3.1:  Figure 5.3.3A – ASHRAE 55-2013 

CHAPTER 3  ANALYSIS 
 

 

3.1 Assumptions 
The recorded air temperature and RH in each area, as well as mean radiant temperature, air speed, 

metabolic rate (met), and clothing insulation (clo) are considered in the Comfort Thermal Tool to assess 

the acceptable thermal environment conditions.  Out of these variables, only air temperature and RH 

were measured, the other factors were given assumed values as follows: 

 Mean radiant temperature (tr): ASHRAE 55-2013, section 7.2.2.1.a. indicated that mean radiant 

temperature should be measured, unless it can be otherwise demonstrated that tr is within 1°C (2°F) 

of air temperature (ta).  For the purpose of the study, it will be assumed that tr=ta and the locations 

of sensors were generally positioned to avoid the impact of radiant heat. 

 Air speed: Calculations were completed on the assumption of still air conditions, reference figure 

5.3.3A from ASHRAE 55-2013, reproduced below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 ACE 2018 CI 51234 Attachment 1 Page 10 of 40

Date Filed:  November 22, 2017          Page 1236 of 2371          REDACTED



Figure 3.3:  Area #1 Main Level – Location of Data Logger HOBO1 

 Metabolic rate (met): Considering table 5.2.1.2 

from ASHRAE 55-2013, met for light activity in 

the electrical industry is 2.0, whereas for a 

standing person met is 1.2.  Considering the 

different activity levels at the power plant, an 

average met of 1.6 was used. 

 Clothing insulation (clo): The clo value was 

estimated to be ABC based on ambient 

conditions at 06:00 hours, figure 5.2.2.2 from 

ASHRAE 55-2013, and the assumption that 

working conditions allow for some flexibility to 

match clothing to the working environment. 

 

 

3.2 Area #1 – Main Level 
The temperature and humidity logger was installed on a column as per the client’s suggestion.  The 

following pictures illustrate the location of the data logger. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.1 includes the maximum, minimum, and average temperature and RH recorded in Area #1, as 

well as the outside condition during the same period of time.  Appendix A presents a graph with the 

recorded data, which shows a slight change in temperature but significant RH variation throughout the 

one week period between September 20, 2017 and September 27, 2017.  The change in indoor relative 

humidity was probably a result of large ambient temperature changes and steady interior temperatures 

during the test period. 

 

Table 3.1: Temperature and RH Readings in Area #1 

VARIABLES MAX DATE MIN DATE AVG 

OUTSIDE AIR TEMP °C 26.9 26/09/2017 12:00 1.3 01/10/2017 4:00 13.1 

OUTSIDE %RH 92 22/09/2017 6:00 25 23/09/2017 10:00 73.6 

AREA #1 MAIN LEVEL - T °C 23.2 26/09/2017 14:00 21.3 21/09/2017 13:00 22.6 

AREA #1 MAIN LEVEL. - %RH 76.4 28/09/2017 6:00 36.9 03/10/2017 15:00 56.0 

Figure 3.2:  Figure 5.2.2.2 – ASHRAE 55-2013 
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The ASHRAE Thermal Comfort Tool was used to determine if the average conditions in this area comply 

with ASHRAE 55-2013 according to the “Analytical Comfort Zone Method”.  The results are presented in 

Table 3.2.  The Standard Effective Temperature (SET) model in the Thermal Comfort Tool was only used 

to evaluate comfort for air speed above 0.2 m/s (40 fpm). 

 

Table 3.2: Area #1 – Analytical Comfort Zone Method ASHRAE 55-2013 

VARIABLES VARIABLES PMV PPD SENSATION SET COMPLIES 

AREA #1 MAIN LEVEL – AVERAGE T °C 22.6 
0.24 6% Neutral 26.3°C Yes 

AREA #1 MAIN LEVEL. – AVERAGE %RH 56.0 

 

According to the assumed mean radiant temperature, air speed, met, clo, and the average temperature 

and RH for this area, it was determined that the average conditions comply with ASHRAE standard  

55-2013.  Recorded data indicated that RH was higher than 60% for about 24% of the time.  ASHRAE 

Standard 62 generally requires that for air conditioned spaces (it does not apply in non-air conditioned 

spaces), the relative humidity should be controlled to a maximum of 65%. 

 

Figure 3.4, from the 

Thermal Comfort 

Tool, depicts the 

acceptable range of 

operative 

temperature and 

humidity for this area 

considering the 

average temperature 

and RH.  Mean 

radiant temperature, 

air speed, met, and 

clo were assumed to 

be as described in 

Section 3.1 of this 

report.  Figure 3.4 

shows that the 

operating condition 

lies within the 

envelope of an 

acceptable thermal 

environment. 

 

 
  

Figure 3.4:  Area #1 – Acceptable Range of Operative Temperature and 

Humidity for the Average Conditions – ASHRAE Thermal 

Comfort Tool 
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Figure 3.5:  Area #2 Second Level – Location of Data Loggers HOBO2 and HOBO4 

3.3 Area #2 – Second Level 
The temperature and humidity loggers were installed on the wall as per the client’s suggestion.  The 

photographs in Figure 3.5 show the location of the data loggers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.3 includes the maximum, minimum, and average temperature and RH recorded in Area #2, as 

well as the outside condition during the same period of time.  Appendix B presents a graph with the 

recorded data, which shows slight changes in temperature and significant RH variation throughout the 

one week period between September 20, 2017 and September 27, 2017.  The change in indoor relative 

humidity was probably a result of large ambient temperature changes and steady interior temperatures 

during the test period. 

 

Table 3.3: Temperature and RH Readings in Area #2 

VARIABLES MAX DATE MIN DATE AVG 

OUTSIDE AIR TEMP °C 26.9 26/09/2017 12:00 1.3 01/10/2017 4:00 13.1 

OUTSIDE %RH 92 22/09/2017 6:00 25 23/09/2017 10:00 73.6 

AREA #2 SECOND LEVEL – T °C - 2 22.7 01/10/2017 16:50 20.7 23/09/2017 15:20 22.1 

AREA #2 SECOND LEVEL. – %RH - 2 75.3 20/09/2017 19:50 38.9 03/10/2017 15:00 58.7 

 

The ASHRAE Thermal Comfort Tool was used to determine if the maximum, minimum, and average 

conditions in this area comply with ASHRAE 55-2013 according to the “Analytical Comfort Zone 

Method”.  The results are presented in Table 3.4.  The Standard Effective Temperature (SET) model in 

the Thermal Comfort Tool was only used to evaluate comfort for air speed above 0.2 m/s (40 fpm). 

 

Table 3.4: Area #2 – Analytical Comfort Zone Method ASHRAE 55-2013 

VARIABLES VARIABLES PMV PPD SENSATION SET COMPLIES 

AREA #2 SECOND LEVEL – AVERAGE T °C 22.1 
0.15 5% Neutral 26°C Yes 

AREA #2 SECOND LEVEL – AVERAGE %RH 58.7 

 

According to the assumed mean radiant temperature, air speed, met, clo, and the average temperature 

and RH for this area, it was determined that the average conditions comply with the standard.  
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Figure 3.7:  Area#3 Third Level – Location of Data Loggers HOBO3 and HOBO5 

Recorded data 

indicated that the RH 

was higher than 60% 

for about 43% of the 

time.  ASHRAE 

Standard 62 generally 

requires that for air 

conditioned spaces (it 

does not apply in 

non-air conditioned 

spaces), the relative 

humidity should be 

controlled to a 

maximum of 65%. 

 

Figure 3.6, from the 

Thermal Comfort 

Tool, depicts the 

acceptable range of 

operative 

temperature and 

humidity for this area 

considering the 

average temperature 

and RH.  Mean radiant 

temperature, air speed, met, and clo were assumed to be as described in Section 3.1 of this report.  

Figure 3.6 shows that the operating condition lies within the acceptable thermal environment limits. 

 

 

3.4 Area #3 – Third Level 
The temperature and humidity loggers were installed on the wall above the entrance to the turbine pit 

as per the client’s suggestion.  The following photographs show the location of the data loggers.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6:  Area #2 – Acceptable Range of Operative Temperature and 

Humidity for the Average Conditions – ASHRAE Thermal 

Comfort Tool 
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Table 3.5 includes the maximum, minimum, and average temperature and RH recorded in Area #3, as 

well as the outside condition during the same period of time.  Appendix C presents a graph with the 

recorded data, which shows slight changes in temperature and significant RH variation throughout the 

one week period between September 20, 2017 and September 27, 2017.  The change in indoor relative 

humidity was probably a result of large ambient temperature changes and steady interior temperatures 

during the test period. 

 

Table 3.5: Temperature and RH Readings in Area #3 

VARIABLES MAX DATE MIN DATE AVG 

OUTSIDE AIR TEMP °C 26.9 26/09/2017 12:00 1.3 01/10/2017 4:00 13.1 

OUTSIDE %RH 92 22/09/2017 6:00 25 23/09/2017 10:00 73.6 

AREA #3 THIRD LEVEL – T °C - 3 22.8 03/10/2017 13:00 18.7 25/09/2017 11:00 21.5 

AREA #3 THIRD LEVEL – %RH - 3 83.4 26/09/2017 18:40 39.3 03/10/2017 13:20 62.3 

 

The ASHRAE Thermal Comfort Tool was used to determine if the maximum, minimum, and average 

conditions in this area comply with ASHRAE 55-2013 according to the “Analytical Comfort Zone 

Method”.  The results are presented in Table 3.6.  The Standard Effective Temperature (SET) model in 

the Thermal Comfort Tool was only used to evaluate comfort for air speed above 0.2 m/s (40 fpm). 

 

Table 3.6: Area #3 – Analytical Comfort Zone Method ASHRAE 55-2013 

VARIABLES VARIABLES PMV PPD SENSATION SET COMPLIES 

AREA #3 THIRD LEVEL – AVERAGE T °C 21.5 
0.04 5% Neutral 25.5°C Yes 

AREA #3 THIRD LEVEL – AVERAGE %RH 62.3 

 

According to the assumed mean radiant temperature, air speed, met, clo, and the average temperature 

and RH for this area, it was determined that the average conditions comply with the standard.  

Recorded data indicated that the RH was higher than 60% for about 82% of the time.  ASHRAE Standard 

62 generally requires that for air conditioned spaces (it does not apply in non-air conditioned spaces), 

the relative humidity should be controlled to a maximum of 65%. 

 

Figure 3.8, from the Thermal Comfort Tool, depicts the acceptable range of operative temperature and 

humidity for this area considering the average temperature and RH.  Mean radiant temperature, air 

speed, met, and clo were assumed to be as described in Section 3.1 of this report.  Figure 3.8 shows that 

the operating condition lies within the acceptable thermal environment limits.  
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Figure 3.9:  Area #4 Fourth Level – Location of Data Loggers HOBO1 and MTP1 

Figure 3.8:  Area #3 – Acceptable Range of Operative Temperature and Humidity 

for the Average Conditions – ASHRAE Thermal Comfort Tool 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5 Area #4 – Fourth Level 
The temperature and humidity loggers were installed in the basement where the intake valves are 

located as per the client’s suggestion.  The following photographs show the location of the data loggers. 
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Table 3.7 includes the maximum, minimum, and average temperature and RH recorded in Area #4, as 

well as the outside condition during the same period of time.  Appendix D presents a graph with the 

recorded data, which shows slight changes in temperature and RH throughout the one week period 

between September 20, 2017 and September 27, 2017.  The change in indoor relative humidity was 

probably a result of large ambient temperature changes and steady interior temperatures during the 

test period. 

 

Table 3.7: Temperature and RH Readings in Area #4 

VARIABLES MAX DATE MIN DATE AVG 

OUTSIDE AIR TEMP °C 26.9 26/09/2017 12:00 1.3 01/10/2017 4:00 13.1 

OUTSIDE %RH 92 22/09/2017 6:00 25 23/09/2017 10:00 73.6 

AREA #4 FOURTH LEVEL – T °C - 1 19.0 21/09/2017 5:50 15.6 23/09/2017 15:00 17.5 

AREA #4 FOURTH LEVEL – %RH - 1 86.9 28/09/2017 5:40 72.6 03/10/2017 7:00 81.6 

 

The ASHRAE Thermal Comfort Tool was used to determine if the maximum, minimum, and average 

conditions in this area comply with ASHRAE 55-2013 according to the “Analytical Comfort Zone 

Method”.  The results are presented in Table 3.8.  The Standard Effective Temperature (SET) model in 

the Thermal Comfort Tool was used to evaluate comfort for air speed above 0.2 m/s (40 fpm). 

 

Table 3.8: Area #4 – Analytical Comfort Zone Method ASHRAE 55-2013 

VARIABLES VARIABLES PMV PPD SENSATION SET COMPLIES 

AREA #4 FOURTH LEVEL – AVERAGE T °C 17.5 
-0.75 17% 

Slightly 

Cool 
21.7°C Do not 

AREA #4 FOURTH LEVEL – AVERAGE %RH 81.6 

 

According to the assumed mean radiant temperature, air speed, met, clo, and the average temperature 

and RH for this area, it was determined that the average conditions do not comply with the standard.  

Occupants might find this area slightly cool.  Recorded data indicated that the RH was higher than 80% 

for about 86% of the time.  ASHRAE Standard 62 generally requires that for air conditioned spaces (it 

does not apply in non-air conditioned spaces), the relative humidity should be controlled to a maximum 

of 65%. 

 

Figure 3.10, from the Thermal Comfort Tool, depicts the acceptable range of operative temperature and 

humidity for this area considering the average temperature and RH.  Mean radiant temperature, air 

speed, met, and clo were assumed to be as described in Section 3.1 of this report.  Figure 3.10 shows 

that the operating condition lies outside the acceptable thermal environment limits. 

 

Lower temperature conditions and higher relative humidity in this area could be addressed by reviewing 

the heating and dehumidification provided for this space. 
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Figure 3.11:  Area #5 Generator – Location of Data Logger HOBO7 

Figure 3.10:  Area #4 – Acceptable Range of Operative Temperature and Humidity 

for the Average Conditions – ASHRAE Thermal Comfort Tool 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.6 Area #5 – Generator 
The temperature and humidity logger was installed inside the generator room next to the entrance door 

as per the client’s suggestion.  The following photographs show the location of the data logger.  
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Table 3.9 includes the maximum, minimum, and average temperature and RH recorded in Area #5, as 

well as the outside condition during the same period of time.  Appendix E presents a graph with the 

recorded data, which shows slight changes in temperature and significant RH variation throughout the 

one week period between September 20, 2017 and September 27, 2017.  The change in indoor relative 

humidity was probably a result of large ambient temperature changes and steady interior temperatures 

during the test period. 

 

Table 3.9: Temperature and RH Readings in Area #5 

VARIABLES MAX DATE MIN DATE AVG 

OUTSIDE AIR TEMP °C 26.9 26/09/2017 12:00 1.3 01/10/2017 4:00 13.1 

OUTSIDE %RH 92 22/09/2017 6:00 25 23/09/2017 10:00 73.6 

AREA #5 GENERATOR – T °C 25.2 26/09/2017 14:00 20.9 21/09/2017 13:00 23.5 

ARE A#5 GENERATOR – %RH 75.1 28/09/2017 6:00 18.9 03/10/2017 15:00 40.2 

 

The ASHRAE Thermal Comfort Tool was used to determine if the maximum, minimum, and average 

conditions in this area comply with ASHRAE 55-2013, according to the “Analytical Comfort Zone 

Method”.  The results are presented in Table 3.10.  The Standard Effective Temperature (SET) model in 

the Thermal Comfort Tool was used to evaluate comfort for air speed above 0.2 m/s (40 fpm).  ASHRAE 

Standard 62 generally requires that for air conditioned spaces (it does not apply in non-air conditioned 

spaces), the relative humidity should be controlled to a maximum of 65%. 

 

Table 3.10: Area #5 – Analytical Comfort Zone Method ASHRAE 55-2013 

VARIABLES VARIABLES PMV PPD SENSATION SET COMPLIES 

AREA #5 GENERATOR – AVERAGE T °C 23.5 
0.35 7% Neutral 26.5°C Yes 

AREA #5 GENERATOR – AVERAGE %RH 40.2 

 

According to the assumed mean radiant temperature, air speed, met, clo, and the average temperature 

and RH for this area, it was determined that the average conditions do not comply with the standard.  

Recorded data indicated that the RH was higher than 60% for about 8% of the time. 

 

Figure 3.12, from the Thermal Comfort Tool, depicts the acceptable range of operative temperature and 

humidity for this area considering the average temperature and RH.  Mean radiant temperature, air 

speed, met, and clo were assumed to be as described in Section 3.1 of this report.  Figure 3.12 shows 

that the operating condition lies within the acceptable thermal environment limits. 
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Figure 3.12:  Area#5 - Acceptable Range of Operative Temperature and Humidity 

for the Average Conditions – ASHRAE Thermal Comfort Tool 
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CHAPTER 4  FINDINGS 
 

 

According to the results from the different assessments, four (4) of the five (5) areas comply with 

ASHRAE 55-2013.  Only one of the areas, Area #4 Fourth Level, does not meet the standard 

requirements.  Table 4.1 presents a summary of the findings for the five areas. 

 

Table 4.1: Summary – Analytical Comfort Zone Method ASHRAE 55-2013 

VARIABLES VARIABLES PMV PPD SENSATION SET COMPLIES 

AREA #1 MAIN LEVEL – AVERAGE T °C 22.6 
0.24 6% Neutral 26.3°C Yes 

AREA #1 MAIN LEVEL – AVERAGE %RH 56.0 

AREA #2 SECOND LEVEL – AVERAGE T °C 22.1 
0.15 5% Neutral 26°C Yes 

AREA #2 SECOND LEVEL – AVERAGE %RH 58.7 

AREA #3 THIRD LEVEL – AVERAGE T °C 21.5 
0.04 5% Neutral 25.5°C Yes 

AREA #3 THIRD LEVEL – AVERAGE %RH 62.3 

AREA #4 FOURTH LEVEL – AVERAGE T °C 17.5 
-0.75 17% 

Slightly 

Cool 
21.7°C Not 

AREA #4 FOURTH LEVEL – AVERAGE %RH 81.6 

AREA #5 GENERATOR – AVERAGE T °C 23.5 
0.35 7% Neutral 26.5°C Yes 

AREA #5 GENERATOR – AVERAGE %RH 40.2 

 

Regarding RH, Area#4 showed RH levels higher than 80% for over 86% for the time between September 20, 

2017 and October 3, 2017, which results in thermal discomfort.  Lower temperature conditions and higher 

relative humidity in this area could be addressed by reviewing the heating and dehumidification provided 

for this space.  Upper humidity levels are established in consideration of dry skin, respiratory health, eye 

irritation, microbial growth, and other moisture related phenomena.  When the Graphical Comfort Zone 

Method is applied, the humidity ration should be maintain below or at 0.012kgw/kg dry air, equivalent to a 

water vapour pressure of 1.910 kPa (0.277 psi) at standard pressure or a dew-point temperature of 16.8 °C 

(62.2°F).  There are no established lower level humidity limits for thermal comfort; ASHRAE 55-2013 does 

not specify a minimum humidity level.  However, low humidity effects on skin and mucus membranes may 

place limits on the acceptability of very low humidity for some occupants.2 

 

2 ASHRAE 55-2013 
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The effect of thermal radiation asymmetry, drafts, vertical air temperature differences, floor surface 

temperatures, RH, occupant activity levels, and clothing insulation levels define the thermal comfort in 

any space.  Also, outside air condition will play a role in indoor comfort levels.  Therefore, changes to 

any of these variables will affect the thermal sensations felt by an occupant in a given space. 

 

It is worth mentioning that indoor temperature and RH levels are most likely to be higher during the 

warmest periods in July and August.  Also, an assessment that includes mean radiant temperature and 

air speed measurements, as well as occupant surveys (according to ASHRAE 55-2013 section 7) would 

yield better information to determine the thermal comfort conditions in these areas.  Nevertheless, it is 

believed that the measurements obtained and the reporting period offer a good representation of the 

general conditions in the space. 

 

 

4.1 Closure 
We trust this report satisfies your current requirements at this time.  Please feel free to contact us at 

your earliest convenience should you have any questions or concerns. 

 

 

Yours truly, 

 

CBCL Limited 

 

 

 

 

Prepared by: Reviewed by: 

Marcos Casimirri, M.Eng., C.E.M., P.Eng. Tom Watson, PE, LEED™ AP BD+C, P.Eng. 

Mechanical Engineer Manager Buildings Mechanical 

 

 
This document was prepared for the party indicated herein.  The material and information in the document reflects CBCL Limited’s opinion and 

best judgment based on the information available at the time of preparation.  Any use of this document or reliance on its content by third parties 

is the responsibility of the third party. CBCL Limited accepts no responsibility for any damages suffered as a result of third party use of this 

document. 
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APPENDIX A 

Area #1 – Recorded Temperature and Relative 
Humidity  
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APPENDIX B 

Area #2 – Recorded Temperature and Relative 
Humidity  
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APPENDIX C 

Area #3 – Recorded Temperature and Relative 
Humidity  
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APPENDIX D 

Area #4 – Recorded Temperature and Relative 
Humidity  
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APPENDIX E 

Area #5 – Recorded Temperature and Relative 
Humidity 
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CI Number:  49943 
 
Title:  HYD Ruth Falls Facility Refurbishment 
 
Start Date: 2017/05 
In-Service Date: 2018/07 
Final Cost Date: 2019/01 
Function: Hydro 
Forecast Amount: $1,234,931 
 
DESCRIPTION: 
 
This project will address areas of the Ruth Falls Powerhouse in need of refurbishment, including the windows, 
garage door and main door, ventilation louvers, the deteriorating stucco cladding, floors which are cracking and 
have spalling concrete, and the exterior drainage system.  The scope of work includes exterior and interior work and 
hazmat remediation due to removal of lead paint.  These items pose safety and security risks and must be addressed 
to restore security and safety to the powerhouse.  
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Health & Safety 
 
Why do this project? 
 
The Ruth Falls Powerhouse has been in service since 1925 and many of its components have deteriorated to the 
point that safety and security concerns within the plant need to be mitigated.  These components must be addressed 
to restore the safety and security of the powerhouse.  Refurbishing and upgrading the powerhouse will increase the 
service life of the building and prevent rain infiltration related equipment failures and accelerated deterioration of 
the building. 
 
The Ruth Falls Powerhouse is a long term facility with no plans for retirement in the long term future.  
 
This project is primarily justified on safety, while secondarily justified on maintaining unit reliability.  
 
Why do this project now? 
 
The Ruth Falls Powerhouse was built in 1925 and many of its assets have deteriorated. A third party assessment of 
the plant in September 2017 concluded that the overall condition of the building is fair with some items of concern. 
Please refer to Partially Confidential Attachment 1 for more detail. Potential for water to enter the buildings is also a 
threat to the electrical components of the system. 
 
Why do this project this way? 
 
Replacing deteriorated components, recoating the interior and exterior of the buildings and providing much needed 
repairs to walls, windows, floors and ceilings will stop possible water infiltration and increase the service life of the 
structures while improving safety and decreasing risk to the equipment.  
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: -CI Number 49943-H811 HYD - Ruth Falls Facility Refurbishment Project Number 49943-H811

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1359 1359 Ruth Falls Common Property

0300 - HGP - Bldg.,Struct.Grnd. 903,597Additions

0300 - HGP - Bldg.,Struct.Grnd. 331,333Retirements

Total Cost:

Original Cost:

1,234,931

156,922

Total Cost:Original Cost:
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Capital Project Detailed Estimate

Location: Hydro
FP# / P#: 49943

Title: HYD Ruth Falls Facility Refurbishment
Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

day 15 365 5,472$                  
day 29 405 11,830$                
day 6 332 1,993$                  

Sub-Total 19,295$                

Month 3 600$                  1,800$                  

Sub-Total 1,800$                  

Lot 1 Cost Support #1 - Items 4 & 5

Sub-Total

Lot 1 Cost Support #1 - Items 1 & 20
Lot 1 Cost Support #1 - Item 18
Lot 1 Cost Support #1 - Items 3, 6 & 7
Lot 1 Cost Support #1 - Items 8 - 17
Lot 1 Cost Support #1

Sub-Total

Month 3 3,000$               9,000$                  
Lot 1 8,940$               8,940$                  

Sub-Total 17,940.00$           

Month 3 300$                  900$                     

Sub-Total 900$                     

%

Sub-Total

4,583$                  

Sub-Total 4,583$                  

8,468$                  
81,395$                

Sub-Total 89,863$                
Sub-Total (no AO, AFUDC) 1,140,485$           

TOTAL (AO, AFUDC included) 1,234,931$           

Original Cost
156,922$              

Description

Regular Labour
Hydro River Staff - Construction

Engineering Staff
Environmental Staff

Materials
Exterior Windows and Doors

Site Visit
Travel Expenses

Construction Management

Contracts
Construction Costs

Hazmat Remediation

Consulting

Contractor Overhead and Fees
Exterior Work
Interior Work

Design and Specification

Meals and Entertainment
Site Visit

Other Goods and Services
Contingency

Contract AO

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized
AFUDC

Administrative Overhead
Labour AO
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REDACTED ACE 2018 CI 49943 Attachment 1 Page 1 of 1

1111 
ceCLL1Ml'f£D 

OPINION OF PROBABLE CONSTRUCTION COST 
Ruth Falls NSPI Powerhouse Renovations 

Ruth Falls, NS 

1 Mobilization, Bonds, Insurance, Pre-Constr~~!~n Management 

1----2 __ -+ _ _ H_a_zm_at_A_b_atement~ ~P._a_ra_te_C_o_nt_r_ac_t~) __________ _ 
EXTERIOR WORK 

______ 3___ Concrete/ Masonry Walls Cladding Repairs & Paint 

4 Exterior Doors_& Paint Steel Rollup Door __________ _ 

5 Exterior Windows 

1 ___ 6 ____ -~~rior St_a_ir_s_&_Ra_i_lin~g~s----~-1"'-. -©~~~)'~_._-.~!-~~"tr 
7 Exterior Lighting East Side .. U ,~ -~ :ilE-'-="------

INTERIOR WORK 
t---- - -- - -------·-----------------------

8 Floors 
t------+------------------ -------------···-

9 Interior Walls Main floor Area (F) 

,_ __ 1_0 __ +-_ ln_t_er_io_r_W_a_lls Washroom (F) _______ _ 

11 Int erior Walls Lower Floor 

12 Interior Walls Lower Floor Washroom 

13 Interior Walls Stairwell South 

14 Ceilings Main, Lower, Washrooms, Stairs Levels 

_ ____ l_S__ Stairs Main Level, South, Lower Level over Pipes 

16 Light ing Fixtures 

-- ---------------------------
Construction Contingency - Note 2 

Location Factor - Note 4 

_ Escalation / Inflation ( Based on 2017 Dollars) .. Note 3 

Separate Class D Budget: 
Item # 2 - Hazm at Abatem ent Order of M agnitude 

DATE: 29/08/2017 

CBCL FILE No.: 170222.00 

PREPARED BY: ADT 

EST. DESCRIPTION : Class C 

THIS OPINION OF PROBABLE COSTS IS PRESENTED ON THE BASIS OF EXPERIENCE, QUALIFICATIONS, AND BEST JUDGEMENT. IT HAS BEEN 
PREPARED IN ACCORDANCE WITH ACCEPTABLE PRINCIPLES AND PRACTICES. MARKET TRENDS, NON-COMPETITIVE BIDDING SITUATIONS, 
UNFORESEEN LABOUR AND MATERIAL ADJUSTMENTS AND THE LIKE ARE BEYOND THE CONTROL OF CBCL LIMITED. AS SUCH WE CANNOT 
WARRANT OR GUARANTEE THAT ACTUAL COSTS WILL NOT VARY FROM THE OPINION PROVIDED. 

Note 1 

Note 2 

Note 3 

A Design Development Contingency is to allow for increases of qty's; material cost s; as the work is better defi ned 

A Construction Contingency is to allow for C.O. cost of additional work over and above the contract Awarded price. 

The Escalation/Inflation allowance is for increases in construction costs from time the budget to Tender Call 

Note 4 The Location Factor is for variances between construction costs at the location of t he project & historical costs data 
Form CBCL 035.Rev 2 

170222.00-Class C Rut h Falls Pow erhouse Renos 29-08-2017 _at.xlsx 

I 
I 
I 
ii 
i h 
! 
" 
11 

I 
I 
I 
I 
I 
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CI Number:  49942 

Title:  HYD Tidewater Facility Refurbishment 

Start Date: 2017/10 
In-Service Date: 2018/07 
Final Cost Date: 2019/01 
Function: Hydro 
Forecast Amount: $1,234,178 

DESCRIPTION: 

This project will address areas of the Tidewater Powerhouse in need of refurbishment, including the windows, 
garage door and main door, ventilation louvers, the deteriorating stucco cladding, floors which are cracking and 
have spalling concrete, and the exterior drainage system.  The scope of work includes exterior and interior work 
and hazmat remediation due to removal of lead paint.  These items pose safety and security risks and must be 
addressed to restore security and safety to the powerhouse.  

Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 

JUSTIFICATION:  

Justification Criteria:  Health & Safety 

Why do this project? 

The Tidewater Powerhouse was built in 1922 and many of its components have deteriorated to the point that safety 
and security concerns within the plant need to be mitigated.  These components must be addressed to restore the 
safety and security of the powerhouse.  Refurbishing and upgrading the powerhouse will increase the service life of 
the building and prevent rain infiltration related equipment failures and accelerated deterioration of the building. 

Tidewater generating station is a long term facility with no plans for retirement in the long term future. 

This project is primarily justified on safety, while secondarily justified on maintaining unit reliability. 

Why do this project now? 

Hydro facilities were evaluated in 2011 as a fleet and prioritized for investment timing.  Many aspects of the 
Tidewater Powerhouse have deteriorated.  Water is entering the building through exterior cracks and the ventilation 
is inadequate, as the facility deteriorates water contact with sensitive electrical components increases.  The work 
must be completed now to prevent further deterioration of the structures and ensure facility life into the future.  

Why do this project this way? 

The windows and doors in the powerhouse are in such condition that refurbishment is not an option.  Recoating 
the interior and exterior of the buildings and providing much needed repairs to walls, floors and ceilings, will 
stop water infiltration and increase the service life of the structures while improving safety and decreasing risk 
of water damage to the equipment. 
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: -CI Number 49942 HYD - Tidewater Facility Refurbishment Project Number 49942

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1360 1360 Tide Water Common Property

0300 - HGP - Bldg.,Struct.Grnd. 902,845Additions

0300 - HGP - Bldg.,Struct.Grnd. 331,333Retirements

Total Cost:

Original Cost:

1,234,178

156,922

Total Cost:Original Cost:
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Capital Project Detailed Estimate

Location: Hydro
FP# / P#: 49942

Title: HYD Tidewater Facility Refurbishment
Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

day 15 365 5,472$                  
day 29 405 11,830$                
day 6 332 1,993$                  

Sub-Total 19,295$                

Month 3 600$                  1,800$                  

Sub-Total 1,800$                  

Lot 1 Cost Support #1 - Items 4 & 5

Sub-Total

Lot 1 Cost Support #1 - Items 1 & 20
Lot 1 Cost Support #1 - Item 18
Lot 1 Cost Support #1 - Items 3, 6 & 7
Lot 1 Cost Support #1 - Items 8 - 17
Lot 1 Cost Support #1

Sub-Total

Month 3 3,000$               9,000$                  
Lot 1 8,940$               8,940$                  

Sub-Total 17,940$                

Month 3 300$                  900$                     

Sub-Total 900$                     

% 143,550$              

Sub-Total 143,550$              

3,838$                  

Sub-Total 3,838$                  

8,461$                  
81,395$                

Sub-Total 89,856$                
Sub-Total (no AO, AFUDC) 1,140,485$           

TOTAL (AO, AFUDC included) 1,234,178$           

Original Cost
156,922$              

Contract AO

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized
AFUDC

Administrative Overhead
Labour AO

Design and Specification

Meals and Entertainment
Site Visit

Other Goods and Services
Contingency

Construction Management

Contracts
Construction Costs

Hazmat Remediation

Consulting

Site Visit
Travel Expenses

Contractor Overhead and Fees
Exterior Work
Interior Work

Materials
Exterior Windows and Doors

Description

Regular Labour
Hydro River Staff - Construction

Engineering Staff
Environmental Staff
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1111 
OPINION OF PROBABLE CONSTRUCTION COST 

Ruth Falls NSPI Powerhouse Renovations 
Ruth Falls, NS 

CBCLUMIT8D 

1 Mobilization, Bonds, Insurance, Pre-Construc~~on Management 

t----2 __ -+ __ H_az_m_a_t_A_b_a~ement (Separate Contract) 
EXTERIOR WORK 

____ 3___ Concr~te / Masonry Walls Cladding Repairs & Paint 

,__ __ 4 __ -+ __ Ex_t_e_ri_o_r _D_oo_rs __ & Paint Steel_~~llup Do~!:_ __________ _ 
5 Exterior Windows 

6 Ext~rior Stairs & Railings ~~ 

,__ __ 7 ___ E_x_te_rl_o_r L~lg~h_tln~g~E_as_t_S_ld_e ---t))m~E-1~"----

INTERIOR WORK 1------1-------------------------------
8 Floors 

t------+---------------------·--·------···-
9 Interior Walls Main floor Area (F) 

,__ __ 1_0 ____ ,n_te_r_lo_r_W_al_ls W!~hroom _(_F~) ---· _______ _ 
11 Interior Walls Lower Floor 
12 Interior Walls Lower Floor Washroom 
13 Interior Walls Stairwell South 1------+------------------- ···--------
14 Ceilings Main, Lower, Washrooms, Stairs Levels 

_1_5 __ +-_St_a_irs_M_a_i_n_Level, South, Lower Level over Pipes 
16 Lighting Fixtures 

18 

t------1------·······--·-··-----------------------f 
19 .~onstruction Contingency - Note 2. 

20 Location Factor - Note 4 

21 _ Escala_tion / Inflation ( Based on 2017 Dollars) - Note 3 

Separate Class D Budget: 
Item# 2 - Hazmat Abatement Order of Magnitude 

DATE: 29/08/2017 

CBCL FILE No.: 170222.00 

PREPARED BY: ADT 

EST. DESCRIPTION : Classc 

THIS OPINION OF PROBABLE COSTS IS PRESENTED ON THE BASIS OF EXPERIENCE, QUALIFICATIONS, AND BEST JUDGEMENT. IT HAS BEEN 
PREPARED IN ACCORDANCE WITH ACCEPTABLE PRINCIPLES AND PRACTICES. MARKET TRENDS, NON-COMPETITIVE BIDDING SITUATIONS, 
UNFORESEEN LABOUR AND MATERIAL ADJUSTMENTS AND THE LIKE ME BEYOND THE CONTROL OF CBCL LIMITED. AS SUCH WE CANNOT 
WARRANT OR GUARANTEE THAT ACTUAL COSTS WILL NOT VARY FROM THE OPINION PROVIDED. 

Note 1 
Note 2 
Note 3 

A Design Development Contingency is to allow for increases of qty's; material costs; as the work Is better defined 
A Construction Contingency Is to allow for C.O. cost of additional work over and above the contract Awarded price. 
The Escalation/Inflation allowance is for increases in construction costs from time the budget to Tender Call 

Note 4 The Location Factor is for variances between construction costs at the location of the project & historical costs data 
Form CBCL035.Rev2 

1702.2.2.00-Class C Ruth falls Powerhouse Renos 2.9-08-2017 _at.Klsic 

I 
I 
it 
1t 
If 
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CI Number:  49946 
 
Title:  HYD Fourth Lake Overhaul 
 
Start Date: 2017/10 
In-Service Date: 2018/11 
Final Cost Date: 2019/05 
Function: Hydro 
Forecast Amount: $1,025,769 
 
DESCRIPTION: 
 
This project will replace the mechanical turbine shaft seal, the internal seals of the turbine runner, the blades of the 
runner, and refurbish the case of the unit and the runner oil seals.  
 
Fourth Lake Plant is a single unit hydro plant on the Sissiboo River Hydro System.  The Kaplan turbine has a 
capacity of 3 MW, and the plant has an average yearly production of 10.2 GWh.  The unit is limited to 75 percent of 
its maximum capacity (2.25MW of the 3MW nameplate capacity) as a result of turbine cavitation issues. 
 
Summary of Related CIs +/- 2 years: 
2018 – CI 51866 – Fourth Lake Penstock Refurbishment $697,090 
 
Depreciation Class:  Hydro Production Plant- Bear River Hydro System  
 
Estimated Life of Asset:  25 Years 
 
JUSTIFICATION:  
 
Justification Criteria:  Hydro, Wind & Biomass Energy  
 
Sub Criteria:  Equipment Replacement / Refurbishment  
 
Why do this project? 
 
Completion of this project will both increase the efficiency of the unit, and mitigate the risk of future unplanned 
outages due to cavitation issues.  This project will increase the plant’s output by 25 percent, increase renewable 
generation (both energy and capacity) and lessens the use of more expensive generation sources.  Substitution of the 
turbine shaft seal will minimize or mitigate oil leak risk.  All other minor components identified during the overhaul 
as deficient will also be replaced or refurbished.  This unit provides important water management for the Sissiboo 
River Hydro System and serves as the source water for the remaining units on the system.  Increasing the output of 
this unit will increase the run flexibility of the remaining units on the system and provide a positive economic 
benefit.  
 
Why do this project now? 
 
The project is part of a plan to refurbish units on the Sissiboo River System.  All other units on the river system have 
been overhauled.  The work is being completed concurrently with a penstock refurbishment in order to minimize the 
unit’s downtime.  The unit contributes to grid stability in the western end of the province and the energy production 
contributes to renewable electricity targets.  Restoring the unit to full rated output contributes firm capacity to the 
power system and enhances the operational flexibility of the entire river system.  
 
Why do this project this way? 
 
There are two major objectives included in this project scope:  
 
 the turbine runner blade replacement, and  
 the turbine shaft seal replacement.  
  

_

REDACTED ACE 2018 CI 49946 Page 1 of 9

Date Filed:  November 22, 2017          Page 1366 of 2371          REDACTED



Under the turbine runner blade replacement, two options were considered regarding the unit’s cavitation issue:  
replacement of the entire unit with a new unit, or blade replacement with an augmented blade profile.  Unit 
replacement was not selected as it is a significantly higher cost option and would require significant civil 
modifications to the plant.  The return to full rated capacity can be achieved with a blade profile redesign.  This is 
the most economical way to restore full operational capacity to the unit.  
 
Three options were considered for repairing turbine shaft seal leaks:  (1) replacement of the unit in whole with a 
redesigned unit, (2) replacement of the seal with a redesigned hydrostatic pressure seal, or (3) replacement of the 
seal with a redesigned mechanical pressure seal.  The replacement of the unit in whole was not selected due to the 
reasons discussed above.  The redesigned hydrostatic pressure seal was not chosen as a seal replacement option as 
the existing seal uses hydrostatic pressure which is prone to pressure fluctuations, due to flow velocity, resulting in 
leaks and unreliable performance.  The redesigned mechanical pressure seal is the preferred solution as it will 
guarantee the shaft seal.  

_
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: -CI Number 49946 HYD Fourth Lake Overhaul Project Number 49946

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1364 1364 Fourth Lake, 3 Mwh; 1983 on Sissiboo River

2400 - HGP - Turbine (Hydro) 973,718Additions

2400 - HGP - Turbine (Hydro) 52,051Retirements

Total Cost:

Original Cost:

1,025,769

450,375

Total Cost:Original Cost:
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Capital Project Detailed Estimate

Location: Hydro
CI# / FP#: 49946

Title: HYD Fourth Lake Overhaul
Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

day 160 365$                  58,366$                
day 104 405$                  42,152$                
day 40 365$                  14,591$                

Sub-Total 115,109$              

day 240 365$                  87,549$                
day 60 365$                  21,887$                

Sub-Total 109,436$              

Week 30 150$                  4,500$                  
Month 6 1,500$               9,000$                  

Sub-Total 13,500$                

Lot 1

Lot 1
42666 - Tusket 2 
Overhaul

Month 5 10,000$             50,000$                

Sub-Total 430,095$              

Month 5 10,000$             50,000$                
Month 5 5,000$               25,000$                
Month 5 6,000$               30,000$                

Sub-Total 105,000$              

Month 5 4,000.00$          20,000$                

Sub-Total 20,000$                

Week 32 75.00$               2,400$                  
Month 6 3,000$               18,000$                

Sub-Total 20,400$                

% 10% 813,540$           81,354$                

Sub-Total 81,354$                

24,260$                
-$                      

Sub-Total 24,260$                

96,416$                
10,199$                

Sub-Total 106,615$              
Sub-Total (no AO, AFUDC) 894,894$              

TOTAL (AO, AFUDC included) 1,025,769$           

Original Cost
450,375$              

Labour AO
Contract AO

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Misc Contracts

Consulting
Design and Quality Control Support

Administrative Overhead

Meals & Entertainment
Site Visit - Engineering

Meals due to site being Temporary Report Point

Interest Capitalized
AFUDC

Other Goods & Services
Contingency

Additional work on the runner (oil seals)

Temporary Report Point

Materials

Design / Fabrication of new Shaft Seal

Design / fabrication of new blades
Misc Materials

Contracts
Refurb / Modifications to the case of the unit

Cost Support #1 - Page 11 - Seal AC Type Seal 
System, plus Service Kit A & B,

Description

Regular Labour
Hydro River Staff - Construction

Engineering Staff

Site Visit - Engineering

Hydro River Staff - Removal 

Term Labour
Hydro River Staff - Construction

Hydro River Staff - Removal 

Travel Expenses
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HYD Fourth Lake Overhaul
Summary of Alternatives

Division : Date : 17-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 2,026,542 1 22.14% 5.7 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Unit Overhaul vs Replacement Energy Costs

Test 2

Test 3

Test 4

Unit Overhaul vs Replacement Energy 
Costs

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-2,561,127
0
0
0

Power Production
Hydro 49946

It is recommended to complete this project in order to achieve the efficiency improvements. 

The capital includes the mechanical turbine shaft seal, the internal seals of the runner, the blades of the runner and complete a general 
mechanical refurbishment. The avoided expense calculator assumes a 25% generation loss for the life of the unit. The 11yr average 
generation of Fourth Lake Plant is 10.2 GWh.

G08-49946 EAM CONFIDENTIAL.xls 11/17/2017
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HYD Fourth Lake Overhaul
Summary of Sensitivities

Division : Date : 10-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Unit Overhaul vs Replacement Energy Costs 5.88% -2,561,127 2,026,542 1 22.14% 5.7 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Unit Overhaul vs Replacement Energy Costs 10% -2,475,861 1,954,970 1 20.08% 6.4 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 85,266 -71,571 0 -2.06% 0.7 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Unit Overhaul vs Replacement Energy Costs -10% -2,219,748 1,752,316 1 19.88% 6.5 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 341,379 -274,226 0 -2.26% 0.8 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 159,642 295,392 No
B 0 0 No
C 0 0 No
D 0 0 No0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Hydro 49946

PV of Revenue 
Requirement Delay?

3
446,903

0
0

49946 4 EAM CONF.xls 11/10/2017
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Division : Date : 
Department : CI Number:

Project No. :

Unit Overhaul vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 100% 100% 100% 100%
Capacity Factor (%)
Energy Replaced (MW) 2550.0 2550.0
Duration (Hours or Years) 1 1
Totals $213,045 $212,353 $0 $0 $213,045 $212,353

Total Capital Cost of Alternative $1,025,769

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

HYD Fourth Lake Overhaul
Avoided Cost Calculations

10-Nov-17
49946

Power Production
Hydro

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs
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HYD Fourth Lake Overhaul
Unit Overhaul vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               (44,209.6)                 ‐                               ‐                               (44,209.6)                 ‐                               (44,209.6)                 (44,209.6)                 1.00                           (44,209.6)                

2018 ‐                               ‐                               213,045.3                (874,944.9)               35,795.8                   888,524.1                (661,899.7)               (54,947.3)                 (716,847.0)               (677,037.2)               0.94                           (721,246.8)              

2019 ‐                               ‐                               212,353.0                ‐                               68,727.9                   814,883.4                212,353.0                (44,523.8)                 167,829.2                149,706.2                0.89                           (571,540.6)              

2020 ‐                               ‐                               214,334.9                ‐                               63,229.6                   747,134.0                214,334.9                (46,842.6)                 167,492.3                141,108.4                0.84                           (430,432.2)              

2021 ‐                               ‐                               212,577.5                ‐                               58,171.3                   684,804.5                212,577.5                (47,865.9)                 164,711.6                131,059.5                0.80                           (299,372.7)              

2022 ‐                               ‐                               213,331.5                ‐                               53,517.6                   627,461.4                213,331.5                (49,542.3)                 163,789.2                123,088.0                0.75                           (176,284.8)              

2023 ‐                               ‐                               217,598.1                ‐                               49,236.2                   574,705.7                217,598.1                (52,192.2)                 165,405.9                117,399.8                0.71                           (58,884.9)                

2024 ‐                               ‐                               221,950.1                ‐                               45,297.3                   526,170.5                221,950.1                (54,762.4)                 167,187.7                112,074.5                0.67                           53,189.6                  

2025 ‐                               ‐                               226,389.1                ‐                               41,673.5                   481,518.1                226,389.1                (57,261.8)                 169,127.3                107,078.5                0.63                           160,268.1               

2026 ‐                               ‐                               230,916.9                ‐                               38,339.6                   440,437.9                230,916.9                (59,699.0)                 171,217.9                102,382.1                0.60                           262,650.1               

2027 ‐                               ‐                               235,535.2                ‐                               35,272.4                   402,644.1                235,535.2                (62,081.5)                 173,453.8                97,959.0                   0.56                           360,609.2               

2028 ‐                               ‐                               240,245.9                ‐                               32,450.6                   367,873.9                240,245.9                (64,416.5)                 175,829.4                93,786.0                   0.53                           454,395.2               

2029 ‐                               ‐                               245,050.9                ‐                               29,854.6                   335,885.2                245,050.9                (66,710.8)                 178,340.0                89,842.5                   0.50                           544,237.7               

2030 ‐                               ‐                               249,951.9                ‐                               27,466.2                   306,455.6                249,951.9                (68,970.6)                 180,981.3                86,109.8                   0.48                           630,347.5               

2031 ‐                               ‐                               254,950.9                ‐                               25,268.9                   279,380.4                254,950.9                (71,201.4)                 183,749.5                82,571.7                   0.45                           712,919.1               

2032 ‐                               ‐                               260,049.9                ‐                               23,247.4                   254,471.2                260,049.9                (73,408.8)                 186,641.2                79,213.4                   0.42                           792,132.5               

2033 ‐                               ‐                               265,250.9                ‐                               21,387.6                   231,554.8                265,250.9                (75,597.6)                 189,653.3                76,021.7                   0.40                           868,154.2               

2034 ‐                               ‐                               270,555.9                ‐                               19,676.6                   210,471.7                270,555.9                (77,772.6)                 192,783.4                72,984.8                   0.38                           941,139.0               

2035 ‐                               ‐                               275,967.1                ‐                               18,102.5                   191,075.2                275,967.1                (79,938.0)                 196,029.0                70,092.2                   0.36                           1,011,231.2            

2036 ‐                               ‐                               281,486.4                ‐                               16,654.3                   173,230.4                281,486.4                (82,098.0)                 199,388.5                67,334.1                   0.34                           1,078,565.4            

2037 ‐                               ‐                               287,116.1                ‐                               15,321.9                   156,813.2                287,116.1                (84,256.2)                 202,859.9                64,702.0                   0.32                           1,143,267.3            

2038 ‐                               ‐                               292,858.5                ‐                               14,096.2                   141,709.4                292,858.5                (86,416.3)                 206,442.2                62,187.9                   0.30                           1,205,455.2            

2039 ‐                               ‐                               298,715.6                ‐                               12,968.5                   127,813.9                298,715.6                (88,581.6)                 210,134.0                59,784.7                   0.28                           1,265,239.9            

2040 ‐                               ‐                               304,689.9                ‐                               11,931.0                   115,030.0                304,689.9                (90,755.3)                 213,934.7                57,485.8                   0.27                           1,322,725.7            

2041 ‐                               ‐                               310,783.7                ‐                               10,976.5                   103,268.9                310,783.7                (92,940.2)                 217,843.5                55,285.4                   0.25                           1,378,011.1            

2042 ‐                               ‐                               316,999.4                ‐                               10,098.4                   92,448.6                   316,999.4                (95,139.3)                 221,860.1                53,177.9                   0.24                           1,431,189.0            

2043 ‐                               ‐                               323,339.4                ‐                               9,290.5                     82,494.0                   323,339.4                (97,355.1)                 225,984.3                51,158.3                   0.23                           1,482,347.2            

2044 ‐                               ‐                               329,806.2                ‐                               8,547.3                     73,335.7                   329,806.2                (99,590.3)                 230,215.9                49,222.0                   0.21                           1,531,569.2            

2045 ‐                               ‐                               336,402.3                ‐                               7,863.5                     64,910.1                   336,402.3                (101,847.0)               234,555.3                47,364.7                   0.20                           1,578,934.0            

2046 ‐                               ‐                               343,130.4                ‐                               7,234.4                     57,158.5                   343,130.4                (104,127.7)               239,002.6                45,582.6                   0.19                           1,624,516.5            

2047 ‐                               ‐                               349,993.0                ‐                               6,655.7                     50,027.1                   349,993.0                (106,434.6)               243,558.4                43,871.8                   0.18                           1,668,388.3            

2048 ‐                               ‐                               356,992.8                ‐                               6,123.2                     43,466.2                   356,992.8                (108,769.6)               248,223.2                42,229.0                   0.17                           1,710,617.3            

2049 ‐                               ‐                               364,132.7                ‐                               5,633.4                     37,430.1                   364,132.7                (111,134.8)               252,997.9                40,651.0                   0.16                           1,751,268.2            

2050 ‐                               ‐                               371,415.3                ‐                               5,182.7                     31,877.0                   371,415.3                (113,532.1)               257,883.2                39,134.8                   0.15                           1,790,403.1            

2051 ‐                               ‐                               378,843.6                ‐                               4,768.1                     26,768.1                   378,843.6                (115,963.4)               262,880.2                37,677.7                   0.14                           1,828,080.7            

2052 ‐                               ‐                               386,420.5                ‐                               4,386.6                     22,067.9                   386,420.5                (118,430.5)               267,990.0                36,277.0                   0.14                           1,864,357.7            

2053 ‐                               ‐                               394,148.9                ‐                               4,035.7                     17,743.7                   394,148.9                (120,935.1)               273,213.8                34,930.2                   0.13                           1,899,287.9            

2054 ‐                               ‐                               402,031.9                ‐                               3,712.8                     13,765.4                   402,031.9                (123,478.9)               278,553.0                33,635.1                   0.12                           1,932,923.0            

2055 ‐                               ‐                               410,072.5                ‐                               3,415.8                     10,105.5                   410,072.5                (126,063.6)               284,009.0                32,389.4                   0.11                           1,965,312.4            

2056 ‐                               ‐                               418,274.0                ‐                               3,142.6                     6,738.3                     418,274.0                (128,690.7)               289,583.2                31,191.1                   0.11                           1,996,503.4            

2057 ‐                               ‐                               426,639.5                ‐                               2,891.1                     3,640.5                     426,639.5                (131,362.0)               295,277.5                30,038.1                   0.10                           2,026,541.6            
Total ‐                               ‐                               11,944,348.0           (919,154.5)               861,646.0                11,025,193.5           (3,435,637.6)            7,589,555.9             2,026,541.6            
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Proposal Details 

Design, Manufacture, Supply, Installation and Commissioning support of new seal arrangement 

and control systems as part of unit refurbishment.  

CLIENT: Nova Scotia Power Inc. 

P.O. Box 910 

Halifax, NS 

B3J 2W5  

   

REF:     Fourth Lake. 

CONFIDENTIALITY: The proposal is submitted by Wärtsilä UK Ltd – Seals and Bearings, to fulfil 

the request for a solution proposal for the replacement of the Bulb Type 

turbine shaft seal currently installed at the Fourth Lake Power Plant. 

 Intellectual property (IP) in the seal design remains vested in Wärtsilä. 

The information herein may not be used for any other purposes, 

reproduced in whole or in part, or passed to any other organisation 

without the specific permission in writing of the proposal manager. 

Validity:  120 DAYS 

REF #:   TD-17296 

Proposal Manager: Mr James Robb – Consulting Engineer (Energy) 

   James.robb@wartsila.com 

   Wärtsilä UK Ltd – Seals and Bearings 

Tel:   +44 (0)2392 391681 

  

Approvals:  Wärtsilä UK LTD holds the following approvals: 

                    ISO   9001: 2008 

                    ISO 14001: 2004 

                    OHSA 18001: 2007 

                    ALL CURRENT AND VALID UNTIL 7TH MARCH 2015 

   Copies of all certificates are included in Appendix A 
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Executive Summary 

Wärtsilä Seals & Bearings is a global organisation and is a service division of the Wärtsilä 

Corporation; with service centres and operations in 170 locations and 60 countries.  

The companies that make up the S&B division have a combined experience in excess of 100 

years in the design, manufacture, installation and lifecycle management of shaft seals and 

bearing solutions. Financial performance of both the division, and the parent corporation, is 

consistent with, or ahead of, the market segments in which it operates; both currently and 

historically. All relevant information is in the public domain.  

The portfolio of both product and service offerings are extensive and comprise of a tailored 

series of standard solutions available alongside customer designs and installations where a 

bespoke requirement is specified. 

There is a high level of vertical integration within the five facilities (UK x 2, Spain, Sweden, Japan 

and China) including foundries, moulding, design, manufacture and test/validation. The 

supporting supply chain is well managed and has been developed over time.  

  

Focus 

Wärtsilä Seals & Bearings will utilise proven technologies to provide a technical solution in support 

of the Nova Scotia Power request for issues experienced on the fourth lake turbine shaft seals 

turbine shaft seals. 

From the information supplied the current arrangements utilise Bestobel mechanical face type 

seals. 

The requirement is to propose an alternative proven seal design from our product portfolio 

capable of operating in the same conditions but with improvements in performance (reduced 

leakage), to eliminate the loss of bearing lubrication oil during certain operations and reductions 

in through life cost. 

The seals would be designed, manufactured and tested in the UK. 

Lifecycle support for any installation would be provided through both Wärtsilä Canada and 

Wärtsilä UK as appropriate.  
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Technical Summary 
 

 

Current Installed Mechanical Seal – Unit 2 

 
The seal currently fitted is a hydraulically activated mechanical face type seal, manufactured 

by Sterling Mechanical Seals and were the original seal type fitted.  It is understood that NS Power 

have been experiencing significant loss of bearing oil, occurring during certain operations 

(Possibly during shut-down due to partial external vacuum pressure). 

The request received during a meeting with NS power Technical representatives was to propose 

a suitable alternative solution that would help overcome these issues, and also help to improve 

overall mechanical performance of the shaft seal. 

 

  

REDACTED ACE 2018 CI 49946 Attachment 1 Page 6 of 22

Date Filed:  November 22, 2017          Page 1380 of 2371          REDACTED



Technical Offering 
 

   

Cross section of AC type shaft seal – H31421-01 
 

The ‘A’ series seal range is a Mechanical Face Type Seal consisting of a multi segment stationary 

Seat element, which seals against a segmented rotating Face component. The seal would be 

mounted between the stationary shroud ring and the runner Hub of the turbine (no drilling into 

or welding of the shaft is necessary).  

The hydraulically balanced seal design maintains contact between the Rotating Seat element 

and the stationary Face element by means of helical coil springs and hydraulic force provided 

by OD water Pressure. The helical springs in the seal, allow the Face and Seat to remain in 

contact throughout the operation of the Turbine (allowing for the required axial shaft movement 

specified) and self-adjust to compensate for any wear experienced over a 5-10 year service 

period.  The Balance factor applied would be set during the detail design phase of an order  to 

ensure that the contact scenario accounts for the possibility of external vacuum pressure, to 

ensure seal integrity is maintained and the vacuum pressure is not experience across the Bussing 

& Labyrinth seals protecting the bearing oil. 

The AC Type configuration is an O/D pressurised seal, derived from Wartsila Submarine seal 

technology is able to cope with high service pressures exceeding that specified, while 

maintaining low leakage and low interface wear. The seals are also designed to operate bi-

directionally with no loss in performance in either clockwise or counter-clockwise directions. 

The seal will also be fitted with an inductive proximity sensor, which will allow for interface wear 

measurements to be taken.  The sensor can either be wired directly into the plants SCADA system 

(requires a 9 – 30V power supply and produces a 4-20ma signal), or monitored remotely by a 

control box supplied by Wartsila (See Appendix C).  The control box also allows for a 4-20ma 

signal feed for Scada connectivity. 

The seal proposed is manufactured from a combination of corrosion resistant materials such as 

Bronzes, Stainless Steels and composites. It can be designed to interface with the existing seal 

mounting arrangement however due to the current set-up being integral to the existing seal, 

some modification to the shroud ring (see H31421-01) will be required to allow for the stationary 

assembly of new seal to be mounted. This work can be carried out by Wartsila on request, 

alternatively, the required modification detail can be supplied if local machining resource is 

preferred. 
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Bearing Oil Retention 

 

Seal Ring Option – H31421-01 

Although we are fully confident that the Seal will alleviate the Oil Leakage issues, one aspect of 

the current installed design which differs from similar configurations seen is the bushing used to 

restrict the bearing oil.  In other configurations a lip seal has been used; understanding that loss 

of lubrication must occur via the Bushing & Labyrinth seal, a recommendation would be that 

modifying the arrangement to incorporate a seal ring would give significant improvements in 

performance over the existing arrangement. 

To install a seal ring in this location, it would be possible to design an insert to provide 

the correct housing profile, and for the retaining ring to fit the existing PCD. As the 

required dimensions are not detailed on the drawings provided, and as it is 

understood that now detail drawings exist, if this modification were to be carried out, 

detailed inspection would need to be carried out prior to production of the required 

components. 

Spares  

Typical service cycles for the ‘AC’ type seal arrangement are based on intermediate (as 

required/predicted) and recommended 10 year intervals, components replaced at each 

service interval are as follows: 

Shaft Seal  

Service Kit “A” – intermediate service 

 Face (split) Assy [inclusive of o-cords & sealing strips] 

 Seat (split) Assy [inclusive of o-cords & sealing strips] 

 Compression Tooling 

Service Kit “B” – 10 year service 

As Service Kit “A” including: 

 Helical Springs 

 Secondary Seal O-cord & Bearing Ring  

 Mounting Gaskets (Split) 

 All Elastomer components  

 Fasteners 
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Technical Offering – Future Development 
Wärtsilä specializes in the design and manufacture of a multitude of structural composites. These 

composites can be used to manufacture water lubricated guide bearing housings and housings 

for shaft seals. 

The use of our in-house manufactured and developed composite materials not only has the 

potential for cost saving on volume production designs but offers a substantial saving on weight. 

This reduction in component weight can shorten installation and overhaul times and directly 

reduce costs and possible down time with no reduction in performance. Field service and initial 

installation is also made safer through increased ease of handling through the substantial weight 

reductions achieved.  

Working closely with customer design teams we could [and have on other installations] reduce 

the component count within the seals construction; this saves weight, cost and time to the 

benefit of the overall product cost and performance. 
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Commercial proposal 

Scope of supply: 

The commercial offer is based on the supply of one [1] AC type seal and supporting wear 

down system:  

Seal System Budgetary Offer: 

1 X Seal AC Type Seal System     @ CAD ($)  

(Including Wear down Controller) 

Spares: 

Service Kit ‘A’ - Intermediate    @ CAD (£)  

Service Kit ‘B’ - Major Overhaul (10 years)  @ CAD (£)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This offer is subject to our standard terms, conditions and payment terms. 

 

Delivery is EXW - Portsmouth UK 

Shipping can be arranged at an additional cost and will be shipped to customers preferred 

location, such costs can be agreed at when PO is ready to be placed. 

Lead-times of all components is 20 weeks from the point of ordering.  

Product packaging will be in line with international freight requirements and will ensure that the 

risk of damage is transit in minimised.  

Installation and commissioning at Customer site – can be supplied on request. 
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Appendix A – References 

As well as numerous marine installations that currently utilise the proposed seal type, the 

following are examples of Hydro & other Industrial applications where Wartsila Seal 

technology has been installed. 

 

Aqaba Power Plant CW Pumps H71036 175 A6 

Blackpoint Power Station  CW Pumps H72565-01 150 AL  

Castle Peak  A Power Station  CW Pumps H70796 270 MY  

Castle Peak  B Power Station  CW Pumps H70797 460 MY  

Cordemais Power Plant  CW Pumps 4/5 H71828-01 496 AR 

Cordemais Power Plant  CW Pumps H74186-02 496 AK 

Dahanu Thermal Power Station Volute Pumps H72148 265 AK 

Daya Bay Bop PS (Guang Dong) CW Pumps H71128 460 MY  

Deer Island Kaplan H72907-01 250 AL  

Diablo Canyon CW Pumps H71283 406.4 A5 

Heysham I power station CW Pumps H41397 292.1 MZ 

Heysham II CW Pumps H44273 350 MY  

Heysham II CW Pumps H75697-01 350 MY  

Hinkley Point B Power Station CW Pumps H71201 285.75 AF 

Minidoka - Units 8 H-Kaplan H30477-01  400 AL  

Minidoka - Units 9 H-Kaplan H30478-01  560 AR 

Peterhead Power Station  CW Pump H72005 266.7 MY 

Pulau Seraya Steam Power Station  CW Pumps H70167 240 MY 

Rihand 1 Power Station  CW Pump H70526 305 MY 

Torness Power Station CW Pumps H72516-01 350 MY 

Waitaki Hydro Plant Francis H72399-01 584.2 AS 

Warsak 1 & 4 Francis H73169-01 787.4 AR 

Warsak 5 & 6 Francis H73169-02 787.4 AR 

Wylfa Power Station CW Pumps H70384 457.2 MY 
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Appendix C – References (cont.) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Installation Warsak 

Application Hydro Turbine 

Type Francis 

Manufacturer Voith 

Project Type Retrofit 

Shaft Diameter 787.4 mm 

Pressure 4.9 Bar 

Abrasives Yes (Quartz) 

Years of Service 18 Years 

Installation Cordemais 

Application Cooling water Pump 

Type Vertical Volute 

Manufacturer Unknown 

Project Type Retrofit (Packed Gland) 

Shaft Diameter 496 mm 

Pressure 1.8 Bar 

Abrasives Yes (Very High Sand Loading) 

Years of Service 27 Years 

Before After 
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Appendix B – Wear Down Monitoring 
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WUK – SEALS & BEARINGS

INTERFACE WEAR DOWN GAUGE SYSTEM

PRINCIPAL OF OPERATION, SPECIFICATIONS AND 
INSTALLATION DETAILS

TD-16596  ISSUE A

AUTHOR: J. ROBB 20 AUGUST 2015
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Principal of operation, specifications and installation details

Interface wear down gauge system

• What does it do?

• Indicates the interface wear (or any other line shaft bearing if access permits) by measuring the

shaft drop (by virtue of face wear) over time.

• How does it do it?

• Via an inductive proximity sensor mounted on the seal Face Carrier Assy. The signal is transmitted

to a digital control unit via a dedicated cable assembly.

• How is the wear rate displayed?

• The wear rate in millimetres is displayed on a digital display Unit, located in a convenient location

near the Turbine.

• Measurement is indicated after establishing a new / as installed datum of the seat in relation to the

face carrier.

• All resultant wear is indicated from this established datum.

• The user can easily programme ‘wear milestones,’ which in turn alter the digital display colour,

providing an instant warning of wear limits reached (green, amber, red and flashing red).

• The maximum measured interface wear is 10mm.

• Advantages:

• Actual interface wear is indicated on the digital control unit, physical measurement does not need

to be conducted.

• The power supply only needs to be connected when a wear reading is required.

• Indicative future bearing wear can be predicted if wear to date vs. time is analysed.

TD-16596
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Principal of operation, specifications and installation details

Bearing Wear down gauge system

• Standard supply

• 1 off wear down (WDG) module

• 1 off cable assembly (various standard cable lengths are available – 300m max)

• 1 off Digital display unit

• 1 off Technical manual on CD

• Loose items pack comprising;

• 1 off Delrin distance setting block

• 1 off enclosure key – for the digital control unit enclosure lock

• 30cc pot of ‘Vibratite’ thread locking compound

Digital display unit

WDG setting block 
and key

Wear Down 
gauge Module 
& Cable

Vibratite
Compound
(30cc)

Packing case size: 

460x460x330mm
Typical kit gross 

weight: 9kg

3 / 8
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Principal of operation, specifications and installation details

Key system specifications

• Electrical supplies (to Digital control unit)

• 100-240Vac, 50Hz / 60Hz single phase supply; live, neutral and earth
• Output supply to WDG module: 24Vdc (derived from within the Digital display unit)
• Output from WDG to digital control unit: 4-20mA (non linear; correction coefficient applied

by virtue of shaft line / bearing journal material)

• Internal protection ratings

• WDG module: IP67
• Digital display unit: IP65; although it shall be mounted inside the hull of the vessel

• Electrical approvals

• Complies with the Low Voltage directive 2006/95/EC
• Complies with the EMC directive 2004/108/EC
• The digital display unit and WDG module are CE marked accordingly

4 / 8
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Mounting arrangement  for the 

interface wear down module

Principal of operation, specifications and installation details

5 / 8

Face Carrier
(Stationary)

Wear Down 
Module

Bronze Seat
(Rotating)

Composite Face
(Stationary)

Cable to 
Control Box
(300m Max)

TD-16596
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Principal of operation, specifications and installation details

Wear down gauge (WDG) Module

• IP67 construction (submersible)

• Input supply: 24Vdc

• Output signal: 4-20mA

• Operating temperature range:    -5°C to +40°C

• Mass: 0.170kg

• Principal metallic parts: Chrome Plated Brass

• Working range (bearing wear): 0-10mm; measured as Face wear

• Recommended installed distance from shaft (new seal condition): 

0.5”  – set via a dedicated distance setting block (supplied). 

• Mounted in dedicated location on seal Face Carrier

• No user serviceable parts 

• Compatible with a range of metallic Seat materials

TD-16596
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Principal of operation, specifications and installation details

Digital display unit

• Panel mounted inside the vessel hull on a suitable bulkhead / wall

• Input supply: 100-240Vac, 50Hz / 60Hz single phase supply; live, 
neutral and earth

• Installation inputs (for optional display of shaft hours run): 24Vdc, 0V

• Mass: 5.9kg

• IP 65 construction

• External dimensions: 300mm x 200mm x 160mm

• Supplied with 3 off Nickel plated cable glands; 7mm OD maximum 
cable diameter

• Operational temperature range: +5°C to +40°C

• Internal fuses: 3A for the PLC unit, 2A for the Power supply unit. 5mm 
diameter x 20mm long cartridge quick acting type.

• WDG and respective Digital display unit are a matched pair (calibrated 
together)

7 / 8
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Principal of operation, specifications and installation details

Digital display unit
(continued)

8/ 8

TD-16596

Optional Turbine shaft run input (24Vdc) or piggy back output (4-20mA) to 
Plants SCADA System.  Use of these signals is at user’s discretion
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CI Number:  49945 
 
Title:  HYD Malay Falls Switchgear Replacement 
 
Start Date: 2017/12 
In-Service Date: 2018/08 
Final Cost Date: 2019/02 
Function: Hydro 
Forecast Amount: $958,631 
 
DESCRIPTION: 
 
This project will replace the existing switchgear with modern arc-flash rated switchgear integrating with modern 
controls and interfaces.  
 
The Malay Falls Generation Station is a powerhouse with three identical units located on the Sheet Harbour Hydro 
System. On average, the three units are rated at 1.5 MW and annually produce 13.5 GWh of renewable electricity on 
average.  
 
Summary of Related CI's +/- 2 years 
2016 CI 47551 - Sheet Harbour Controls Upgrade - $1,749,212 
2017 CI 48914 - HYD Malay Falls Facility Refurbishment - $1,034,045 
 
JUSTIFICATION:  
 
Justification Criteria:  Health & Safety 
 
Why do this project? 
 
The current switchgear requires manual racking of the breakers every time the unit requires safe work permit 
isolation (multiple times a year, per unit) which includes a significant arc-flash hazard for the hydro operator and 
risk of damage to the equipment.  The project is being undertaken to eliminate the arc-flash hazard for personnel 
safety and improved reliability of the unit breakers.  
 
This project is primarily justified on health and safety, and secondarily on unit reliability.  
 
Why do this project now? 
 
The switchgear in the Malay Falls plant is 34 years old, near the end of its design life.  The design of the breakers 
presents an arc-flash risk with every manual racking operation.  The switchgear breakers, and other components of 
the switchgear, are in poor condition and require replacement.  One of the three generator breakers, an integral 
component of the switchgear, was sent to the OEM in 2016 for maintenance and was determined to be in poor 
condition.  
 
Why do this project this way? 
 
Replacing rather than refurbishing aging switchgear has been the standard in Hydro for years to bring this equipment 
up to modern safety standards.  By replacing the switchgear it will improve the safety and reliability of the plant.  
Refurbishment of the switchgear is not considered feasible due to the age and technology of the current equipment. 
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: -CI Number 49945 HYD - Malay Falls Switchgear Replacement Project Number 49945

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1359 1359 Malay Falls Common Property

2300 - HGP - Power Equip.-Station S 938,219Additions

2300 - HGP - Power Equip.-Station S 20,412Retirements

Total Cost:

Original Cost:

958,631

454,006

Total Cost:Original Cost:
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Capital Project Detailed Estimate

Location: Hydro
FP# / P#: 49945

Title: HYD Malay Falls Switchgear Replacement
Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 55 358$                  19,670$                
PD 69 397$                  27,418$                
PD 20 358$                  7,153$                  

Sub-Total 54,240$                

PD 220 358$                  78,679$                
PD 20 358$                  7,153$                  

Sub-Total 85,832$                

Week 20 150$                  3,000$                  
Month 3 2,000$               6,000$                  

Sub-Total 9,000$                  

ea 3 133,000$           399,000$              
Lot 1 100,000$           100,000$              
Lot 1 50,000$             50,000$                

Sub-Total 549,000$              

Lot 1 30,000$             30,000$                

23125 Sissiboo 
Electrical

17581 Weymouth 
Electrical

Sub-Total 30,000$                

Lot 1 45,000$             45,000$                

Lot 1 30,000$             30,000$                

Sub-Total 75,000$                

Week 20 75$                    1,500$                  
Month 3 1,000$               3,000$                  

Sub-Total 4,500$                  

% 10% 807,572$           80,757$                

Sub-Total 80,757$                

7,582$                  

Sub-Total 7,582$                  

59,805$                
2,914$                  

Sub-Total 62,719$                
Sub-Total (no AO, AFUDC) 888,330$              

TOTAL (AO, AFUDC included) 958,631$              

Original Cost
454,006$              

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead
Labour AO

Contract AO

AFUDC

Meals
Site Visits

Temporary Report Point

Interest Capitalized

Other Goods & Services
Contingency

Consulting

Switchgear design
23125 Sissiboo 

Electrical
17581 Weymouth 

ElectricalSwitchgear Commissioning

Misc Contracts

Temporary Report Point

Materials

Switchgear for 3 units
23125 Sissiboo 

Electrical
17581 Weymouth 

Electrical
Cabling

Misc Electrical supplies

Contracts

Description

Regular Labour
Hydro River Staff - Construction

Engineering Staff

Site Visits

Hydro River Staff - Removal 

Term Labour
Hydro River Staff - Construction

Hydro River Staff - Removal 

Travel Expense
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CI Number:  52262 
 
Title:  HYD – Hells Gate #1 Overhaul 
 
Start Date: 2018/01 
In-Service Date: 2018/11 
Final Cost Date: 2019/05 
Function: Hydro 
Forecast Amount: $854,993 
 
DESCRIPTION: 
 
This project includes disassembly of Hells Gate Unit 1, wicket gate replacement, remediation of cavitation spots on 
scroll case, head cover and linkage refurbishment and unit reassembly.  The project also includes general unit 
refurbishment of all worn items, replacement of protective coatings and repair of damaged components. 
 
Hells Gate is a Hydro Generating Plant operating on the Black River system. The Hells Gate Unit 1 is rated at 3.6 
MW and produces 19.1 GWh/year. 
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 or 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Hydro 
 
Sub Criteria:  Equipment Replacement / Refurbishment 
 
Why do this project? 
 
Components of Hells Gate Unit 1 require refurbishment or replacement.  The unit has cavitation on wicket gates, 
scroll case, and stay vanes.  This damage is causing excessive leakage of the wicket gates and decreasing efficiency 
of the turbine.  The governor also needs maintenance to repair oil leaks.  The head cover needs refurbishment to 
address erosion, and gaps that have formed that allow water past the wicket gates. 
 
Why do this project now? 
 
The Hells Gate unit is in poor condition.  If not addressed in 2018, forced outages are likely to occur.  This disrupts 
unit reliability and availability and can lead to replacement energy costs.  The attached economic analysis shows that 
the costs of mitigating the risks around the wicket gates and other components will avoid more expensive 
replacement energy costs. 
 
Why do this project this way? 
 
Refurbishing this unit is the most economical way to maintain reliability.  Replacement of specific worn components 
under an overall refurbishment is significantly more economic than unit replacement.  To maximize output of the unit, 
the refurbishment will be timed to minimize spilled water (lost generation).  Additionally, replacement parts will be of 
higher quality than original parts, which will reduce maintenance costs in the future.  
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: -CI Number 52262 HYD - Hells Gate #1 Overhaul Project Number 52262

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1352 1352 Hells Gate 1, 3 Mwh; 1931 on Black River System

2400 - HGP - Turbine (Hydro) 792,532Additions

2400 - HGP - Turbine (Hydro) 62,461Retirements

Total Cost:

Original Cost:

854,993

580,610

Total Cost:Original Cost:

REDACTED ACE 2018 CI 52262 Page 2 of 8

Date Filed:  November 22, 2017          Page 1401 of 2371          REDACTED



Capital Project Detailed Estimate

Location: Hydro
CI# / FP#: 52262

Title: HYD Hells Gate #1 Overhaul
Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

day 200 365 72,957$                
day 97 405 39,315$                
day 40 365 14,591$                

Sub-Total 126,863$              

day 400 365$                  145,915$              
day 80 365$                  29,183$                

Sub-Total 175,098$              

Lot 1 21,800$             21,800$                
Sub-Total 21,800$                

Lot 1 25,000$             25,000$                
Month 10 5,000$               50,000$                

Lot 1 80,000$             80,000$                

Sub-Total 155,000$              

Month 10 5,000$               50,000$                
Lot 1 50,000$             50,000$                
Lot 1 35,000$             35,000$                

Sub-Total 135,000$              

Month 6 2,000$               12,000$                

Sub-Total 12,000$                

Month 8 250$                  2,000$                  
Month 6 1,500$               9,000$                  

Sub-Total 11,000$                

% 10% 636,761$           63,676$                

Sub-Total 63,676$                

12,539$                
-$                     

Sub-Total 12,539$                

128,904$              
13,113$                

Sub-Total 142,017$              
Sub-Total (no AO, AFUDC) 700,437$              

TOTAL (AO, AFUDC included) 854,993$              

Original Cost
580,610$              

Crew Temporary Report Point

Labor AO
Contract AO

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized
AFUDC

Administrative Overhead

Other Goods & Services
Contingency

Consulting
Quality Inspections

Meals & Entertainment
Site Visit - Engineer

Contracts
Misc. Contracts

Head Cover Refurbishment
Scroll Case Recoating

Crew Temporary Report Point

Materials
Bearings

Misc. Materials (bushings, pins, fasteners)
Wicket Gate Replacement

Term Labor
Hydro River Staff - Construction

Hydro River Staff - Removal 

Travel

Description

Regular Labor
Hydro River Staff - Construction

Engineering Staff
Hydro River Staff - Removal 
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HYD – Hells Gate #1 Overhaul
Summary of Alternatives

Division : Date : 19-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 3,414,947 1 26.91% 5.5 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Overhaul vs Replacement Energy Costs

Test 2

Test 3

Test 4

Overhaul vs Replacement Energy 
Costs

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-4,132,042
0
0
0

Power Production
Hydro 52262

Complete the overhaul to avoid the replacement energy costs. 

The project compares the refurbishment of the Hells Gate 1 unit including, wicket gate replacement, headcover and scroll case 
refurbishment and bushing and bearing replacement. The avoided costs are assumed to be a unit outage that lasts 3 months, which is 
the estimated time to disassemble the unit to repair/ replace a wicket gate. The wicket gates are severely cavitated and require 
replacement. The wicket gates are original from 1930.

52262 4 EAM CONF.xls 11/19/2017
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HYD – Hells Gate #1 Overhaul
Summary of Sensitivities

Division : Date : 19-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Overhaul vs Replacement Energy Costs 5.88% -4,132,042 3,414,947 1 26.91% 5.5 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Overhaul vs Replacement Energy Costs 10% -4,064,925 3,359,729 1 24.98% 6.0 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 67,117 -55,218 0 -1.93% 0.5 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Overhaul vs Replacement Energy Costs -10% -3,651,721 3,018,235 1 24.78% 6.0 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 480,322 -396,713 0 -2.12% 0.5 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 80,793 167,167 No
B 0 0 No
C 0 0 No
D 0 0 No

PV of Revenue 
Requirement Delay?

3
280,519

0
0
0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Hydro 52262

52262 4 EAM CONF.xls 11/19/2017
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Division : Date : 
Department : CI Number:

Project No. :

Overhaul vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 30% 35% 30% 35%
Capacity Factor (%)
Energy Replaced (MW) 1592.0 1592.0
Duration (Hours or Years) 3 3
Totals $119,706 $139,204 $0 $0 $119,706 $139,204

Total Capital Cost of Alternative $854,993

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

HYD – Hells Gate #1 Overhaul
Avoided Cost Calculations

19-Nov-17
52262

Power Production
Hydro

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs
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HYD – Hells Gate #1 Overhaul
Overhaul vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               119,706.4                (712,976.4)               28,017.5                   711,616.3                (593,270.0)               (28,423.6)                 (621,693.6)               (587,168.1)               0.94                           (587,168.1)              

2019 ‐                               ‐                               139,203.7                ‐                               53,793.6                   651,278.6                139,203.7                (26,477.1)                 112,726.5                100,553.8                0.89                           (486,614.3)              

2020 ‐                               ‐                               160,574.7                ‐                               49,490.1                   595,767.9                160,574.7                (34,436.2)                 126,138.4                106,268.8                0.84                           (380,345.5)              

2021 ‐                               ‐                               179,165.3                ‐                               45,530.9                   544,698.1                179,165.3                (41,426.7)                 137,738.6                109,597.4                0.80                           (270,748.2)              

2022 ‐                               ‐                               199,778.7                ‐                               41,888.4                   497,713.8                199,778.7                (48,946.0)                 150,832.7                113,351.1                0.75                           (157,397.1)              

2023 ‐                               ‐                               224,151.7                ‐                               38,537.3                   454,488.3                224,151.7                (57,540.4)                 166,611.2                118,255.3                0.71                           (39,141.7)                

2024 ‐                               ‐                               249,419.7                ‐                               35,454.4                   414,720.9                249,419.7                (66,329.3)                 183,090.4                122,734.9                0.67                           83,593.2                  

2025 ‐                               ‐                               275,608.8                ‐                               32,618.0                   378,134.8                275,608.8                (75,327.1)                 200,281.6                126,803.0                0.63                           210,396.2               

2026 ‐                               ‐                               302,745.6                ‐                               30,008.6                   344,475.6                302,745.6                (84,548.5)                 218,197.1                130,473.9                0.60                           340,870.1               

2027 ‐                               ‐                               330,857.7                ‐                               27,607.9                   313,509.2                330,857.7                (94,007.5)                 236,850.3                133,762.6                0.56                           474,632.7               

2028 ‐                               ‐                               359,973.2                ‐                               25,399.2                   285,020.0                359,973.2                (103,717.9)               256,255.3                136,684.6                0.53                           611,317.3               

2029 ‐                               ‐                               390,121.0                ‐                               23,367.3                   258,810.0                390,121.0                (113,693.6)               276,427.3                139,256.0                0.50                           750,573.2               

2030 ‐                               ‐                               421,330.6                ‐                               21,497.9                   234,696.8                421,330.6                (123,948.1)               297,382.5                141,492.8                0.48                           892,066.0               

2031 ‐                               ‐                               453,632.7                ‐                               19,778.1                   212,512.7                453,632.7                (134,494.9)               319,137.7                143,411.2                0.45                           1,035,477.2            

2032 ‐                               ‐                               487,058.2                ‐                               18,195.8                   192,103.3                487,058.2                (145,347.3)               341,710.9                145,027.3                0.42                           1,180,504.6            

2033 ‐                               ‐                               496,799.4                ‐                               16,740.2                   173,326.6                496,799.4                (148,818.4)               347,981.0                139,486.7                0.40                           1,319,991.2            

2034 ‐                               ‐                               506,735.4                ‐                               15,401.0                   156,052.1                506,735.4                (152,313.7)               354,421.7                134,178.7                0.38                           1,454,169.9            

2035 ‐                               ‐                               516,870.1                ‐                               14,168.9                   140,159.5                516,870.1                (155,837.4)               361,032.7                129,090.9                0.36                           1,583,260.8            

2036 ‐                               ‐                               527,207.5                ‐                               13,035.4                   125,538.3                527,207.5                (159,393.4)               367,814.1                124,212.0                0.34                           1,707,472.9            

2037 ‐                               ‐                               537,751.6                ‐                               11,992.5                   112,086.9                537,751.6                (162,985.3)               374,766.3                119,531.4                0.32                           1,827,004.2            

2038 ‐                               ‐                               548,506.7                ‐                               11,033.1                   99,711.5                   548,506.7                (166,616.8)               381,889.9                115,039.1                0.30                           1,942,043.4            

2039 ‐                               ‐                               559,476.8                ‐                               10,150.5                   88,326.2                   559,476.8                (170,291.2)               389,185.6                110,726.2                0.28                           2,052,769.5            

2040 ‐                               ‐                               570,666.3                ‐                               9,338.4                     77,851.7                   570,666.3                (174,011.6)               396,654.7                106,584.0                0.27                           2,159,353.6            

2041 ‐                               ‐                               582,079.7                ‐                               8,591.4                     68,215.2                   582,079.7                (177,781.4)               404,298.3                102,604.8                0.25                           2,261,958.3            

2042 ‐                               ‐                               593,721.3                ‐                               7,904.1                     59,349.5                   593,721.3                (181,603.3)               412,117.9                98,780.9                   0.24                           2,360,739.3            

2043 ‐                               ‐                               605,595.7                ‐                               7,271.7                     51,193.2                   605,595.7                (185,480.4)               420,115.3                95,105.6                   0.23                           2,455,844.9            

2044 ‐                               ‐                               617,707.6                ‐                               6,690.0                     43,689.3                   617,707.6                (189,415.5)               428,292.1                91,572.3                   0.21                           2,547,417.2            

2045 ‐                               ‐                               630,061.7                ‐                               6,154.8                     36,785.8                   630,061.7                (193,411.2)               436,650.6                88,174.7                   0.20                           2,635,591.8            

2046 ‐                               ‐                               642,663.0                ‐                               5,662.4                     30,434.5                   642,663.0                (197,470.2)               445,192.8                84,907.1                   0.19                           2,720,499.0            

2047 ‐                               ‐                               655,516.2                ‐                               5,209.4                     24,591.4                   655,516.2                (201,595.1)               453,921.1                81,764.1                   0.18                           2,802,263.0            

2048 ‐                               ‐                               668,626.6                ‐                               4,792.7                     19,215.6                   668,626.6                (205,788.5)               462,838.1                78,740.3                   0.17                           2,881,003.3            

2049 ‐                               ‐                               681,999.1                ‐                               4,409.3                     14,270.0                   681,999.1                (210,052.9)               471,946.2                75,831.0                   0.16                           2,956,834.3            

2050 ‐                               ‐                               695,639.1                ‐                               4,056.5                     9,720.0                     695,639.1                (214,390.6)               481,248.5                73,031.4                   0.15                           3,029,865.7            

2051 ‐                               ‐                               709,551.9                ‐                               3,732.0                     5,534.0                     709,551.9                (218,804.2)               490,747.7                70,337.1                   0.14                           3,100,202.8            

2052 ‐                               ‐                               723,742.9                ‐                               3,433.4                     1,682.9                     723,742.9                (223,295.9)               500,447.0                67,743.9                   0.14                           3,167,946.8            

2053 ‐                               ‐                               738,217.8                ‐                               3,158.8                     (1,860.2)                    738,217.8                (227,868.3)               510,349.5                65,247.8                   0.13                           3,233,194.6            

2054 ‐                               ‐                               752,982.1                ‐                               2,906.1                     (5,119.8)                    752,982.1                (232,523.6)               520,458.5                62,845.0                   0.12                           3,296,039.6            

2055 ‐                               ‐                               768,041.8                ‐                               2,673.6                     (8,118.6)                    768,041.8                (237,264.1)               530,777.6                60,531.7                   0.11                           3,356,571.3            

2056 ‐                               ‐                               783,402.6                ‐                               2,459.7                     (10,877.5)                 783,402.6                (242,092.3)               541,310.3                58,304.6                   0.11                           3,414,875.9            

2057 ‐                               ‐                               ‐                               ‐                               2,262.9                     (13,415.7)                 ‐                               701.5                         701.5                         71.4                           0.10                           3,414,947.3            
Total ‐                               ‐                               19,406,890.6           (712,976.4)               674,413.7                18,693,914.2           (5,807,067.9)            12,886,846.4           3,414,947.3            
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CI Number:  51972 
 
Title:  HYD Nictaux Canal Embankment Upgrade 
 
Start Date: 2017/09 
In-Service Date: 2018/08 
Final Cost Date: 2019/02 
Function: Hydro 
Forecast Amount: $789,918 
 
DESCRIPTION: 
 
The project includes adding a drainage system and stability berm to the toe of the Nictaux Canal to increase canal 
stability.  As well, the 5.2 kilometer driving surface on the canal crest will be refurbished. 
 
The Nictaux Canal begins at the left abutment of the Nictaux Main Dam and extends for 5.2 kilometers towards the 
Nictaux Intake Structure.  It is thought to have been constructed by placement of the excavated soil and rock from 
the canal channel 60 to 70 years ago.  The canal has a maximum height of approximately 60 feet and a design crest 
elevation of 493.5 feet.  Modifications to the canal are necessary to meet Canadian Dam Association recommended 
safety standards for slope stability.  The downstream slope will require flattening by the addition of a berm to meet 
the steady state, flood and pseudo-static flood cases. 
 
Summary of Related CIs +/- 2 years: 
2016 – CI 47396 – HYD Nictaux Powerhouse Dam Refurbishment $1,792,968 
 
JUSTIFICATION: 
 
Justification Criteria:  Health & Safety 
 
Why do this project? 
 
The project is being completed to minimize the risk of a stability failure of the structure.  The stability deficiency 
has been monitored for over 20 years and the risk associated with stability failure has increased as shown in a 
stability analysis completed in 2017.  The stability analysis is presented as Confidential Attachment 1. 
 
The canal crest is not at a consistent elevation or width and is heavily rutted.  The crest also has no crowning, which is 
preventing adequate drainage from the top of the dam and allowing material from the dam crest to erode and cause 
dangerous road conditions next to a water body.  Canal crest refurbishment was indicated as a required action in the last 
dam safety review received in 2015 and was planned to coincide with stability refurbishments. 
 
Why do this project now? 
 
The canal requires repairs to reduce risks to dam safety.  The work is being done now as part of the risk prioritization 
of dam safety work. 
 
Why do this project this way? 
 
The addition of a toe berm will restore the required factor of safety to the structure.  The toe berm can be added to the 
existing structure without interruption of plant operations or environmental impact.  This is the simplest option to 
correct the deficiencies.  The alternative option considered was reconstruction of the dam.  The reconstruction option 
was ruled out due to increased scope, outage requirement and cost. 
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: -CI Number 51972-H847 HYD Nictaux Canal Embankment Upgrade Project Number 51972-H847

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1362 1362 Nictaux, 7 Mwh; 1954

2700 - HGP - Waterways 767,976Additions

2700 - HGP - Waterways 21,943Retirements

Total Cost:

Original Cost:

789,918

154,121

Total Cost:Original Cost:
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Capital Project Detailed Estimate

Location: Hydro
FP# / P#: 51972

Title: HYD Nictaux Canal Embankment Upgrade 
Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

day 20 365 7,296$                  
day 24 405 9,727$                  
day 16 332 5,313$                  

Sub-Total 22,337$                

Month 4 400$                  1,600$                  

Sub-Total 1,600$                  

Lin. Ft 160
Cu. Ft 38979
Cu. Ft 94037
Sq Ft 12181

km 5.6

51771 - Wreck Cove 
Tailrace Road 
Refurbishment

Sub-Total

Lin. Ft 160
Cu. Ft 38979
Cu. Ft 94037
Sq Ft 12181

lot 1
lot 1

km 5.6

51771 - Wreck Cove 
Tailrace Road 
Refurbishment

Sub-Total

Lot 1 30,000$             30,000$                

Lot 1 11,000$             11,000$                

Sub-Total 41,000$                

Month 4 400$                  1,600$                  

Sub-Total 1,600$                  

% 10% 691,412$           69,141$                

Sub-Total 69,141$                

3,288$                  
-$                     

Sub-Total 3,288$                  

9,535$                  
16,542$                

Sub-Total 26,077$                
Sub-Total (no AO, AFUDC) 760,553$              

TOTAL (AO, AFUDC included) 789,918$              

Original Cost
154,121$              

Seeding

49633 - Trout River 
Canal Refurbishment

49633 - Trout River 
Canal Refurbishment

Totals are 50% of Costs 
to split between 

Materials and Contracts

Totals are 50% of Costs 
to split between 

Materials and Contracts

Description

Regular Labour
Hydro River Staff - Construction

Engineering Staff
Environmental Staff

Travel Expenses
Site Visits

Materials

Road Re-cresting

Road Re-cresting

Contracts
Perforated Pipe

Mobilization / Demobilization
Environmental Control

Toe Drain
Stability Berm

Seeding

Perforated Pipe
Toe Drain

Stability Berm

Other Goods and Services

Consulting
Engineering Fees (IFC's, QTY's, Site Visit, 

etc)

Environmental Studies (archaeology, 
wetlands, etc)

Meals and Entertainment
Site Visits

Labour AO
Contract AO

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Contingency

Interest Capitalized
AFUDC

Administrative Overhead
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CI Number:  51866 

Title:  HYD Fourth Lake Penstock Refurbishment  

Start Date: 2017/09 
In-Service Date: 2018/09 
Final Cost Date: 2019/03 
Function: Hydro 
Forecast Amount: $696,963 

DESCRIPTION: 

The Fourth Lake Penstock is a concrete pipe with steel liner that passes through an earth filled dam.  The steel liner 
is degrading and losing thickness as a result of erosion and pitting and is suffering from protective coating loss.  This 
project will remediate the pitting and erosion damage, install steel plates and inject concrete where necessary, and 
recoat the penstock to protect the liner and extend its useful life. 

Summary of Related CIs +/- 2 years: 
2018 – 49946 Fourth Lake Overhaul $1,025,769 

JUSTIFICATION:  

Justification Criteria:  Hydro, Wind and Biomass 

Why do this project? 

Pitting and erosion poses a risk to the integrity of the penstock.  The main risk is not a loss of the penstock but rather 
the water released from the penstock will remove dam materials surrounding the penstock and contribute to a 
potential dam failure mode.  NS Power assessed this penstock pipe in 2011 and made recommendations for steel and 
concrete refurbishment at that time. 

This project is primarily justified on unit reliability and secondarily on positive economics. 

Why do this project now? 

Damage was observed in an inspection in 2011 and NS Power has monitored the progression of the pitting and 
erosion over the last 6 years, in order to defer the investment.  The timing of the project is to take advantage of a 
combined outage with CI 49946 Fourth Lake Overhaul, minimizing unit down time.  It is recommended that the 
damaged areas berefurbished now by installing new steel plates and injecting concrete where necessary as well as 
recoating the penstock to prevent any further material loss and additional risk to the dam. 

Why do this project this way? 
Other option considered include the replacement of the pipeline with a material that does not experience corrosion or 
require recoating.  Replacing the penstock was not considered to be the best alternative as it is more expensive not 
considered necessary at this time.  The best approach is to refurbish the damaged areas of the penstock, adding steel 
plates, injecting concrete and recoating the penstock where necessary. 
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: -CI Number 51866 HYD Fourth Lake Penstock Refurbishment Project Number 51866

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1364 1364 Fourth Lake, 3 Mwh; 1983 on Sissiboo River

2700 - HGP - Waterways 675,021Additions

2700 - HGP - Waterways 21,943Retirements

Total Cost:

Original Cost:

696,963

329,337

Total Cost:Original Cost:
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Capital Project Detailed Estimate

Location: Hydro
CI# / FP#: 51866

Title: HYD Fourth Lake Penstock Refurbishment
Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

day 80 365 29,183$                
day 65 405 26,345$                

Sub-Total 55,528$                

Week 28 150 4,200$                  

Sub-Total 4,200$                  

sqft 20500 20$                   410,000$              43136
Lot 1 50,000$             50,000$                

Sub-Total 460,000$              

Month 5 5,000$               25,000$                
lot 1 20,000$             20,000$                

Sub-Total 45,000$                

week 28 75 2,100$                  

Sub-Total 2,100$                  

% 10% 566,828$           56,683$                

Sub-Total 56,683$                

4,322$                  

Sub-Total 4,322$                  

24,451$                
44,680$                

Sub-Total 69,131$                
Sub-Total (no AO, AFUDC) 623,511$              

TOTAL (AO, AFUDC included) 696,963$              

Original Cost
329,337$              

Description

Regular Labour
Hydro River Staff - Construction

Engineering Staff

Travel Expenses

Consulting
Inspection during the work (contract)

Penstock Inspection

Labour AO

Site Visits

Contracts
Blast and Recoat Penstock

Penstock Repairs

Meals 
Site Visits

Other Goods and Services

Contracts AO

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Contingency

Interest Capitalized
AFUDC

Administrative Overhead
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HYD Fourth Lake Penstock Refurbishment
Summary of Alternatives

Division : Date : 19-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 8,679,663 1 55.51% 2.8 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Penstock Refurbishment vs Replacement Energy Costs

Test 2

Test 3

Test 4

Penstock Refurbishment vs 
Replacement Energy Costs

Power Production
Hydro 51866

It is recommended to complete this penstock refurbishment in order to avoid replacement energy costs. 

This considers the capital cost of the penstock refurbishment, and the avoided replacement energy costs that would occur as a result of 
a penstock failure. 

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-10,525,324
0
0
0

G13-51866 EAM CONFIDENTIAL.xls 11/19/2017
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HYD Fourth Lake Penstock Refurbishment
Summary of Sensitivities

Division : Date : 15-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Penstock Refurbishment vs Replacement Energy 5.88% -10,525,324 8,679,663 1 55.51% 2.8 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Penstock Refurbishment vs Replacement Energy 10% -10,460,765 8,627,652 1 51.14% 3.0 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 64,559 -52,011 0 -4.37% 0.2 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Penstock Refurbishment vs Replacement Energy -10% -9,408,233 7,759,686 1 50.71% 3.1 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 1,117,091 -919,977 0 -4.80% 0.3 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 129,408 319,038 No
B 0 0 No
C 0 0 No
D 0 0 No

PV of Revenue 
Requirement Delay?

3
596,931

0
0
0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Hydro 51866

51866 4 EAM CONF.xls 11/15/2017
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Division : Date : 
Department : CI Number:

Project No. :

Penstock Refurbishment vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 20% 30% 20% 30%
Capacity Factor (%)
Energy Replaced (MW) 10200.0 10200.0
Duration (Hours or Years) 1 1
Totals $170,436 $254,824 $0 $0 $170,436 $254,824

Total Capital Cost of Alternative $696,963

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

HYD Fourth Lake Penstock Refurbishment
Avoided Cost Calculations

15-Nov-17
51866

Power Production
Hydro

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs
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HYD Fourth Lake Penstock Refurbishment
Penstock Refurbishment vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               (29,429.9)                 ‐                               ‐                               (29,429.9)                 ‐                               (29,429.9)                 (29,429.9)                 1.00                           (29,429.9)                

2018 ‐                               ‐                               170,436.2                (598,402.7)               12,470.2                   630,950.0                (427,966.4)               (48,969.5)                 (476,935.9)               (450,449.5)               0.94                           (479,879.4)              

2019 ‐                               ‐                               254,823.6                ‐                               24,441.6                   604,882.4                254,823.6                (71,418.4)                 183,405.2                163,600.2                0.89                           (316,279.2)              

2020 ‐                               ‐                               342,935.8                ‐                               23,464.0                   579,857.6                342,935.8                (99,036.3)                 243,899.5                205,479.8                0.84                           (110,799.4)              

2021 ‐                               ‐                               425,155.0                ‐                               22,525.4                   555,833.7                425,155.0                (124,815.2)               300,339.8                238,977.6                0.80                           128,178.2               

2022 ‐                               ‐                               511,995.6                ‐                               21,624.4                   532,770.8                511,995.6                (152,015.1)               359,980.6                270,526.2                0.75                           398,704.5               

2023 ‐                               ‐                               609,274.8                ‐                               20,759.4                   510,630.4                609,274.8                (182,439.8)               426,835.0                302,953.8                0.71                           701,658.3               

2024 ‐                               ‐                               710,240.4                ‐                               19,929.0                   489,375.6                710,240.4                (213,996.5)               496,243.8                332,657.7                0.67                           1,034,316.0            

2025 ‐                               ‐                               815,000.8                ‐                               19,131.9                   468,971.0                815,000.8                (246,719.4)               568,281.4                359,792.4                0.63                           1,394,108.5            

2026 ‐                               ‐                               923,667.6                ‐                               18,366.6                   449,382.6                923,667.6                (280,643.3)               643,024.3                384,505.0                0.60                           1,778,613.4            

2027 ‐                               ‐                               942,140.9                ‐                               17,631.9                   430,577.7                942,140.9                (286,597.8)               655,543.1                370,221.8                0.56                           2,148,835.2            

2028 ‐                               ‐                               960,983.8                ‐                               16,926.6                   412,525.0                960,983.8                (292,657.7)               668,326.1                356,480.0                0.53                           2,505,315.2            

2029 ‐                               ‐                               980,203.4                ‐                               16,249.6                   395,194.5                980,203.4                (298,825.7)               681,377.7                343,258.1                0.50                           2,848,573.3            

2030 ‐                               ‐                               999,807.5                ‐                               15,599.6                   378,557.1                999,807.5                (305,104.4)               694,703.1                330,535.5                0.48                           3,179,108.7            

2031 ‐                               ‐                               1,019,803.7             ‐                               14,975.6                   362,585.3                1,019,803.7             (311,496.7)               708,307.0                318,292.5                0.45                           3,497,401.3            

2032 ‐                               ‐                               1,040,199.7             ‐                               14,376.6                   347,252.3                1,040,199.7             (318,005.2)               722,194.6                306,510.4                0.42                           3,803,911.7            

2033 ‐                               ‐                               1,061,003.7             ‐                               13,801.5                   332,532.6                1,061,003.7             (324,632.7)               736,371.0                295,171.1                0.40                           4,099,082.7            

2034 ‐                               ‐                               1,082,223.8             ‐                               13,249.5                   318,401.8                1,082,223.8             (331,382.0)               750,841.8                284,257.3                0.38                           4,383,340.0            

2035 ‐                               ‐                               1,103,868.3             ‐                               12,719.5                   304,836.1                1,103,868.3             (338,256.1)               765,612.1                273,752.5                0.36                           4,657,092.4            

2036 ‐                               ‐                               1,125,945.6             ‐                               12,210.7                   291,813.1                1,125,945.6             (345,257.8)               780,687.8                263,640.8                0.34                           4,920,733.3            

2037 ‐                               ‐                               1,148,464.5             ‐                               11,722.3                   279,311.0                1,148,464.5             (352,390.1)               796,074.4                253,907.2                0.32                           5,174,640.5            

2038 ‐                               ‐                               1,171,433.8             ‐                               11,253.4                   267,309.0                1,171,433.8             (359,655.9)               811,777.9                244,537.0                0.30                           5,419,177.5            

2039 ‐                               ‐                               1,194,862.5             ‐                               10,803.3                   255,787.1                1,194,862.5             (367,058.4)               827,804.1                235,516.4                0.28                           5,654,693.9            

2040 ‐                               ‐                               1,218,759.8             ‐                               10,371.1                   244,726.0                1,218,759.8             (374,600.5)               844,159.3                226,831.8                0.27                           5,881,525.7            

2041 ‐                               ‐                               1,243,135.0             ‐                               9,956.3                     234,107.4                1,243,135.0             (382,285.4)               860,849.6                218,470.5                0.25                           6,099,996.2            

2042 ‐                               ‐                               1,267,997.7             ‐                               9,558.0                     223,913.6                1,267,997.7             (390,116.3)               877,881.4                210,420.2                0.24                           6,310,416.5            

2043 ‐                               ‐                               1,293,357.6             ‐                               9,175.7                     214,127.5                1,293,357.6             (398,096.4)               895,261.2                202,669.1                0.23                           6,513,085.6            

2044 ‐                               ‐                               1,319,224.8             ‐                               8,808.7                     204,732.8                1,319,224.8             (406,229.0)               912,995.8                195,205.7                0.21                           6,708,291.3            

2045 ‐                               ‐                               1,345,609.3             ‐                               8,456.3                     195,713.9                1,345,609.3             (414,517.4)               931,091.9                188,019.3                0.20                           6,896,310.6            

2046 ‐                               ‐                               1,372,521.4             ‐                               8,118.1                     187,055.8                1,372,521.4             (422,965.0)               949,556.4                181,099.3                0.19                           7,077,409.9            

2047 ‐                               ‐                               1,399,971.9             ‐                               7,793.4                     178,744.0                1,399,971.9             (431,575.3)               968,396.5                174,435.6                0.18                           7,251,845.5            

2048 ‐                               ‐                               1,427,971.3             ‐                               7,481.6                     170,764.7                1,427,971.3             (440,351.8)               987,619.5                168,018.7                0.17                           7,419,864.3            

2049 ‐                               ‐                               1,456,530.7             ‐                               7,182.4                     163,104.5                1,456,530.7             (449,298.0)               1,007,232.7             161,839.3                0.16                           7,581,703.6            

2050 ‐                               ‐                               1,485,661.4             ‐                               6,895.1                     155,750.8                1,485,661.4             (458,417.6)               1,027,243.8             155,888.4                0.15                           7,737,592.0            

2051 ‐                               ‐                               1,515,374.6             ‐                               6,619.3                     148,691.2                1,515,374.6             (467,714.1)               1,047,660.4             150,157.4                0.14                           7,887,749.4            

2052 ‐                               ‐                               1,545,682.1             ‐                               6,354.5                     141,914.0                1,545,682.1             (477,191.6)               1,068,490.5             144,638.2                0.14                           8,032,387.6            

2053 ‐                               ‐                               1,576,595.7             ‐                               6,100.3                     135,407.8                1,576,595.7             (486,853.6)               1,089,742.1             139,322.8                0.13                           8,171,710.4            

2054 ‐                               ‐                               1,608,127.6             ‐                               5,856.3                     129,161.9                1,608,127.6             (496,704.1)               1,111,423.5             134,203.6                0.12                           8,305,914.0            

2055 ‐                               ‐                               1,640,290.2             ‐                               5,622.0                     123,165.9                1,640,290.2             (506,747.1)               1,133,543.1             129,273.2                0.11                           8,435,187.2            

2056 ‐                               ‐                               1,673,096.0             ‐                               5,397.2                     117,409.7                1,673,096.0             (516,986.6)               1,156,109.3             124,524.7                0.11                           8,559,711.9            

2057 ‐                               ‐                               1,706,557.9             ‐                               5,181.3                     111,883.7                1,706,557.9             (527,426.8)               1,179,131.1             119,951.3                0.10                           8,679,663.2            
Total ‐                               ‐                               44,690,936.1           (627,832.6)               499,160.0                44,063,103.5           (13,699,450.6)         30,363,652.9           8,679,663.2            

REDACTED ACE 2018 CI 51866 Page 7 of 8

Date Filed:  November 22, 2017          Page 1495 of 2371          REDACTED



(12,000,000)

(10,000,000)

(8,000,000)

(6,000,000)

(4,000,000)

(2,000,000)

0

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

20
31

20
32

20
33

20
34

20
35

20
36

20
37

20
38

20
39

20
40

20
41

20
42

20
43

20
44

20
45

20
46

20
47

20
48

20
49

20
50

20
51

20
52

20
53

20
54

20
55

20
56

20
57

Year

COMPARATIVE CUMULATIVE REVENUE REQUIREMENT

Penstock Refurbishment vs Replacement Energy Costs Test 2 Test 3 Test 4

REDACTED ACE 2018 CI 51866 Page 8 of 8

Date Filed:  November 22, 2017          Page 1496 of 2371          REDACTED



CI Number:  47655 
 
Title:  HYD Paradise Controls Upgrades 
 
Start Date: 2016/07 
In-Service Date: 2019/09 
Final Cost Date: 2020/03 
Function: Hydro 
Forecast Amount: $639,991 
 
DESCRIPTION:  
 
This project will provide new instrumentation installations, Programmable Logic Controller (PLC) replacements, 
and Distributed Control System (DCS) installation at the Paradise Generation Station.  Paradise River System is a 
hydro system consisting of one generating station with a single unit.  The design and installation of a modern control 
system will follow standards developed at the Nictaux and Wreck Cove hydro facilities.  
 
This will result in an improved communication system for dam and environmental monitoring as well as generator 
condition monitoring and control.  This project is in line with NS Power’s strategy for risk based investment, 
consistent with the CEJC asset management ranking methodology, and informs our asset management condition 
assessments for Paradise hydro assets. 
 
The PLC is a digital computer used for automation of electromechanical processes, such as switches, motor 
start/stop control, or light fixtures.  The components to be replaced as part of this project include the main 
microprocessors, input/output modules, communication backplanes and programing software. 
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 or 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Hydro 
 
Why do this project? 
 
Automating this plant will allow for central control of the unit and advanced data acquisition to monitor unit health.  
With a modern control system, unit operation and efficiency can be closely monitored and problems more 
effectively diagnosed. 
 
Why do this project now? 
 
NS Power is completing control upgrades at remote hydro facilities to gain the benefit of more centralized control.  
This will allow a more planned approach to operation and maintenance, as well as provide central control of unit 
dispatch and water control.  
 
Generation from NS Power’s legacy hydro facilities qualify under the provisions of the Nova Scotia Renewable 
Electricity Regulations.  Generation from hydro facilities is an important part of NS Power’s compliance plan to 
generate 40 percent of electricity from renewable energy sources in 2020. 
  

_
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Why do this project this way? 
 
The new equipment will communicate with the existing Input/Output (I/O) subsystems and upgrade the capacity of the 
control system so as not to be limited in the number of sensors and points of control.  This will allow NS Power to 
retain the I/O modules and chassis where warranted, or to migrate, dependent on the evaluation inherent in the review 
process, and avoid having to rewire and re-commission field systems involving many cables.  In addition, the new PLC 
line retains much of the same programming format as the older system.  Standardization will allow technicians to 
troubleshoot problems and/or modify logic on multiple systems, reducing training and start-up costs. 
 
NS Power is completing this project in alignment with its Asset Management Office guidelines and the standards 
developed during the Nictaux (CI 45115) and Wreck Cove (CI 44978) Control Upgrade projects.  Completing the 
project in this manner will allow process and equipment consistency across automation sites, as well as allow for 
sharing of resources and creation of a repository of spare parts.  This project facilitates increased data acquisition that 
will support data-driven decision making on maintenance and capital investments.  

_
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: -CI Number 47655-H758 HYD - Paradise Controls Upgrade Project Number 47655-H758

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1358 1358 Paradise, 4 Mwh; 1950 on Nictaux River System

2200 - HGP - Elec Contr.Equip. 624,375Additions

2200 - HGP - Elec Contr.Equip. 15,615Retirements

Total Cost:

Original Cost:

639,991

462,607

Total Cost:Original Cost:
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Capital Project Detailed Estimate

Location: Hydro
FP# / P#: 47655

Title: HYD Paradise Controls Upgrade
Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

day 65 365$                  23,611$                
day 44 405$                  17,833$                
day 10 365$                  3,648$                  

Sub-Total 45,092$                

day 45 365$                  16,446$                
day 20 365$                  7,296$                  

Sub-Total 23,741$                

Lot 1 4822 4,822$                  

Sub-Total 4,822$                  

Lot 1 80,000$             80,000$                
Lot 1 15,000$             15,000$                
Lot 1 15,000$             15,000$                
Lot 1 75,000$             75,000$                
Lot 1 15,000$             15,000$                

Sub-Total 200,000$              

Lot 1 15,000$             15,000$                

Sub-Total 15,000$                

Lot 1 150,620$           150,620$              
Lot 1 10,000$             10,000$                
Lot 1 10,000$             10,000$                
Lot 1 15,000$             15,000$                
Lot 1 30,000$             30,000$                
Lot 1 25,000$             25,000$                

Sub-Total 240,620$              

Lot 1 2,250$               2,250$                  

Sub-Total 2,250$                  

% 10% 531,525$           53,153$                

Sub-Total 53,153$                

24,408$                

Sub-Total 24,408$                

29,448$                
1,457$                  

Sub-Total 30,905$                
Sub-Total (no AO, AFUDC) 584,678$              

TOTAL (AO, AFUDC included) 639,991$              

Original Cost
$462,607

Description

Regular Labour
Hydro River Staff - Construction

Engineering Staff

Site Visits

Hydro River Staff - Removal 

Term Labour
Hydro River Staff - Construction

Hydro River Staff - Removal 

Travel Expenses

Materials
Plant Control and Protection System 44978 WRC Controls 

Upgrade, 49039 
Lequille Controls 

Upgrade

Wireless Radio Communication Network
PLC Base Radio End point control

Digital Governor Upgrade
Misc Materials

Consulting

Contracts
Misc Contracts

Control System Design
44978 WRC Controls 

Upgrade, 49039 
Lequille Controls 

Upgrade

Plant Control and Protection System
Wireless Radio Communication Network

PLC Base Radio End point control
Commissioning Services
Digital Governor Upgrade

Meals
Site Visits

Contract AO

Other Goods & Services
Contingency

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized
AFUDC

Administrative Overhead
Labour AO
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CI Number:  49944 

Title:  HYD - Dickie Brook Penstock Refurbishment 

Start Date: 2018/01 
In-Service Date: 2018/09 
Final Cost Date: 2019/03 
Function: Hydro 
Forecast Amount: $478,820 

DESCRIPTION: 

This project includes the replacement of approximately 60 penstock pedestal liners as well as spot coating sections 
of the penstock on the Dickie Brook Hydro system.  

Dickie Brook is a two unit hydro plant located in Guysborough County.  It has two 1.5 MW units that produce 8.4 
GWh annually and contributes to renewable electricity generation requirements.  

Summary of Related CIs +/- 2 years 
2019 CI 47660 HYD Dickie Brook Controls Upgrade $TBD 

JUSTIFICATION:  

Justification Criteria:  Hydro, Wind & Biomass Energy 

Why do this project? 

The Dickie Brook steel section of penstock was installed in 1989.  Recent inspections have indicated that the 
penstock’s protective coating is deteriorating near the pedestals, as has the liner material between the pedestals and 
the penstock.  If left unaddressed, corrosion of the penstock will occur, leading to more extensive repairs or 
replacement being required.  By refurbishing the coating and liner, further deterioration can be avoided for a more 
cost effective solution. 

Why do this project now? 

A 2016 penstock inspection identified (Attachment 1) areas of significant coating failure.  It also indicated that the 
liners between the pedestals and penstock have deteriorated.  The pedestal liners provide a slip surface for the 
penstock.  Without these liners the pipe is subject to substantial friction between the steel pipe and the concrete 
pedestals as the penstock expands and contracts.  To prevent further deterioration the project needs to be completed 
in 2018. 

Why do this project this way? 

The most economic method to address this deficiency is to replace the pedestal liners with a long lasting material and to 
recoat areas that have experienced deterioration.  NS Power explored other options, including replacing the pipe, 
however replacing the pipe is a more expensive option and not considered necessary at this time. 
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: -CI Number 49944 HYD - Dickie Brook Penstock Refurbishment Project Number 49944

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1353 1353 Dickie Brook Common Property

2700 - HGP - Waterways 447,004Additions

2700 - HGP - Waterways 31,817Retirements

Total Cost:

Original Cost:

478,820

392,304

Total Cost:Original Cost:
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Capital Project Detailed Estimate

Location: Hydro
CI# / FP#: 49944

Title: HYD Dickie Brook Penstock Refurbishment
Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

day 62 365 22,617$                
day 46 405 18,482$                

Sub-Total 41,099$                

Lot 1 1,300$               1,300$                  

Sub-Total 1,300$                  

Lot 1 90,000$             90,000$                44887 Sissiboo Pipeline
Lot 1 15,000$             15,000$                

Sub-Total 105,000$              

Lot 1 150,000$           150,000$              44887 Sissiboo Pipeline
Lot 1 75,000$             75,000$                

Sub-Total 225,000$              

Lot 1 15,000$             15,000$                
Lot 1 6,000$               6,000$                  

Sub-Total 21,000$                

Lot 1 650$                  650$                     

Sub-Total 650$                     

% 10% 394,049$           39,405$                

Sub-Total 39,405$                

5,968$                  
-$                     

Sub-Total 5,968$                  

17,545$                
21,854$                

Sub-Total 39,399$                
Sub-Total (no AO, AFUDC) 433,454$              

TOTAL (AO, AFUDC included) 478,820$              

Original Cost
392,304$              

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized
AFUDC

Administrative Overhead

Site Visits

Labour AO
Contracts AO

Other Goods & Services
Contingency

Consulting
Project Support Staff
Coatings Inspection

Meals

Contracts
Penstock Liner Installation

Penstock Coating Refurbishment

Site Visits

Materials
Penstock Liners
Misc Materials

Description

Regular Labour
Hydro River Staff - Construction

Engineering Staff

Travel Expense
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HYD Dickie Brook Penstock Refurbishment
Summary of Alternatives

Division : Date : 17-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 5,713,209 1 34.97% 4.8 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Penstock Refurbishment vs Replacement Energy Costs

Test 2

Test 3

Test 4

Penstock Refurbishment vs 
Replacement Energy Costs

Power Production

It is recommended to complete the penstock refurbishment

The capital pays for the replacement of approximately 60 penstock pedestal liners. The assumptions in the avoided expense calculator 
assume a forced outage due to penstock breach of 3 months. The probabilty of failure is considered high due to the number of possible 
failure locations. Once probabilty reaches 100% the number of failures in a year increase to an estimate of 5/year. A leak in the penstock 
would cause a forced outage for both units in the Dickie Brook Plant.

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-6,609,928
0
0
0

G15-49944 EAM CONFIDENTIAL.xls 11/17/2017
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HYD Dickie Brook Penstock Refurbishment
Summary of Sensitivities

Division : Date : 13-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Penstock Refurbishment vs Replacement Energy 5.88% -6,609,928 5,713,209 1 34.97% 4.8 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Penstock Refurbishment vs Replacement Energy 10% -6,562,660 5,676,851 1 32.68% 5.3 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 47,269 -36,358 0 -2.30% 0.4 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Penstock Refurbishment vs Replacement Energy -10% -5,901,667 5,105,530 1 32.45% 5.3 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 708,261 -607,679 0 -2.53% 0.5 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 59,745 126,239 No
B 0 0 No
C 0 0 No
D 0 0 No0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production

PV of Revenue 
Requirement Delay?

3
214,972

0
0

49944 5 EAM CONF.xls 11/13/2017
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Division : Date : 
Department : CI Number:

Project No. :

Penstock Refurbishment vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 50% 60% 50% 60%
Capacity Factor (%)
Energy Replaced (MW) 697.0 697.0
Duration (Hours or Years) 3 3
Totals $87,349 $104,478 $0 $0 $87,349 $104,478

Total Capital Cost of Alternative $479,190

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

HYD Dickie Brook Penstock Refurbishment
Avoided Cost Calculations

13-Nov-17Power Production

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs
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HYD Dickie Brook Penstock Refurbishment
Penstock Refurbishment vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               87,348.6                   (439,790.8)               8,669.1                     436,131.4                (352,442.3)               (24,390.6)                 (376,832.9)               (355,905.7)               0.94                           (355,905.7)              

2019 ‐                               ‐                               104,477.7                ‐                               16,991.4                   418,213.4                104,477.7                (27,120.8)                 77,356.9                   69,003.5                   0.89                           (286,902.1)              

2020 ‐                               ‐                               123,028.2                ‐                               16,311.7                   401,012.1                123,028.2                (33,082.1)                 89,946.1                   75,777.6                   0.84                           (211,124.6)              

2021 ‐                               ‐                               139,450.8                ‐                               15,659.3                   384,498.8                139,450.8                (38,375.4)                 101,075.4                80,424.8                   0.80                           (130,699.8)              

2022 ‐                               ‐                               157,438.7                ‐                               15,032.9                   368,646.1                157,438.7                (44,145.8)                 113,292.9                85,139.9                   0.75                           (45,559.9)                

2023 ‐                               ‐                               178,430.5                ‐                               14,431.6                   353,427.4                178,430.5                (50,839.7)                 127,590.8                90,559.9                   0.71                           45,000.0                  

2024 ‐                               ‐                               181,999.1                ‐                               13,854.3                   338,817.6                181,999.1                (52,124.9)                 129,874.2                87,061.3                   0.67                           132,061.3               

2025 ‐                               ‐                               371,278.1                ‐                               13,300.1                   324,792.1                371,278.1                (110,973.2)               260,305.0                164,805.2                0.63                           296,866.6               

2026 ‐                               ‐                               378,703.7                ‐                               12,768.1                   311,327.6                378,703.7                (113,440.0)               265,263.7                158,618.0                0.60                           455,484.5               

2027 ‐                               ‐                               386,277.8                ‐                               12,257.4                   298,401.7                386,277.8                (115,946.3)               270,331.5                152,671.3                0.56                           608,155.8               

2028 ‐                               ‐                               394,003.3                ‐                               11,767.1                   285,992.9                394,003.3                (118,493.2)               275,510.1                146,955.0                0.53                           755,110.8               

2029 ‐                               ‐                               401,883.4                ‐                               11,296.4                   274,080.3                401,883.4                (121,082.0)               280,801.4                141,459.5                0.50                           896,570.3               

2030 ‐                               ‐                               409,921.1                ‐                               10,844.6                   262,644.3                409,921.1                (123,713.7)               286,207.4                136,175.7                0.48                           1,032,746.0            

2031 ‐                               ‐                               627,179.2                ‐                               10,410.8                   251,665.8                627,179.2                (191,198.2)               435,981.0                195,917.2                0.45                           1,228,663.2            

2032 ‐                               ‐                               639,722.8                ‐                               9,994.4                     241,126.4                639,722.8                (195,215.8)               444,507.0                188,655.6                0.42                           1,417,318.7            

2033 ‐                               ‐                               652,517.3                ‐                               9,594.6                     231,008.5                652,517.3                (199,306.0)               453,211.2                181,667.7                0.40                           1,598,986.4            

2034 ‐                               ‐                               665,567.6                ‐                               9,210.8                     221,295.4                665,567.6                (203,470.6)               462,097.0                174,942.9                0.38                           1,773,929.3            

2035 ‐                               ‐                               678,879.0                ‐                               8,842.4                     211,970.8                678,879.0                (207,711.4)               471,167.6                168,470.8                0.36                           1,942,400.2            

2036 ‐                               ‐                               692,456.6                ‐                               8,488.7                     203,019.2                692,456.6                (212,030.0)               480,426.5                162,241.6                0.34                           2,104,641.8            

2037 ‐                               ‐                               941,740.9                ‐                               8,149.1                     194,425.6                941,740.9                (289,413.5)               652,327.5                208,059.2                0.32                           2,312,701.0            

2038 ‐                               ‐                               960,575.7                ‐                               7,823.2                     186,175.8                960,575.7                (295,353.3)               665,222.4                200,389.2                0.30                           2,513,090.2            

2039 ‐                               ‐                               979,787.3                ‐                               7,510.2                     178,256.0                979,787.3                (301,405.9)               678,381.4                193,004.5                0.28                           2,706,094.7            

2040 ‐                               ‐                               999,383.0                ‐                               7,209.8                     170,653.0                999,383.0                (307,573.7)               691,809.3                185,894.3                0.27                           2,891,988.9            

2041 ‐                               ‐                               1,019,370.7             ‐                               6,921.4                     163,354.1                1,019,370.7             (313,859.3)               705,511.4                179,048.1                0.25                           3,071,037.0            

2042 ‐                               ‐                               1,299,697.6             ‐                               6,644.6                     156,347.1                1,299,697.6             (400,846.4)               898,851.2                215,446.5                0.24                           3,286,483.5            

2043 ‐                               ‐                               1,325,691.6             ‐                               6,378.8                     149,620.4                1,325,691.6             (408,987.0)               916,704.6                207,523.4                0.23                           3,494,007.0            

2044 ‐                               ‐                               1,352,205.4             ‐                               6,123.6                     143,162.8                1,352,205.4             (417,285.3)               934,920.0                199,893.3                0.21                           3,693,900.3            

2045 ‐                               ‐                               1,379,249.5             ‐                               5,878.7                     136,963.5                1,379,249.5             (425,744.9)               953,504.5                192,545.2                0.20                           3,886,445.5            

2046 ‐                               ‐                               1,406,834.5             ‐                               5,643.5                     131,012.2                1,406,834.5             (434,369.2)               972,465.3                185,468.5                0.19                           4,071,913.9            

2047 ‐                               ‐                               1,434,971.2             ‐                               5,417.8                     125,298.9                1,434,971.2             (443,161.5)               991,809.6                178,653.0                0.18                           4,250,566.9            

2048 ‐                               ‐                               1,463,670.6             ‐                               5,201.1                     119,814.2                1,463,670.6             (452,125.5)               1,011,545.0             172,089.1                0.17                           4,422,656.0            

2049 ‐                               ‐                               1,492,944.0             ‐                               4,993.0                     114,548.8                1,492,944.0             (461,264.8)               1,031,679.2             165,767.3                0.16                           4,588,423.3            

2050 ‐                               ‐                               1,522,802.9             ‐                               4,793.3                     109,494.1                1,522,802.9             (470,583.0)               1,052,219.9             159,678.6                0.15                           4,748,101.9            

2051 ‐                               ‐                               1,553,258.9             ‐                               4,601.6                     104,641.5                1,553,258.9             (480,083.8)               1,073,175.2             153,814.4                0.14                           4,901,916.3            

2052 ‐                               ‐                               1,584,324.1             ‐                               4,417.5                     99,983.1                   1,584,324.1             (489,771.0)               1,094,553.1             148,166.2                0.14                           5,050,082.5            

2053 ‐                               ‐                               1,616,010.6             ‐                               4,240.8                     95,511.0                   1,616,010.6             (499,648.6)               1,116,362.0             142,726.1                0.13                           5,192,808.6            

2054 ‐                               ‐                               1,648,330.8             ‐                               4,071.2                     91,217.8                   1,648,330.8             (509,720.5)               1,138,610.3             137,486.4                0.12                           5,330,295.0            

2055 ‐                               ‐                               1,681,297.4             ‐                               3,908.3                     87,096.3                   1,681,297.4             (519,990.6)               1,161,306.8             132,439.5                0.11                           5,462,734.5            

2056 ‐                               ‐                               1,714,923.4             ‐                               3,752.0                     83,139.6                   1,714,923.4             (530,463.1)               1,184,460.3             127,578.4                0.11                           5,590,312.9            

2057 ‐                               ‐                               1,749,221.9             ‐                               3,601.9                     79,341.3                   1,749,221.9             (541,142.2)               1,208,079.7             122,896.1                0.10                           5,713,209.0            
Total ‐                               ‐                               36,396,855.5           (439,790.8)               347,007.3                35,957,064.7           (11,175,453.0)         24,781,611.7           5,713,209.0            
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1. Introduction 
In July 2012, Hatch was engaged by Nova Scotia Power Inc. (NSPI) to perform a design 
assessment of existing steel penstock at Dickie Brook Generating Station. 

This report summarizes the results of the assessment. Calculations are presented in 
Appendix A. 

2. Brief History 
The Dickie Brook Generating Station was built in the 1940’s and consists of two horizontal 
Francis turbines rated at 1450 hp each. The powerhouse is located at the end of a 3700 ft 
long pipeline and penstock which is equipped with a 73 ft high simple surge tank. The 
upstream section is approximately 2900 ft of HDPE pipeline and the remaining downstream 
section is steel penstock. The HDPE pipeline was installed in 2008, replacing old woodstave 
penstock; the steel penstock was installed in the late 1980’s. 

In December 2011, NSPI experienced a failure at the transition from steel to HDPE. In 
reaction to this failure, NSPI decided that a design assessment of the existing steel penstock 
was required to determine if it could have contributed to the failure in any way and to 
determine if there were other concerns with the steel portion of the penstock. 

3. Basis of Assessment 
This assessment is a desktop exercise based on the reference drawings in Appendix B.   

This assessment did not include any seismic, snow, wind or ice loads.   

This assessment was completed per the guidelines of the American Society of Civil 
Engineers ASCE Manuals and Reports on Engineering Practice No. 79 Steel Penstocks. 

The following components were excluded from this assessment: 

 Concrete foundations 

 HDPE pipeline to steel penstock transition joint 

 Penstock bifurcation  

 Thrust block at the penstock bifurcation 

4. Original Design Parameters 
The original design parameters as presented on the reference drawings are: 

 Internal Static Design Pressure: 126 psig 

 Internal Water Hammer Design Pressure: 158 psig 

Date Filed:  November 22, 2017          Page 1513 of 2371          REDACTED



 

 

Nova Scotia Power Inc. - Dickie Brook Existing Steel Penstock Assessment
Assessment Summary - January 25, 2013

 
 

 
 H340552-0000-50-124-0001, Rev. 2

Page 2

 
© Hatch 2013 All rights reserved, including all rights relating to the use of this document or its contents. 

 

 Internal Exceptional Water Hammer Design Pressure: 252 psig 

  Installation Temperature: 73 ºF (23 ºC) 

 Operating Temperature: 32 to 73 ºF (0 to 23 ºC) 

 Design Temperature: 32 to 111 ºF (0 to 44 ºC) 

 Service: Water 

 Radiography: Full 

 Corrosion Allowance: None 

5. Existing Steel Penstock 
The existing steel penstock is constructed from CSA G40.21 260W carbon steel.  It has an 
outside Diameter (OD) of 60 inches and a total length of 796 ft. It is constructed of 12 
assembled sections. Each assembled section is constructed from six 11 ft long courses.  
Some courses are mitred to create the penstock profile. There is a strap anchor 2 ft from the 
downstream end of each assembly (every 6 courses). Each assembly has two intermediate 
saddle supports with a maximum unsupported length of 19 ft. 

6. Findings 
6.1 Original Design Parameters Assessment 

Compared to the transient analysis completed by Hatch in 2008, the static design pressure 
and water hammer design pressure as presented above are adequate. The static design 
pressure is calculated based on the change in elevation from maximum head pond elevation 
to the turbine centerline elevation. The water hammer design pressure is calculated based on 
the change in elevation from the top of the surge tank to the turbine centerline elevation.   
The exceptional water hammer design pressure is presumed to be the resultant transient 
pressure if the surge tank failed to operate properly. 

The design and operating temperature lower limit of 32 ºF is valid as long as the penstock is 
watered up and operational. When the penstock is dewatered, the penstock temperature can 
drop to the outside temperature. Even with the penstock watered up and the outside 
temperature less than 32º F, there will be a temperature gradient across the penstock shell.  
This lower temperature will have very little effect on the system since the expansion joints 
between each anchor will accommodate the additional thermal contraction. The transition 
from steel to woodstave during the original construction was an overlapped joint that acted as 
an expansion joint. 

6.2 Allowable Stress 
The yield stress for 260 W is 36,000 psi and the tensile stress is 58,000 psi.   
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The allowable stress for the normal operating condition is 19,330 psi; calculated as the lesser 
of 2/3 yield stress (24,000 psi) or 1/3 tensile stress (19,330 psi). 

The allowable stress for the emergency condition is 29,000psi; calculated as the allowable 
stress under the normal operating condition multiplied by the corresponding K factor (1.5) 
from Table 3-4, ASCE Practice No. 79. 

The allowable stress for the exceptional condition is 48,330psi; calculated as the allowable 
stress under the normal operating condition multiplied by the corresponding K factor (2.5) 
from Table 3-4, ASCE Practice No. 79. 

6.3 Minimum Shell Thickness for Shipping and Handling 
The minimum shell thickness that was required for shipping and handling is 0.207”. The 
actual penstock thickness is 0.313”. 

The maximum stress that would have been in the shell if it was empty resting on a flat surface 
and supporting itself is calculated to be 7,288 psi. 

6.4 Hoop Stress Due to Internal Pressure 
The minimum shell thickness required for hoop stress due to internal pressure is 0.193”. The 
actual penstock thickness is 0.313”. 

The hoop stress due to internal pressure is equal to: 

 11,970 psi from internal static design pressure (normal operating condition) 

 15,010 psi from water hammer design pressure (emergency condition) 

 23,940 psi from exceptional water hammer design pressure (exceptional condition) 

6.5 Internal Vacuum 
To avoid buckling due to full internal vacuum, the D/t ratio should be less than 158. In this 
case, the D/t ratio is equal to 192 and thus the penstock cannot withstand full internal 
vacuum.  However, the shell thickness and diameter can withstand vacuum up to -9.3 psig. 

6.6 Longitudinal Stress  

6.6.1 Beam Action 
With a maximum unsupported length of 19 ft, the maximum longitudinal stress due to beam 
action caused by the self weight of the penstock, weight of the water, pressure thrust forces 
during the exceptional condition and expansion joint frictional forces is 1,922 psi.   

The pressure thrust force is a result of the mitres in the penstock. The maximum mitre width 
on each penstock section in the downward direction across any span is 5/8” (1” in upward 
direction). The maximum moment occurs when this mitre is located at the mid-span of the 
supports. With an exceptional water hammer design pressure of 252 psi, this mitre causes a 
pressure thrust force of 14,918 lbs downwards.   

2 

2 
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The mitres also create thrust forces as a result the expansion joint frictional forces. The 
frictional force at the expansion joint is based on ASCE Manuals and Reports on Engineering 
Practice No. 79 – Steel Penstocks which assumes the frictional force at the expansion joint to 
be equal to 500 lbs per inch of diameter. For a 60 inch expansion joint, the frictional force 
equals 30,000 lbs. The resultant lateral force at the mitre, due to the expansion joint frictional 
force is 628 lbs downwards.   

Any mitres in the upward direction would simply counteract the weight of the water and 
penstock. 

6.6.2 Penstock Buckling Due to Axial Compression 
The maximum axial compressive stress due to the weight of the penstock, the frictional force 
at the expansion joint and the frictional force at the intermediate supports, with downstream 
anchorage, is 664 psi.   

The allowable compressive stress is 12,000 psi. 

6.6.3 Longitudinal Strain/Stress Due to Poisson’s Effect 
Radial expansion due to internal pressure will cause longitudinal contraction, which is known 
as Poisson’s effect. Since this penstock is fixed at one end and free to slide on the other, the 
longitudinal strain/stress due to Poisson’s effect results from the force required to overcome 
friction in the expansion joint, 561 psi. 

6.6.4 Temperature Stresses 
Circumferential thermal stresses develop as a result of a temperature gradient across the 
shell thickness. The maximum circumferential thermal stress is calculated to be 5,544psi. 

The maximum longitudinal thermal stress results from the force required to overcome friction 
in the expansion joint and at the intermediate supports, 561psi. 

6.7 Combined Stresses 
The principle stresses that result from the above combined stresses conditions is as followed: 

 18,900 psi for the normal operating condition (19,330 psi allowable) 

 21,930 psi for the emergency condition (29,000 psi allowable) 

 30,860 psi for the exceptional condition (48,330 psi allowable) 

6.8 Penstock Anchors 
The construction of this penstock is similar to Figure 8-3 Arrangement (B) in ASCE Manuals 
and Reports on Engineering Practice No. 79 – Steel Penstocks. It is made up of 66 ft long 
sections with an anchor on the downstream end and an expansion joint on the upstream end 
of each section, i.e., fixed on one end and free to slide on the other end once overcoming the 
expansion joint frictional force. The maximum axial load on any anchor due to the weight of 
the penstock plus the frictional force in the intermediate supports and expansion joint is equal 
to 38,920 lbs, occurring at the maximum incline of the penstock. The anchor is constructed 
from a strap that is tightened down with four 1 ¼” diameter anchor bolts wet torque to 

2 

2 

2 

2 

2 

2 

2 
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150 ft-lbs each. Approximating the clamping force from one anchor bolt to be 55,000 lbs and 
assuming a coefficient of friction of 0.8 between the strap and penstock, the axial load 
required to overcome friction at each anchor is 176,000 lbs. The penstock is adequately 
anchored with each anchor having a maximum utilization of 22 percent. 

6.9 Penstock Profile 
An analysis was performed to determine the effects of thermal contraction/expansion on the 
penstock due to its mitred profile.  The analysis was performed on the penstock assembly 
with the largest mitres (1”).  The effects of thermal contraction/ expansion on all penstock 
assemblies with smaller mitres will be less. 

The analysis revealed  that, due to axial contraction/expansion, the penstock will want to 
displace vertically 0.001” to 0. 018” at the support locations.  These vertical displacements 
are well within construction tolerances so it was concluded that thermal contraction/ 
expansion has no adverse effects on the penstock due to its profile.  

7. Conclusions 
Hatch conducted an assessment of the steel penstock at the NSPI Dickie Brook Generating 
Station. The assessment has found that the governing case for design is normal static head 
and portions of the penstock are near the limit of capacity, but otherwise the existing steel 
penstock was adequately designed. 

 

2 

Date Filed:  November 22, 2017          Page 1517 of 2371          REDACTED



 

 

Nova Scotia Power Inc. - Dickie Brook Existing Steel Penstock Assessment
Assessment Summary - January 25, 2013

 
 

 
 H340552-0000-50-124-0001, Rev. 2

 
© Hatch 2013 All rights reserved, including all rights relating to the use of this document or its contents. 

 

Appendix A 
Calculations 

Date Filed:  November 22, 2017          Page 1518 of 2371          REDACTED



________________________________________________________________________________________________________

Engineering calculation
Design Assessment of  Existing Steel Penstock

No: H340552-0000-60-125-0001 Rev: 1

 

Nova Scotia Power Inc.

PROJECT AND SITE: Dickie Brook GS

PROJECT NUMBER: H340552

DISCIPLINE: 60 Piping

CALCULATION NO: H340552-0000-60-125-0001

CALCULATION TITLE: Design Assessment of Existing Steel Penstock

       
       
       
       
       
       
       

 24/Jan/13  1  Reissued for Information K. Savoury G. Saunders R. Hibbs  
03/Dec/12  0 Issued for Information K. Savoury G. Saunders R. Hibbs  
04/Oct/12 A Issued For Review K. Savoury R. Hibbs R. Hibbs  

DATE REV STATUS AUTHOR CHECKED APPROVED APPROVED

CLIENT NAME:

 CLIENT

___________________________
Printed: 25/01/2013

______________________________________________________________________________________________________________________________
Page 1 of 13

Date Filed:  November 22, 2017          Page 1519 of 2371          REDACTED



________________________________________________________________________________________________________

Engineering calculation
Design Assessment of  Existing Steel Penstock

No: H340552-0000-60-125-0001 Rev: 1

CALCULATIONS

Design Parameters (from reference drawings):

OD 60 Outside diameter, in

tactual
5

16
0.313 Penstock thickness, in

ID OD 2 tactual 59.375 Inside diameter, in

Pnormal 126 Static pressure, psi

Pemergency 158 Full surge tank, psi

Pexceptional 252 Exceptional water hammer condition, psi

From ASCE Manuals and Reports on Engineering Practice No. 79 - Steel Penstocks

3.4.10 Basic Allowable Stress Intensity (S)

Penstock Shell Material: 260W (A36)

ST 58000 Tensile Stress

SY 36000 Yield Stress

S is the lesser of the following:

S
2

3
SY 2.400 10

4


S
1

3
ST 1.933 10

4


3.5.1 Weld Joint Reduction Factor (E)

All welds are fully radiographed.  From Table 3-3 for 100% RT,

E 1.00

___________________________
Printed: 25/01/2013
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3.5.2 Allowable Stress Increase Factor (K)

From Table 3-4, Allowable stress intensity K factors:

Knormal 1.0

Kemergency 1.5

Kexceptional 2.5

Which gives the allowable design stress of:

Snormal S Knormal 1.933 10
4



Semergency S Kemergency 2.900 10
4



Sexceptional S Kexceptional 4.833 10
4



4.1.2.1 Minimum Shell Thickness for Shipping and Handling

Dnom 59.7 Nominal Penstock Diameter, in

Using the Bureau of Reclamation formula:

tmin

Dnom 20

400
0.199

Using the Pacific Gas and Electric Company (PG&E) formula

tmin

Dnom

288
0.207

Determine the maximum stress (Smax) if the shell is resting on a flat surface and supporting itself:

Rnom

Dnom

2
29.850

W 0.284 density of steel, lb/in3 

tactual 0.313

___________________________
Printed: 25/01/2013
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Smax

9 Rnom
2

 W

tactual
7287.851 Equation 4-3

4.1.2.2 Hoop Stress Due to Internal Pressure

For normal operating condition:

Pnormal 126.000

Snormal 1.933 10
4



r
ID

2
29.688

E 1.000

tnormal

Pnormal r

Snormal E
0.193

For emergency operating condition

Pemergency 158.000

Semergency 2.900 10
4



r 29.688

E 1.000

temergency

Pemergency r

Semergency E
0.162

For exceptional operating condition

Pexceptional 252.000

Sexceptional 4.833 10
4



r 29.688

E 1.000

___________________________
Printed: 25/01/2013

______________________________________________________________________________________________________________________________
Page 4 of 13

Date Filed:  November 22, 2017          Page 1522 of 2371          REDACTED



________________________________________________________________________________________________________

Engineering calculation
Design Assessment of  Existing Steel Penstock

No: H340552-0000-60-125-0001 Rev: 1

texceptional

Pexceptional r

Sexceptional E
0.155

Therefore the normal operating condition governs for required thickness.

tnormal 0.193

tactual 0.313

With the above actual thickness, the hoop stress due to internal pressure is equal to:

For normal operating condition:

SHnormal

Pnormal r

tactual E
1.197 10

4


For emergency operating condition:

SHemergency

Pemergency r

tactual E
1.501 10

4


For exceptional operating condition:

SHexceptional

Pexceptional r

tactual E
2.394 10

4


Internal vacuum Considerations 

From AWWA Manual M11, Steel Pipe - A Guide for Design and Installation

For buckling failure equation (4-4) gives

Pc 50200000
tactual

ID









3


lb

in
2

 7.319
lb

in
2



Where Pc is the external gauge pressure for buckling failure.

4.1.2.3 Longitudinal Stresses

(1) Beam Action

r 29.688

___________________________
Printed: 25/01/2013
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Smod π r
2

 tactual in
3

 865.261 in
3

 Section modulus of penstock

OD 60.000

ID 59.375

A
π OD

2
ID

2
 

4
in

2
 58.598 in

2
 Cross sectional area of penstock

ρwater 64.2
lb

ft
3

 Density of water

Wwater
π ID in 2

4
ρwater 1234.439

lb

ft
 Linear weight of water in the penstock

ρsteel 490
lb

ft
3

 Density of steel

Wsteel ρsteel π Dnom in  tactual in  199.438
lb

ft
 Linear weight of steel penstock

Wtotal Wwater Wsteel 1433.877
lb

ft
 Total linear weight

Lsupport 19ft Maximum Span between supports

The maximum moment due to the linear weight of water and steel penstock (uniformly distributed load), MB1, occurs at
the midspan and is equal to:

MB1

Wtotal Lsupport
2



8
7.764 10

5
 in lb Maximum bending moment at supports

The maximum miter in the downward direction across any span is a 5/8" miter.  The miter results in pressure thrust, T.
The maximum moment due to the pressure thrust occurs when the miter is located at half the span.  This resultant
moment MB2 is equal to:

ID 59.375

AID
π ID

2


4
2768.835

φ 0.60deg Angle in penstock with 5/8" miter

Pnormal 126.000

___________________________
Printed: 25/01/2013
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Tφnormal 2Pnormal AID sin φ  lb 7306.651 lb

Pemergency 158.000

Tφemergency 2Pemergency AID sin φ  lb 9162.308 lb

Pexceptional 252.000

Tφexceptional 2Pexceptional AID sin φ  lb 1.461 10
4

 lb

MB2

Tφexceptional Lsupport

4
8.330 10

5
 in lb

The expansion joint frictional force, WEJ, also results in a moment due to the miter.

ASCE Manuals and Reports on Engineering Practice No. 79 - Steel Penstocks, Pg. 353 assumes the frictional force at the
expansion joint equals 500lbs/dia. inch.  Assuming the same value for this asssessement gives a total frictional force at the
expansion joint equal to: 

WEJ 500
lb

in
60 in 3.000 10

4
 lb

This resultant laterial force, TEj, at the miter is equal to:

TEJ 2 WEJ sin φ  628.307 lb

The maximum moment due to the TEJ occurs when the miter is located at half the span.  

MB3

TEJ Lsupport

4
3.581 10

4
 in lb

The expansion joint arrangement also results in a longitudinal force in the penstock as the pressure acts on the exposed
ends of the penstock wall in the expansion joint.  Similarly to pressure thrust, this longitudinal force has a resultant lateral
force due to the miter. The longitudinal force, Flong, the resultant lateral force, Flateral and the moment, MB4 due to the
resultant lateral force is equal to:

Flong π ID tactual Pexceptional 1.469 10
4



Flateral 2 Flong sin φ  lb 307.648 lb

MB4

Flateral Lsupport

4
1.754 10

4
 in lb

___________________________
Printed: 25/01/2013
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The Maximum longitudinal stress intensity due to beam action is equal to:

SL

MB1 MB2 MB3 MB4

Smod
1921.677

lb

in
2



(2) Stiffener ring restraint

Not applicable.  No stiffener rings on penstock.  

(3) Buckling due to Axial Compression

Wsteel 199.438
lb

ft
 Total linear weight of steel penstock

Lanchor 66ft Distance between anchors

Wpenstock Wsteel Lanchor 1.316 10
4

 lb Total weight of penstock between anchors 

θ 27.3deg Max. incline of any penstock section

WAxial sin θ  Wpenstock 6037.161 lb Total axial self weight of penstock contributing to buckling

WEJ 3.000 10
4

 lb Frictional force in expansion joint

ρwater 64.200
lb

ft
3

 Density of water

Www Wpenstock
π ID

2


4
L ρwater 1.944 10

4
 lb Water filled weight of penstock assembly

Assuming one intermediate support under each penstock can section (for a total of 5 intermediate supports), and one
anchor, the total load on the intermediate supports will be approximetaly 5/6 Www.  The normal load from this is:

FN
5

6
Www cos θ  1.440 10

4
 lb Normal force on intermediate suppports as a result of water filled

weight of penstock assembly

μsupport 0.2 Coefficient of friction for teflon on steel

Wsupport FN μsupport 2879.181 lb Force to overcome friction on five intermediate supports

The total axial compression contributing to buckling is:

___________________________
Printed: 25/01/2013
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Wanchor WAxial WEJ Wsupport 3.892 10
4

 lb Max. total axial load in penstock contributing to buckling

Maximum axial compressive stress due to the weight of the penstock, friction between the penstock and
intermedial saddles and expansion joint forces with downstream anchorage, is equal to:

Saxial

Wanchor

A
664.123

lb

in
2



Safe compressive stress that can be carried without buckling failure by wrinkling is given by the
lesser of:

(i) for general buckling

Sallow min 1.5 10
6 

tactual

r


1

3
SY









1.200 10
4



(ii) for local buckling

Sallow min 1.8 10
6 

tactual

r


1

2
SY









1.800 10
4



(4) Longitudinal strain/stress

For a penstock restrained axially,

SH SHexceptional 2.394 10
4

 hoop stress due to internal pressure, psi

μ 0.303 Poissons ratio 0.303 for steel

SLP1 μ SH 7254 longitudinal stress from Poisson's effect, psi

In this case, since there is an expansion joint, the longitudinal stress resulting from friction in the expansion joint and
friction on the intermediate supports is 

WEJ 3.000 10
4

 lb

Wsupport 2879.181 lb

SEJ

WEJ Wsupport

A
561

lb

in
2



___________________________
Printed: 25/01/2013
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Therefore the maximum longitudinal stress from Poisson's effect is equal to SEJ, the stress resulting from the friction in the
expansion joint and the intermediate supports.

(5) Temperature stresses

The maximum temperature gradient across the penstock shell occurs when:

Ti 32 Assumed minimum inside temperature

To 73 Maximum operating temperature as defined on drawing H-024C1-9-001-00-002.

ΔT To Ti 41 Extreme temperature range excluding boundary layers

α 6.5 10
6

 Coefficient of thermal expansion 

EY 29000000 Young's modulus of steel

μ 0.303 Poisson's ration for steel

The circumferencial stress resulting from a temperature gradient across the penstock is equal to:

SCT

ΔT α EY

2 1 μ 

lb

in
2

 5544
lb

in
2

 (Equation 4-17)

The axial load imposed due to thermal expansion/contraction will be the resistance to sliding in the expansion joint and
intermediate supports.  

WEJ 3.000 10
4

 lb

Wsupport 2879.181 lb

SEJ 561
lb

in
2



4.1.3 Loading Combinations

(1) For normal operating condition:

S1normal SHnormal
lb

in
2

 SCT 1.751 10
4


lb

in
2

 Circumferential membrane stress due to pressure and temperature  

S2normal SL SEJ  2483
lb

in
2

 Longitudinal membrane stress (compressive)

___________________________
Printed: 25/01/2013
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S3normal

Pnormal

2










lb

in
2

 63.000
lb

in
2

 Compressive stress in the penstock from pressure (assumed to vary
linearly from P on the inside to 0psi on the outside for an average
compressive stress of P/2.

The equivalent stress is equal to (Equation 3-2):

Senormal 0.5 S1normal S2normal 2 S2normal S3normal 2 S3normal S1normal 2  
0.5

1.890 10
4


lb

in
2



The allowable under normal operating conditions is equal to:

Snormal 1.933 10
4



(2) For emergency operating condition:

S1emergency SHemergency
lb

in
2

 SCT 2.055 10
4


lb

in
2

 Circumferential membrane stress due to pressure and
temperature

S2emergency SL SEJ  2483
lb

in
2

 Longitudinal membrane stress (compressive)

Compressive stress in the penstock from pressure
(assumed to vary linearly from P on the inside to 0psi on
the soutside for an average compressive stress of P/2.

S3emergency

Pemergency

2










lb

in
2

 79.000
lb

in
2



The equivalent stress is equal to:

Seemergency 0.5 S1emergency S2emergency 2 S2emergency S3emergency 2 S3emergency S1emergency 2  
0.5



Seemergency 2.193 10
4


lb

in
2



The allowable under normal operating conditions is equal to:

Semergency 2.900 10
4



(3) For exceptional operating condition:

S1excep SHexceptional
lb

in
2

 SCT 2.948 10
4


lb

in
2

 Circumferential membrane stress due to temperature
and pressure

S2excep SL SEJ  2483
lb

in
2

 Longitudinal membrane stress (compressive)

S3excep

Pexceptional

2










lb

in
2

 126.000
lb

in
2

 Compressive stress in the penstock from pressure (assumed
to vary linearly from P on the inside to 0psi on the soutside
for an average compressive stress of P/2.

___________________________
Printed: 25/01/2013

______________________________________________________________________________________________________________________________
Page 11 of 13

Date Filed:  November 22, 2017          Page 1529 of 2371          REDACTED



________________________________________________________________________________________________________

Engineering calculation
Design Assessment of  Existing Steel Penstock

No: H340552-0000-60-125-0001 Rev: 1

The equivalent stress is equal to:

Seexcep 0.5 S1excep S2excep 2 S2excep S3excep 2 S3excep S1excep 2  
0.5



Seexcep 3.086 10
4


lb

in
2



The allowable under normal operating conditions is equal to:

Sexceptional 4.833 10
4



8.2 Anchors for Penstocks

Reference Figrue 8-3 Penstock Loads Affecting Anchors

Arrangement (B) Penstock with Sleeve Couplings

The penstock is made up of six 11 ft long sections anchored on the downstream end with an expansion joint on the
upstream end.  Essensially, fixed on one end and free to slide in the expansion joint on the other once overcoming the
friction force in the intermediate supports and the expansion joint.  Therefore, the axial load on the anchor is equal to
the weight of the penstock plus the frictional forces in the interdiate support and the expansion joint.  

WAxial 6037.161 lb Total axial load on anchor due to weight of penstock.

WEJ 3.000 10
4

 lb Total load to overcome friction in expansion joint

Wsupport 2879.181 lb Total load to over friction at intemediate supports

The total axial load on the anchor is:

Wanchor 3.892 10
4

 lb

Note:  The weight of the water is carried by the downstream anchor.

Shear strength of bolts

Fclamping 55000lb Approx. clamping load from one 1 1/4" anchor bolt wet
torqued to 150 ft-lbs wet

Nclamping 4 Fclamping 2.200 10
5

 lb Normal force generated from torquing four anchor bolts

μsteel 0.8 Coefficient of friction for steel on steel

Ff μsteel Nclamping 1.760 10
5

 lb Axial frictional resistance at anchor.  

___________________________
Printed: 25/01/2013

______________________________________________________________________________________________________________________________
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________________________________________________________________________________________________________

Engineering calculation
Design Assessment of  Existing Steel Penstock

No: H340552-0000-60-125-0001 Rev: 1

In summary,

Wanchor 3.892 10
4

 lb

Ff 1.760 10
5

 lb

The maximum axial load on any one anchor, Wanchor, is less than the axial load required to
overcome friction at the anchor, Ff, thus the penstock is adaquately restrained.  The incline at all

θother penstock sections is less than  as presented above, thus WA at the remaining anchor locations
will be less.

9.1 Mechancial Expansion Joints

L 792 in Distance between expansion joints, 66ft

α 6.5 10
6

 Coefficient of thermal expansion 

Tinstallation 73.4 Installation temperature, 23 deg C, 73.4 deg F

ΔT1 111 73.4 37.600 ΔT for Max. design temperature, 44 deg C, 111 deg F

Δ1 L α ΔT1 0.194 Thermal expansion, in

The expansion joint gap of 1" during installation is adaquate.

___________________________
Printed: 25/01/2013
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CI Number:  48712 
 
Title:  HYD Dam Instrumentation Upgrade  
 
Start Date: 2016/06 
In-Service Date: 2018/04 
Final Cost Date: 2019/05 
Function: Hydro 
Forecast Amount: $476,349 
 
DESCRIPTION: 
 
This project includes installation of new piezometers, which have reached the end of their expected service life.  
Piezometers provide quantifiable information to help better define risk within a dam structure, at hydro sites 
throughout Nova Scotia.  They include:  
 
Black River Hydro System 
Forks Dam  
Black River Lake Dam  
Lumsden Dam  
 
Sissiboo Hydro System 
Fourth Lake Wing Dam #1 
Fourth Lake Wing Dam #2 
Sissiboo Falls 
Weymouth Main Dam 
 
Nictaux Hydro System 
Nictaux Intake  
Curl Hole Dam 
 
Wreck Cove Hydro System 
Wreck Cove Dam D1  
Wreck Cove Dam D6  
Wreck Cove Dam D7  
 
Bear River Hydro System 
Gulch Main Dam  
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Hydro, Wind and Biomass 
 
Why do this project? 
 
The piezometers installed on hydro dams throughout the province have exceeded their expected service lives, with 
many having been in service for 20 years or more.  Upgrading NS Power’s instrumentation will improve dam safety 
by providing surveillance of the structures to better meet the recommendations contained in the Canadian Dam 
Association (CDA) Dam Safety Guidelines.  Many of the dams and spillways have known deficiencies, and 
instrumentation on these structures provides valuable information when completing surveillance of the condition of 
these structures.  Instrumentation monitoring complements information from visual inspections and helps understand 
the condition of the structures.  Piezometers provide quantifiable information to better define risk within a dam 
structure, including an indication of the condition of the interior of the structures, and could help provide advance 
warning of a problem with the structure. 
  

_
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Why do this project now? 
 
This project is proposed to be completed in 2018 to mitigate the risk that the current piezometers will not provide 
the necessary information on the condition of the dam structures.  The risk associated with NS Power’s dam 
structures varies from low to extreme, according to CDA Guidelines Dam Classification system.  Structures with 
known deficiencies must be monitored until repairs can be completed, while others should be monitored as good 
practice as recommended by CDA Guidelines. 
 
This project is considered in-service when the first piezometer in installed (April 2018), therefore the forecasted 
final cost date (May 2019) is six months after the final piezometer is installed (November 2018). 
 
Why do this project this way? 
 
Replacing the piezometers is the only option as they cannot be repaired.  In order to ensure NS Power’s instrumentation 
monitoring program can improve dam safety by providing surveillance of the structures, the piezometers must be 
replaced. 

_
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: -CI Number 48712-H761 HYD - Dam Instrumentation Upgrade Project Number 48712-H761

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1370 1370 Hydro General

2800 - HGP - Dams & Spillways 470,721Additions

2800 - HGP - Dams & Spillways 5,486Retirements

Total Cost:

Original Cost:

476,207

248,647

Total Cost:Original Cost:
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Capital Project Detailed Estimate

Location: Hydro
FP# / P#: 48712

Title: HYD Dam Instrumentation Upgrade
Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

day 34 365 12,403$  
day 68 405 27,567$  
day 37 332 12,287$  

Sub-Total 52,257$  

day 62 365$  22,499$  
-$  

Sub-Total 22,499$  

Month 8.5 1,000$               8,500$  
lot 1 1,802$               1,802$  

Sub-Total 10,302$  

ea 16 Cost Support #1
lot 1

Sub-Total 38,669$  

ea 16 Cost Support #1
ea 11 Cost Support #1
lot 1

Sub-Total 189,364$              

ea 16 Cost Support #1
Month 8
lot 1 25,000$             25,000$  

Sub-Total 81,000$  

Month 8.5 200$  1,700$  
lot 1 322$  322$  

Sub-Total 2,022$  

% 10% 228,033$           22,803$  
-$  

Sub-Total 22,803$  

6,517$  
-$  

Sub-Total 6,517$  

34,554$  
16,221$  

Sub-Total 50,775$  
Sub-Total (no AO, AFUDC) 418,916$              

TOTAL (AO, AFUDC included) 476,207$              

Original Cost
$248,647

Labour AO
Contract AO

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead

Scope Determination

Meals
Site Visit

Investigation Site Visit

Other Goods and Services
Contingency

Interest Capitalized
AFUDC

Investigation Contracts

Consulting
Specifications and Design

Project Management

Contracts
Piezometers

Survey

Investigation Materials

Term Labour
Hydro River Staff - Construction

Description

Regular Labour
Hydro River Staff - Construction

Engineering Staff
Environmental Staff

Instrumentation

Travel Expenses
Site Visit

Investigation Site Visits

Materials
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Structure / Hydro System Instrumentation Piezometers Survey
Specification & 

Design Total
# of 

Piezometers
Forks Dam, Black River System 5,000$   5,000$               
Black River Lake, Black River System 5,000$   5,000$               
Lumsden, Black River System 4,000$ 14,000$                 5,000$   2,000$ 25,000$              2
Fourth Lake Wing Dam #2, Sissiboo River System 4,000$ 14,000$                 5,000$   2,000$ 25,000$              2
Nictaux ‐ Intake 4,000$ 14,000$                 2,000$ 20,000$              2
Wreck Cove D1 10,000$   10,000$             
Wreck Cove D6 10,000$   10,000$             
Wreck Cove D7 10,000$   10,000$             
Fourth Lake Wing Dam #1 4,000$ 14,000$                 2,000$ 20,000$              2
Sissiboo Falls 6,000$ 21,000$                 3,000$ 30,000$              3
Weymouth Main Dam 2,000$ 7,000$ 5,000$   1,000$ 15,000$              1
Gulch, Bear River 2,000$ 7,000$ 1,000$ 10,000$              1
Nictaux Curl Hole Dam 6,000$ 21,000$                 3,000$ 30,000$              3
Total 32,000$ 112,000$               55,000$   16,000$ 215,000$           

Each Piezometer includes the following:
Instrumentation 2,000$
Piezometer Equipment 7,000$
Specifications & Design 1,000$
Total 10,000$

* Please refer to Cost Support 2 for the Third Party estimate.
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MEMORANDUM

TO: Melanie Scholten, Nova Scotia Power Inc.

FROM: Chris Vella, Kleinschmidt Associates Canada Inc.

CC: Jonathan Lorette, Nova Scotia Power Inc.

DATE: August 30, 2017

RE: 2018 Priority List for Repair or Refurbishment of Piezometers

At the request of Nova Scotia Power Inc. (NSPI), the NSPI piezometer registry and piezometer 
monitoring data have been reviewed by Kleinschmidt Associates Canada Inc. (Kleinschmidt).
A preliminary list of recommendations for maintenance or new installations are included in the
table below for budgetary purposes, and should be included in maintenance work plans for 2018.

Recommendations were prioritized utilizing the dams hazard classification from current NSPI 
Dam Safety Reports, such that dams with a higher hazard classification receive attention first.
This list should not be considered a complete representation of recommendations for all hydro 
systems and all dams. A complete list of recommendations for all hydro systems will be provided 
at the conclusion of our review and after discussions with NSPI engineers and operators.

STRUCTURE/
HYDRO SYSTEM

HAZARD
CLASSIFICATION

RECOMMENDATIONS
OPINION OF 
PROBABLE

COST ESTIMATE

Forks Dam, Black 
River System Extreme

The piezometers were noted to be in good 
condition and the readings were within limits, but 
it was not clear to the operator if the piezometer 
height above ground was accounted for in the 
measurements. Survey of the top of the 
piezometer is required to confirm elevations, and 
review of piezometer monitoring procedure is 
recommended.

Black River Lake, 
Black River Extreme

There is indication that some of piezometers at the 
toe have been raised. Recommend discussion with 
the operator and review piezometer monitoring 
procedure. A survey is required to confirm 
elevations of the existing piezometers.

Lumsden, Black 
River Extreme

Crest piezometers are buried, therefore 
recommend installation of two new piezometers at 
the crest in the same area as existing piezometers.

Fourth Lake Wing 
Dam #2, Sissiboo Very High

The inspection revealed the piezometers to be in 
good condition along the crest and halfway down 
the dam. Two piezometers are located at the toe, 
but are in poor condition and the labels have been 
switched. Upon review of the site data, it is 
recommended to confirm the lake elevation and 
confirm with survey the elevations of the 
piezometers. It was noted that the piezometer 
measurements exceeded that of the lake elevations
in some cases. Installation of two new 
piezometers is recommended.
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STRUCTURE/
HYDRO SYSTEM

HAZARD
CLASSIFICATION

RECOMMENDATIONS
OPINION OF 
PROBABLE

COST ESTIMATE

Nictaux - Intake Very High

The piezometers readings are very close to or at 
the tip readings. It appears that these piezometers 
may be dry or plugged. There are no other 
piezometers located at the intake; therefore,
recommend replacement of two piezometers.

Wreck Cove D1 High
The dam was raised by 3.5 feet. It is 
recommended that the piezometer elevations be 
confirmed.

Wreck Cove D6 High
Piezometers at the toe are either plugged or
buried. Survey is recommended to confirm 
piezometers elevations.

Wreck Cove D7 High The dam was raised by 1.7 feet. A survey is 
required to confirm piezometer elevations.

Fourth Lake Wing 
Dam #1 High

The data was reviewed and some piezometer 
readings were found to be higher than the lake 
elevation which is physically not possible.
Recommend installation of two new piezometers.

Sissiboo Falls High

It was noted in the registry that there are eleven 
broken piezometers. Three are operational.
Recommend installation of at least three, with two 
piezometers on the crest close to the intake.

Weymouth Main 
Dam High

Recheck elevations of piezometers on dam crest.
Install one new piezometer on the crest of the 
dam.

Gulch, Bear River High Install one new piezometer at the toe. Existing 
piezometer is dry.

Nictaux Curl Hole 
Dam High

Install three new piezometers. No monitoring at 
the toe of the dam and crest elevation readings 
indicate one piezometer may be dry and some of 
the elevations are higher than the lake elevation.

TOTAL
Note: The costs reflect purchase and installation of vibrating wire piezometers as an alternative to standpipe piezometers.

The survey costs were estimated as $5,000 per site and $10,000 in Cape Breton.

The notes from NSPI operators taking the piezometer measurements indicate there may be 
manholes without covers, missing locks on the manholes, drainage issues, and piezometers in 
poor physical condition, which were not included in the above recommendations as these are 
general maintenance issues.

J:\1890\023\Docs\Task 100 - Assess Status of Piezos\00 Memo Piezometer Recommendations 2018.docx
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CI Number:  52018 
 
Title:  HYD Renewable Energy Generation Meter Upgrade 
 
Start Date: 2017/09 
In-Service Date: 2018/12 
Final Cost Date: 2019/06 
Function: Hydro 
Forecast Amount: $378,248 
 
DESCRIPTION: 
 
This project includes the replacement of the generation meters across the hydro fleet for measuring station service 
usage and net plant output.  
 
Present generation measurement and reporting on hydro generation units is done by monthly manual readings in the 
plants.  This project will install meters that can automatically collect accurate generation data for continuous 
reporting and store the data in a central location.  This project will eliminate manual generation readings and 
mitigate the risk of recording errors. 
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 or 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Hydro, Wind and Biomass 
 
Why do this project? 
 
The existing meters are of varying age and should be replaced in order to mitigate the risk of discrepancies between 
the amount of electricity generated from the unit and the generation transmitted to the electrical grid (total 
generation, less station service) energy usage.  The measured readings are taken as the correct value, but the 
integrity of the transmitted data must be improved and collected centrally to mitigate the risk of recording errors.  
Replacement of the meters will ensure accurate measurement of renewable energy generation, using revenue meter 
accuracy standards set by Measurement Canada as a guideline. 
 
Why do this project now? 
 
Upgrading the meters in 2018 will mitigate the risk of inaccuracies in NS Power’s renewable generation reporting.  
 
Why do this project this way? 
 
Installing standardized meters across Hydro will allow for a common calibration schedule and method.  It will also 
reduce costs associated with an inventory of spare parts.  Currently, not every plant has a station service meter.  This 
has a potential to introduce errors in energy usage reporting.  Of the meters installed currently, none are capable of 
establishing communications with the central storage PI Historian server.  Communication with the PI server would 
allow for more reliable and continuous recording of generation data. 
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: -CI Number 52018 HYD Renewable Energy Generation Meter Upgrade Project Number 52018

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1370 1370 Hydro General

2300 - HGP - Power Equip.-Station S 375,928Additions

2300 - HGP - Power Equip.-Station S 2,320Retirements

Total Cost:

Original Cost:

378,248

264,053

Total Cost:Original Cost:
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Capital Project Detailed Estimate

Location: Hydro
FP# / P#: 52018

Title: HYD Renewable Energy Generation Meter Upgrade
Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

day 63 405 25,534$                        
day 112 332 37,194$                        
day 56 365 20,428$                        

Sub-Total 83,157$                        

Month 8 400$                  3,200$                          

Sub-Total 3,200$                          

Ea 84 1,333$               112,000$                      
Ea 44 1,136$               50,000$                        
Ea 44 1,136$               50,000$                        

Sub-Total 212,000$                      

Month 8 100$                  800$                             

Sub-Total 800$                             

% 10% 299,156$           29,916$                        

Sub-Total 29,916$                        

13,117$                        
-$                             

Sub-Total 13,117$                        

36,059$                        
-$                             

Sub-Total 36,059$                        
Sub-Total (no AO, AFUDC) 329,072$                      

TOTAL (AO, AFUDC included) 378,248$                      

Original Cost
264,053$                      

Description

Regular Labour
Engineering Staff

Environmental Staff

Site Visit

Hydro River Staff

Travel Expenses

Materials
Energy usage meters CI 49039 - Lequille 

Controls UpgradeCurrent transformers
Potential transformers

Meals and Entertainment
Site Visit

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized
AFUDC

Administrative Overhead
Labour AO

Other Goods & Services
Contingency
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CI Number:  51802 
 
Title:  TRE5 Boiler Refurbishment 2018 
 
Start Date: 2018/05 
In-Service Date: 2018/06 
Final Cost Date: 2018/12 
Function: Steam 
Forecast Amount: $1,212,228 
 
DESCRIPTION:  
 
The scope of work for this project is to refurbish and replace deteriorated boiler tubes, tube bends and shields on the 
Trenton Unit 5 boiler as part of the planned unit outage in 2018.  The scope of this project is determined as part of 
the annual boiler condition data collection and analysis, however current projections are based on an estimate of 20 
tube cut-outs, 200 shields and 80 alignment brackets.  This effort includes evaluation and prioritization of activities 
to be undertaken during the annual outage.  Protective erosion shields identified as missing or degraded will be 
replaced with new shields.  Tubes and bends will be replaced in the areas where the thickness readings are below 
American Society of Mechanical Engineers (ASME) specifications and Nova Scotia Labour and Advanced 
Education (NSLAE) regulations.  This tolerance maximizes the economic tube life while maintaining boiler 
reliability.  
 
Summary of Related CIs +/- 2 years: 
2016 CI 47552 TRE5 Boiler Refurbishments 2016 $2,429,444 
2017 CI 49536 TRE5 Boiler Refurbishments 2017 $717,589 
2019 CI TBD TRE5 Boiler Refurbishment $TBD 
2020 CI TBD TRE5 Boiler Refurbishment $TBD 
 
Depreciation Class:  Steam Production Plant - Trenton Unit 5 
 
Estimated Life of the Asset:  17 years  
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal 
 
Sub Criteria:  Equipment Replacement / Refurbishment 
 
Why do this project? 
 
Ongoing asset management activities have identified the requirement for boiler component replacement to maintain 
the long term reliability of the boiler and mitigate the risk of unplanned outages due to tube leaks.  Boiler tube 
failures represent the industry’s single largest source of outages for steam-based generation.  NS Power has a long 
history of managing this issue with comprehensive boiler inspection and proportional investment programs to match 
the various failure mechanisms. 
 
This project is primarily justified on unit reliability, and secondarily justified on economics. 
 
Why do this project now? 
 
To mitigate the risk of unplanned outages, annual boiler refurbishment activities are required.  Some of the tubes to be 
inspected and replaced are difficult to access and sufficient time during a planned outage is required to complete 
refurbishment or replacements.  The annual planned outage duration will afford the time necessary to assess, locate and 
replace the tubes and shields. 
  

_

REDACTED ACE 2018 CI 51802 Page 1 of 9

Date Filed:  November 22, 2017          Page 1547 of 2371          REDACTED



Why do this project this way? 
 
Replacing deteriorated boiler tubes, tube bends and shields will mitigate the risk of tube leaks and minimize the 
number of unplanned outages.  Based on boiler assessments, these upgrades are necessary to maintain reliable 
operation of the boiler.  Refurbishment of these components is not an option once they are outside acceptable 
tolerances because there is industry code and legislative requirements governing allowable tolerances. 

_
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: -CI Number 51802 TRE5 Boiler Refurbishment 2018 Project Number 51802

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1165 1165 Trenton Unit 5; Commissioned 1969, 160 Mwh 

1300 - SGP - Boiler 1,102,515Additions

1300 - SGP - Boiler 109,713Retirements

Total Cost:

Original Cost:

1,212,228

145,642

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51802

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 20 405$                  8,106$                  
PD 8 365$                  2,918$                  
PD 60 240$                  14,411$                
PD 30 390$                  11,711$                
PD 4 358$                  1,433$                  

Sub-Total 38,580$                

PD 20 480$                  9,607$                  
-$                     

Sub-Total 9,607$                  

PD 60 240$                  14,411$                
-$                     

Sub-Total 14,411$                

ea 20 1,500$               30,000$                
lot 1 20,000$             20,000$                
ea 200 100$                  20,000$                
ea 80 953$                  76,280$                

Sub-Total 146,280$              

lot 1 120,000$           120,000$              CI49536
lot 1 475,000$           475,000$              CI49536
lot 1 80,000$             80,000$                CI49536
lot 1 50,000$             50,000$                

Sub-Total 725,000$              

lot 1 1,000$               1,000$                  
Sub-Total 1,000$                  

lot 1 142,541$           142,541$              

Sub-Total 142,541$              

lot 1 5,000$               5,000$                  

Sub-Total 5,000$                  

% 5% 933,877$           46,694$                
Sub-Total 46,694$                

12,696$                
70,419$                

Sub-Total 83,115$                

1,129,113$           
1,212,228$           

Original Cost 145,642$              

Location:
CI# :
Title:

Maintenance Trades
Utility worker

Engineering

Description

Trenton Generating Station

Administrative Overhead

Misc. Equipment

Thermal / Hydro Contracts AO

Electrician

Utility worker

Contingency

Thermal Reg. Labour AO

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Boiler Refurbishment

Meals

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Consulting
Boiler Assessment

Contractor Materials

OT Meals

Vacuum Services

Other Goods & Services

Shields
Alignment Brackets 

Term Labour

 Rentals

Contracts

OT Labour

Boiler Tubes 

Supervision

Materials

Inspection 

Utility worker

TRE5 Boiler Refurbishment 2018

 Regular Labour

Power Engineer
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TRE5 Boiler Refurbishment 2018
Summary of Alternatives

Division : Date : 17-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 2,836,799 1 30.22% 5.0 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Boiler Refurbishment vs Replacement Energy Costs

Test 2

Test 3

Test 4

Boiler Refurbishment vs Replacement Energy Costs

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-3,734,052
0
0
0

Power Production
Trenton 51802

It is recommended to complete this project based on the economic analysis. 

This model compares the refurbishment costs to the replacement energy costs associated with unplanned outages due to tube leaks in the boiler.  
Assumptions are that there will be two tube leaks in 2018, with increasing likelihood of failure in subsequent years.  The unit would be down an average 
of 96 hours to perform repairs such that the unit could be returned to service.  The failure rate considers the age of the boiler (1969).

G19-51802 EAM CONFIDENTIAL.xls 11/17/2017
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TRE5 Boiler Refurbishment 2018
Summary of Sensitivities

Division : Date : 13-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Boiler Refurbishment vs Replacement Energy Cos 5.88% -3,734,052 2,836,799 1 30.22% 5.0 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Boiler Refurbishment vs Replacement Energy Cos 10% -3,619,376 2,749,697 1 27.69% 5.4 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 114,676 -87,103 0 -2.53% 0.4 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Boiler Refurbishment vs Replacement Energy Cos -10% -3,245,970 2,466,017 1 27.44% 5.4 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 488,082 -370,783 0 -2.78% 0.4 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 126,339 323,729 No
B 0 0 No
C 0 0 No
D 0 0 No0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Trenton 51802

PV of Revenue 
Requirement Delay?

3
573,301

0
0

51802 4 EAM CONF.xls 11/13/2017
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Division : Date : 
Department : CI Number:

Project No. :

Boiler Refurbishment vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 80,000 83,224
Events/Outages (#) 2 3 2 3
Probability of Occurance (%) 100% 100% 100% 100%
Capacity Factor (%)
Energy Replaced (MW) 160.0 160.0
Duration (Hours or Years) 96 96
Totals $32,011 $39,875 $160,000 $249,672 $192,011 $289,547

Total Capital Cost of Alternative $1,212,228

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

TRE5 Boiler Refurbishment 2018
Avoided Cost Calculations

13-Nov-17
51802

Power Production
Trenton

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs
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TRE5 Boiler Refurbishment 2018
Boiler Refurbishment vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               192,011.3                (1,129,112.7)            45,164.5                   1,106,888.0             (937,101.3)               (45,522.5)                 (982,623.8)               (928,054.2)               0.94                           (928,054.2)              

2019 ‐                               ‐                               289,546.5                ‐                               86,715.9                   1,016,342.2             289,546.5                (62,877.5)                 226,669.0                202,192.2                0.89                           (725,862.1)              

2020 ‐                               ‐                               337,509.6                ‐                               79,778.6                   933,040.1                337,509.6                (79,896.6)                 257,613.0                217,033.1                0.84                           (508,829.0)              

2021 ‐                               ‐                               354,222.2                ‐                               73,396.3                   856,402.1                354,222.2                (87,056.0)                 267,166.2                212,581.6                0.80                           (296,247.4)              

2022 ‐                               ‐                               343,262.2                ‐                               67,524.6                   785,895.1                343,262.2                (85,478.7)                 257,783.6                193,725.0                0.75                           (102,522.4)              

2023 ‐                               ‐                               474,444.9                ‐                               62,122.6                   721,028.8                474,444.9                (127,819.9)               346,625.0                246,023.3                0.71                           143,500.9               

2024 ‐                               ‐                               491,848.6                ‐                               57,152.8                   661,351.7                491,848.6                (134,755.7)               357,092.9                239,377.7                0.67                           382,878.6               

2025 ‐                               ‐                               509,919.4                ‐                               52,580.6                   606,448.8                509,919.4                (141,775.0)               368,144.4                233,080.9                0.63                           615,959.5               

2026 ‐                               ‐                               528,683.4                ‐                               48,374.1                   555,938.1                528,683.4                (148,895.9)               379,787.6                227,099.1                0.60                           843,058.5               

2027 ‐                               ‐                               548,168.0                ‐                               44,504.2                   509,468.3                548,168.0                (156,135.8)               392,032.2                221,402.4                0.56                           1,064,461.0            

2028 ‐                               ‐                               710,501.7                ‐                               40,943.9                   466,716.1                710,501.7                (207,562.9)               502,938.7                268,263.7                0.53                           1,332,724.6            

2029 ‐                               ‐                               736,766.2                ‐                               37,668.4                   427,384.0                736,766.2                (216,720.3)               520,045.9                261,983.8                0.50                           1,594,708.4            

2030 ‐                               ‐                               764,041.8                ‐                               34,654.9                   391,198.5                764,041.8                (226,109.9)               537,931.9                255,944.7                0.48                           1,850,653.2            

2031 ‐                               ‐                               792,368.3                ‐                               31,882.5                   357,907.9                792,368.3                (235,750.6)               556,617.7                250,127.8                0.45                           2,100,781.0            

2032 ‐                               ‐                               821,787.2                ‐                               29,331.9                   327,280.5                821,787.2                (245,661.1)               576,126.0                244,516.7                0.42                           2,345,297.7            

2033 ‐                               ‐                               852,341.3                ‐                               26,985.4                   299,103.2                852,341.3                (255,860.4)               596,481.0                239,096.8                0.40                           2,584,394.4            

2034 ‐                               ‐                               884,075.6                ‐                               24,826.5                   273,180.2                884,075.6                (266,367.2)               617,708.4                233,855.0                0.38                           2,818,249.4            

2035 ‐                               ‐                               ‐                               ‐                               22,840.4                   249,331.0                ‐                               7,080.5                     7,080.5                     2,531.7                     0.36                           2,820,781.1            

2036 ‐                               ‐                               ‐                               ‐                               21,013.2                   227,389.8                ‐                               6,514.1                     6,514.1                     2,199.8                     0.34                           2,822,980.9            

2037 ‐                               ‐                               ‐                               ‐                               19,332.1                   207,203.8                ‐                               5,993.0                     5,993.0                     1,911.4                     0.32                           2,824,892.4            

2038 ‐                               ‐                               ‐                               ‐                               17,785.5                   188,632.7                ‐                               5,513.5                     5,513.5                     1,660.9                     0.30                           2,826,553.3            

2039 ‐                               ‐                               ‐                               ‐                               16,362.7                   171,547.4                ‐                               5,072.4                     5,072.4                     1,443.1                     0.28                           2,827,996.4            

2040 ‐                               ‐                               ‐                               ‐                               15,053.7                   155,828.8                ‐                               4,666.6                     4,666.6                     1,254.0                     0.27                           2,829,250.4            

2041 ‐                               ‐                               ‐                               ‐                               13,849.4                   141,367.7                ‐                               4,293.3                     4,293.3                     1,089.6                     0.25                           2,830,339.9            

2042 ‐                               ‐                               ‐                               ‐                               12,741.4                   128,063.5                ‐                               3,949.8                     3,949.8                     946.7                         0.24                           2,831,286.7            

2043 ‐                               ‐                               ‐                               ‐                               11,722.1                   115,823.7                ‐                               3,633.9                     3,633.9                     822.6                         0.23                           2,832,109.3            

2044 ‐                               ‐                               ‐                               ‐                               10,784.4                   104,563.0                ‐                               3,343.2                     3,343.2                     714.8                         0.21                           2,832,824.1            

2045 ‐                               ‐                               ‐                               ‐                               9,921.6                     94,203.2                   ‐                               3,075.7                     3,075.7                     621.1                         0.20                           2,833,445.2            

2046 ‐                               ‐                               ‐                               ‐                               9,127.9                     84,672.2                   ‐                               2,829.6                     2,829.6                     539.7                         0.19                           2,833,984.9            

2047 ‐                               ‐                               ‐                               ‐                               8,397.6                     75,903.6                   ‐                               2,603.3                     2,603.3                     468.9                         0.18                           2,834,453.8            

2048 ‐                               ‐                               ‐                               ‐                               7,725.8                     67,836.6                   ‐                               2,395.0                     2,395.0                     407.5                         0.17                           2,834,861.2            

2049 ‐                               ‐                               ‐                               ‐                               7,107.8                     60,414.9                   ‐                               2,203.4                     2,203.4                     354.0                         0.16                           2,835,215.3            

2050 ‐                               ‐                               ‐                               ‐                               6,539.1                     53,586.9                   ‐                               2,027.1                     2,027.1                     307.6                         0.15                           2,835,522.9            

2051 ‐                               ‐                               ‐                               ‐                               6,016.0                     47,305.2                   ‐                               1,865.0                     1,865.0                     267.3                         0.14                           2,835,790.2            

2052 ‐                               ‐                               ‐                               ‐                               5,534.7                     41,526.0                   ‐                               1,715.8                     1,715.8                     232.3                         0.14                           2,836,022.5            

2053 ‐                               ‐                               ‐                               ‐                               5,092.0                     36,209.1                   ‐                               1,578.5                     1,578.5                     201.8                         0.13                           2,836,224.3            

2054 ‐                               ‐                               ‐                               ‐                               4,684.6                     31,317.6                   ‐                               1,452.2                     1,452.2                     175.4                         0.12                           2,836,399.6            

2055 ‐                               ‐                               ‐                               ‐                               4,309.8                     26,817.5                   ‐                               1,336.0                     1,336.0                     152.4                         0.11                           2,836,552.0            

2056 ‐                               ‐                               ‐                               ‐                               3,965.0                     22,677.3                   ‐                               1,229.2                     1,229.2                     132.4                         0.11                           2,836,684.4            

2057 ‐                               ‐                               ‐                               ‐                               3,647.8                     18,868.3                   ‐                               1,130.8                     1,130.8                     115.0                         0.10                           2,836,799.4            
Total ‐                               ‐                               9,631,498.2             (1,129,112.7)            1,087,162.5             8,502,385.6             (2,648,744.1)            5,853,641.5             2,836,799.4            
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CI Number:  51805 
 
Title:  LIN4 Boiler Refurbishment 2018 
 
Start Date: 2018/03 
In-Service Date: 2018/04 
Final Cost Date: 2018/10 
Function: Steam 
Forecast Amount: $739,657 
 
DESCRIPTION: 
 
The scope of work for this project is to refurbish and replace deteriorated boiler tubes, tube bends and shields on the 
Lingan Unit 4 boiler as part of the planned unit outage in 2018.  The scope of this project is determined as part of the 
annual boiler condition data collection and analysis.  This effort includes evaluation and prioritization of activities to 
be undertaken during the annual outage.  Protective erosion shields identified as missing or degraded will be 
replaced with new shields.  Tubes and bends will be replaced in the areas where the thickness readings are below 
American Society of Mechanical Engineers (ASME) specifications and with Nova Scotia Labour and Advanced 
Education (NSLAE) regulations.  This tolerance maximizes the economic tube life while maintaining boiler 
reliability. 
 
Summary of Related CIs (+/- 2 years): 
2016 CI 47664 LIN4 Boiler Div. Wall Replacement $ 684,118 
2016 CI 47663 LIN4 SH5 Boiler Tube Replacement $615,510 
2019 CI TBD LIN4 Boiler Refurbishment 2019 $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal 
 
Sub Criteria:  Equipment Replacement / Refurbishment 
 
Why do this project? 
 
On-going asset management activities have identified the requirement for boiler component replacement to maintain 
the long term reliability of the boiler and mitigate the risk of unplanned outages due to tube leaks.  Boiler tube 
failures represent the industry’s single largest source of outages for steam based generation.  NS Power has a long 
history of managing this issue with comprehensive boiler inspection and proportional investment programs to match 
the various failure mechanisms. 
 
This project is primarily justified on unit reliability, and secondarily supported by positive economics. 
 
Why do this project now? 
 
In order to mitigate the risk of an unplanned outage, annual boiler refurbishment activities are required.  Some of the 
tubes to be inspected and replaced are difficult to access and sufficient time during a planned outage is required to 
complete repairs or replacements.  The annual planned outage duration will afford the time necessary to assess, locate 
and replace tubes and shields. 
 
Why do this project this way? 
 
Replacing deteriorated tubes, tube bends and shields will mitigate the risk of tube leaks and minimize the number of 
unplanned outages.  Based on boiler assessments, these upgrades are necessary to maintain reliable operation of the 
boiler.  Refurbishment of these components is not an option once they are outside acceptable tolerances because 
there are industry codes and legislative requirements governing allowable tolerances. 
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: -CI Number 51805 LIN4 Boiler Refurbishment 2018 Project Number 51805

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1134 1134 Lingan Unit 4; Commissioned 1984, 160 Mwh

1300 - SGP - Boiler 566,897Additions

1300 - SGP - Boiler 172,760Retirements

Total Cost:

Original Cost:

739,657

271,201

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51805

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 20 240$                  4,804$                  

Sub-Total 4,804$                  

PD 60 240$                  14,411$                
-$                     

Sub-Total 14,411$                

lot 1 15,000$             15,000$                47666
lot 1 15,000$             15,000$                47666
lot 1 6,000$               6,000$                  

-$                     
Sub-Total 36,000$                

lot 1 560,000$           560,000$              47666
lot 1 60,000$             60,000$                

-$                     
Sub-Total 620,000$              

4,221$                  
60,221$                

Sub-Total 64,442$                

675,215$              
739,657$              

Original Cost
283,936$              

Utility worker

Contracts

Boiler Tubes

Misc Consumables

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Industrial Cleaning Services

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Administrative Overhead
Labour AO

Contract AO

Term Labour

Materials

Boiler Shields

Boiler Refurbishment Contractor

Location:
CI# :
Title:

Utility worker
Regular Labour

Description

Steam 

LIN4 Boiler Refurbishment 2018
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LIN4 Boiler Refurbishment
Summary of Alternatives

Division : Date : 17-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 1,336,784 1 36.00% 4.3 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Boiler Refurbishment vs Replacement Energy Costs

Test 2

Test 3

Test 4

Boiler Refurbishment vs Replacement Energy 
Costs

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-1,856,093
0
0
0

Power Production
Lingan 51805

NS Power recommends completing this project in order to maintain boiler reliability.

It is assumed as time passes, the frequency and probabilty of tube failures increases.  

G20-51805 EAM CONFIDENTIAL.xls 11/17/2017
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LIN4 Boiler Refurbishment
Summary of Sensitivities

Division : Date : 14-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Boiler Refurbishment vs Replacement Energy Cos 5.88% -1,856,093 1,336,784 1 36.00% 4.3 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Boiler Refurbishment vs Replacement Energy Cos 10% -1,789,328 1,284,697 1 32.76% 4.6 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 66,764 -52,088 0 -3.23% 0.3 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Boiler Refurbishment vs Replacement Energy Cos -10% -1,603,719 1,151,018 1 32.44% 4.6 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 252,374 -185,766 0 -3.56% 0.3 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 79,539 147,139 No
B 0 0 No
C 0 0 No
D 0 0 No0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Lingan 51805

PV of Revenue 
Requirement Delay?

3
336,992

0
0

51805 4 EAM CONF.xls 11/14/2017
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Division : Date : 
Department : CI Number:

Project No. :

Boiler Refurbishment vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 87,200 90,691
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 100% 100% 100% 100%
Capacity Factor (%)
Energy Replaced (MW) 154.0 154.0
Duration (Hours or Years) 96 96
Totals $30,991 $28,074 $87,200 $90,691 $118,191 $118,765

Total Capital Cost of Alternative $739,656

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

LIN4 Boiler Refurbishment
Avoided Cost Calculations

14-Nov-17
51805

Power Production
Lingan 

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs
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LIN4 Boiler Refurbishment
Boiler Refurbishment vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               118,190.5                (675,214.2)               27,008.6                   665,991.5                (557,023.7)               (28,266.4)                 (585,290.1)               (552,786.3)               0.94                           (552,786.3)              

2019 ‐                               ‐                               118,765.3                ‐                               51,856.5                   611,165.6                118,765.3                (20,741.7)                 98,023.5                   87,438.5                   0.89                           (465,347.8)              

2020 ‐                               ‐                               240,909.7                ‐                               47,707.9                   560,725.8                240,909.7                (59,892.5)                 181,017.2                152,502.8                0.84                           (312,845.0)              

2021 ‐                               ‐                               349,878.0                ‐                               43,891.3                   514,321.1                349,878.0                (94,855.9)                 255,022.1                202,918.7                0.80                           (109,926.3)              

2022 ‐                               ‐                               383,110.3                ‐                               40,380.0                   471,628.8                383,110.3                (106,246.4)               276,863.9                208,063.9                0.75                           98,137.6                  

2023 ‐                               ‐                               396,904.1                ‐                               37,149.6                   432,351.9                396,904.1                (111,523.9)               285,380.2                202,553.7                0.71                           300,691.3               

2024 ‐                               ‐                               548,292.3                ‐                               34,177.6                   396,217.2                548,292.3                (159,375.6)               388,916.8                260,710.9                0.67                           561,402.2               

2025 ‐                               ‐                               568,101.3                ‐                               31,443.4                   362,973.2                568,101.3                (166,364.0)               401,737.4                254,349.4                0.63                           815,751.6               

2026 ‐                               ‐                               588,660.5                ‐                               28,927.9                   332,388.7                588,660.5                (173,517.1)               415,143.4                248,240.6                0.60                           1,063,992.2            

2027 ‐                               ‐                               609,999.1                ‐                               26,613.7                   304,251.0                609,999.1                (180,849.5)               429,149.7                242,364.7                0.56                           1,306,357.0            

2028 ‐                               ‐                               ‐                               ‐                               24,484.6                   278,364.4                ‐                               7,590.2                     7,590.2                     4,048.6                     0.53                           1,310,405.5            

2029 ‐                               ‐                               ‐                               ‐                               22,525.8                   254,548.6                ‐                               6,983.0                     6,983.0                     3,517.8                     0.50                           1,313,923.4            

2030 ‐                               ‐                               ‐                               ‐                               20,723.8                   232,638.1                ‐                               6,424.4                     6,424.4                     3,056.7                     0.48                           1,316,980.1            

2031 ‐                               ‐                               ‐                               ‐                               19,065.9                   212,480.5                ‐                               5,910.4                     5,910.4                     2,656.0                     0.45                           1,319,636.0            

2032 ‐                               ‐                               ‐                               ‐                               17,540.6                   193,935.4                ‐                               5,437.6                     5,437.6                     2,307.8                     0.42                           1,321,943.8            

2033 ‐                               ‐                               ‐                               ‐                               16,137.4                   176,874.0                ‐                               5,002.6                     5,002.6                     2,005.3                     0.40                           1,323,949.1            

2034 ‐                               ‐                               ‐                               ‐                               14,846.4                   161,177.5                ‐                               4,602.4                     4,602.4                     1,742.4                     0.38                           1,325,691.5            

2035 ‐                               ‐                               ‐                               ‐                               13,658.7                   146,736.7                ‐                               4,234.2                     4,234.2                     1,514.0                     0.36                           1,327,205.5            

2036 ‐                               ‐                               ‐                               ‐                               12,566.0                   133,451.2                ‐                               3,895.4                     3,895.4                     1,315.5                     0.34                           1,328,521.0            

2037 ‐                               ‐                               ‐                               ‐                               11,560.7                   121,228.5                ‐                               3,583.8                     3,583.8                     1,143.1                     0.32                           1,329,664.0            

2038 ‐                               ‐                               ‐                               ‐                               10,635.8                   109,983.6                ‐                               3,297.1                     3,297.1                     993.2                         0.30                           1,330,657.2            

2039 ‐                               ‐                               ‐                               ‐                               9,785.0                     99,638.3                   ‐                               3,033.3                     3,033.3                     863.0                         0.28                           1,331,520.2            

2040 ‐                               ‐                               ‐                               ‐                               9,002.2                     90,120.6                   ‐                               2,790.7                     2,790.7                     749.9                         0.27                           1,332,270.1            

2041 ‐                               ‐                               ‐                               ‐                               8,282.0                     81,364.4                   ‐                               2,567.4                     2,567.4                     651.6                         0.25                           1,332,921.7            

2042 ‐                               ‐                               ‐                               ‐                               7,619.4                     73,308.6                   ‐                               2,362.0                     2,362.0                     566.2                         0.24                           1,333,487.8            

2043 ‐                               ‐                               ‐                               ‐                               7,009.9                     65,897.4                   ‐                               2,173.1                     2,173.1                     491.9                         0.23                           1,333,979.8            

2044 ‐                               ‐                               ‐                               ‐                               6,449.1                     59,079.0                   ‐                               1,999.2                     1,999.2                     427.4                         0.21                           1,334,407.2            

2045 ‐                               ‐                               ‐                               ‐                               5,933.2                     52,806.1                   ‐                               1,839.3                     1,839.3                     371.4                         0.20                           1,334,778.6            

2046 ‐                               ‐                               ‐                               ‐                               5,458.5                     47,035.0                   ‐                               1,692.1                     1,692.1                     322.7                         0.19                           1,335,101.4            

2047 ‐                               ‐                               ‐                               ‐                               5,021.8                     41,725.6                   ‐                               1,556.8                     1,556.8                     280.4                         0.18                           1,335,381.8            

2048 ‐                               ‐                               ‐                               ‐                               4,620.1                     36,840.9                   ‐                               1,432.2                     1,432.2                     243.7                         0.17                           1,335,625.4            

2049 ‐                               ‐                               ‐                               ‐                               4,250.5                     32,347.1                   ‐                               1,317.6                     1,317.6                     211.7                         0.16                           1,335,837.1            

2050 ‐                               ‐                               ‐                               ‐                               3,910.4                     28,212.7                   ‐                               1,212.2                     1,212.2                     184.0                         0.15                           1,336,021.1            

2051 ‐                               ‐                               ‐                               ‐                               3,597.6                     24,409.1                   ‐                               1,115.3                     1,115.3                     159.8                         0.14                           1,336,181.0            

2052 ‐                               ‐                               ‐                               ‐                               3,309.8                     20,909.8                   ‐                               1,026.0                     1,026.0                     138.9                         0.14                           1,336,319.8            

2053 ‐                               ‐                               ‐                               ‐                               3,045.0                     17,690.4                   ‐                               944.0                         944.0                         120.7                         0.13                           1,336,440.5            

2054 ‐                               ‐                               ‐                               ‐                               2,801.4                     14,728.6                   ‐                               868.4                         868.4                         104.9                         0.12                           1,336,545.4            

2055 ‐                               ‐                               ‐                               ‐                               2,577.3                     12,003.7                   ‐                               799.0                         799.0                         91.1                           0.11                           1,336,636.5            

2056 ‐                               ‐                               ‐                               ‐                               2,371.1                     9,496.8                     ‐                               735.0                         735.0                         79.2                           0.11                           1,336,715.7            

2057 ‐                               ‐                               ‐                               ‐                               2,181.4                     7,190.4                     ‐                               676.2                         676.2                         68.8                           0.10                           1,336,784.5            
Total ‐                               ‐                               3,922,811.2             (675,214.2)               650,127.9                3,247,597.0             (1,014,531.8)            2,233,065.1             1,336,784.5            
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CI Number:  47684 
 
Title:  LIN3 - Boiler Refurbishment 2018 
 
Start Date: 2018/03 
In-Service Date: 2018/04 
Final Cost Date: 2018/10 
Function: Steam 
Forecast Amount: $739,657 
 
DESCRIPTION: 
 
The scope of work for this project is to refurbish and replace deteriorated boiler tubes, tube bends and shields on the 
Lingan Unit 3 boiler as part of the planned unit outage in 2018.  The scope of this project is determined as part of the 
annual boiler condition data collection and analysis.  This effort includes evaluation and prioritization of activities to 
be undertaken during the annual outage.  Protective erosion shields identified as missing or degraded will be 
replaced with new shields.  Tubes and bends will be replaced in the areas where the thickness readings are below 
American Society of Mechanical Engineers (ASME) specifications and with Nova Scotia Labour and Advanced 
Education (NSLAE) regulations.  This tolerance maximizes the economic tube life while maintaining boiler 
reliability. 
 
Summary of Related CIs (+/- 2 years): 
2019: CI TBD LIN3 Boiler Refurbishment 2019 $TBD 
2020: CI TBD LIN3 Boiler Refurbishment 2020 $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal 
 
Why do this project? 
 
On-going asset management activities have identified the requirement for boiler component replacement to maintain 
the long term reliability of the boiler and mitigate the risk of unplanned outages due to tube leaks.  Boiler tube 
failures represent the industry’s single largest source of outages for steam based generation.  NS Power has a long 
history of managing this risk with comprehensive boiler inspection and investment programs to match the various 
failure mechanisms.  
 
This project is primarily justified on unit reliability, and secondarily supported by positive economics.  
 
Why do this project now? 
 
In order to mitigate the risk of an unplanned outage, boiler refurbishment activities are required in 2018.  Some of the 
tubes to be inspected and replaced are difficult to access and sufficient time during a planned outage is required to 
complete repairs or replacements.  The annual planned outage duration will afford the time necessary to assess, locate 
and repair tubes and shields. 
 
Why do this project this way? 
 
Replacing deteriorated tubes, tube bends and shields will mitigate the risk of tube leaks and minimize the number of 
unplanned outages.  Based on boiler assessments, these upgrades are necessary to maintain reliable operation of the 
boiler.  Refurbishment of these components is not an option once they are outside acceptable tolerances because 
there is industry code and legislative requirements governing allowable tolerance. 
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: -CI Number 47684 LIN3 - Boiler Refurbishment 2018 Project Number 47684

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1133 1133 Lingan Unit 3; Commissioned 1983, 164Mwh

1300 - SGP - Boiler 566,897Additions

1300 - SGP - Boiler 172,760Retirements

Total Cost:

Original Cost:

739,657

271,201

Total Cost:Original Cost:
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Capital Project Detailed Estimate

47684

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 20 240$                  4,804$                  

Sub-Total 4,804$                  

PD 60 240$                  14,411$                

Sub-Total 14,411$                

lot 1 15,000$             15,000$                47666
lot 1 15,000$             15,000$                47666
lot 1 6,000$               6,000$                  

Sub-Total 36,000$                

lot 1 560,000$           560,000$              47666
lot 1 60,000$             60,000$                

Sub-Total 620,000$              

4,221$                  
60,221$                

Sub-Total 64,442$                

675,215$              
739,657$              

Original Cost
271,201$              

Boiler Tubes
Boiler Shields

Steam Location:
CI# :
Title:

Utility worker

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Industrial Cleaning Services

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Misc Consumables

Thermal Reg. Labour AO
Thermal / Hydro Contracts AO

Administrative Overhead

Contracts
Boiler Refurbishment Contractor

Regular Labour

Materials

Term Labour
Utility worker

LIN3 - Boiler Refurbishment 2018

Description
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LIN3 Boiler Refurbishment
Summary of Alternatives

Division : Date : 17-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 1,395,318 1 36.77% 4.2 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Refurbishment Boiler vs Replacement Energy Costs

Test 2

Test 3

Test 4

NS Power recommends completing this project to maintain boiler reliaiblity on the basis of favourable economic analysis.

It is assumed as time passes the frequency and probabilty of tube failures increases.  

5.88%
5.88%
5.88%
5.88%

Refurbishment Boiler vs Replacement 
Energy Costs

0
0
0

-1,934,831

Power Production
Lingan 47684

PV of Revenue 
Requirement

After Tax 
WACC

G21-47684 EAM CONFIDENTIAL.xls 11/17/2017
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LIN3 Boiler Refurbishment
Summary of Sensitivities

Division : Date : 10-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Refurbishment Boiler vs Replacement Energy Cos 5.88% -1,934,831 1,395,318 1 36.77% 4.2 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Refurbishment Boiler vs Replacement Energy Cos 10% -1,868,066 1,343,230 1 33.51% 4.5 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 66,765 -52,088 0 -3.26% 0.3 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Refurbishment Boiler vs Replacement Energy Cos -10% -1,674,583 1,203,698 1 33.18% 4.5 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 260,248 -191,620 0 -3.59% 0.3 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 78,332 147,277 No
B 0 0 No
C 0 0 No
D 0 0 No0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Lingan 47684

PV of Revenue 
Requirement Delay?

3
340,422

0
0

G21-47684 EAM CONFIDENTIAL.xls 11/10/2017
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Division : Date : 
Department : CI Number:

Project No. :

Refurbishment Boiler vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 87,200 90,691
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 100% 100% 100% 100%
Capacity Factor (%)
Energy Replaced (MW) 154.0 154.0
Duration (Hours or Years) 96 96
Totals $29,699 $29,351 $87,200 $90,691 $116,899 $120,041

Total Capital Cost of Alternative $739,657

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

LIN3 Boiler Refurbishment
Avoided Cost Calculations

10-Nov-17
47684

Power Production
Lingan

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs
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LIN3 Boiler Refurbishment
Refurbishment Boiler vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               116,899.3                (675,215.0)               27,008.6                   665,992.3                (558,315.7)               (27,866.1)                 (586,181.8)               (553,628.5)               0.94                           (553,628.5)              

2019 ‐                               ‐                               120,041.4                ‐                               51,856.5                   611,166.3                120,041.4                (21,137.3)                 98,904.1                   88,223.9                   0.89                           (465,404.5)              

2020 ‐                               ‐                               244,514.3                ‐                               47,708.0                   560,726.4                244,514.3                (61,010.0)                 183,504.3                154,598.2                0.84                           (310,806.3)              

2021 ‐                               ‐                               352,015.9                ‐                               43,891.3                   514,321.7                352,015.9                (95,518.6)                 256,497.3                204,092.5                0.80                           (106,713.8)              

2022 ‐                               ‐                               399,159.5                ‐                               40,380.0                   471,629.3                399,159.5                (111,221.6)               287,937.9                216,386.0                0.75                           109,672.2               

2023 ‐                               ‐                               413,274.3                ‐                               37,149.6                   432,352.4                413,274.3                (116,598.7)               296,675.7                210,570.9                0.71                           320,243.1               

2024 ‐                               ‐                               570,555.8                ‐                               34,177.7                   396,217.6                570,555.8                (166,277.2)               404,278.6                271,008.7                0.67                           591,251.8               

2025 ‐                               ‐                               590,810.1                ‐                               31,443.5                   362,973.6                590,810.1                (173,403.7)               417,406.5                264,269.9                0.63                           855,521.7               

2026 ‐                               ‐                               611,823.5                ‐                               28,928.0                   332,389.1                611,823.5                (180,697.6)               431,125.9                257,797.5                0.60                           1,113,319.2            

2027 ‐                               ‐                               633,625.4                ‐                               26,613.7                   304,251.4                633,625.4                (188,173.6)               445,451.8                251,571.4                0.56                           1,364,890.6            

2028 ‐                               ‐                               ‐                               ‐                               24,484.6                   278,364.7                ‐                               7,590.2                     7,590.2                     4,048.6                     0.53                           1,368,939.2            

2029 ‐                               ‐                               ‐                               ‐                               22,525.9                   254,548.9                ‐                               6,983.0                     6,983.0                     3,517.8                     0.50                           1,372,457.1            

2030 ‐                               ‐                               ‐                               ‐                               20,723.8                   232,638.4                ‐                               6,424.4                     6,424.4                     3,056.7                     0.48                           1,375,513.7            

2031 ‐                               ‐                               ‐                               ‐                               19,065.9                   212,480.7                ‐                               5,910.4                     5,910.4                     2,656.0                     0.45                           1,378,169.7            

2032 ‐                               ‐                               ‐                               ‐                               17,540.6                   193,935.6                ‐                               5,437.6                     5,437.6                     2,307.8                     0.42                           1,380,477.5            

2033 ‐                               ‐                               ‐                               ‐                               16,137.4                   176,874.2                ‐                               5,002.6                     5,002.6                     2,005.3                     0.40                           1,382,482.8            

2034 ‐                               ‐                               ‐                               ‐                               14,846.4                   161,177.7                ‐                               4,602.4                     4,602.4                     1,742.4                     0.38                           1,384,225.2            

2035 ‐                               ‐                               ‐                               ‐                               13,658.7                   146,736.8                ‐                               4,234.2                     4,234.2                     1,514.0                     0.36                           1,385,739.1            

2036 ‐                               ‐                               ‐                               ‐                               12,566.0                   133,451.3                ‐                               3,895.5                     3,895.5                     1,315.5                     0.34                           1,387,054.7            

2037 ‐                               ‐                               ‐                               ‐                               11,560.7                   121,228.6                ‐                               3,583.8                     3,583.8                     1,143.1                     0.32                           1,388,197.7            

2038 ‐                               ‐                               ‐                               ‐                               10,635.8                   109,983.7                ‐                               3,297.1                     3,297.1                     993.2                         0.30                           1,389,190.9            

2039 ‐                               ‐                               ‐                               ‐                               9,785.0                     99,638.4                   ‐                               3,033.3                     3,033.3                     863.0                         0.28                           1,390,053.9            

2040 ‐                               ‐                               ‐                               ‐                               9,002.2                     90,120.7                   ‐                               2,790.7                     2,790.7                     749.9                         0.27                           1,390,803.8            

2041 ‐                               ‐                               ‐                               ‐                               8,282.0                     81,364.5                   ‐                               2,567.4                     2,567.4                     651.6                         0.25                           1,391,455.4            

2042 ‐                               ‐                               ‐                               ‐                               7,619.4                     73,308.7                   ‐                               2,362.0                     2,362.0                     566.2                         0.24                           1,392,021.5            

2043 ‐                               ‐                               ‐                               ‐                               7,009.9                     65,897.4                   ‐                               2,173.1                     2,173.1                     491.9                         0.23                           1,392,513.5            

2044 ‐                               ‐                               ‐                               ‐                               6,449.1                     59,079.0                   ‐                               1,999.2                     1,999.2                     427.4                         0.21                           1,392,940.9            

2045 ‐                               ‐                               ‐                               ‐                               5,933.2                     52,806.1                   ‐                               1,839.3                     1,839.3                     371.4                         0.20                           1,393,312.3            

2046 ‐                               ‐                               ‐                               ‐                               5,458.5                     47,035.0                   ‐                               1,692.1                     1,692.1                     322.7                         0.19                           1,393,635.1            

2047 ‐                               ‐                               ‐                               ‐                               5,021.8                     41,725.6                   ‐                               1,556.8                     1,556.8                     280.4                         0.18                           1,393,915.5            

2048 ‐                               ‐                               ‐                               ‐                               4,620.1                     36,840.9                   ‐                               1,432.2                     1,432.2                     243.7                         0.17                           1,394,159.1            

2049 ‐                               ‐                               ‐                               ‐                               4,250.5                     32,347.1                   ‐                               1,317.6                     1,317.6                     211.7                         0.16                           1,394,370.8            

2050 ‐                               ‐                               ‐                               ‐                               3,910.4                     28,212.7                   ‐                               1,212.2                     1,212.2                     184.0                         0.15                           1,394,554.8            

2051 ‐                               ‐                               ‐                               ‐                               3,597.6                     24,409.1                   ‐                               1,115.3                     1,115.3                     159.8                         0.14                           1,394,714.7            

2052 ‐                               ‐                               ‐                               ‐                               3,309.8                     20,909.8                   ‐                               1,026.0                     1,026.0                     138.9                         0.14                           1,394,853.5            

2053 ‐                               ‐                               ‐                               ‐                               3,045.0                     17,690.4                   ‐                               944.0                         944.0                         120.7                         0.13                           1,394,974.2            

2054 ‐                               ‐                               ‐                               ‐                               2,801.4                     14,728.5                   ‐                               868.4                         868.4                         104.9                         0.12                           1,395,079.1            

2055 ‐                               ‐                               ‐                               ‐                               2,577.3                     12,003.7                   ‐                               799.0                         799.0                         91.1                           0.11                           1,395,170.2            

2056 ‐                               ‐                               ‐                               ‐                               2,371.1                     9,496.8                     ‐                               735.0                         735.0                         79.2                           0.11                           1,395,249.4            

2057 ‐                               ‐                               ‐                               ‐                               2,181.4                     7,190.4                     ‐                               676.2                         676.2                         68.8                           0.10                           1,395,318.2            
Total ‐                               ‐                               4,052,719.5             (675,215.0)               650,128.5                3,377,504.6             (1,054,803.2)            2,322,701.4             1,395,318.2            
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CI Number:  51825 
 
Title:  POT Boiler Refurbishment 2018 
 
Start Date: 2018/03 
In-Service Date: 2018/04 
Final Cost Date: 2018/10 
Function: Steam 
Forecast Amount: $568,740 
 
DESCRIPTION: 
 
The scope of work for this project is to repair and replace tubes, tube bends and shields on the Point Tupper boiler as 
part of a planned outage in 2018.  The scope of this project is determined as part of the annual boiler condition data 
collection and analysis.  This effort includes evaluation and prioritization of activities to be undertaken during the 
annual outage.  Protective erosion shields identified as missing or degraded will be replaced with new shields.  
Tubes and bends will be replaced in the areas where the wall thickness readings are below American Society of 
Mechanical Engineers (ASME) specifications and Nova Scotia Labour and Advanced Education (NSLAE) 
regulations.  Adherence to this tolerance maximizes the tube life while maintaining boiler reliability. 
 
Summary of Related CIs +/- 2 years: 
2016 CI 47719 POT - Unit 2 Boiler Refurbishment 2016 $240,083 
2017 CI 49419 POT Boiler Refurbishment 2017 $969,292 
2019 CI TBD POT - Boiler Refurbishment 2019 $TBD 
2020 CI TBD POT - Boiler Refurbishment 2020 $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal 
 
Sub Criteria:  Equipment Replacement / Refurbishment 
 
Why do this project? 
 
Ongoing asset management activities have identified the requirement for boiler component replacement to maintain 
the reliability of the boiler and mitigate the risk of unplanned outages due to tube leaks.  Boiler tube failures 
represent the industry’s single largest source of outages for steam-based generation.  NS Power has a long history of 
managing this issue with comprehensive boiler inspection and proportional investment programs to address the 
various failure mechanisms. 
 
This project is being undertaken primarily to prevent boiler failure and preserve the unit’s availability, and is 
secondarily supported by positive economics. 
 
Why do this project now? 
 
In order to mitigate the risk of unplanned outages, annual boiler refurbishment activities are required.  Some of the 
tubes to be inspected and replaced are difficult to access and sufficient time during a planned outage is required to 
complete refurbishment or replacements.  The annual planned outage duration will afford the time necessary to 
assess, locate and repair tubes and shields. 
 
Why do this project this way? 
 
Replacing deteriorated tubes, tube bends and shields will mitigate the risk of tube leaks and minimize the number of 
unplanned outages.  Based on boiler assessments, these upgrades are necessary to maintain reliable operation of the 
boiler.  Refurbishment of these components is not an option once they are outside acceptable tolerances.  For tubes, 
wall thickness tolerances are established by industry standard (ASME) and governed by legislative requirements.  
Tube shield replacement is determined by inspector assessment of the degree of deterioration. 
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: -CI Number 51825 POT Boiler Refurbishment 2018 Project Number 51825

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1152 1152 Point Tupper Unit 2

1300 - SGP - Boiler 459,027Additions

1300 - SGP - Boiler 109,713Retirements

Total Cost:

Original Cost:

568,740

226,395

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51825

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 2 358$                  717$                     
PD 2 365$                  730$                     
PD 16 390$                  6,246$                  
PD 10 240$                  2,402$                  

Sub-Total 10,094$                

PD 12 480$                  5,764$                  
PD 12 358$                  4,299$                  

Sub-Total 10,064$                

PD 42 240$                  10,087$                
-$                      

Sub-Total 10,087$                

lot 1 1,000$               1,000$                  
-$                      

Sub-Total 1,000$                  

lot 1 80,000$             80,000$                

Sub-Total 80,000$                

lot 1 245,000$           245,000$              

Sub-Total 245,000$              

lot 1 1,000$               1,000$                  

Sub-Total 1,000$                  

lot 1 500$                  500$                     

Sub-Total 500$                     

lot 1 139,285$           139,285$              

Sub-Total 139,285$              

lot 1 5,000$               5,000$                  

Sub-Total 5,000$                  

lot 1 1,000$               1,000$                  

Sub-Total 1,000$                  

% 10% 363,745$           36,375$                
-$                      

Sub-Total 36,375$                

5,539$                  
23,797$                

Sub-Total 29,336$                

539,405$              
568,740$              

Original Cost
226,395$              

POT Boiler Refurbishment 2018

Operators

Utility worker

Contracts

Boiler tubing, shields, pins, etc.

Rentals

Boiler tube replacement and refurbishment

Consulting
Boiler Assessment

Travel Expense

OT Meals
OT Meals

Materials

Travel

Term Labour

Contingency

Rentals

Utility worker
OT Labour

Freight

Labour AO
Contract AO

Other Goods & Services

Meals & Entertainment

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Meals

Freight

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Administrative Overhead

Location:
CI# :
Title:

Maintenance Trades

Utility worker

Description

Electrician

Pt Tupper

Regular Labour

Power Engineer
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POT Boiler Refurbishment
Summary of Alternatives

Division : Date : 17-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 2,468,054 1 198.21% 1.4 years

B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Boiler Refurbishment vs Replacement Energy Costs

Test 2

Test 3

Test 4

Boiler Refurbishment vs Replacement 
Energy Costs

Power Production
Pt. Tupper 51825

This project is recommended to proceed based upon strong economics and reliability of the Point Tupper Generating Station.

This analysis considers the capital cost to refurbish the boiler and the replacement energy and repair costs that would be incurred from 
tube leaks if this project is not completed. 

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-3,474,388
0
0
0

G22-51825 EAM CONFIDENTIAL.xls 11/17/2017
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POT Boiler Refurbishment
Summary of Sensitivities

Division : Date : 14-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Boiler Refurbishment vs Replacement Energy Cos 5.88% -3,474,388 2,468,054 1 198.21% 1.4 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Boiler Refurbishment vs Replacement Energy Cos 10% -3,419,790 2,426,443 1 168.63% 1.5 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 54,597 -41,611 0 -29.58% 0.1 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Boiler Refurbishment vs Replacement Energy Cos -10% -3,072,352 2,179,637 1 165.89% 1.5 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 402,036 -288,417 0 -32.32% 0.1 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 317,651 900,214 No
B 0 0 No
C 0 0 No
D 0 0 No0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Pt. Tupper 51825

PV of Revenue 
Requirement Delay?

3
1,736,357

0
0

51825 4 EAM CONF.xls 11/14/2017
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Division : Date : 
Department : CI Number:

Project No. :

Boiler Refurbishment vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 59,400 61,782
Events/Outages (#) 4 7 4 7
Probability of Occurance (%) 100% 100% 100% 100%
Capacity Factor (%)
Energy Replaced (MW) 150.0 150.0
Duration (Hours or Years) 60 60
Totals $129,239 $262,650 $237,600 $432,472 $366,839 $695,122

Total Capital Cost of Alternative $568,740

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

POT Boiler Refurbishment
Avoided Cost Calculations

14-Nov-17
51825

Power Production
Pt. Tupper

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs
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POT Boiler Refurbishment
Boiler Refurbishment vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               366,839.5                (539,404.8)               21,576.2                   525,925.2                (172,565.3)               (107,031.6)               (279,596.9)               (264,069.6)               0.94                           (264,069.6)              

2019 ‐                               ‐                               695,122.3                ‐                               41,426.3                   483,147.2                695,122.3                (202,645.8)               492,476.5                439,296.4                0.89                           175,226.8               

2020 ‐                               ‐                               964,197.6                ‐                               38,112.2                   443,791.3                964,197.6                (287,086.5)               677,111.1                570,450.7                0.84                           745,677.6               

2021 ‐                               ‐                               949,348.9                ‐                               35,063.2                   407,584.0                949,348.9                (283,428.6)               665,920.3                529,866.6                0.80                           1,275,544.1            

2022 ‐                               ‐                               1,108,670.4             ‐                               32,258.2                   374,273.2                1,108,670.4             (333,687.8)               774,982.6                582,401.2                0.75                           1,857,945.4            

2023 ‐                               ‐                               1,144,814.4             ‐                               29,677.5                   343,627.3                1,144,814.4             (345,692.4)               799,121.9                567,191.2                0.71                           2,425,136.5            

2024 ‐                               ‐                               ‐                               ‐                               27,303.3                   315,433.0                ‐                               8,464.0                     8,464.0                     5,673.9                     0.67                           2,430,810.4            

2025 ‐                               ‐                               ‐                               ‐                               25,119.0                   289,494.3                ‐                               7,786.9                     7,786.9                     4,930.1                     0.63                           2,435,740.5            

2026 ‐                               ‐                               ‐                               ‐                               23,109.5                   265,630.7                ‐                               7,163.9                     7,163.9                     4,283.8                     0.60                           2,440,024.3            

2027 ‐                               ‐                               ‐                               ‐                               21,260.8                   243,676.2                ‐                               6,590.8                     6,590.8                     3,722.2                     0.56                           2,443,746.5            

2028 ‐                               ‐                               ‐                               ‐                               19,559.9                   223,478.1                ‐                               6,063.6                     6,063.6                     3,234.3                     0.53                           2,446,980.7            

2029 ‐                               ‐                               ‐                               ‐                               17,995.1                   204,895.8                ‐                               5,578.5                     5,578.5                     2,810.3                     0.50                           2,449,791.0            

2030 ‐                               ‐                               ‐                               ‐                               16,555.5                   187,800.0                ‐                               5,132.2                     5,132.2                     2,441.9                     0.48                           2,452,232.9            

2031 ‐                               ‐                               ‐                               ‐                               15,231.1                   172,072.0                ‐                               4,721.6                     4,721.6                     2,121.8                     0.45                           2,454,354.6            

2032 ‐                               ‐                               ‐                               ‐                               14,012.6                   157,602.2                ‐                               4,343.9                     4,343.9                     1,843.6                     0.42                           2,456,198.3            

2033 ‐                               ‐                               ‐                               ‐                               12,891.6                   144,289.9                ‐                               3,996.4                     3,996.4                     1,601.9                     0.40                           2,457,800.2            

2034 ‐                               ‐                               ‐                               ‐                               11,860.2                   132,042.7                ‐                               3,676.7                     3,676.7                     1,391.9                     0.38                           2,459,192.1            

2035 ‐                               ‐                               ‐                               ‐                               10,911.4                   120,775.2                ‐                               3,382.5                     3,382.5                     1,209.5                     0.36                           2,460,401.6            

2036 ‐                               ‐                               ‐                               ‐                               10,038.5                   110,409.1                ‐                               3,111.9                     3,111.9                     1,050.9                     0.34                           2,461,452.5            

2037 ‐                               ‐                               ‐                               ‐                               9,235.4                     100,872.3                ‐                               2,863.0                     2,863.0                     913.1                         0.32                           2,462,365.6            

2038 ‐                               ‐                               ‐                               ‐                               8,496.6                     92,098.5                   ‐                               2,633.9                     2,633.9                     793.4                         0.30                           2,463,159.1            

2039 ‐                               ‐                               ‐                               ‐                               7,816.9                     84,026.6                   ‐                               2,423.2                     2,423.2                     689.4                         0.28                           2,463,848.5            

2040 ‐                               ‐                               ‐                               ‐                               7,191.5                     76,600.4                   ‐                               2,229.4                     2,229.4                     599.0                         0.27                           2,464,447.5            

2041 ‐                               ‐                               ‐                               ‐                               6,616.2                     69,768.3                   ‐                               2,051.0                     2,051.0                     520.5                         0.25                           2,464,968.1            

2042 ‐                               ‐                               ‐                               ‐                               6,086.9                     63,482.8                   ‐                               1,886.9                     1,886.9                     452.3                         0.24                           2,465,420.3            

2043 ‐                               ‐                               ‐                               ‐                               5,599.9                     57,700.1                   ‐                               1,736.0                     1,736.0                     393.0                         0.23                           2,465,813.3            

2044 ‐                               ‐                               ‐                               ‐                               5,152.0                     52,380.0                   ‐                               1,597.1                     1,597.1                     341.5                         0.21                           2,466,154.8            

2045 ‐                               ‐                               ‐                               ‐                               4,739.8                     47,485.6                   ‐                               1,469.3                     1,469.3                     296.7                         0.20                           2,466,451.5            

2046 ‐                               ‐                               ‐                               ‐                               4,360.6                     42,982.7                   ‐                               1,351.8                     1,351.8                     257.8                         0.19                           2,466,709.3            

2047 ‐                               ‐                               ‐                               ‐                               4,011.8                     38,840.0                   ‐                               1,243.6                     1,243.6                     224.0                         0.18                           2,466,933.4            

2048 ‐                               ‐                               ‐                               ‐                               3,690.8                     35,028.7                   ‐                               1,144.2                     1,144.2                     194.6                         0.17                           2,467,128.0            

2049 ‐                               ‐                               ‐                               ‐                               3,395.6                     31,522.4                   ‐                               1,052.6                     1,052.6                     169.1                         0.16                           2,467,297.1            

2050 ‐                               ‐                               ‐                               ‐                               3,123.9                     28,296.5                   ‐                               968.4                         968.4                         147.0                         0.15                           2,467,444.1            

2051 ‐                               ‐                               ‐                               ‐                               2,874.0                     25,328.7                   ‐                               890.9                         890.9                         127.7                         0.14                           2,467,571.8            

2052 ‐                               ‐                               ‐                               ‐                               2,644.1                     22,598.4                   ‐                               819.7                         819.7                         111.0                         0.14                           2,467,682.7            

2053 ‐                               ‐                               ‐                               ‐                               2,432.6                     20,086.5                   ‐                               754.1                         754.1                         96.4                           0.13                           2,467,779.2            

2054 ‐                               ‐                               ‐                               ‐                               2,237.9                     17,775.5                   ‐                               693.8                         693.8                         83.8                           0.12                           2,467,862.9            

2055 ‐                               ‐                               ‐                               ‐                               2,058.9                     15,649.4                   ‐                               638.3                         638.3                         72.8                           0.11                           2,467,935.7            

2056 ‐                               ‐                               ‐                               ‐                               1,894.2                     13,693.4                   ‐                               587.2                         587.2                         63.2                           0.11                           2,467,999.0            

2057 ‐                               ‐                               ‐                               ‐                               1,742.7                     11,893.9                   ‐                               540.2                         540.2                         55.0                           0.10                           2,468,053.9            
Total ‐                               ‐                               5,228,993.0             (539,404.8)               519,364.1                4,689,588.2             (1,459,984.9)            3,229,603.3             2,468,053.9            
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CI Number: 52252 

Title: LIN1 SH5 Tube Replacement 

Start Date: 2018/10 
In-Service Date: 2018/10 
Final Cost Date: 2019/04 
Function: Steam 
Forecast Amount: $521,259 

DESCRIPTION: 

This project includes the replacement of 44 tube cut-outs in the Lingan Unit 1 Superheater 5.  As per the inspection 
data from the 2015 and 2017 planned outages, approximately 78 tubes were at or below minimum allowable tube 
thickness, per the NS Department of Labor.  During the 2017 Lingan Unit 1 outage, approximately 34 tube cutouts 
were replaced on Superheater #5.  This left 44 tubes to be replaced during the next planned outages.  

Summary of Related CIs (+/- 2 years): 
2017 CI 49433 LIN1 SH5 Boiler Tube Replacement $848,377 

JUSTIFICATION: 

Justification Criteria:  Thermal 

Sub Criteria:  Equipment Replacement / Refurbishment 

Why do this project? 

Erosion of boiler tubes will lead to leaks, requiring the boiler to come offline for repairs.  Superheat tubes exhibiting 
erosion beyond the minimum allowable wall thickness for the boiler pressure and temperature must be refurbished 
to mitigate unplanned outages and comply with industry guidelines. 

This project is being undertaken primarily to preserve the unit’s availability, and is secondarily supported by 
positive economics. 

Why do this project now? 

In order to mitigate the risk of an unplanned outage, boiler refurbishment activities are required in 2018.  Some of the 
tubes to be inspected and replaced are difficult to access and sufficient time during a planned outage is required to 
complete repairs or replacements.  The annual planned outage duration will afford the time necessary to assess, locate 
and repair tubes and shields. 

Why do this project this way? 

Replacing these tube cut outs will mitigate the risk of tube leaks and minimize the number of unplanned outages. 
Based on assessments, these upgrades are necessary to maintain reliable operation of the boiler.  Refurbishment of 
these components is not an option since the existing tube material has reached creep failure conditions and cannot be 
weld overlayed.  New tube material with remaining creep life must be utilized to prevent the probability of tube 
failures.  Creep damage is a function of operating conditions and boiler tube thickness. 
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: -CI Number 52252 LIN1 SH5 Tube Replacement Project Number 52252

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1131 1131 Lingan Unit 1; Commissioned 1979, 164Mwh

1300 - SGP - Boiler 425,192Additions

1300 - SGP - Boiler 96,067Retirements

Total Cost:

Original Cost:

521,259

108,824

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52252

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 8 358$                 2,866$                 
PD 8 365$                 2,918$                 
PD 20 240$                 4,804$                 

Sub-Total 10,588$                

PD 80 240$                 19,214$                
-$                     
-$                     

Sub-Total 19,214$                

lot 1 18,000$             18,000$                
lot 1 8,000$              8,000$                 
lot 1 4,000$              4,000$                 

-$                     
Sub-Total 30,000$                

lot 1 380,000$           380,000$              

Sub-Total 380,000$              

% 10% 380,000$           38,000$                
-$                     

Sub-Total 38,000$                

6,547$                 
36,909$                

Sub-Total 43,456$                

477,802$              
521,259$              

Original Cost
108,824$              

Labor AO
Contracts AO

Electrician

 Steam

Administrative Overhead

Contracts

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Location:
CI# :
Title:

Maintenance Trades
Utility worker

Regular Labor

Description

Boiler Tube

Other Goods & Services

Term Labor

Miscellaneous Consumables

Materials

LIN1 SH5 Tube Replacement

Contingency

Boiler Shields

Boiler Maintenance Contractor

Utility worker
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LIN1 SH5 Tube Replacement
Summary of Alternatives

Division : Date : 17-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 1,522,221 1 51.52% 2.8 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Tube Replacement vs Replacement Energy Costs

Test 2

Test 3

Test 4

Tube Replacement vs Replacement 
Energy Costs

Power Production
Lingan 52252

NS Power recommends completing this project to maintain reliability in the SH5 section of the boiler.

It is estimated it will take approximately 96 hours to repair a tube leak in SH5.  As time passes, the frequency and probability of leaks in 
this section of the boiler will increase.

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-2,075,515
0
0
0

52252 4 EAM P CONF.xls 11/17/2017
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52252 4 EAM CONF.xls 11/14/2017

LIN1 SH5 Tube Replacement
Summary of Sensitivities

Division : Date : 14-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Tube Replacement vs Replacement Energy Costs 5.88% -2,075,515 1,522,221 1 51.52% 2.8 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Tube Replacement vs Replacement Energy Costs 10% -2,026,345 1,485,362 1 46.93% 3.1 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 49,169 -36,859 0 -4.59% 0.3 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Tube Replacement vs Replacement Energy Costs -10% -1,818,794 1,333,140 1 46.47% 3.1 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 256,721 -189,081 0 -5.05% 0.3 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 77,406 247,535 No
B 0 0 No
C 0 0 No
D 0 0 No

448,184
0
0
0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Lingan 52252

PV of Revenue 
Requirement Delay?

3
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LIN1 SH5 Tube Replacement
Tube Replacement vs Replacement Energy Costs

Year Total Revenue Operating Costs
Avoided 

Expenses Capital CCA UCC CFBT
Applicable 

Taxes CFAT PV of CF Discount Factor CNPV
2017 -                              -                               -                               -                               -                               -                               -                               -                               -                               -                               1.00                          -                               
2018 -                              -                               107,180.9                (477,802.3)               19,112.1                  470,684.2                (370,621.4)               (27,301.3)                 (397,922.8)               (375,824 3)               0.94                          (375,824.3)               
2019 -                              -                               218,722.5                -                               36,695.2                  431,986.5                218,722.5                (56,428.5)                 162,294.1                144,768.7                0.89                          (231,055.6)               
2020 -                              -                               251,025.1                -                               33,759.6                  396,384.6                251,025.1                (67,352.3)                 183,672.8                154,740.1                0.84                          (76,315.4)                 
2021 -                              -                               240,475.7                -                               31,058.8                  363,630.9                240,475.7                (64,919.2)                 175,556.4                139,688.6                0.80                          63,373.2                  
2022 -                              -                               275,104.7                -                               28,574.1                  333,497.5                275,104.7                (76,424.5)                 198,680.2                149,308.7                0.75                          212,681.8                
2023 -                              -                               427,317.1                -                               26,288.2                  305,774.7                427,317.1                (124,319.0)               302,998.2                215,058.4                0.71                          427,740.2                
2024 -                              -                               590,036.0                -                               24,185.1                  280,269.8                590,036.0                (175,413.8)               414,622.3                277,942.6                0.67                          705,682.8                
2025 -                              -                               611,077.3                -                               22,250.3                  256,805.3                611,077.3                (182,536.4)               428,540.9                271,319.4                0.63                          977,002.2                
2026 -                              -                               632,909.5                -                               20,470.3                  235,217.9                632,909.5                (189,856.1)               443,053.3                264,929.7                0.60                          1,241,931.9             
2027 -                              -                               655,563.2                -                               18,832.7                  215,357.5                655,563.2                (197,386.5)               458,176.8                258,758 0                0.56                          1,500,689.9             
2028 -                              -                               -                               -                               17,326.1                  197,086.0                -                               5,371.1                     5,371.1                     2,864 9                     0.53                          1,503,554.8             
2029 -                              -                               -                               -                               15,940.0                  180,276.1                -                               4,941.4                     4,941.4                     2,489 3                     0.50                          1,506,044.1             
2030 -                              -                               -                               -                               14,664.8                  164,811.1                -                               4,546.1                     4,546.1                     2,163 0                     0.48                          1,508,207.1             
2031 -                              -                               -                               -                               13,491.6                  150,583.2                -                               4,182.4                     4,182.4                     1,879.4                     0.45                          1,510,086.6             
2032 -                              -                               -                               -                               12,412.3                  137,493.6                -                               3,847.8                     3,847.8                     1,633.1                     0.42                          1,511,719.6             
2033 -                              -                               -                               -                               11,419.3                  125,451.2                -                               3,540.0                     3,540.0                     1,419 0                     0.40                          1,513,138.6             
2034 -                              -                               -                               -                               10,505.7                  114,372.1                -                               3,256.8                     3,256.8                     1,233 0                     0.38                          1,514,371.6             
2035 -                              -                               -                               -                               9,665.3                     104,179.4                -                               2,996.2                     2,996.2                     1,071 3                     0.36                          1,515,442.9             
2036 -                              -                               -                               -                               8,892.1                     94,802.1                  -                               2,756.5                     2,756.5                     930 9                        0.34                          1,516,373.8             
2037 -                              -                               -                               -                               8,180.7                     86,175.0                  -                               2,536.0                     2,536.0                     808 9                        0.32                          1,517,182.7             
2038 -                              -                               -                               -                               7,526.2                     78,238.0                  -                               2,333.1                     2,333.1                     702 8                        0.30                          1,517,885.5             
2039 -                              -                               -                               -                               6,924.1                     70,936.0                  -                               2,146.5                     2,146.5                     610.7                        0.28                          1,518,496.2             
2040 -                              -                               -                               -                               6,370.2                     64,218.2                  -                               1,974.8                     1,974.8                     530.6                        0.27                          1,519,026.8             
2041 -                              -                               -                               -                               5,860.6                     58,037.8                  -                               1,816.8                     1,816.8                     461.1                        0.25                          1,519,487.9             
2042 -                              -                               -                               -                               5,391.7                     52,351.8                  -                               1,671.4                     1,671.4                     400.6                        0.24                          1,519,888.5             
2043 -                              -                               -                               -                               4,960.4                     47,120.7                  -                               1,537.7                     1,537.7                     348.1                        0.23                          1,520,236.6             
2044 -                              -                               -                               -                               4,563.6                     42,308.1                  -                               1,414.7                     1,414.7                     302 5                        0.21                          1,520,539.1             
2045 -                              -                               -                               -                               4,198.5                     37,880.5                  -                               1,301.5                     1,301.5                     262 8                        0.20                          1,520,801.9             
2046 -                              -                               -                               -                               3,862.6                     33,807.1                  -                               1,197.4                     1,197.4                     228.4                        0.19                          1,521,030.3             
2047 -                              -                               -                               -                               3,553.6                     30,059.6                  -                               1,101.6                     1,101.6                     198.4                        0.18                          1,521,228.7             
2048 -                              -                               -                               -                               3,269.3                     26,611.9                  -                               1,013.5                     1,013.5                     172.4                        0.17                          1,521,401.1             
2049 -                              -                               -                               -                               3,007.8                     23,440.0                  -                               932.4                        932.4                        149 8                        0.16                          1,521,551.0             
2050 -                              -                               -                               -                               2,767.1                     20,521.8                  -                               857.8                        857.8                        130 2                        0.15                          1,521,681.1             
2051 -                              -                               -                               -                               2,545.8                     17,837.1                  -                               789.2                        789.2                        113.1                        0.14                          1,521,794.3             
2052 -                              -                               -                               -                               2,342.1                     15,367.2                  -                               726.1                        726.1                        98 3                          0.14                          1,521,892.5             
2053 -                              -                               -                               -                               2,154.7                     13,094.9                  -                               668.0                        668.0                        85.4                          0.13                          1,521,977.9             
2054 -                              -                               -                               -                               1,982.4                     11,004.3                  -                               614.5                        614.5                        74 2                          0.12                          1,522,052.1             
2055 -                              -                               -                               -                               1,823.8                     9,081.0                     -                               565.4                        565.4                        64 5                          0.11                          1,522,116.6             
2056 -                              -                               -                               -                               1,677.9                     7,311.6                     -                               520.1                        520.1                        56 0                          0.11                          1,522,172.6             
2057 -                              -                               -                               -                               1,543.6                     5,683.7                     -                               478.5                        478.5                        48.7                          0.10                          1,522,221.3             
Total -                              -                               4,009,412.1            (477,802.3)               460,050.5                3,531,609.7            (1,100,302.1)           2,431,307.6            1,522,221.3            
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CI Number:  52253 
 
Title:  LIN3 Economizer Header Refurbishment  
 
Start Date: 2018/03 
In-Service Date: 2018/03 
Final Cost Date: 2018/09 
Function: Steam 
Forecast Amount: $499,951 
 
DESCRIPTION: 
 
The scope of work for this project is to refurbish the economizer inlet header through the replacement of the 
economizer header inlet T and attached economizer tubes at the T section on Lingan Unit 3. 
 
The economizer inlet header distributes the feedwater entering the boiler through the economizer tube bank.  A tube 
from each platen of the lower economizer is connected to the header.  The feedwater enters the header through the 
main feedwater pipe attached to the center of the header forming a T section.  This section has experienced flow 
accelerated corrosion (FAC). 
 
Summary of Related CIs (+/- 2 years): 
No other projects in 2016, 2017, 2018, 2019 & 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal 
 
Sub Criteria:  Equipment Replacement / Refurbishment 
 
Why do this project? 
 
In 2017, a tube leak developed at the economizer header in the T section to the feedwater inlet.  The header and 
tubing in this area were found to exhibit material loss.  The economizer header has thinned in the T connection to 
the main feedwater line due to FAC.  During FAC, iron ions from the mild steel piping or tubing dissolve in the 
passing feedwater.  The rate of FAC is dependent on temperature being between 120 and 205°C, geometry of the 
piping or tubing, plain or low alloy carbon steel metallurgy, dissolved oxygen concentration, and ph.  The section 
proposed to be replaced operates in the FAC temperature range, and is a susceptible steel metallurgy. 
 
There is known material loss due to FAC in the economizer header at the T connection to the feedwater inlet.  The 
thin material creates a potential leak site within the boiler.  A tube or header leak in the economizer area will force 
the unit off line and cause water to leak into the air heater directly below, plugging off the air heater baskets and 
forcing an air heater clean. 
 
This project is primarily justified on unit reliability, while secondarily supported by positive economics. 
 
Why do this project now? 
 
This project must be completed in 2018 in order to mitigate the risk of tube and header failures due to the known 
material loss on the economizer header at the T connection to the feedwater inlet pipe and the attached economizer 
tubes in that area of the header.  This project is also supported by industry codes and best practices. 
 
Why do this project this way? 
 
Replacement of the T section and attached economizer tubes affected by the FAC will allow the remainder of the 
header to stay in service avoiding the extra cost of replacing the whole header.  The condition of the T section and 
economizer tubes does not allow for refurbishment. 

REDACTED ACE 2018 CI 52253 Page 1 of 8

Date Filed:  November 22, 2017          Page 1588 of 2371          REDACTED



: -CI Number 52253 LIN3 Economizer Header Refurbishment Project Number 52253

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1133 1133 Lingan Unit 3; Commissioned 1983, 164Mwh

1300 - SGP - Boiler 406,555Additions

1300 - SGP - Boiler 93,395Retirements

Total Cost:

Original Cost:

499,951

150,926

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52253

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 25 240$                  6,004$                  

Sub-Total 6,004$                  

PD 40 240$                  9,607$                  
-$                     

Sub-Total 9,607$                  

lot 1 6,000$               6,000$                  
$ 1 20,000$             20,000$                

Sub-Total 26,000$                

$ 1 340,000$           340,000$              
$ 1 40,000$             40,000$                

Sub-Total 380,000$              

% 10% 380,000$           38,000$                
-$                     

Sub-Total 38,000$                

3,430$                  
36,909$                

Sub-Total 40,339$                

459,612$              
499,951$              

Original Cost
150,926$              

Economizer Header T

Boiler Maintenance Contractor

Description

Other Goods & Services

Labour AO

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Heat Treatment Contractor

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contingency

Materials

Term Labour

Contracts AO

Administrative Overhead

Utilityworker

Contracts

Economizer Tubes

Location:
CI# :
Title:

Utilityworker
Regular Labour

Steam 

LIN3 Economizer Header Refurbishment
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LIN3 Economizer Header Refurbishment 
Summary of Alternatives

Division : Date : 19-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 1,732,912 1 57.14% 3.3 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Header Refurbishment vs Replacement Energy Costs

Test 2

Test 3

Test 4

Header Refurbishment vs 
Replacement Energy Costs

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-2,380,122
0
0
0

Power Production
Lingan 52253

NS Power recommends completing this project in order to maintain boiler reliability.

It is assumed as time passes, the frequency and probabilty of tube/header failure increases.  

52253 4 EAM P CONF.xls 11/19/2017
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LIN3 Economizer Header Refurbishment 
Summary of Sensitivities

Division : Date : 19-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Header Refurbishment vs Replacement Energy C 5.88% -2,380,122 1,732,912 1 57.14% 3.3 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Header Refurbishment vs Replacement Energy C 10% -2,334,627 1,697,456 1 52.28% 3.4 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 45,496 -35,456 0 -4.86% 0.2 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Header Refurbishment vs Replacement Energy C -10% -2,096,615 1,524,165 1 51.79% 3.5 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 283,508 -208,747 0 -5.34% 0.2 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 97,544 184,441 No
B 0 0 No
C 0 0 No
D 0 0 No

406,147
0
0
0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Lingan 52253

PV of Revenue 
Requirement Delay?

3

52253 4 EAM P CONF.xls 11/19/2017
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Division : Date : 
Department : CI Number:

Project No. :

Header Refurbishment vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 97,200 101,091
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 100% 100% 100% 100%
Capacity Factor (%)
Energy Replaced (MW) 154.0 154.0
Duration (Hours or Years) 96 96
Totals $29,699 $29,351 $97,200 $101,091 $126,899 $130,441

Total Capital Cost of Alternative $499,951

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

LIN3 Economizer Header Refurbishment 
Avoided Cost Calculations

19-Nov-17
52253

Power Production
Lingan 

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs
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LIN3 Economizer Header Refurbishment 
Header Refurbishment vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               126,899.3                (459,611.6)               18,384.5                   452,360.7                (332,712.3)               (33,639.6)                 (366,351.9)               (346,006.7)               0.94                           (346,006.7)              

2019 ‐                               ‐                               130,441.4                ‐                               35,298.2                   415,203.7                130,441.4                (29,494.4)                 100,947.0                90,046.2                   0.89                           (255,960.5)              

2020 ‐                               ‐                               266,146.3                ‐                               32,474.3                   381,019.2                266,146.3                (72,438.3)                 193,708.0                163,194.6                0.84                           (92,765.9)                

2021 ‐                               ‐                               385,761.8                ‐                               29,876.4                   349,569.6                385,761.8                (110,324.5)               275,437.3                219,162.9                0.80                           126,397.0               

2022 ‐                               ‐                               434,255.3                ‐                               27,486.3                   320,635.9                434,255.3                (126,098.4)               308,156.9                231,580.6                0.75                           357,977.6               

2023 ‐                               ‐                               449,773.9                ‐                               25,287.4                   294,016.9                449,773.9                (131,590.8)               318,183.1                225,836.2                0.71                           583,813.8               

2024 ‐                               ‐                               621,168.6                ‐                               23,264.4                   269,527.4                621,168.6                (185,350.3)               435,818.3                292,151.4                0.67                           875,965.2               

2025 ‐                               ‐                               643,447.4                ‐                               21,403.2                   246,997.1                643,447.4                (192,833.7)               450,613.7                285,294.2                0.63                           1,161,259.4            

2026 ‐                               ‐                               666,566.3                ‐                               19,691.0                   226,269.2                666,566.3                (200,531.3)               466,034.9                278,671.8                0.60                           1,439,931.2            

2027 ‐                               ‐                               690,557.8                ‐                               18,115.7                   207,199.5                690,557.8                (208,457.1)               482,100.8                272,269.2                0.56                           1,712,200.4            

2028 ‐                               ‐                               ‐                               ‐                               16,666.4                   189,655.4                ‐                               5,166.6                     5,166.6                     2,755.8                     0.53                           1,714,956.2            

2029 ‐                               ‐                               ‐                               ‐                               15,333.1                   173,514.8                ‐                               4,753.3                     4,753.3                     2,394.6                     0.50                           1,717,350.8            

2030 ‐                               ‐                               ‐                               ‐                               14,106.5                   158,665.5                ‐                               4,373.0                     4,373.0                     2,080.6                     0.48                           1,719,431.4            

2031 ‐                               ‐                               ‐                               ‐                               12,978.0                   145,004.1                ‐                               4,023.2                     4,023.2                     1,807.9                     0.45                           1,721,239.3            

2032 ‐                               ‐                               ‐                               ‐                               11,939.7                   132,435.7                ‐                               3,701.3                     3,701.3                     1,570.9                     0.42                           1,722,810.2            

2033 ‐                               ‐                               ‐                               ‐                               10,984.5                   120,872.7                ‐                               3,405.2                     3,405.2                     1,365.0                     0.40                           1,724,175.1            

2034 ‐                               ‐                               ‐                               ‐                               10,105.8                   110,234.7                ‐                               3,132.8                     3,132.8                     1,186.0                     0.38                           1,725,361.2            

2035 ‐                               ‐                               ‐                               ‐                               9,297.3                     100,447.8                ‐                               2,882.2                     2,882.2                     1,030.5                     0.36                           1,726,391.7            

2036 ‐                               ‐                               ‐                               ‐                               8,553.5                     91,443.9                   ‐                               2,651.6                     2,651.6                     895.5                         0.34                           1,727,287.2            

2037 ‐                               ‐                               ‐                               ‐                               7,869.2                     83,160.2                   ‐                               2,439.5                     2,439.5                     778.1                         0.32                           1,728,065.2            

2038 ‐                               ‐                               ‐                               ‐                               7,239.7                     75,539.3                   ‐                               2,244.3                     2,244.3                     676.1                         0.30                           1,728,741.3            

2039 ‐                               ‐                               ‐                               ‐                               6,660.5                     68,528.0                   ‐                               2,064.8                     2,064.8                     587.4                         0.28                           1,729,328.7            

2040 ‐                               ‐                               ‐                               ‐                               6,127.7                     62,077.6                   ‐                               1,899.6                     1,899.6                     510.4                         0.27                           1,729,839.2            

2041 ‐                               ‐                               ‐                               ‐                               5,637.5                     56,143.3                   ‐                               1,747.6                     1,747.6                     443.5                         0.25                           1,730,282.7            

2042 ‐                               ‐                               ‐                               ‐                               5,186.5                     50,683.7                   ‐                               1,607.8                     1,607.8                     385.4                         0.24                           1,730,668.1            

2043 ‐                               ‐                               ‐                               ‐                               4,771.6                     45,660.8                   ‐                               1,479.2                     1,479.2                     334.9                         0.23                           1,731,002.9            

2044 ‐                               ‐                               ‐                               ‐                               4,389.8                     41,039.8                   ‐                               1,360.8                     1,360.8                     291.0                         0.21                           1,731,293.9            

2045 ‐                               ‐                               ‐                               ‐                               4,038.6                     36,788.5                   ‐                               1,252.0                     1,252.0                     252.8                         0.20                           1,731,546.7            

2046 ‐                               ‐                               ‐                               ‐                               3,715.6                     32,877.3                   ‐                               1,151.8                     1,151.8                     219.7                         0.19                           1,731,766.4            

2047 ‐                               ‐                               ‐                               ‐                               3,418.3                     29,279.0                   ‐                               1,059.7                     1,059.7                     190.9                         0.18                           1,731,957.3            

2048 ‐                               ‐                               ‐                               ‐                               3,144.8                     25,968.5                   ‐                               974.9                         974.9                         165.9                         0.17                           1,732,123.1            

2049 ‐                               ‐                               ‐                               ‐                               2,893.3                     22,922.9                   ‐                               896.9                         896.9                         144.1                         0.16                           1,732,267.2            

2050 ‐                               ‐                               ‐                               ‐                               2,661.8                     20,120.9                   ‐                               825.2                         825.2                         125.2                         0.15                           1,732,392.5            

2051 ‐                               ‐                               ‐                               ‐                               2,448.9                     17,543.1                   ‐                               759.1                         759.1                         108.8                         0.14                           1,732,501.3            

2052 ‐                               ‐                               ‐                               ‐                               2,252.9                     15,171.5                   ‐                               698.4                         698.4                         94.5                           0.14                           1,732,595.8            

2053 ‐                               ‐                               ‐                               ‐                               2,072.7                     12,989.7                   ‐                               642.5                         642.5                         82.1                           0.13                           1,732,677.9            

2054 ‐                               ‐                               ‐                               ‐                               1,906.9                     10,982.4                   ‐                               591.1                         591.1                         71.4                           0.12                           1,732,749.3            

2055 ‐                               ‐                               ‐                               ‐                               1,754.3                     9,135.7                     ‐                               543.8                         543.8                         62.0                           0.11                           1,732,811.3            

2056 ‐                               ‐                               ‐                               ‐                               1,614.0                     7,436.7                     ‐                               500.3                         500.3                         53.9                           0.11                           1,732,865.2            

2057 ‐                               ‐                               ‐                               ‐                               1,484.9                     5,873.6                     ‐                               460.3                         460.3                         46.8                           0.10                           1,732,912.1            
Total ‐                               ‐                               4,415,018.1             (459,611.6)               442,535.5                3,955,406.5             (1,231,469.6)            2,723,936.9             1,732,912.1            

REDACTED ACE 2018 CI 52253 Page 7 of 8

Date Filed:  November 22, 2017          Page 1594 of 2371          REDACTED



(3,000,000)

(2,500,000)

(2,000,000)

(1,500,000)

(1,000,000)

(500,000)

0

20
17

20
18

20
19

20
20

20
21

20
22

20
23

20
24

20
25

20
26

20
27

20
28

20
29

20
30

20
31

20
32

20
33

20
34

20
35

20
36

20
37

20
38

20
39

20
40

20
41

20
42

20
43

20
44

20
45

20
46

20
47

20
48

20
49

20
50

20
51

20
52

20
53

20
54

20
55

20
56

20
57

Year

COMPARATIVE CUMULATIVE REVENUE REQUIREMENT

Header Refurbishment vs Replacement Energy Costs Test 2 Test 3 Test 4

REDACTED ACE 2018 CI 52253 Page 8 of 8

Date Filed:  November 22, 2017          Page 1595 of 2371          REDACTED



CI Number:  51821 
 
Title:  TRE5 Air Heater Drive Assembly and Seal Refurbishment 
 
Start Date: 2018/06 
In-Service Date: 2018/07 
Final Cost Date: 2019/01 
Function: Steam 
Forecast Amount: $487,376 
 
DESCRIPTION: 
 
This project includes the refurbishment of the air heater driver assembly components, such as gear drive assembly, 
pin rack and seals for Trenton Unit 5 air heaters. 
 
The air heaters consist of two units that exchange heat between the exhaust flue gas and the incoming combustion 
air for the unit by means of continuously rotating heat transfer elements known as baskets.  To efficiently operate an 
air heater of this design, the air heater assemblies are rotated with a drive system. 
 
The drive system consists of a large gear that meshes with a pin rack.  The replacement of the cold-end baskets in 
2016 (CI 46352) during the annual outage noted mechanical defects in the gear drive and pin rack assembly.  
Further inspection of this assembly indicated that this gear and pin rack have worn through the hardened layer and 
are at risk of failure.  Also, through inspection it was determined that the sealing angle on the hot end of the air 
heater has a worn groove, making sealing difficult.  This results in air leakage and reduced performance from the air 
heater. Lastly, issues with the rotor structure were noted during the 2016 inspection that will be remediated as part of 
this project. 
 
Summary of Related CIs +/- 2 years: 
2016 CI 46352 - TRE 5Air Heater Refurbishment - $1,088,844 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal 
 
Sub Criteria:  Equipment Replacement/Refurbishment 
 
Why do this project? 
 
The air heaters are part of the original design of the plant (1969).  Their function is to recover heat transfer from 
outgoing flue gas to incoming combustion air.  In 2016, the two drive assemblies for the air heaters were found to be 
deteriorated.  These units are required to rotate the air heaters for heat transfer.  Additionally, seals on the hot end of 
the air heater were worn.  That will also be addressed under this capital item.  The seals are important to prevent air 
leakages that reduce air heater performance. 
 
Why do this project now? 
 
Regular assessment by NS Power and the OEM indicated the condition of the components is such that replacement 
is required at this time to provide reliable performance of the unit.  Risk profiling (compared to similar equipment in 
NS Power’s fleet) provides guidance on the timing of refurbishment. 
 
Why do this project this way? 
 
Air heater drive refurbishment would be substantially less costly than replacement.  As the air rotates during operation, 
this work must be completed during a unit outage.  Typically, the duration of the work is greater than 2 weeks, 
depending on scope.  It is not effective to have an issue advance to critical between outage intervals.  Execution of the 
project as defined is the only alternative to risking an eventual failure of the air heater drives and to avoid a forced 
outage and replacement energy costs.  Addressing the seals will remove leakage paths and improve air heater efficiency 
and performance. 
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: -CI Number 51821 TRE5 Air Heater Drive Assembly and Seal Refurbishment Project Number 51821

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1165 1165 Trenton Unit 5; Commissioned 1969, 160 Mwh 

1700 - SGP - Draft Equip./Stacks 409,351Additions

1700 - SGP - Draft Equip./Stacks 78,025Retirements

Total Cost:

Original Cost:

487,376

62,464

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51821

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 20 364.79$             7,296$                  
PD 14 240.18$             3,363$                  
PD 30 390.38$             11,711$                
PD 4 358.28$             1,433$                  

Sub-Total 23,803$                

PD 4 729.58$             2,918$                  
PD 4 780.76$             3,123$                  

Sub-Total 6,041$                  

PD 10 364.79$             3,648$                  
PD 14 240.18$             3,363$                  

Sub-Total 7,010$                  

lot 1 Cost Support 1
lot 1 Cost Support 1
lot 1

Sub-Total 60,340$                

PD 200 1,000$               200,000$              CI 46352
PD 1 100,000$           100,000$              
lot 1 20,000$             20,000$                

Sub-Total 320,000$              

lot 1 500$                  500$                     

Sub-Total 500$                     

lot 1 150$                  150$                     

Sub-Total 150$                     

lot 1 2,000$               2,000$                  
lot 1 10,000$             10,000$                

Sub-Total 12,000$                

% 5% 380,340$           19,017$                
-$                      

Sub-Total 19,017$                

7,433$                  
31,082$                

Sub-Total 38,514$                

448,862$              
487,376$              

Original Cost
62,464$                

Mobile Phones

Trenton Generating Station

Misc Mechanical Materials

Installation labour

Mech (Millwrights)

TRE5 Air Heater Drive Assembly and Seal Refurbishment

OT Labour

Regular Labour

Utility

Mech (Millwrights)
Utility

Contracts

 Materials

Term Labour

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Supervision

Labour AO
Administrative Overhead

OT Meals

Contract AO

Misc equipment

Contingency

 Phones

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Pin Rack
Bull Gear

Mech (Welders)

Power Engineer

Other Goods & Services

Project Manager

Meals

 Rentals
Trailer rentals

Location:
CI# :
Title:

Electricians

Utility

Description
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TRE5 Air Heater Drive Assembly and Seal Refurbishment
Summary of Alternatives

Division : Date : 19-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 1,969,106 1 89.50% 1.8 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Air Heater Refurbishment vs Replacement Energy & Repair Costs

Test 2

Test 3

Test 4

Air Heater Refurbishment vs 
Replacement Energy & Repair Costs

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-2,693,655
0
0
0

Power Production
Trenton 51821

Based on a favourable economic analysis, the air heater refurbishment is recommended 

This scenario measures the cost of refurbishments versus the replacement energy and repair costs associated with an unplanned outage 
due to air heater failure.  This model assumes a 50% chance of occurrence within the first year, increasing in probability thereafter.  This 
model also assumes that, on average, the unplanned outage would be a full unit outage (160MW) which would last 3 weeks (504 hours) in 
order to complete repairs so that the unit can return to service.

G25-51821 EAM CONFIDENTIAL.xls 11/19/2017
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TRE5 Air Heater Drive Assembly and Seal Refurbishment
Summary of Sensitivities

Division : Date : 15-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Air Heater Refurbishment vs Replacement Energy 5.88% -2,693,655 1,969,106 1 89.50% 1.8 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Air Heater Refurbishment vs Replacement Energy 10% -2,648,113 1,934,480 1 78.26% 2.0 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 45,542 -34,626 0 -11.24% 0.2 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Air Heater Refurbishment vs Replacement Energy -10% -2,378,747 1,737,569 1 77.20% 2.1 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 314,908 -231,537 0 -12.31% 0.2 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 217,302 426,460 No
B 0 0 No
C 0 0 No
D 0 0 No

715,353
0
0
0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Trenton 51821

PV of Revenue 
Requirement Delay?

3

51821 4 EAM CONF.xls 11/15/2017
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Division : Date : 
Department : CI Number:

Project No. :

Air Heater Refurbishment vs Replacement Energy & Repair Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 426,000 434,520
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 50% 55% 50% 55%
Capacity Factor (%)
Energy Replaced (MW) 160.0 160.0
Duration (Hours or Years) 504 504
Totals $42,015 $38,379 $213,000 $238,986 $255,015 $277,365

Total Capital Cost of Alternative $487,376

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

TRE5 Air Heater Drive Assembly and Seal Refurbishment
Avoided Cost Calculations

15-Nov-17
51821

Power Production
Trenton
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TRE5 Air Heater Drive Assembly and Seal Refurbishment
Air Heater Refurbishment vs Replacement Energy & Repair Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               255,014.9                (448,861.6)               17,954.5                   441,537.1                (193,846.7)               (73,488.7)                 (267,335.5)               (252,489.1)               0.94                           (252,489.1)              

2019 ‐                               ‐                               277,365.2                ‐                               34,472.6                   405,289.8                277,365.2                (75,296.7)                 202,068.5                180,248.1                0.89                           (72,241.0)                

2020 ‐                               ‐                               347,590.8                ‐                               31,714.8                   371,942.3                347,590.8                (97,921.6)                 249,669.2                210,340.7                0.84                           138,099.7               

2021 ‐                               ‐                               389,422.6                ‐                               29,177.6                   341,262.5                389,422.6                (111,675.9)               277,746.6                221,000.4                0.80                           359,100.1               

2022 ‐                               ‐                               398,942.0                ‐                               26,843.4                   313,037.2                398,942.0                (115,350.6)               283,591.4                213,119.6                0.75                           572,219.7               

2023 ‐                               ‐                               435,986.6                ‐                               24,695.9                   287,069.9                435,986.6                (127,500.1)               308,486.5                218,953.8                0.71                           791,173.5               

2024 ‐                               ‐                               474,353.4                ‐                               22,720.2                   263,179.9                474,353.4                (140,006.3)               334,347.2                224,130.1                0.67                           1,015,303.6            

2025 ‐                               ‐                               514,080.5                ‐                               20,902.6                   241,201.2                514,080.5                (152,885.2)               361,195.4                228,681.3                0.63                           1,243,984.9            

2026 ‐                               ‐                               555,207.0                ‐                               19,230.4                   220,980.8                555,207.0                (166,152.7)               389,054.3                232,640.2                0.60                           1,476,625.1            

2027 ‐                               ‐                               597,772.9                ‐                               17,692.0                   202,378.0                597,772.9                (179,825.1)               417,947.8                236,038.4                0.56                           1,712,663.6            

2028 ‐                               ‐                               641,819.3                ‐                               16,276.6                   185,263.4                641,819.3                (193,918.2)               447,901.1                238,907.0                0.53                           1,951,570.5            

2029 ‐                               ‐                               ‐                               ‐                               14,974.5                   169,518.0                ‐                               4,642.1                     4,642.1                     2,338.5                     0.50                           1,953,909.1            

2030 ‐                               ‐                               ‐                               ‐                               13,776.5                   155,032.2                ‐                               4,270.7                     4,270.7                     2,032.0                     0.48                           1,955,941.1            

2031 ‐                               ‐                               ‐                               ‐                               12,674.4                   141,705.3                ‐                               3,929.1                     3,929.1                     1,765.6                     0.45                           1,957,706.7            

2032 ‐                               ‐                               ‐                               ‐                               11,660.5                   129,444.5                ‐                               3,614.7                     3,614.7                     1,534.2                     0.42                           1,959,240.8            

2033 ‐                               ‐                               ‐                               ‐                               10,727.6                   118,164.6                ‐                               3,325.6                     3,325.6                     1,333.0                     0.40                           1,960,573.9            

2034 ‐                               ‐                               ‐                               ‐                               9,869.4                     107,787.1                ‐                               3,059.5                     3,059.5                     1,158.3                     0.38                           1,961,732.2            

2035 ‐                               ‐                               ‐                               ‐                               9,079.9                     98,239.8                   ‐                               2,814.8                     2,814.8                     1,006.4                     0.36                           1,962,738.6            

2036 ‐                               ‐                               ‐                               ‐                               8,353.5                     89,456.3                   ‐                               2,589.6                     2,589.6                     874.5                         0.34                           1,963,613.1            

2037 ‐                               ‐                               ‐                               ‐                               7,685.2                     81,375.4                   ‐                               2,382.4                     2,382.4                     759.9                         0.32                           1,964,373.0            

2038 ‐                               ‐                               ‐                               ‐                               7,070.4                     73,941.0                   ‐                               2,191.8                     2,191.8                     660.3                         0.30                           1,965,033.2            

2039 ‐                               ‐                               ‐                               ‐                               6,504.7                     67,101.4                   ‐                               2,016.5                     2,016.5                     573.7                         0.28                           1,965,606.9            

2040 ‐                               ‐                               ‐                               ‐                               5,984.4                     60,809.0                   ‐                               1,855.2                     1,855.2                     498.5                         0.27                           1,966,105.4            

2041 ‐                               ‐                               ‐                               ‐                               5,505.6                     55,019.9                   ‐                               1,706.7                     1,706.7                     433.1                         0.25                           1,966,538.6            

2042 ‐                               ‐                               ‐                               ‐                               5,065.2                     49,694.0                   ‐                               1,570.2                     1,570.2                     376.4                         0.24                           1,966,914.9            

2043 ‐                               ‐                               ‐                               ‐                               4,660.0                     44,794.1                   ‐                               1,444.6                     1,444.6                     327.0                         0.23                           1,967,242.0            

2044 ‐                               ‐                               ‐                               ‐                               4,287.2                     40,286.2                   ‐                               1,329.0                     1,329.0                     284.2                         0.21                           1,967,526.1            

2045 ‐                               ‐                               ‐                               ‐                               3,944.2                     36,139.0                   ‐                               1,222.7                     1,222.7                     246.9                         0.20                           1,967,773.0            

2046 ‐                               ‐                               ‐                               ‐                               3,628.6                     32,323.5                   ‐                               1,124.9                     1,124.9                     214.5                         0.19                           1,967,987.6            

2047 ‐                               ‐                               ‐                               ‐                               3,338.4                     28,813.3                   ‐                               1,034.9                     1,034.9                     186.4                         0.18                           1,968,174.0            

2048 ‐                               ‐                               ‐                               ‐                               3,071.3                     25,583.9                   ‐                               952.1                         952.1                         162.0                         0.17                           1,968,335.9            

2049 ‐                               ‐                               ‐                               ‐                               2,825.6                     22,612.9                   ‐                               875.9                         875.9                         140.7                         0.16                           1,968,476.7            

2050 ‐                               ‐                               ‐                               ‐                               2,599.5                     19,879.5                   ‐                               805.9                         805.9                         122.3                         0.15                           1,968,599.0            

2051 ‐                               ‐                               ‐                               ‐                               2,391.6                     17,364.8                   ‐                               741.4                         741.4                         106.3                         0.14                           1,968,705.2            

2052 ‐                               ‐                               ‐                               ‐                               2,200.2                     15,051.3                   ‐                               682.1                         682.1                         92.3                           0.14                           1,968,797.6            

2053 ‐                               ‐                               ‐                               ‐                               2,024.2                     12,922.8                   ‐                               627.5                         627.5                         80.2                           0.13                           1,968,877.8            

2054 ‐                               ‐                               ‐                               ‐                               1,862.3                     10,964.6                   ‐                               577.3                         577.3                         69.7                           0.12                           1,968,947.5            

2055 ‐                               ‐                               ‐                               ‐                               1,713.3                     9,163.1                     ‐                               531.1                         531.1                         60.6                           0.11                           1,969,008.1            

2056 ‐                               ‐                               ‐                               ‐                               1,576.2                     7,505.7                     ‐                               488.6                         488.6                         52.6                           0.11                           1,969,060.7            

2057 ‐                               ‐                               ‐                               ‐                               1,450.1                     5,980.9                     ‐                               449.5                         449.5                         45.7                           0.10                           1,969,106.4            
Total ‐                               ‐                               4,887,555.2             (448,861.6)               432,185.0                4,438,693.6             (1,381,164.8)            3,057,528.8             1,969,106.4            
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CI Number:  51824 

Title:  LIN3 ID Fan Damper and VIV Refurbishment 

Start Date: 2018/03 
In-Service Date: 2018/04 
Final Cost Date: 2018/10 
Function: Steam  
Forecast Amount: $443,311 

DESCRIPTION: 

This project covers the refurbishment of the Lingan Unit 3 Induced Draft (ID) fan damper and variable inlet vanes 
(VIVs).  This includes the replacement of the bearings, bushings and seals to allow for controlled movement of the 
damper and vanes. 

The ID fans are part of the boiler combustion control process.  The flue gas flow from the boiler is controlled by the 
ID fan dampers and VIVs.  The ID Fan, VIVs and dampers are required to be in working order to allow the fan to 
adjust to changing unit load.  If the VIVs are unable to operate, a unit trip is likely.  If the VIVs seize and the unit 
does not trip, load will be limited and heat rate will be negatively impacted.  In addition, sticking VIVs can increase 
exhaust gas opacity which must be controlled as part of the Lingan Operating Permit.  If the VIVs are not in 
working order, Supervisory Control and Data Acquisition (SCADA) control of the unit is limited, affecting its 
ability to change output to serve variable customer demand and balance wind generation. 

Summary of Related CI's +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 or 2020 

JUSTIFICATION:  

Justification Criteria:  Thermal  

Sub Criteria:  Equipment Replacement / Refurbishment 

Why do this project? 

The ID fan, VIVs and dampers are required to be in good working order and able to be automatically adjusted as the 
needs of the boiler change.  Currently the bearings, bushings and seals require replacement to allow for controlled 
movement.  This project will prevent related outages and deratings. 

This project is primarily justified on unit reliability, but secondarily justified on environmental factors and 
economics.  

Why do this project now? 

This project needs to be completed in 2018 due to the deteriorated condition of the ID fan VIVs and dampers.  The 
ID fan is a critical piece of equipment to the operation of the boiler; the unit outage in 2018 will allow the work to 
be completed in a planned manner.  As the demands on the boiler change and it is required to change load more 
frequently to meet system conditions, the ID fans must be in good working order to successfully accommodate the 
need for flexible unit operation. 

Why do this project this way? 

Due to the deteriorated condition, replacement of the moving components (bearings, bushings and seals) is the only 
option to allow the dampers and VIVs to operate correctly. 
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: -CI Number 51824 LIN3 ID FAN Damper and VIV Refurbishment Project Number 51824

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1133 1133 Lingan Unit 3; Commissioned 1983, 164Mwh

1700 - SGP - Draft Equip./Stacks 425,015Additions

1700 - SGP - Draft Equip./Stacks 18,295Retirements

Total Cost:

Original Cost:

443,311

167,433
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Capital Project Detailed Estimate

51824

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 2 397$  795$  
PD 80 358$  28,611$  
PD 30 375$  11,238$  
PD 19 235$  4,356$  

Sub-Total 45,000$  48438

PD 56 715$  40,000$  

Sub-Total 40,000$  48438

PD 224 358$  80,000$  

Sub-Total 80,000$  48438

Lot 1 180,000$           180,000$              
Lot 1 40,000$             40,000$  
Lot 1 10,000$             10,000$  

Sub-Total 230,000$              48438

Lot 1 5,000$               5,000$  
Lot 1 7,000$               7,000$  
Lot 1 3,000$               3,000$  

Sub-Total 15,000$  48438

31,854$  
1,457$  

Sub-Total 33,311$  

410,000$              
443,311$              

Original Cost
167,433$              

Engineering

Labour AO
Contract AO

Administrative Overhead

Contracts

Damper positioners
Damper and VIV Bushing, Bearings and Seals

OT Labour

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Industrial Cleaning

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Materials

Maintenance Trades

Trucking Transportation

Fan Casing Repair

Lingan Generating Station

LIN3 ID Fan Damper and VIV Refurbishment

Location:
CI# :
Title:

Description

Term Labour

Maintenance Trades

Misc. Consumables

Maintenance Trades

Utility worker

Regular Labour

Power Plant Technician
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LIN3 ID Fan Damper and VIV Refurbishment
Summary of Alternatives

Division : Date : 18-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A Fan Damper and VIV Refurb vs Replacement Energy Costs 473,347 1 24.20% 5.7 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Fan Damper and VIV Refurb vs Replacement Energy Costs

Test 2

Test 3

Test 4

Power Production
Lingan 51824

NS Power recommends completing this project to ensure opacity remains under control, the boiler can be controlled by SCADA to meet changing power demands, 
and the plant is able to avoid unit trips and reduced heat rate performance on Unit 3.

The ID Fan, VIVs and Dampers are required to be in working order to allow the fan to adjust to changing load demands.   If the VIVs are unable to operate, a unit 
trip is likely.  If the VIVs stick and the unit does not trip, load will be limited and heat rate will be negatively impacted.  In addition, sticking VIVs can increase 
opacity, which must be controlled as part of the Lingan Operating Permit.  If the VIVs are not in working order, the amount of SCADA control is limited, affecting 
Lingan's ability to change output to meet power demands.

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-665,162
0
0
0

G26-51824 4 EAM CONFIDENTIAL.xls 11/18/2017
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LIN3 ID Fan Damper and VIV Refurbishment
Summary of Sensitivities

Division : Date : 14-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Fan Damper and VIV Refurb vs Replacement Ene 5.88% -665,162 473,347 1 24.20% 5.7 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Fan Damper and VIV Refurb vs Replacement Ene 10% -624,580 441,719 1 21.80% 6.0 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 40,582 -31,629 0 -2.40% 0.3 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Fan Damper and VIV Refurb vs Replacement Ene -10% -558,064 394,384 1 21.55% 6.0 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 107,098 -78,963 0 -2.64% 0.4 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 12,267 52,675 No
B 0 0 No
C 0 0 No
D 0 0 No

122,604
0
0
0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Lingan 51824

PV of Revenue 
Requirement Delay?

3

51824 4 EAM CONF.xls 11/14/2017
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Division : Date : 
Department : CI Number:

Project No. :

Fan Damper and VIV Refurb vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 8,500 8,842
Events/Outages (#) 1 2 1 2
Probability of Occurance (%) 100% 100% 100% 100%
Capacity Factor (%)
Energy Replaced (MW) 154.0 154.0
Duration (Hours or Years) 80 80
Totals $24,749 $48,918 $8,500 $17,685 $33,249 $66,602

Total Capital Cost of Alternative $443,311

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

LIN3 ID Fan Damper and VIV Refurbishment
Avoided Cost Calculations

14-Nov-17
51824

Power Production
Lingan
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LIN3 ID Fan Damper and VIV Refurbishment
Fan Damper and VIV Refurb vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               33,249.4                   (410,000.0)               16,400.0                   402,793.7                (376,750.6)               (5,223.3)                    (381,973.9)               (360,761.2)               0.94                           (360,761.2)              

2019 ‐                               ‐                               66,602.3                   ‐                               31,488.0                   369,770.8                66,602.3                   (10,885.4)                 55,716.9                   49,700.3                   0.89                           (311,060.9)              

2020 ‐                               ‐                               97,434.9                   ‐                               28,969.0                   339,389.6                97,434.9                   (21,224.4)                 76,210.4                   64,205.6                   0.84                           (246,855.3)              

2021 ‐                               ‐                               102,413.7                ‐                               26,651.4                   311,439.0                102,413.7                (23,486.3)                 78,927.4                   62,801.8                   0.80                           (184,053.5)              

2022 ‐                               ‐                               179,058.6                ‐                               24,519.3                   285,724.4                179,058.6                (47,907.2)                 131,151.4                98,560.6                   0.75                           (85,492.9)                

2023 ‐                               ‐                               183,649.3                ‐                               22,557.8                   262,067.0                183,649.3                (49,938.4)                 133,710.9                94,903.7                   0.71                           9,410.8                    

2024 ‐                               ‐                               226,047.0                ‐                               20,753.2                   240,302.2                226,047.0                (63,641.1)                 162,405.9                108,869.0                0.67                           118,279.8               

2025 ‐                               ‐                               231,878.9                ‐                               19,092.9                   220,278.6                231,878.9                (65,963.7)                 165,915.3                105,044.9                0.63                           223,324.7               

2026 ‐                               ‐                               277,527.0                ‐                               17,565.5                   201,856.9                277,527.0                (80,588.1)                 196,938.9                117,762.3                0.60                           341,087.0               

2027 ‐                               ‐                               284,732.8                ‐                               16,160.2                   184,908.9                284,732.8                (83,257.5)                 201,475.3                113,784.3                0.56                           454,871.3               

2028 ‐                               ‐                               ‐                               ‐                               14,867.4                   169,316.7                ‐                               4,608.9                     4,608.9                     2,458.4                     0.53                           457,329.6               

2029 ‐                               ‐                               ‐                               ‐                               13,678.0                   154,971.9                ‐                               4,240.2                     4,240.2                     2,136.1                     0.50                           459,465.7               

2030 ‐                               ‐                               ‐                               ‐                               12,583.8                   141,774.7                ‐                               3,901.0                     3,901.0                     1,856.1                     0.48                           461,321.8               

2031 ‐                               ‐                               ‐                               ‐                               11,577.1                   129,633.3                ‐                               3,588.9                     3,588.9                     1,612.7                     0.45                           462,934.5               

2032 ‐                               ‐                               ‐                               ‐                               10,650.9                   118,463.2                ‐                               3,301.8                     3,301.8                     1,401.3                     0.42                           464,335.9               

2033 ‐                               ‐                               ‐                               ‐                               9,798.8                     108,186.6                ‐                               3,037.6                     3,037.6                     1,217.6                     0.40                           465,553.5               

2034 ‐                               ‐                               ‐                               ‐                               9,014.9                     98,732.3                   ‐                               2,794.6                     2,794.6                     1,058.0                     0.38                           466,611.5               

2035 ‐                               ‐                               ‐                               ‐                               8,293.7                     90,034.2                   ‐                               2,571.1                     2,571.1                     919.3                         0.36                           467,530.8               

2036 ‐                               ‐                               ‐                               ‐                               7,630.2                     82,032.0                   ‐                               2,365.4                     2,365.4                     798.8                         0.34                           468,329.6               

2037 ‐                               ‐                               ‐                               ‐                               7,019.8                     74,670.0                   ‐                               2,176.1                     2,176.1                     694.1                         0.32                           469,023.7               

2038 ‐                               ‐                               ‐                               ‐                               6,458.2                     67,897.0                   ‐                               2,002.1                     2,002.1                     603.1                         0.30                           469,626.8               

2039 ‐                               ‐                               ‐                               ‐                               5,941.6                     61,665.8                   ‐                               1,841.9                     1,841.9                     524.0                         0.28                           470,150.8               

2040 ‐                               ‐                               ‐                               ‐                               5,466.2                     55,933.0                   ‐                               1,694.5                     1,694.5                     455.3                         0.27                           470,606.1               

2041 ‐                               ‐                               ‐                               ‐                               5,028.9                     50,658.9                   ‐                               1,559.0                     1,559.0                     395.6                         0.25                           471,001.8               

2042 ‐                               ‐                               ‐                               ‐                               4,626.6                     45,806.8                   ‐                               1,434.3                     1,434.3                     343.8                         0.24                           471,345.6               

2043 ‐                               ‐                               ‐                               ‐                               4,256.5                     41,342.8                   ‐                               1,319.5                     1,319.5                     298.7                         0.23                           471,644.3               

2044 ‐                               ‐                               ‐                               ‐                               3,916.0                     37,235.9                   ‐                               1,214.0                     1,214.0                     259.6                         0.21                           471,903.8               

2045 ‐                               ‐                               ‐                               ‐                               3,602.7                     33,457.6                   ‐                               1,116.8                     1,116.8                     225.5                         0.20                           472,129.3               

2046 ‐                               ‐                               ‐                               ‐                               3,314.5                     29,981.5                   ‐                               1,027.5                     1,027.5                     196.0                         0.19                           472,325.3               

2047 ‐                               ‐                               ‐                               ‐                               3,049.3                     26,783.5                   ‐                               945.3                         945.3                         170.3                         0.18                           472,495.6               

2048 ‐                               ‐                               ‐                               ‐                               2,805.4                     23,841.4                   ‐                               869.7                         869.7                         148.0                         0.17                           472,643.5               

2049 ‐                               ‐                               ‐                               ‐                               2,581.0                     21,134.6                   ‐                               800.1                         800.1                         128.6                         0.16                           472,772.1               

2050 ‐                               ‐                               ‐                               ‐                               2,374.5                     18,644.4                   ‐                               736.1                         736.1                         111.7                         0.15                           472,883.8               

2051 ‐                               ‐                               ‐                               ‐                               2,184.5                     16,353.4                   ‐                               677.2                         677.2                         97.1                           0.14                           472,980.9               

2052 ‐                               ‐                               ‐                               ‐                               2,009.8                     14,245.7                   ‐                               623.0                         623.0                         84.3                           0.14                           473,065.2               

2053 ‐                               ‐                               ‐                               ‐                               1,849.0                     12,306.6                   ‐                               573.2                         573.2                         73.3                           0.13                           473,138.5               

2054 ‐                               ‐                               ‐                               ‐                               1,701.1                     10,522.6                   ‐                               527.3                         527.3                         63.7                           0.12                           473,202.1               

2055 ‐                               ‐                               ‐                               ‐                               1,565.0                     8,881.3                     ‐                               485.1                         485.1                         55.3                           0.11                           473,257.5               

2056 ‐                               ‐                               ‐                               ‐                               1,439.8                     7,371.4                     ‐                               446.3                         446.3                         48.1                           0.11                           473,305.5               

2057 ‐                               ‐                               ‐                               ‐                               1,324.6                     5,982.2                     ‐                               410.6                         410.6                         41.8                           0.10                           473,347.3               
Total ‐                               ‐                               1,682,593.8             (410,000.0)               394,767.2                1,272,593.8             (399,226.3)               873,367.6                473,347.3               
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CI Number:  51818 
 
Title:  PHB Boiler Refurbishment 2018 
 
Start Date: 2018/08 
In-Service Date: 2018/09 
Final Cost Date: 2019/03 
Function: Steam 
Forecast Amount: $440,315 
 
DESCRIPTION:  
 
Refurbishment of sections of the Port Hawkesbury Biomass (PHB) boiler is required to maintain reliable operation 
of the co-generation unit.  Due to the volume of biomass fuel that passes through the boiler, it has many erosion 
susceptible areas including conveyors, feed screws and reciprocating grates.  This project falls within the projected 
sustaining capital investment for the biomass plant.  Similar to the boilers on coal-fired units, the biomass boiler will 
require refurbishment and select component replacements over its life in response to continuous exposure to 
elevated temperatures, temperature cycling, erosion and corrosion.  
 
Specifically, replacements will be made on the boiler's fuel insertion screw conveyors, boiler reciprocating grate, 
and pressure parts. On the electrostatic precipitator, the collecting system alignment will be improved and casing 
repairs undertaken to reduce air ingress.  
 
Summary of Related CIs +/- 2 years: 
2016 CI 47613 PHB - Boiler Refurbishment 2016 $572,360 
2017 CI 49499 PHB - Boiler Refurbishment 2017 $593,740  
2019 CI TBD PHB Boiler Refurbishment 2019 $TBD 
2020 CI TBD PHB Boiler Refurbishment 2020 $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal 
 
Sub Criteria:  Equipment Replacement/Refurbishment 
 
Why do this project? 
 
Legislation: 
 
NS Power is required to maintain PHB unit as a base load cogeneration facility, and operate the plant on an 
economic dispatch basis or as required for system reliability.  PHB capital projects and routines are designed to 
maintain PHB unit in that capacity.  Section 5(2A) of the Renewable Electricity Regulation provide as follows: 
 

5(2A) NSPI must maintain the Port Hawkesbury biomass power generation plant available as a 
base load cogeneration facility and NSPI must operate the plant on an economic dispatch basis or 
as required for system reliability.”  
  

Renewable Energy Standards:  
 
The PHB generation station was designed to meet requirements under the Renewable Energy Standards, providing 
ready and reliable renewable energy, while contributing to system stability.  The Port Hawkesbury Biomass 
Cogeneration facility is the only NS Power-owned renewable resource whose output can be increased to meet RES 
obligations in the event of a low wind/hydro output year.  Continued investment in the biomass facility diversifies 
NS Power’s energy portfolio in renewables, and will contribute to RES requirements of 40% of NS Power’s electric 
sales being from renewable energy sources in 2020.  
  

_
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Contractual Obligations:  
 
The PHB arrangement was designed and approved as a cogeneration operation.  The boiler’s steam output is for the 
purpose of producing renewable electrical energy and supplying Port Hawkesbury Paper’s (PHP) mill steam 
requirements. 
 
As a cogeneration facility, the biomass unit is highly integrated into the operation of the paper mill. NS Power and 
PHP entered into a Shared Services and Steam Supply Agreement dated September 28, 2012 (the Agreement).  
Within the Agreement, NS Power agreed to provide steam and related services to PHP over the term of the contract. 
 
Asset Condition:  
 
Ongoing asset management activities identified the requirement for boiler component replacement to maintain the 
near term and long term reliability of the boiler, and mitigate the risk of unplanned outages due to tube leaks.  Due 
to the biomass that passes through the boiler, it has many areas susceptible to erosion including conveyors, feed 
screws and reciprocating grates.  
 
Why do this project now? 
 
Some of the boiler tubes and other equipment to be inspected and replaced are difficult to access.  This project is 
required to be completed during an outage of sufficient duration to complete the necessary work.  The planned 
outage for the biomass boiler in 2018 will be of sufficient duration to complete the work. 
 
Why do this project this way? 
 
Completing this work in this manner is the only feasible way to allow for reliable and efficient operation of the 
boiler.  Refurbishing the boiler through component replacement is a more cost effective alternative than full boiler 
replacement. 

_
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: -CI Number 51818 PHB Boiler Refurbishment 2018 Project Number 51818

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1401 1401 Port Hawkesbury Biomass

1300 - SGP - Boiler 364,498Additions

1300 - SGP - Boiler 75,817Retirements

Total Cost:

Original Cost:

440,315

288,814

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51818

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 40 240$                  9,607$                  
Sub-Total 9,607$                  

PD 10 480$                  4,804$                  
Sub-Total 4,804$                  

PD 10 240$                  2,402$                  
Sub-Total 2,402$                  

ea 100 678$                  67,800$                
ea 100 872$                  87,200$                

lot 1 10,000$             10,000$                
lot 1 7,000$               7,000$                  
ea 4 17,000$             68,000$                
ea 1 10,000$             10,000$                

Sub-Total 250,000$              

lot 1 115,000$           115,000$              
lot 1 5,000$               5,000$                  

Sub-Total 120,000$              

% 10% 386,812$           38,681$                
Sub-Total 38,681$                

3,166$                  
11,656$                

Sub-Total 14,821$                

425,494$              
440,315$              

Original Cost
462,436$              

PHB Boiler Refurbishment 2018

 Regular Labour

Description

Grates, stationary

Non-destructive testing
Boiler refurbishment services provider

Utility worker

Contracts

Materials

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Location:
CI# :
Title:

Utility worker

Other Goods & Services

Structural steel, steel plate, etc.

Port Hawkesbury Biomass

Grates parts - beams, sliders, wear plates, 
etc.

Term Labour

Precipitator rotary valves

Utility worker

Valve actuator

Grates, reciprocating

OT Labour

Contract AO

Administrative Overhead
Labour AO

Contingency
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CI Number:  51807 
 
Title:  TUC2 Boiler Lower Vestibule Refurbishment 
 
Start Date: 2018/03 
In-Service Date: 2018/06 
Final Cost Date: 2018/12 
Function: Steam  
Forecast Amount: $412,872 
 
DESCRIPTION: 
 
This project will remove and replace four sloped floor tubes which allow access to filler blocks in the Tufts Cove 
Unit 2 boiler.  
 
The furnace floor and the side walls of the Tufts Cove Unit 2 boiler are composed of membrane tube surfaces.  The 
intersection of the floor and wall is sealed using filler blocks in order to make the furnace flue gas tight.  
 
Summary of Related CIs +/- 2 years: 
2017 CI 49674 - TUC2 Boiler Waterwall Tube Replacement - $421,518 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal  
 
Sub Criteria:  Equipment Replacement / Refurbishment  
 
Why do this project? 
 
During the 2017 annual inspection of the Tufts Cove Unit 2 boiler furnace, it was noted that the majority of filler 
blocks at the described seal locations have corroded, which compromises the integrity of the gas seal along the 
length of the intersecting tube surfaces.  Failure of this seal would allow flue gases to enter the header vestibule 
below the furnace with potential resultant corrosion damage to headers and tubing located in this vestibule, as well 
as potential release of flue gas leakage into the operating area of the Tufts Cove Unit 2 boilerhouse.  In addition to 
flue gas leakage, the compromised filler blocks create a pocket for oil ash to accumulate and, with moisture addition, 
develop a corrosion cell resulting in damage to the associated tube surfaces.  Selected damaged filler blocks were 
removed during the 2017 outage and the pocket cleaned out for inspection.  Significant corrosion damage was found 
at these locations, highlighting a need for this project. 
 
This project is required to maintain reliability of the Tufts Cove Unit 2 boiler, and mitigate the risk to operations 
personnel. 
 
Why do this project now? 
 
This project is required in 2018 to maintain the reliability of the Tufts Cove Unit 2 boiler.  Investigated areas of the 
subject seal in 2017 found corrosion damage and wall loss to the underlying tube surfaces. 
 
Why do this project this way? 
 
Removal and replacement of the floor tubes is the only feasible solution in order to mitigate the risks associated with 
the lower vestibule.  The tubes and membranes have deteriorated to the point where they cannot be refurbished by weld 
overlay and require new material in order to ensure the integrity of the seals. 
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: -CI Number 51807 TUC2 Boiler Lower Vestibule Refurbishment Project Number 51807

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1172 1172 Tufts Cove Unit 2; Commissioned 1972, 97 Mwh

1300 - SGP - Boiler 350,698Additions

1300 - SGP - Boiler 62,175Retirements

Total Cost:

Original Cost:

412,872

55,546

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51807

Execution Year: 2017

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 10 358$                  3,583$                  
PD 10 405$                  4,053$                  
PD 10 365$                  3,648$                  
PD 2 390$                  781$                     
PD 60 240$                  14,411$                

Sub-Total 26,475$                

PD 12 480$                  5,760$                  

Sub-Total 5,760$                  

lot 1 3,000$               3,000$                  

Sub-Total 3,000$                  

lot 1 Cost Support #1 - Page 5
lot 1
lot 1 15,000$             15,000$                
lot 1 20,000$             20,000$                

Sub-Total 311,138$              

ea 1 3,000$               3,000$                  
-$                     

Sub-Total 3,000$                  

% 10% 251,138$           25,114$                

Sub-Total 25,114$                

1,716$                  

Sub-Total 1,716$                  

6,449$                  
30,221$                

Sub-Total 36,670$                

374,487$              
412,872$              

Original Cost
55,546$                

Labour AO
Administrative Overhead

Rentals

Engineering

Materials

Utility worker

Location:
CI# :
Title:

Maintenance Trades

Utility worker

Regular Labour

Description

Electrician

Steam

Power Engineer

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Scaffolding in Vestibule

Contract AO

Trailer

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Non Destructive Examination

Contracts

Misc

OT Labour

TUC2 Boiler Lower Vestibule Refurbishment

AFUDC

Other Goods & Services
Contingency

Replace Filler Blocks and Necessary Tubes

Vacuum ash
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babcock & wilcox power generation group canada corp . ,  a Babcock & Wilcox company  

479 Rothesay Ave.    •    Saint John, New Brunswick, CA    •    (506) 633-2880    •    Fax (506) 633-1353 

 
June 2, 2017 
 
NSPI – Tuft’s Cove  
315 Windmill Rd.  
Dartmouth, NS 
B3A 1H3 
 
Attention: Kevin Thompson 
 
Reference: TUC2 – Remove and Replace Lower Furnace Filler Blocks     
  B&W PGG Proposal No. TP001012 Rev. 00 
 
Dear Kevin, 
 
B&W PGG is pleased to provide the following budget pricing to remove and replace (R&R) the filler 
blocks in the lower furnace of Tufts Cove Unit #2 (TUC2) which were found during a recent inspection 
to have burned through. The purpose of the filler blocks is to maintain a gas-tight seal to the lower 
vestibule, and although the seal is not significantly compromised as only minor leakage was observed, 
there are two issues which should be investigated: cracking in the filler blocks which has begun to 
propagate into the pressure part welds, and tube wall loss due to corrosion from moisture entering the 
void between the floor tubes and the wall tubes, likely during out-of-service periods.  
 
Two options are given for your consideration: 
 

1. Remove and replace the entire filler block in 164 locations, exposing the wall tube surface for 
dye penetrant and ultrasonic thickness testing, and then completing any identified repairs. This 
option involves removing at least one (1) floor tube from each corner of the boiler, from the tan 
of the front / rearwall bend to the tan of the hopper bend. This has the added benefit of 
addressing pitting damage found on the outer sides of the floor tubes in question by replacing 
them with new material. B&W recommends this option.  

2. Remove and replace only the top portion of the filler block in 164 locations. This option will 
provide a seal preventing any gas leaks into the lower vestibule and further corrosion in the 
existing void, and allow dye penetrant inspection on the hot side only to evaluate crack 
propagation. It would not be possible to perform thickness checks on the wall tubes, making this 
the less preferred option from a reliability standpoint. 

 
There are a total of 170 filler blocks in the lower furnace, however six (6) were installed along with a 
new five (5) tube panel during the last maintenance outage, thus, a maximum of 164 blocks require 
attention. After an initial cleaning, it is likely that a small number of blocks will be found intact, and if a 
dye penetrant inspection shows no cracking and the block thickness is acceptable, those blocks will be 
left in place unless NSPI would like them replaced as well. It is expected that fewer than 20 blocks will 
be in acceptable condition to leave in place, based on the previous inspection.  
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NSPI - TUC2 – R&R Filler Blocks Page 2 June 2, 2017 
Proposal #TP001012 Rev. 00 

babcock & wilcox power generation group canada corp . ,  a Babcock & Wilcox company   
 

B&W Scope of Work: 
 
 Supply labor, supervision, tools, site facilities, and material  as required to perform the following: 

 Site set-up 
 Remove floor tubes immediately adjacent to the sidewall, as required 
 Remove 164 filler blocks 
 Prepare tube surfaces for inspection 
 Complete identified repairs 
 Install 164 new filler blocks following inspection 
 Fit and weld new floor tubes and membrane 
 Replace floor tube to sidewall seal 
 Clean-up work site, pack and ship tools 

 
Customer Supply: 
 
 Supply gas testing and confined space watch as necessary 
 Supply scaffolding and scaffolding erection if required  
 Washing of the boiler  prior to work 
 (550V/ 220V and 110V) power supply to active work areas and trailers 
 Electrical hook-up of  welding machines 
 Lunchroom and washroom facilities 
 Use of plant hoist and / or elevator for movement of men and equipment 
 Free unobstructed access to work areas at all times 
 Area adjacent to boiler house for B&W trailers and materials.  
 Scrap bins and scrap removal 
 Repair or removal of any asbestos insulation in the work areas  
 Removal and replacement of insulation and lagging if necessary  
 Allow use of plant fork lift  
 Site safety orientations 
 New tube material, already on-site 
 Supply of NDE services for UT, LPI, and Radiography 
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NSPI - TUC2 – R&R Filler Blocks Page 3 June 2, 2017 
Proposal #TP001012 Rev. 00 

babcock & wilcox power generation group canada corp . ,  a Babcock & Wilcox company   

Estimated Prices: 

Babcock & Wilcox PGG Canada is pleased to provide the following budget pricing for the supply of 
supervision, labor, tools, equipment, material, and consumables to carry out the filler block removal and 
replacement described above:  

Option 1: Complete R&R of 164 Filler Blocks ..................................................................

Option 2: R&R of Top Portion Only..................................................................................

This proposal is issued for budgetary purposes and includes a 5% contingency amount to cover 
additional items such as minor scope change, delays etc. and these amounts will only be charged if 
additional manpower or time is required for the completion of the work.  

Basis of Pricing 

 Price in Canadian dollars. 
 All applicable taxes are extra. 
 Field Service personnel availability subject to workload commitments and subject prior to sale. 
 Based on B&W’s standard quality and manufacturing standards. 
 Standard lead-times for materials. 
 Accuracy of estimate +/- 10% 
 Schedule is based on working ten (10) hour shifts, Monday – Thursday. 
 Overtime, holiday, or weekend time is not included. 

Commercial Terms and Conditions: 

Commercial terms and conditions shall be in accordance with the terms mutually agreed upon for the 
shutdown, prior to the shutdown date.   

Construction Pricing Notes: 

1. The construction price provided above is based on construction union labor rates in effect until July 
1, 2017.  If work is performed during a period in which the union rates or government assessments 
increase under the applicable labor union agreement, all such increases will be to the Purchasers 
account. 
 

2. The construction prices for maintenance work provided herein are estimated only and not given by 
B&W PGG Canada as an offer, nor as a term of any contract, nor as an undertaking that the 
estimated prices will be the final prices.  All work will be charged based on the actual time taken in 
accordance with our cost plus field Construction Terms and Conditions, Form F-143-B3. 

3. The price for maintenance work provided above includes an estimated amount for travel time, fares, 
and daily subsistence costs as stipulated in the current boilermaker agreement.  These costs will be 
charged only if applicable. 
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NSPI - TUC2 – R&R Filler Blocks Page 4 June 2, 2017 
Proposal #TP001012 Rev. 00 

babcock & wilcox power generation group canada corp . ,  a Babcock & Wilcox company   
 

 
4. We have assumed that all insulation is free of asbestos.  If asbestos removal is required, then the 

costs and time associated with the disposal to meet provincial regulations will be charged at an extra 
to the contract, as well as any delays or standby time resulting from the presence and removal of 
asbestos. 

 
5. All taxes extra as applicable. 
 
Thank you for giving us the opportunity of estimating this work.  If you have any questions, please call 
me at (506) 651-0619. 
 
Regards, 

 
Devin Ring 
Field Service Engineer 
Babcock & Wilcox PGG Canada Corp. 
 
 
Attached: 
 Summary of costs 

Construction estimate bar charts 
 F143-B3 - Construction Rate Sheet 
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6/2/2017Customer: NSPI - Tuft's Cove Generating Station
Location: Dartmouth, NS
Boiler Type: TUC2 El Paso Radiant
Scope: Option 1: R&R Complete Filler Block
Estimator: Devin Ring & Reg MacCarthy
Shutdown Shifts: 24 (4 x 10 hrs)
Proposal #: TP001012

Hours

232.00
4.00

236.00

232.00
8.00

240.00

1,856.00
64.00

1,920.00
2,396.00

5.

Welders tests (D.O.L.)

Total Sub-Contracts

CONSTRUCTION CONTINGENCY @

TOTAL PROJECT (SUPPLY & INSTALL)

MISC. MATERIAL
Fax / phone / copier

Refractories

TRANSPORTATION

Piping
xx
Misc.

Tool freight
Transportation for tool van

Engineering (A/E)

PROJECT ESTIMATE

Total Misc. Material

Total Transportation

Cranes
Tractors and Floats

NDT
Stress Relieving

1/2 ton truck

ST & OT

TT, Fares & Subsistence

SUB-CONTRACTS

Air compressor c/w fuel
Two (2) way radios

CAMBRIDGE SUPPLIED MATERIAL

Misc. steel / material

Fire blanket
Planks / plywood
Stainless steel / alloy consumables

 XX
Builder's Risk Insurance

LABOUR

Subtotal

BWC Support Staff

Union Labour

ST & OT
TT ,Fares, & Subsistence

Subtotal

Union Supervision
ST & OT

Subtotal
Total Labour

TT, Fares & Subsistence

Total Rentals

RENTALS

Fork Lift
Boom Truck
Trailers

Air tuggers
Office and lunch room furniture
Welding machines (automatics)
Plasma cutters
 XX

Scrap removal
Touch-up painting

Scaffolding
Insulation & Lagging

Coverall cleaning
Surveying

)
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6/2/2017Customer: NSPI - Tuft's Cove Generating Station
Location: Dartmouth, NS
Boiler Type: TUC2 El Paso Radiant
Scope: Option 2: R&R Partial Filler Block
Estimator: Devin Ring & Reg MacCarthy
Shutdown Shifts: 12 (4 x 10 hrs)
Proposal #: T

Hours

175.00
8.00

183.00

135.00
8.00

143.00

960.00
64.00

1,024.00
1,350.00

Scrap removal
Touch-up painting

Scaffolding
Insulation & Lagging

Coverall cleaning
Surveying

Subtotal
Total Labour

TT, Fares & Subsistence

Total Rentals

RENTALS

Fork Lift
Boom Truck
Trailers

Air tuggers
Office and lunch room furniture
Welding machines (automatics)
Plasma cutters
 XX

LABOUR

Subtotal

BWC Support Staff

Union Labour

ST & OT
TT ,Fares, & Subsistence

Subtotal

Union Supervision
ST & OT

CAMBRIDGE SUPPLIED MATERIAL

Misc. steel / material

Fire blanket
Planks / plywood
Stainless steel / alloy consumables

 XX
Builder's Risk Insurance

Transportation for tool van

Engineering (A/E)

PROJECT ESTIMATE

Total Misc. Material

Total Transportation

Cranes
Tractors and Floats

NDT
Stress Relieving

1/2 ton truck

ST & OT

TT, Fares & Subsistence

SUB-CONTRACTS

Air compressor c/w fuel
Two (2) way radios

Welders tests (D.O.L.)

Total Sub-Contracts

CONSTRUCTION CONTINGENCY @

TOTAL PROJECT (SUPPLY & INSTAL

MISC. MATERIAL
Fax / phone / copier

Refractories

TRANSPORTATION

Piping
xx
Misc.

Tool freight
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6/2/2017

Babcock & Wilcox PGG Canada

Customer:
Description Of Work:
Date:

Day: M T W T M T W T M T W T M T W T M T W T M T W T
Shift #: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Fit membrane at slope  tube [2@ each side seal 1 @

Shift 
Notes:

Based on working 10 hour shifts, 4 crews of 2 Boilermakers each

Gouge out 164 filler blocks

Remove and Replace 4 floor tubes and 164 filler blocks

Grind prep splits

Fit and weld 4 slope tubes

NSPI Tufts Cove

June 2, 2017

Week 1Scope of Work
Site orientations and tool set up

Total Manpower:

Foreman

Weld out cold side [ stitch at side seal]
Demob

Grind prep 164 areas of block removals

Week 5 Week 6Week 2 Week 3 Week 4

Fit and weld 164 new filler blocks

Weld out hot side

Cut membrane and remove slope tube at sidewall
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6/2/2017

Babcock & Wilcox PGG Canada

Customer:
Description Of Work:
Date:

Day: M T W T M T W T M T W T M T W T M T W T M T W T
Shift #: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Shift 
Notes:

Based on working 10 hour shifts, 4 crews of 2 Boilermakers each

Weld out 164 filler blocks

Week 5 Week 6Week 2 Week 3 Week 4

Grind prep areas of removal

Total Manpower:

Foreman

Remove and replace 164 filler blocks hot side only
NSPI Tufts Cove

June 2, 2017

Week 1Scope of Work
Site orientations and tool set up
Remove 164 filler blocks above slope tubes

Fit 164 filler blocks [ top side only]
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CI Number:  51849 
 
Title:  LIN3 RH Tube Replacement  
 
Start Date: 2018/03 
In-Service Date: 2018/04 
Final Cost Date: 2018/10 
Function: Steam 
Forecast Amount: $399,546 
 
DESCRIPTION: 
 
The scope of work for this project is to replace reheat tube bends that pass through the waterwall and connect to the 
reheat header.  These bends are subject to systematic soot blowing which is required for the removal of ash build up 
on the reheat tubes.  The soot blowing causes erosion on the tube bends as they enter the waterwall opening on route 
to the reheat header.  Over years of operation, the tube bends required pad welding during each planned outage to 
rebuild the tube wall thickness.  Pad welded repairs are more susceptible to future tube failures and pulls due to 
thermal stresses.  The future planned operational state of the Unit 3 boiler will see increased cycling which will 
increase potential thermal stresses on these pad weld repairs.  The location of these tubes passing through the 
waterwall into a header vestibule could allow an external boiler steam leak to occur if the tubes fail.  The reheat tube 
replacement will be completed in a phased approach enabling the work to be completed over regular planned 
shutdown intervals. 
 
Summary of Related CIs (+/- 2 years): 
2019 CI TBD LIN3 RH Tube Replacement 2019 $TBD 
2020 CI TBD LIN3 RH Tube Replacement 2020 $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Health & Safety 
 
Why do this project? 
 
This project needs to be completed to reduce the risk of reheat boiler tube leaks in the area where the tubes exit the 
waterwall on route to the reheat header.  A leak on a reheat tube bend in this area could allow steam to leak into the 
header vestibule external to the boiler, potentially causing waterwall damage.  External boiler steam leaks can lead 
to serious safety hazards for plant personnel. 
 
This project is primarily justified on safety, and secondarily justified on unit reliability. 
 
Why do this project now? 
 
In order to mitigate the risk of an external steam leak and unplanned outage, reheat tube replacement activities are 
required.   
 
Why do this project this way? 
 
Replacing the deteriorated tube bends will mitigate the risk of tube leaks and minimize the number of unplanned 
outages.  Based on boiler assessments, these upgrades are necessary to maintain reliable operation of the boiler.  
Refurbishment of these components is not an option due the failure modes present in the pad welded tubes. 
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: -CI Number 51849 LIN3 RH Tube Replacement Project Number 51849

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1133 1133 Lingan Unit 3; Commissioned 1983, 164Mwh

1300 - SGP - Boiler 326,401Additions

1300 - SGP - Boiler 73,146Retirements

Total Cost:

Original Cost:

399,546

133,316

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51849

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 20 240$                  4,804$                  

Sub-Total 4,804$                  

PD 60 240$                  14,411$                

Sub-Total 14,411$                

lot 1 30,000$             30,000$                
lot 1 6,000$               6,000$                  

Sub-Total 36,000$                

lot 1 280,000$           280,000$              
lot 1 30,000$             30,000$                

Sub-Total 310,000$              

4,221$                  
30,110$                

Sub-Total 34,331$                

365,215$              
399,546$              

Original Cost
133,316$              

Location:
CI# :
Title:

Utility worker
Regular Labour

Description

Steam 

LIN3 RH Tube Replacement

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Industrial Cleaning Services

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Administrative Overhead
Labour AO

Term Labour

Misc Consumables

Materials

Contract AO

Boiler Maintenance Contractor

Utility worker

Contracts

Boiler Tubes
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CI Number:  51850 
 
Title:  LIN4 RH Tube Replacement  
 
Start Date: 2018/04 
In-Service Date: 2018/04 
Final Cost Date: 2018/10 
Function: Steam 
Forecast Amount: $399,546 
 
DESCRIPTION: 
 
The scope of work for this project is to replace reheat tube bends that pass through the waterwall and connect to the 
reheat header.  These bends are subject to systematic soot blowing which is required for the removal of ash build up 
on the reheat tubes.  The soot blower action causes erosion on the tube bends as they enter the waterwall opening on 
route to the reheat header.  Over years of operation the tube bends required pad welding to rebuild the tube wall 
thickness during each planned outage.  Pad welded repairs are more susceptible to future tube failures due to thermal 
stresses.  The future planned operational state of the Unit 4 boiler will see increased cycling which will increase 
potential thermal stresses on these pad weld repairs.  The location of these tubes passing through the waterwall into 
a header vestibule could allow an external boiler steam leak to occur.  The reheat tube replacement will be 
undertaken in a phased approach enabling the work to be completed over regular planned shutdown intervals. 
 
Summary of Related CIs (+/- 2 years): 
2019 CI TBD LIN4 RH Tube Replacement 2019 $TBD 
2020 CI TBD LIN4 RH Tube Replacement 2020 $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Health & Safety 
 
Why do this project? 
 
This project needs to be completed to reduce the risk of reheat boiler tube leaks in the area where the tubes exit the 
waterwall on route to the reheat header.  A leak on a reheat tube bend in this area could allow steam to leak into the 
header vestibule external to the boiler.  External boiler steam leaks can lead to serious safety hazards for plant 
personnel. 
 
Why do this project now? 
 
In order to mitigate the risk of external steam leaks and unplanned outages, reheat tube replacement activities are 
required.  This project needs to be completed now due to future increased thermal cycling of Unit 4.  
 
Why do this project this way? 
 
Replacing the deteriorated tube bends will mitigate the risk of tube leaks and minimize the number of unplanned 
outages.  Due to the level of deterioration, refurbishment of these components is not an option to mitigate the risk of 
an external boiler steam leak. 
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: -CI Number 51850 LIN4 RH Tube Replacement Project Number 51850

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1134 1134 Lingan Unit 4; Commissioned 1984, 160 Mwh

1300 - SGP - Boiler 326,400Additions

1300 - SGP - Boiler 73,146Retirements

Total Cost:

Original Cost:

399,546

133,316

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51850

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 20 240$                  4,804$                  

Sub-Total 4,804$                  

PD 60 240$                  14,411$                

Sub-Total 14,411$                

Lot 1 30,000$             30,000$                
Lot 1 6,000$               6,000$                  

Sub-Total 36,000$                

Lot 1 280,000$           280,000$              
Lot 1 30,000$             30,000$                

Sub-Total 310,000$              

4,221$                  
30,110$                

Sub-Total 34,331$                

365,214$              
399,546$              

Original Cost
133,316$              

Boiler Tubes

Steam 

LIN4 RH Tube Replacement

Boiler Contractor
Contracts

Term Labour

Misc Consumables

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Industrial Cleaning Services

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Utilityworker

Materials

Labour AO
Contract AO

Administrative Overhead

Location:
CI# :
Title:

Utilityworker
Regular Labour

Description
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CI Number:  49547 
 
Title:  TRE5 5-1 BFP Refurbishment 
 
Start Date: 2018/05 
In-Service Date: 2018/06 
Final Cost Date: 2018/12 
Function: Steam 
Forecast Amount: $345,523 
 
DESCRIPTION:  
 
The scope of this project is to refurbish the 5-1 Boiler Feed Pump (BFP) cartridge and bearings on Trenton Unit 5.   
 
Trenton Unit 5 high pressure feed water system supplies treated water to the boiler.  The deaerator storage tank 
supplies the suction to the two boiler feed pumps, which pump the feed water through three high-pressure heaters 
and on to the boiler.  The two 50 percent duty BFPs are Byron Jackson 9 stage, double case pumps with a capacity 
of 1,260 US gallons per minute and are each driven by a 2,500 horsepower (HP) drive motors.  
 
The BFP consists of an outer casing which incorporates connections for the suction and discharge piping.  The 
cartridge is in the inner casing that houses the pump impeller shaft.  This configuration allows for easier access to 
remove the cartridge (pump) for repair and maintenance.   
 
The cartridges are refurbished based on condition assessments.  A spare cartridge is maintained ready for use in case 
of failure of one of the two operating pumps because the unit can only operate at partial level with one pump.  The 
spare cartridge will be installed on 5-1 BFP, and the removed cartridge will be refurbished along with out of 
tolerance journal bearings for inspection and refurbishment as part of this capital project. 
 
Summary of Related CIs +/- 2 years: 
2017 CI 51571 TRE5 4kV Motor Refurbishment U&U $105,172 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal 
 
Sub Criteria:  Equipment Replacement/Refurbishment 
 
Why do this project? 
 
As part of the Asset Management program at the Trenton Generating Station, the inspection and overhaul of 5-1 BFP is 
scheduled for 2018 based on the condition assessment.  The pump was last inspected and overhauled in 2012 and the 
intent is to disassemble the pump, replace the cartridge with a spare unit and refurbish the cartridge and bearings.  The 
refurbishment of the removed cartridge is part of this capital project.   
 
For the Unit 5 boiler to run at full load, both BFPs must be running.  If one BFP is forced out of service, the average 
unit output drops by approximately 75 MW.  Therefore, it is imperative that the spare cartridge be overhauled in a 
proactive manner before an in-service failure occurs.  
 
This project is primarily justified on unit reliability, and secondarily supported by positive economics.  
 
Why do this project now? 
 
As part of the Asset Management assessment at Trenton, 5-1 BFP is recommended for an overhaul in 2018.  This 
refurbishment will ensure the long-term reliability of the unit, while minimizing risk of failure and maintenance costs. 
Failure to institute the overhaul of this pump could jeopardize unit output.  
 
Why do this project this way? 
 
The only alternative to this project is a full replacement of the pump cartridge, which is more costly than this 
refurbishment project, and is not considered necessary at this time. 
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: -CI Number 49547 TRE5 5-1 BFP Refurbishment Project Number 49547

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1165 1165 Trenton Unit 5; Commissioned 1969, 160 Mwh 

1600 - SGP - Feed Water Sys. 321,129Additions

1600 - SGP - Feed Water Sys. 24,394Retirements

Total Cost:

Original Cost:

345,523

49,348

Total Cost:Original Cost:
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Capital Project Detailed Estimate

49547

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 5 405$                  2,027$                  
PD 40 365$                  14,591$                
PD 10 390$                  3,904$                  
PD 10 382$                  3,821$                  
PD 20 240$                  4,804$                  

Sub-Total 29,146$                

PD 10 730$                  7,300$                  

Sub-Total 7,300$                  

PD 35 365$                  12,768$                

Sub-Total 12,768$                

1 2,000$               2,000$                  

Sub-Total 2,000$                  

lot 1 13,500$             13,500$                
lot 1 35,438$             35,438$                

Sub-Total 48,938$                

lot 1 77,088$             77,088$                
lot 1 90,000$             90,000$                
lot 1 9,000$               9,000$                  
lot 1 11,250$             11,250$                

Sub-Total 187,338$              

lot 2 3,000$               6,000$                  

Sub-Total 6,000$                  

lot 1 200$                  200$                     

Sub-Total 200$                     

% 10% 236,276$           23,628$                
-$                      

Sub-Total 23,628$                

10,009$                
18,196$                

Sub-Total 28,206$                

317,317$              
345,523$              

Original Cost
49,348$                

TRE5 5-1 BFP Refurbishment

Volute Refurbishment Materials

Contingency

Motor Refurbishment

Technician - Reassembly (On-Site)

Volute Refurbishment

Maintenance Trades

Contracts

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

OT Meals
OT Meals

Other Goods & Services

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Misc. Materials (Gaskets, Dowel pins, 
Spacers, etc)

OT Labour

Term Labour

 Travel Expense

Shipping
Freight

Power Plant Technician

Maintenance Trades

Technician - Disassembly/Inspection

Administrative Overhead

 Materials

Title:

Maintenance Trades

Utility worker

Regular Labour

Description

Labour AO
Contracts AO

Trenton Generating Station

Engineering

Power Engineer

Location:
CI# :

Travel
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TRE5 5-1 BFP Refurbishment
Summary of Alternatives

Division : Date : 18-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 222,235 1 27.30% 3.8 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
BFP Refurbishment vs Replacement Energy Costs

Test 2

Test 3

Test 4

-327,380

Power Production
Trenton 49547

PV of Revenue 
Requirement

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

BFP Refurbishment vs Replacement 
Energy Costs

0
0
0

It is recommended to complete the BFP refurbishment

The capital costs are for the refurbishment of the 5-1 BFP motor and cartridge.  The avoided expense calculator assumes the unit is de-
rated to 50% capacity for 4 weeks while either the motor or the cartridge are sent for refurbishment in the event of a failure.  The 
probability of failure includes the possibility of either the pump or motor failing.  The probability of failure increases year over year due to 
the continuous use of the equipment. 

G31-49547 EAM CONFIDENTIAL.xls 11/18/2017
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TRE5 5-1 BFP Refurbishment
Summary of Sensitivities

Division : Date : 10-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A BFP Refurbishment vs Replacement Energy Cost 5.88% -327,380 222,235 1 27.30% 3.8 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A BFP Refurbishment vs Replacement Energy Cost 10% -295,175 197,756 1 23.27% 4.0 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 32,205 -24,479 0 -4.03% 0.3 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A BFP Refurbishment vs Replacement Energy Cost -10% -262,437 175,533 1 22.86% 4.1 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 64,943 -46,702 0 -4.43% 0.3 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 34,795 86,581 No
B 0 0 No
C 0 0 No
D 0 0 No

193,997
0
0
0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Trenton 49547

PV of Revenue 
Requirement Delay?

3

49547 4 EAM CONF.xls 11/10/2017
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Division : Date : 
Department : CI Number:

Project No. :

BFP Refurbishment vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 117,280 121,978
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 30% 45% 30% 45%
Capacity Factor (%)
Energy Replaced (MW) 80.0 80.0
Duration (Hours or Years) 720 720
Totals $18,006 $22,429 $35,184 $54,890 $53,190 $77,320

Total Capital Cost of Alternative $345,523

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

TRE5 5-1 BFP Refurbishment
Avoided Cost Calculations

10-Nov-17
49547

Power Production
Trenton
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TRE5 5‐1 BFP Refurbishment
BFP Refurbishment vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               53,190.4                   (317,317.0)               12,692.7                   312,409.1                (264,126.6)               (12,554.3)                 (276,680.9)               (261,315.5)               0.94                           (261,315.5)              

2019 ‐                               ‐                               77,319.6                   ‐                               24,369.9                   286,739.4                77,319.6                   (16,414.4)                 60,905.2                   54,328.3                   0.89                           (206,987.2)              

2020 ‐                               ‐                               134,450.5                ‐                               22,420.3                   263,123.3                134,450.5                (34,729.3)                 99,721.1                   84,012.8                   0.84                           (122,974.4)              

2021 ‐                               ‐                               177,729.7                ‐                               20,626.7                   241,396.5                177,729.7                (48,701.9)                 129,027.8                102,666.2                0.80                           (20,308.2)                

2022 ‐                               ‐                               193,452.5                ‐                               18,976.6                   221,407.9                193,452.5                (54,087.5)                 139,364.9                104,733.1                0.75                           84,424.9                  

2023 ‐                               ‐                               221,998.9                ‐                               17,458.5                   203,018.3                221,998.9                (63,407.5)                 158,591.3                112,563.0                0.71                           196,987.9               

2024 ‐                               ‐                               ‐                               ‐                               16,061.8                   186,099.9                ‐                               4,979.2                     4,979.2                     3,337.8                     0.67                           200,325.7               

2025 ‐                               ‐                               ‐                               ‐                               14,776.8                   170,535.0                ‐                               4,580.8                     4,580.8                     2,900.2                     0.63                           203,225.9               

2026 ‐                               ‐                               ‐                               ‐                               13,594.7                   156,215.2                ‐                               4,214.4                     4,214.4                     2,520.0                     0.60                           205,745.9               

2027 ‐                               ‐                               ‐                               ‐                               12,507.1                   143,041.1                ‐                               3,877.2                     3,877.2                     2,189.7                     0.56                           207,935.6               

2028 ‐                               ‐                               ‐                               ‐                               11,506.5                   130,920.9                ‐                               3,567.0                     3,567.0                     1,902.6                     0.53                           209,838.2               

2029 ‐                               ‐                               ‐                               ‐                               10,586.0                   119,770.3                ‐                               3,281.7                     3,281.7                     1,653.2                     0.50                           211,491.5               

2030 ‐                               ‐                               ‐                               ‐                               9,739.1                     109,511.7                ‐                               3,019.1                     3,019.1                     1,436.5                     0.48                           212,927.9               

2031 ‐                               ‐                               ‐                               ‐                               8,960.0                     100,073.8                ‐                               2,777.6                     2,777.6                     1,248.2                     0.45                           214,176.1               

2032 ‐                               ‐                               ‐                               ‐                               8,243.2                     91,391.0                   ‐                               2,555.4                     2,555.4                     1,084.5                     0.42                           215,260.7               

2033 ‐                               ‐                               ‐                               ‐                               7,583.8                     83,402.8                   ‐                               2,351.0                     2,351.0                     942.4                         0.40                           216,203.0               

2034 ‐                               ‐                               ‐                               ‐                               6,977.1                     76,053.6                   ‐                               2,162.9                     2,162.9                     818.8                         0.38                           217,021.9               

2035 ‐                               ‐                               ‐                               ‐                               6,418.9                     69,292.4                   ‐                               1,989.9                     1,989.9                     711.5                         0.36                           217,733.4               

2036 ‐                               ‐                               ‐                               ‐                               5,905.4                     63,072.1                   ‐                               1,830.7                     1,830.7                     618.2                         0.34                           218,351.6               

2037 ‐                               ‐                               ‐                               ‐                               5,432.9                     57,349.4                   ‐                               1,684.2                     1,684.2                     537.2                         0.32                           218,888.8               

2038 ‐                               ‐                               ‐                               ‐                               4,998.3                     52,084.5                   ‐                               1,549.5                     1,549.5                     466.8                         0.30                           219,355.5               

2039 ‐                               ‐                               ‐                               ‐                               4,598.4                     47,240.8                   ‐                               1,425.5                     1,425.5                     405.6                         0.28                           219,761.1               

2040 ‐                               ‐                               ‐                               ‐                               4,230.6                     42,784.6                   ‐                               1,311.5                     1,311.5                     352.4                         0.27                           220,113.5               

2041 ‐                               ‐                               ‐                               ‐                               3,892.1                     38,684.9                   ‐                               1,206.6                     1,206.6                     306.2                         0.25                           220,419.7               

2042 ‐                               ‐                               ‐                               ‐                               3,580.8                     34,913.2                   ‐                               1,110.0                     1,110.0                     266.1                         0.24                           220,685.8               

2043 ‐                               ‐                               ‐                               ‐                               3,294.3                     31,443.2                   ‐                               1,021.2                     1,021.2                     231.2                         0.23                           220,917.0               

2044 ‐                               ‐                               ‐                               ‐                               3,030.8                     28,250.8                   ‐                               939.5                         939.5                         200.9                         0.21                           221,117.8               

2045 ‐                               ‐                               ‐                               ‐                               2,788.3                     25,313.8                   ‐                               864.4                         864.4                         174.5                         0.20                           221,292.4               

2046 ‐                               ‐                               ‐                               ‐                               2,565.2                     22,611.8                   ‐                               795.2                         795.2                         151.7                         0.19                           221,444.0               

2047 ‐                               ‐                               ‐                               ‐                               2,360.0                     20,125.9                   ‐                               731.6                         731.6                         131.8                         0.18                           221,575.8               

2048 ‐                               ‐                               ‐                               ‐                               2,171.2                     17,838.9                   ‐                               673.1                         673.1                         114.5                         0.17                           221,690.3               

2049 ‐                               ‐                               ‐                               ‐                               1,997.5                     15,734.8                   ‐                               619.2                         619.2                         99.5                           0.16                           221,789.8               

2050 ‐                               ‐                               ‐                               ‐                               1,837.7                     13,799.1                   ‐                               569.7                         569.7                         86.5                           0.15                           221,876.3               

2051 ‐                               ‐                               ‐                               ‐                               1,690.7                     12,018.2                   ‐                               524.1                         524.1                         75.1                           0.14                           221,951.4               

2052 ‐                               ‐                               ‐                               ‐                               1,555.4                     10,379.8                   ‐                               482.2                         482.2                         65.3                           0.14                           222,016.7               

2053 ‐                               ‐                               ‐                               ‐                               1,431.0                     8,872.5                     ‐                               443.6                         443.6                         56.7                           0.13                           222,073.4               

2054 ‐                               ‐                               ‐                               ‐                               1,316.5                     7,485.8                     ‐                               408.1                         408.1                         49.3                           0.12                           222,122.7               

2055 ‐                               ‐                               ‐                               ‐                               1,211.2                     6,210.0                     ‐                               375.5                         375.5                         42.8                           0.11                           222,165.5               

2056 ‐                               ‐                               ‐                               ‐                               1,114.3                     5,036.3                     ‐                               345.4                         345.4                         37.2                           0.11                           222,202.7               

2057 ‐                               ‐                               ‐                               ‐                               1,025.2                     3,956.4                     ‐                               317.8                         317.8                         32.3                           0.10                           222,235.0               
Total ‐                               ‐                               858,141.4                (317,317.0)               305,527.6                540,824.4                (171,310.3)               369,514.2                222,235.0               
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CI Number: 51857 
 
Title:  TRE5 Burner Refurbishments 2018 
 
Start Date: 2018/06 
In-Service Date: 2018/06 
Final Cost Date: 2018/12 
Function: Steam 
Forecast Amount: $332,497 
 
DESCRIPTION: 
 
The scope of this project is to replace the impellers and complete the refurbishment of the burner front registers and 
associated refractory on Trenton Unit #5.   
 
NS Power coal fired units use burner assemblies which deliver and distribute pulverized coal and combustion air to 
the boiler combustion zone.  These burner assemblies include ductwork (and support structures), air registers, coal 
nozzles and associated pneumatic control mechanisms.  The delivery elements are subjected to erosion and 
corrosion as a result of transporting a fuel/air mixture at high velocity.  The components nearer the boiler front are 
subjected deterioration due to heat and erosion.  
 
The burner fronts external to the boiler in the wind box area were inspected by NS Power in 2017 and were 
determined to require significant refurbishment in 2018 based on condition.  The burner condition has a direct 
impact on unburned carbon, oxygen levels, and boiler temperatures, which all have an effect on unit heat rate and 
life consumption.  This project will see the replacement of 16 impellers, 16 burner registers and the refractory on the 
burner front.   
 
Summary of Related CIs (+/- 2 years): 
CI 46358 TRE5 Burner Refurbishments $207,190 
 
JUSTIFICATION:  
 
Justification Criteria:  Health & Safety 
 
 
Why do this project? 
 
Refurbishment is required to maintain the burner system in a safe and effective operating condition, as burner 
performance and integrity deteriorates over time.  Supporting structures, seal mechanisms and the integrity of ducts 
and registers will deteriorate and this increases the risk of burner fires (outside the combustor) creating a safety 
concern to plant personnel.  Additionally, burner distribution to the combustor and fuel/air mix will become less 
uniform as elements in the burner system deteriorate, resulting in a less efficient use of fuel.   
 
Why do this project now? 
 
Inspections completed by NS Power indicate that the components are in poor condition and that refurbishment is 
required to ensure the reliability and performance of the generating unit.  As the burner system is essential to boiler 
operation, this work must be completed during a unit outage.   
 
Why do this project this way? 
 
A combination of component refurbishment and replacement will be included in the refurbishment.  Some register 
dampers and linkages will be replaced based on condition.  Supporting structures are typically refurbished in place.  
Both replacement and refurbishment are options on the various elements to optimize refurbishment cost and sustain 
burner system performance.  When the condition of the component allows, refurbishment is generally the more cost 
effective alternative.  In cases where the condition does not allow for refurbishment, the component is replaced.  
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: -CI Number 51857 TRE5 Burner Refurbishments 2018 Project Number 51857

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1165 1165 Trenton Unit 5; Commissioned 1969, 160 Mwh 

1300 - SGP - Boiler 308,104Additions

1300 - SGP - Boiler 24,394Retirements

Total Cost:

Original Cost:

332,497

47,108

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51857

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 120 365$                  43,774$                
PD 10 390$                  3,904$                  
PD 5 382$                  1,911$                  
PD 20 240$                  4,804$                  

Sub-Total 54,392$                

PD 10 730$                  7,296$                  

Sub-Total 7,296$                  

PD 100 365$                  36,479$                

Sub-Total 36,479$                

lot 1 200$                  200$                     

Sub-Total 200$                     

lot 16 940$                  15,040$                
lot 1 7,500$               7,500$                  
lot 16 1,875$               30,000$                
lot 1 10,000$             10,000$                
lot 1 30,000$             30,000$                

Sub-Total 92,540$                

lot 1 5,000$               5,000$                  
lot 1 10,000$             10,000$                
lot 1 70,000$             70,000$                

Sub-Total 85,000$                

% 10% 275,707$           27,571$                
-$                     

Sub-Total 27,571$                

20,764$                
8,256$                  

Sub-Total 29,020$                

303,477$              
332,497$              

Original Cost
47,108$                

TRE5 Burner Refurbishments 2018

Contingency

Liners

Install Refractory

Vacuum Services

Maintenance Trades

Contracts

Impellers

OT Labor

Other Goods & Services

Miscellaneous Materials
Refractory

Term Labor

Materials

Regular Labor

Power Engineer
Power Plant Technician

Maintenance Trades

Burners

Labor AO

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Project Supervision

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Location:
CI# :
Title:

Maintenance Trades

Utility worker

Contract AO

Description

Trenton Generating Station

OT Meals
OT Meals

Administrative Overhead

_
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CI Number:  49534 
 
Title:  TRE6 Turbine Controls Upgrade 
 
Start Date: 2017/07 
In-Service Date: 2018/11 
Final Cost Date: 2020/04 
Function: Steam 
Forecast Amount: $2,725,344 
 
DESCRIPTION:  
 
The scope of work for this project includes the design, procurement and installation of replacements for the Trenton 
6 turbine controls.  The turbine controls consist of an Electro-Hydraulic Governor (EHG), Automatic Run-up 
System (ARU), turbine protection systems, and the turbine auxiliary equipment controls.  The project includes the 
procurement of the replacement controls system in 2018, with the installation taking place in 2019 during the Unit 6 
outage.  The procurement of the controls system in 2018 will provide a critical spare leading up to the installation of 
the system in 2019.  
 
Trenton Unit 6 is a 170 MW coal-fired power plant, with a steam turbine, commissioned in 1991.  The EHG is a 
dedicated control system designed to process instantaneous plant data and control the speed and operation of the 
turbine. 
 
An ARU involves the monitoring of critical turbine data to control starting, acceleration rates, holds, differential 
expansion and to monitor vibration levels.  It assists operators in the safe and efficient starting and shutting down of 
the turbine. 
 
Turbine protection systems read and monitor field instrumentation and give warnings or implement automatic shut-
down in cases of abnormal conditions to protect personnel and equipment. 
 
Turbine auxiliary equipment refers to supplemental equipment that aids in running the turbine.  Some examples 
include oil lubricating pumps, turning gear, cooling water pumps, gland steam valves, and seal oil pumps. 
 
The turbine controls were supplied as original equipment when the unit was constructed in 1990 and commissioned 
in 1991.  As with all microprocessor-based equipment, the 25 year in-service duration has created obsolescence 
issues as technology has progressed past what was available in 1990.  The original equipment manufacturer (OEM) 
has stated that most components of the turbine controls are no longer supported and some have time-limited support.  
Their recommendation is to replace / upgrade these systems.  Please refer to Attachment 2, section 4.  
 
Summary of Related CIs +/- 2 years: 
No other projects 2016, 2017, 2018, 2019 or 2020. 
 
Depreciation Class:  Steam Production Plant - Trenton Unit 6 
 
Estimated Life of the Asset:  25 years 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal 
 
Sub Criteria:  Equipment Replacement/Refurbishment 
 
Why do this project? 
 
The controls system for Trenton Unit 6 generator is now obsolete.  The OEM no longer supports the components of 
the turbine controls and some have time-limited support.  The unit cannot run without this critical system in place.  
It is critical to the safe operation and protection of the turbine.  In the event a failure was to occur, a replacement 
turbine control system would require approximately 13 months to procure and install. 
  

_
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Why do this project now? 
 
A technical proposal from Hitachi has indicated that the current turbine controls are no longer supported.  In the event 
of a failure, the obsolescence of the current turbine run-up system would make it difficult to source replacement parts.  
Procurement of the replacement components in 2018 will allow for appropriate planning and coordination for the 
installation with the Unit 6 outage planned for 2019, while also ensuring the replacement parts are available in advance 
of the 2019 outage should a failure occur prior to that planned outage window.  The 2019 outage window would be the 
opportune time to complete this project without incurring replacement energy costs. 
 
Why do this project this way? 
 
Replacement of these components is the only alternative as the current components are no longer supported, and a 
full control system replacement is significantly more costly and not required at this time.  

_
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: -CI Number 49534-SI63 TRE6 Turbine Controls Upgrade Project Number 49534-SI63

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1166 1166 Trenton Unit 6; Commissioned 1991, 170 Mwh

1100 - SGP - Plant Control and Inst 2,700,950Additions

1100 - SGP - Plant Control and Inst 24,394Retirements

Total Cost:

Original Cost:

2,725,344

1,724,045

Total Cost:Original Cost:

REDACTED ACE 2018 CI 49534 Page 3 of 4
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Capital Project Detailed Estimate

49534

Execution Year: 2018-2019

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 120 358$                 42,994$                
PD 135 405$                 54,716$                
PD 5 390$                 1,952$                  
PD 3 382$                 1,146$                  
PD 2 240$                 480$                     
PD 4 294$                 1,176$                  

Sub-Total 102,465$              

PD 20 717$                 14,331$                

Sub-Total 14,331$                

lot 1 10,000$             10,000$                

Sub-Total 10,000$                

lot 1 Cost support 1 item 1
each 1 5,000$               5,000$                  

Sub-Total

lot 1 40,000$             40,000$                
lot 1 Cost support 1 - Item 2
lot 1 10,000$             10,000$                

Sub-Total

lot 20 15$                   300$                     
-$                     

Sub-Total 300$                     

% 2% 2,570,796$        51,416$                
-$                     

Sub-Total 51,416$                

34,723$                
-$                     

Sub-Total 34,723$                

24,084$                
34,025$                

Sub-Total 58,109$                

2,632,512$           
2,725,344$           

Original Cost
1,724,045$           

Data Validation
002 Overtime Labour
004 Term Labour
011 Travel Expenses
013 Other Contracts
028 Consulting
041 Meals and Entertainment

Installation/Commissioning

Contingency

Control Panel Materials

TRE6 Turbine Controls Upgrade

Other Goods & Services

Misc Materials

Power Engineer
Power Plant Technician

Materials

OT Labour
Electrician

Electrician

Trenton Generating Station

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

 Interest Capitalized

Supervision

OT Meals

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

CADD Operators

Engineering

OT Meals

Location:
CI# :

Title:

Utility worker

Regular Labour

Description

Labour AO
Contract AO

AFUDC

Travel Expense
Engineering Travel Expense

Administrative Overhead

Site Service for assessment Oct 2017
Contracts
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REDACTED ACE 2018 CI 49534 Attachment 1 Page 1 of 2

QUOTATION 

Mitsubishi Hitachi Power Systems Canada, Ltd. 
Power Division 

Date: September 14, 2017 

460-10655 Southport Road S. W. 
Calgary, AB 

Our Ref. No.: QT-10820 
Revision: 2 

Canada T2W 4Y1 
Telephone: (403) 278-1881 

Sales Inquiry No.: PENDING 
Final Customer: XTN6 

Fax: (403) 278-1810 

Dear Kevin Macdonald: 
NOVA SCOTIA POWER INC. 
Trenton Generating Station 
108 Power Plant Road 
Trenton, NS BOK 1XO 
CANADA 

In accordance with your request we are pleased to quote as follows: 

DELIVERY: 

PAYMENT: 

APPROX. 13.5 MONTHS AFTER RECEIPT OF ORDER 

Net30 

Item Quantity Description 
I 
!CONTROL PANEL MATERIALS 
!REFER TO ATTACHED DOCUMENT TC-16-018 REV2 
I 
!Replacement of TCP components including; 
IEHG/HITASS CUBICLES (4) 
IAUX. LOGIC CUBICLES (2) 
!TRANSDUCER PANEL (1) 
!ENGINEERING WORK STATION (EWS) 
!HUMAN MACHINE INTERFACE (HMI) X 2 
!COMMUNICATIONS CABLES (lengths to be confirmed by the customer) 
IEWS AND HMI SOFTWARE 
I 
!Supply scope includes up to 3 DAYS of factory acceptance testing. Does not 
!include any expenses for the customer or customer's inspector to witness these 
!tests. 
I 
!Includes supply of fibre optic cables between control panels and to the EWS and 
IHMls. Customer to provide required cable lengths. 
!Cable between existing cabinets and existing operator console will not be required I 
lfor the upgraded system. I 
I I 
IOUT OF SCOPE: I 
!Manpower for the installation support, testing, and commissioning. I 
!Manpower for disconnection and removal of existing panels. I 
!Manpower for installation and reconnection of new panels and computers. I 
ISITE TRAINING is not included in this scope. I 
!SPARE PARTS are not included in this scope. I 
!Customer to provide power supply (120VAC) and desk/cabinet space for the EWS I 
land HMI computers and their LAN boxes. I 
!Existing cable will be reused as much as possible. If cable length is a problem or I 
lif cables are damaged during construction the customer will be responsible for I 
lnew cables. I 
!Customer shall provide cable for Modbus communication. I 
I I 

Page 1 
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REDACTED ACE 2018 CI 49534 Attachment 1 Page 2 of 2

2 !SITE LABOUR 
!The upgrade requires the following TAs to be dispatched for the installation 

!
support, testing, and commissioning. The following are included in this proposal; 
ASSEMBLY TA x 2 for up to 9 Days 
!INSPECTION QA TA for up to 16 Days 
!DESIGN TA for up to 9 Days 
IMHPSC ENGINEER for up to 20 Days 
I 
!Additional time required on site due to delays caused by NSPI or its contractors 
lwill be billed at extra hours worked and standard rates in effect at time of work. 

I 
I 
IOUT OF SCOPE: 
!Manpower for disconnection and removal of existing panels. 
!Manpower for installation and reconnection of new panels and computers. 
ISITE TRAINING is not included in this scope. 

OTHER TERMS AND CONDITIONS: 
Please take note of the following remarks that form part of our offer: 

1) GST and any applicable Provincial Sales tax not included. 
2) Terms: Net 30 days. 
3) Validity: This quotation is valid until December 15, 2017. 
4) All parts quoted are DDP Site (INCOTERMS 2010). 
5) Delivery/Schedule: 
- Delivery is subject to availability of material and resources at time of order. 
- Delivery is to be confirmed after receipt of order. 
- Pricing reflects lead time for manufacture & dellvery as quoted. 
6) Pricing is based on order of all items quoted. Pricing is subject to change for partial orders. 
7) Items to be manufactured to OEM manufacturing drawings, and with OEM material. 

TOTAL 

8) Order cannot be accepted or placed until after receipt of acceptable PO. Acceptable PO must have pricing and terms that conform to this quote. 
9) All PO's issued toward this quote must reference the appropriate Mitsubishi Hitachi Power Systems Canada quote number. 
10) In accordance with MHPS Standard Terms & Conditions for Parts & Services Rev.20160503. 

Rev.1 - Reduced pricing offered based on receiving a formal order in October 2016 and work being completed within 2017. 

Rev 2 - Split quote material and labor into separate line items. 

Page 2 
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Hitachi, Ltd., Infrastructure Systems Division 

Turbine Control System  Date:Jun.25, 2016 
D-EHG/HITASS/AUX.  Ref. No. TC-16-018 
 

http://www.hitachi.co.jp/Div/omika/index.html  Rev.2 

 

 

 

 

 

Customer: NOVA SCOTIA POWER CORPORATION 
TRENTON GENERATING STATION UNIT NO.6 
150MW STEAM TURBINE GENERATOR SET 
 
 
OFFER SPECIFICATION of 
Turbine Control System Upgrading 
(D-EHG/HITASS/AUX. Control Panel ) 
 
 
Ref. No. TC-16-018 
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Hitachi, Ltd., Infrastructure Systems Division 

Turbine Control System  Date:Jun.25, 2016 
D-EHG/HITASS/AUX.  Ref. No. TC-16-018 
 

http://www.hitachi.co.jp/Div/omika/index.html  Rev.2 

 

 

C O N T E N T S 
 

              PAGE 
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3.  Comparison for each upgrading ····················································  3 
 

4.  Major equipment support status(Existing HIACS-3000) ·····················  4 
 
5.  Evaluation for each upgrading ······················································  4 
 
6.  Conclusion ·················································································  4 
 
7.  Estimated Modification Period at site ·············································  4 
 
 
 

     

 

Attachments 
     Comparison for each upgrading             attachment-1 

     Major Equipment Support Status(Existing HIACS-3000 system)            attachment-2  

    Bill of materials                attachment-3 

    Layout drawing of Controller Upgrading                  attachment-4 

    Specification of Controller Module                                           attachment-5 

     Network  Type: Micro-Sigma 1000                attachment-6 

     Specification of EWS                attachment-7 
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Hitachi, Ltd., Infrastructure Systems Division 

Turbine Control System  Date:Jun.25, 2016 
D-EHG/HITASS/AUX.  Ref. No. TC-16-018 
 

http://www.hitachi.co.jp/Div/omika/index.html  Rev.2 

 

 

0. Summary 
 

Hitachi would like to thank NSPC/TRENTON#6 Power Station for giving us the opportunity to 

submit this proposal. 

As in line with any electronic products, some of the components in HIACS-3000 system have 

been outdated and supply for the fresh replacement modules are not possible. 

Further to HIACS-3000 system, Hitachi has developed HISEC-04M/R900 controller series 

featuring 32 bit RISC(Reduced Instruction Set Computer) Power PC CPU and 1000Mbps 

communication network.  

The following page or later summarizes our proposals in accordance with the result of our 

study.  
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Upgrading for Turbine Control System at Trenton Generating Station Unit No.6 (1/2) 

2. Upgrading method 

We considered the Upgrading for the whole EHG/HITASS,AUX. Control panel with EWS and Operator Control Panel. 

  

 

 

 

 

3. Comparison for each upgrading (refer to attachment-1) 
 

Table.1   comparison of upgrading summary 

ITEM DESCRIPTION 

Upgrading range EWS , Operator Control Panel and 

whole EHG/HITASS/AUX. control panel, Transducer panel 

Control system after upgrading HISEC-04M/R900 Series (our latest system) 

Upgrading parts 

 

 

 

 

 

 

 

 

 

 

1)EWS：Dell PC(Windows XP)   ⇒HP or Dell PC(Windows 7) 

                 (generally) 

2)Replacing the control panel 

  entirely 

 (our latest model on HSC4000/7000 PIO) 

 

Upgrading Work  ・Manufacture of new EHG/HITASS/AUX. control panel, Transducer panel and test 

・Construction at site 

Development factor             - 

(apply our Upgrading system) 

Improvement 1)EWS function 

 *Logic and PIO monitor  

  based on CAD 

 *Fulfilling support function  

used as regular inspection 

(Simulated input or operation etc.) 

2)Transmission rate 

 500kbps ⇒ 1000Mbps 

3)Upgrading for CPU, PIO and 

  periphery circuit with power  

  Supply module. 

 

 

 

 

 

           

Hitachi,Ltd., Information & Control Systems Division 

Ref.No. TC-16-018 

We would like to explain about upgrading for the existing "HIACS-3000" system that we have considered how to renew or retrofit in Turbine Control  

System(TCS:EHG and HITASS system). 

1. Examination of upgrading for EHG/HITASS/AUX. 

1.1 Upgrading for the existing "HIACS-3000" system 

The existing EHG, HITASS, AUX. and EWS are constructed by HIACS-3000 based on our former control system,  

not latest our system.  

       Between EHG, HITASS, AUX. and EWS are connected by the transmission lines based on CV-network and have the interface by transmitting the 

data     

      through CV-network. Moreover the existing EWS which maintenance and monitors the data is connected by PADT adapter through CV-network,      

      and is common equipment among EHG ,HITASS and AUX. controllers etc.. 

       Therefore, in case of considering upgrade for the existing HIACS-3000 system, it is important for EHG, HITASS, AUX. and EWS to evaluate the 

upgrade not separate but whole system. 

And it is necessary to decide the retrofit range with the surrounding of the existing controller parts available. 

1.2 Maintenance cost and reliability 

Generally the service life of electronic equipment is said to be some 15 years. Service lives of individual parts or components are not equal, 

      and reliability of the total system can be effectively maintained by replacing parts with relatively short lives. 

       Alternatively you can perform system maintenance to a considerable extent at the beginning of the wear failure period that follows the 15 

      year’s occasional failure period. 

       This method may reduce total maintenance cost compared with a series of minor maintenance services performed from time to time. 

   Otherwise, in case of considering the maintenance and serviceability with regard to the whole system of your EHG/HITASS/AUX. controller  

and EWS based on HIACS-3000 system, we need to consider the following items comprehensively and build maintenance plan that has the 

considerationbalance of cost and reliability. 

      1)Life of electronic equipment using the existing EWS and EHG/HITASS/AUX. control panel 

      2)Considering alternative parts or equipments   

      3)Improvement of maintainability 

      4)Upgrading or adding new some functions 

       

       In the above present situation, the facility of your Trenton Generating Station Unit No.6 produced at 1990 is now in the shifting point from the 

occasional failure to the wear failure period. 

      By mean of keeping the reliability for the whole equipment or system, 

    we think the replacement of some parts or component is effective support, 

    especially for main parts like CPU, PS(power supply),EWS and PIO etc. 

    based on the module in HIACS-3000 system. 

     However, more devices used the existing controller become unavailable. 

     And it is impossible to deliver or repair devices or components, because 

   there aren’t any alternative devices using network and CPU in the existing 

   HIACS-3000 system.  

    Considering the circumstances mentioned above, in present serviceability 

   surrounding, we considered upgrading method for EWS etc., which gives priority to 

   the following items. 

  *1)25 years have passed since production of EHG/HITASS/AUX. at Trenton  

Generating Station Unit No.6. 

  *2)Whether or not to keep the serviceability regarding HIACS-3000 controller. 

  *3)Economic evaluation through the whole maintenance. 

       (total cost of the whole maintenance in future) 

  *4)Cutback and ease in construction and progress at site when upgrading 

  *5)Maintenance service in the future as Hitach 

 

System replaced  

totally 

Component(s) 

replaced 

Controller  

replaced 

Time 

Failure rate 

Occasional 

failure period 
Wear failure 

period 

Position of Trenton  

Generating Station Unit No.6 

EHG/HITASS/AUX.,Trans. 

Initial 

Failure period 

 

 

 

15 years 

System or controller 

replacement refreshes  

and prolongs system  

service life. 
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Upgrading for Turbine Control System at Trenton Generating Station Unit No.6 (2/2) 

7. Estimated Modification Period at site (Information) 

  Following shows estimated modification period only from our experience.  

 

 

Setting up EWS 
 and Loading Program 

Item 
Power 
Off 10 20 30 40 

Working Day 

Total functional test 

Replacing 
 Pre-amplifier boxes 

Restoring Cables 

Install of EWS 

Valve adjustment 
and Start-up etc 

Removal of existing EHG/ 
HITASS panel 

Install of new EHG/ 
HITASS panel 

Verifying setups 
with interface signal 

 

 

 

Hitachi,Ltd., Information & Control Systems Division 

Ref.No. TC-16-018 

4. Major Equipment Support Status (Existing HIASC-3000) 

    The table on attachment-2 shows maintenance condition of the existing main parts in your EHG/HITASS/AUX. control panel. 

  Hitachi stopped already manufacture of controllers HIACS-3000(our former control system) using at Trenton Generating  

Station Unit No.6, especially CPU in closely relation to EWS, because the electronic components are out of manufacturing  

by vendor or phase out according to technology progress. And it is difficult for us to repair as part or device level, too. 

 

5. Evaluation for each upgrading   

    We considered and estimated the merit or effectiveness of each upgrading cases with our actual performance and experience as follows,  

according to the maintenance in future and the risk of progress schedule(modification work, test etc.,.) and verification check when upgrading, 

especially at site                        Table.2  Evaluation for each upgrading  

ITEM Whole system upgrading 

Modification work  

and verification items 

when upgrading 

(Factory) 

・Manufacture of new EHG/ HITASS/AUX. control panel with  

Conversion of logic from the existing ones to 

Upgrading system. 

・Check of all functions and interfaces with between 

EWS,HMI and controller etc. in EHG/HITASS/AUX. control panel. 

 

(Site) 

・Removal work of the existing EWS with the related cables. 

・Removal work of the existing EHG/HITASS/AUX. control panel, Operator Control  

 panel. 

・Installation work of new EHG/HITASS/AUX. control panel, EWS and HMI 

・Installation work of new trans-mission cables etc. for EWS and HMI. 

・Total functional test 

 

Merit or effectiveness ・Improvement of function according to upgrading 

 System. 

.(refer to table.1) 

・Feasible to keep serviceability as new system. 

 

6. Conclusion 

   In accordance with the result of mentioned above our study, we would like to recommend the upgrading for the whole EHG/HITASS/AUX. control 

panel, Transducer panel with EWS. 
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                          Comparison for upgrading Attachment-1(1/6)

ITEM Exisiting Upgrading  the whole  EHG/HITASS/AUX.

Upgrading range

Base plate of panel - Reuse
Panel - Renewal(Panel size is the same as existing one)
Modification work

at site

(EHG/HITASS/AUX.

panel )

Remark

(Risk against

upgrading etc.)

 This upgrading has a risk against  the progress schedule at site, 

 because of the concentration of construction, modification work and test  

at site. 

CPU 

(A) 

PS 

CPU 

(B) 

PS 

CPU 

 

PS 

CPU 

 

PS 

CPU 

 

PS 

PIO PIO PIO 

External TB External TB External TB 

EHG HITASS INTERFACE 

PADT 

PRINTER 

EWS 

CV-network 

Exsiting 

(1)Network:CV-network 

(2)Power Supply(PS):Type:AVR600,AVR601 and PD5000 

(3)CPU/PIO  :CPU(H-3000),PIO:HSC4000 PIO  

(4)EWS: PC,PADT,PRINTER(A4 SIZE) 

－ 

－ 

             

PIO 
THSC 

Operation Control Panel  

1)EWS equipment:Remove the existing EWS and install new EWS PC  

    with transmission cables. 

2)Remove work of the existing EHG/HITASS/AUX. panel,  

  Transducer panel and Operator Control Panel.  

3)Installation work of new EHG/HITASS/AUX. panel,Transducer panel  

    and HMI PC with transmission cables. 

Whole  upgrading 

(1)Network:μΣnetwork-1000 

(2)EHG/HITASS/AUX.Panel:Uprading the whole EHG/HITASS/AUX. panel 

note1:Integration and  Redundancy for Interface, HITASS and THSC  controllers 

note2:Addition of MODBUS controller 

note3:As for "External TB", apply the settings to the same type,wiring and  

        location of existing EHG/HITASS/AUX. panel. 

(3)EWS: Upgrading EWS system(PC,LAN-BOX),PRINTER(A4 SIZE) 

(4)HMI: Upgrading HMI system(PC,LAN-BOX,HUB) 

(5)Transducer Panel:Upgrading the whole Transducer panel 

 

Other  Equipment 

CPU 

(A) 

PS 

CPU 

(B) 

PS 

CPU 

(A) 

PS 

CPU 

(B) 

PS 

PIO PIO PIO 

External TB External TB 

EHG 

HITASS 

INTERFACE 

THSC 

Operation Control Panel  

Integration and 

redundancy(CPU :dual

Other  Equipment 

LASER PRINTER 

EWS 

μΣnetwork-1000 

LANBOX 

LANBOX LANBOX 

HUB 

HMI HMI 

CPU 

(A) 

PS 

CPU 

(B) 

PS 

PIO 

External TB 

CPU 

(A) 

PS 

CPU 

(B) 

PS 

PIO 

External TB 

AUX-1 AUX-2 

CPU 

(A) 

PS 

CPU 

(B) 

PS 

PIO 

External TB 

CPU 

(A) 

PS 

CPU 

(B) 

PS 

PIO 

External TB 

AUX-1 AUX-2 

CPU 

(A) 

PS 

CPU 

(B) 

PS 

MODBUS 

Transducer 

Panel 

Transducer 

Panel 
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Table-3   Up Grading Procedure 

Equipment 
Status of 

Parts Supply 

Whole system 

Up-grading 
Remarks 

Power Supply No ✓ 
To the latest version of HIACS Power Supply 

equipment. 

Controller No ✓ To the latest version of HIACS controller. 

Process I/O module Partially No ✓ To the latest version of HIACS I/O. 

Programming Tool 

(Personal Computer) 
No ✓ 

Vender oriented MS-DOS PC  

  → Windows 7 PC 

Relay Unit etc. Yes ✓  

Cabinet / Internal 

Wiring 
― ✓  

 

Note:  ✓ mark shows up grading 
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Fig. –1  Scope of up grading ( Panel Image ) 

INDEX DESCRIPTION 

1 FFB Unit 

2 EHG Control PS-1 

3 EHG Control PS-2 

4 Interface PS-1 

5 Interface PS-2 

6 DIODE Unit 

7 
EHG(A) Controller 
+ I/O 

8 
EHG(B) Controller  
+ I/O 

9 Interface Unit 

10 
Interface Controller 
+I/O 

11 CT Unit 

12 Interface Unit 

13 HITASS CPU PS 

14 
HITASS Controller 
+I/O 

15 THSC Controller 

16 FFB Unit 

17 Control PS 

18 ASS Unit 

19 SS-2 Unit 

20 EHG ANN Unit 

21 HITASS ANN Unit 

22 Programming Tool 

 

Existing EHG/HITASS Control Panel (Front Door Opened) 

No.1 

(EHG-1) 

No.2 

(EHG-2) 

No.3 

(HITASS-1) 

22 

Programming 

Tool 

Scope of up grading 

FFB 1 

CONTROLLER 

10 

CONTROLLER 

7 

FFB 16 

CONTROLLER 

15 

CT 
11 

EHG ANN 
20 

CONTROLLER 

8 

ASS 

18 

SS-2 19 

HITASS ANN 21 

CONTROLLER 

14 

No.4 

(HITASS-2) 

:Up-Grading Range 

PS 2 

PS 3 

PS 4 

PS 5 

DIODE 6 

INTERFACE 

9 

PS 17 

PS 13 

INTERFACE 

12 
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Fig. –2  Scope of up grading ( Panel Image ) 

INDEX DESCRIPTION 

1 RY Unit 

2 FFB Unit 

3 ANN Unit 

4 24V,48V DC P.S. 

5 
PLC-1 Controller  
+ I/O 

6 PLC-1 I/O 

7 RY Unit 

8 FFB Unit 

9 ANN Unit 

10 24V,48V DC P.S. 

11 
PLC-1 Controller  
+ I/O 

12 PLC-1 I/O 

 

Existing AUX. Control Panel (Front Door Opened) 

No.1 

(AUX-1) 

No.2 

(AUX-2) 

Scope of up grading 

CONTROLLER 

5 

CONTROLLER 

6 

:Up-Grading Range 

FFB 2 

ANN 3 

PS 4 

RY UNIT 1 

CONTROLLER 

11 

CONTROLLER 

12 

FFB 8 

ANN 9 

PS 10 

RY UNIT 7 
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Fig. –3  Scope of up grading ( Panel Image ) 

 

INDEX DESCRIPTION 

1 FFB Unit 

2 EHG Control PS-1 

3 EHG Control PS-2 

4 Interface PS-1 

5 Interface PS-2 

6  

7 
EHG(A) Controller 
+ I/O 

8 
EHG(B) Controller  
+ I/O 

9 Interface Unit 

10 PLU/BUG Unit 

11 CT Unit 

12 Interface Unit 

13 HITASS CPU PS-1 

14 
HITASS Controller 
+I/O 

15 
HITASS Controller 
+I/O 

16 FFB Unit 

17 Control PS 

18 ASS Unit 

19 SS-2 Unit 

20 EHG/HITASS ANN Unit 

21  

22 Programming Tool 

23 HITASS CPU PS-2 

24 MODBUS Controller 

 

Up-Grading EHG/HITASS Control Panel (Front Door Opened) 

 

No.1 

(EHG-1) 

No.2 

(EHG-2) 

No.3 

(HITASS-1) 

22 

Programming 

Tool 

Scope of up grading 

FFB 1 

CONTROLLER 

7 

FFB 16 

CT 
11 

CONTROLLER 

8 

ASS 

18 

SS-2 19 

No.4 

(HITASS-2) 

PS 2 

PS 3 

PS 4 

PS 5 

INTERFACE 

9 

PS 17 

INTERFACE 

12 

PS 23 

CONTROLLER 

10 

CONTROLLER 

15 

CONTROLLER 

14 

PS 13 

CONTROLLER 

24 

EHG/HITASS 

ANN 
20 
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Fig. –4  Scope of up grading ( Panel Image ) 

INDEX DESCRIPTION 

1 RY Unit 

2 FFB Unit 

3 ANN Unit 

4 24V,48V DC P.S. 

5 
PLC-1 Controller  
+ I/O 

6 PLC-1 I/O 

7 RY Unit 

8 FFB Unit 

9 ANN Unit 

10 24V,48V DC P.S. 

11 
PLC-2 Controller  
+ I/O 

12 PLC-2 I/O 

 

Up-Grading AUX. Control Panel (Front Door Opened) 

No.1 

(AUX-1) 

No.2 

(AUX-2) 

Scope of up grading 

CONTROLLER 

5 

CONTROLLER 

6 

FFB 2 

ANN 3 

PS 4 

RY UNIT 1 

CONTROLLER 

11 

CONTROLLER 

12 

FFB 8 

ANN 9 

PS 10 

RY UNIT 7 
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Attachment-2(1/2)

Major Equipment Support Status (Existing HIACS-3000 system using  Trenton Generating Station Unit No.6 ) 

Item Type EHG HITASS Interface THSC PADT AUX. Total Code Description

1 Power Supply Unit PD5000 4 2 2 8 AM Type PE6000

2    Input MPD050A 4 2 2 8 AM Type MPE060A

3   Output 5VDC MPD100A 1 1 AM Type MPE111A

4   Output +/-15VDC MPD300A 6 2 8 AM Type MPE310A or MPE710A

5   Output 24VDC(48VDC) MPD400A 8 4 6 18 AM Type MPE411A

6

7   Slot AVR600B 2 1 1 4 8 X

8   Slot AVR601B 2 1 1 4 8 X

9

10

11 Controler module for HIACS-3000 LPC133A 2 1 1 1 4 9 X  

12 Padt Adapter LCP132A 1 1 X

13

14

15

16 　   

17

18

19

20

21

22

23

24

25 Digital Input LPD200A 4 4 2 1 11 A  Type LYD000A

26 Digital Output LPD150A 4 6 3 13 A  Type LYD105A

27 Analog Input LPA200A 2 2 4 A  Type LYA200A

28 THC AI LPA210A 2 2 4 AM Type LYA210A:Req'd Hardware & Software Modification

29 Analog Output LPA300A 2 1 1 4 A  Type LYA300A

30 Pulse Train Input LPT020A 6 6 AM Type LYT000A:Req'd Hardware & Software Modification

31 DCM LPF230A 16 16 X

32 CV-IF LNT240A 2 2 X

33 PI/O CE LCE250A 2 2 A  Type LCE250B

34 Unit Driver LUD060A 2 2 A  Type LUD070A

35 Digital Output LPD301A 4 4 A  Type LYD301A

36

37

38

39

40  

Note Code A;     Alternative equipment is available

Code AM;  Alternative equipment is available 

   but modification work is required

Code R;     Repair is in service

Code S ;    Existing equipment is still available

Code X;     Discontinued

Controller

Power Supply

Process

I/O

Module

Existing Status of Parts Supply
Category No.

Existing Equipment Quantity / Unit

Date Filed:  November 22, 2017          Page 1663 of 2371          REDACTED



Attachment-2(2/2)

Item Type EHG HITASS Interface THSC AUX. Total Code Description

41 BUG HFV102A 3 3 X

42 PLU AUD001A 3 3 X

43 AMP AOA110A 3 3 X

44 Hg RY ARY110B 3 3 X

45 mA/V ACV001A 7 7 X

46 V/mA AVC000C 7 8 15 Ｘ

47 Hg RY ARY010A 4 4 Ｘ

48 Rectifier ASA301B 3 3 Ｘ

49 OSC KOA041D 2 2 S

50 SERVO ASA505A 4 4 Ｘ

51 Pre Amp. LTC064A 3 3 AM LTC080A

52

53

54

55

56 Maintenance tool B16(Windows XP) 1 1 X

57

58

59 Speed  Pick up 4-0076 3 3 A MP-988

60 Valve Position Detector GM7896-6 3 3 S.A,AM (Equiv, as it is)

61 Relay,Fuse,Connector 1 1 2 S.A,AM (Equiv, as it is)

62

63

64

65

66

67

68

69

70

Note Code A;     Alternative equipment is available

Code AM;  Alternative equipment is available 

   but modification work is required

Code R;     Repair is in service

Code S ;    Existing equipment is still available

Code X;     Discontinued

No.
Existing Equipment Quantity / Unit Existing Status of Parts Supply

Peripheral

Discrete

Module

Others

Category
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Attachment-3(1/3)

Bill of materials(EHG/HITASS CUBICLE)

Category No. Item Type Maker Quantity Category No. Item Type Maker Quantity

FFB Unit 1 FFB Unit - Hitachi 1 FFB Unit 1 FFB Unit - Hitachi 1

1 Power Supply Unit PD5000 Hitachi 1 1 Power Supply Unit PE6000 Hitachi 1

2 Input MPD050A Hitachi 1 2 Input MPE060A Hitachi 1

3 Output +/-15VDC MPD300A Hitachi 3 3 Output +/-15VDC MPE710A Hitachi 2

4 Output 24VDC(48VDC) MPD400A Hitachi 1 4 Output 24VDC(48VDC) MPE411A Hitachi 1

1 Power Supply Unit PD5000 Hitachi 1 1 Power Supply Unit PE6000 Hitachi 1

2 Input MPD050A Hitachi 1 2 Input MPE060A Hitachi 1

3 Output +/-15VDC MPD300A Hitachi 3 3 Output +/-15VDC MPE710A Hitachi 2

4 Output 24VDC(48VDC) MPD400A Hitachi 1 4 Output 24VDC(48VDC) MPE411A Hitachi 1

1 Power Supply Unit PD5000 Hitachi 1 1 Power Supply Unit PE6000 Hitachi 1

2 Input MPD050A Hitachi 1 2 Input MPE060A Hitachi 1

3 Output +/-15VDC MPD400A Hitachi 4 3 Output +/-15VDC MPE411A Hitachi 4

1 Power Supply Unit PD5000 Hitachi 1 1 Power Supply Unit PE6000 Hitachi 1

2 Input MPD050A Hitachi 1 2 Input MPE060A Hitachi 1

3 Output +/-15VDC MPD400A Hitachi 4 3 Output +/-15VDC MPE411A Hitachi 4

DIODE Unit 1 DIODE Unit - Hitachi 1 - 1 - - - -

1 Controller Rack HSC4010 Hitachi 1 1 Controller Rack HSC4010 Hitachi 1

2 Slot AVR600B Hitachi 1 2 Slot AVR680A Hitachi 2

3 Slot AVR601B Hitachi 1 3 - - - -

4 Controller module for HIACS-3000 LPC133A Hitachi 1 4 Controller module for HIACS LPU802A Hitachi 1

5 Pulse Train Input LPT020A Hitachi 3 5 Pulse Train Input LYT000A Hitachi 1

6 Analog Input LPA200A Hitachi 1 6 Analog Input LYA200A Hitachi -

7 Analog Output LPA300A Hitachi 1 7 Analog Output LYA300A Hitachi 1

8 Digital Input LPD200A Hitachi 2 8 Digital Input LYD000A Hitachi 2

9 Digital Output LPD150A Hitachi 2 9 Digital Output LYD105A Hitachi 2

10 - - - - 10 Analog Input LYA000A Hitachi 1

11 - - - - 11 LVDT AEH020A Hitachi 1

12 - - - - 12 SERVO AEH000A Hitachi 1

1 Controller Rack HSC4010 Hitachi 1 1 Controller Rack HSC4010 Hitachi 1

2 Slot AVR600B Hitachi 1 2 Slot AVR680A Hitachi 2

3 Slot AVR601B Hitachi 1 3 - - - -

4 Controller module for HIACS-3000 LPC133A Hitachi 1 4 Controller module for HIACS LPU802A Hitachi 1

5 Pulse Train Input LPT020A Hitachi 3 5 Pulse Train Input LYT000A Hitachi 1

6 Analog Input LPA200A Hitachi 1 6 Analog Input LYA200A Hitachi -

7 Analog Output LPA300A Hitachi 1 7 Analog Output LYA300A Hitachi 1

8 Digital Input LPD200A Hitachi 2 8 Digital Input LYD000A Hitachi 2

9 Digital Output LPD150A Hitachi 2 9 Digital Output LYD105A Hitachi 2

10 - - - - 10 Analog Input LYA000A Hitachi 1

11 - - - - 11 LVDT AEH020A Hitachi 1

12 - - - - 12 SERVO AEH000A Hitachi 1

1 BUG HFV102A Hitachi 3 1

2 PLU AUD001A Hitachi 3 2

3 AMP AOA110A Hitachi 4 3 - - - -

4 Hg RY ARY110B Hitachi 3 4 - - - -

5 mA/V ACV001A Hitachi 7 5 - - - -

6 V/mA AVC000C Hitachi 7 6 Transducer (Later) (Later) (Later)

7 Hg RY ARY010A Hitachi 4 7 Amp RY ASA600A Hitachi 2

8 Rectifier ASA301B Hitachi 3 8 - - - -

9 OSC KOA041D Hitachi 2 9 - - - -

10 SERVO ASA505A Hitachi 4 10 - - - -

11 - - - - 11 Controller Rack HSC4010 Hitachi 1

12 - - - - 12 Slot AVR680A Hitachi 2

PLU/BUG AEH011A

Inteface Unit Inteface Unit

EHG(B)

Controller

+I/O

EHG(A)

Controller

+I/O

EHG Control

PS-1

EHG Control

PS-2

EHG Control

PS-2

Interface

PS-1

Interface

PS-1

Interface

PS-2

Interface

PS-1

Upgrading EquipmentExisting Equipment

EHG Control

PS-1

Hitachi

Description

EHG(A)

Controller

+I/O

EHG(B)

Controller

+I/O

3
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Attachment-3(2/3)

Bill of materials(EHG/HITASS CUBICLE)

Category No. Item Type Maker Quantity Category No. Item Type Maker Quantity

Upgrading EquipmentExisting Equipment
Description

1 Controller Rack HSC4010 Hitachi 1 1 - - -

2 Slot AVR600B Hitachi 1 2 - - -

3 Slot AVR601B Hitachi 1 3 - - -

4 Controller module for HIACS-3000 LPC133A Hitachi 1 4 - - -

5 Analog Input LPA200A Hitachi 2 5 - - -

6 Analog Output LPA300A Hitachi 1 6 - - -

7 Digital Input LPD200A Hitachi 2 7 - - -

8 Digital Output LPD150A Hitachi 3 8 - - -

Interface Unit 1 V/mA AVC000C Hitachi 2 Interface Unit 1 V/mA AVC000C Hitachi -

1 Power Supply Unit PD5000 Hitachi 1 1 Power Supply Unit PE6000 Hitachi 1

2 Input MPD050A Hitachi 1 2 Input MPE060A Hitachi 1

3 Output 5VDC MPD100A Hitachi 1 3 Output 5VDC MPE111A Hitachi 1

4 Output +/-15VDC MPD300A Hitachi 1 4 Output +/-15VDC MPE310A Hitachi 1

5 Output 24VDC(48VDC) MPD400A Hitachi 1 5 Output 24VDC(48VDC) MPE411A Hitachi 1

1 - - - - 1 Power Supply Unit PE6000 Hitachi 1

2 - - - - 2 Input MPE060A Hitachi 1

3 - - - - 3 Output 5VDC MPE111A Hitachi 1

4 - - - - 4 Output +/-15VDC MPE310A Hitachi 1

5 - - - - 5 Output 24VDC(48VDC) MPE411A Hitachi 1

1 Controller Rack HSC4010 Hitachi 1 1 Controller Rack HSC4010 Hitachi 1

2 Controller module for HIACS-3000 LPC133A Hitachi 1 2 Controller module for HIACS LPU802A Hitachi 2
Integration and Redundancy for

Interface,HITASS and THSC Controller

3 THC AI LPA210A Hitachi 2 3 THC AI LYA210A Hitachi 2

4 Analog Output LPA300A Hitachi 1 4 Analog Output LYA300A Hitachi 1

5 Digital Input LPD200A Hitachi 4 5 - - - -

6 Digital Output LPD150A Hitachi 5 6 - - - -

7 - - - - 7 Analog Input LYA000A Hitachi 2

8 - - - - 8 Analog Output LYA300A Hitachi 2

9 - - - - 9 Controler module for HIACS LCE250B Hitachi 1

1 - - - - 1 Controller Rack HSC4010 Hitachi 1

2 - - - - 2 Digital Input LYD000A Hitachi 6

3 - - - - 3 Digital Output LYD105A Hitachi 8

4 - - - - 4 Unit Driver LUD070A Hitachi 1

1 Controller Rack HSC4010 Hitachi 1 1 - - -

2 Slot AVR600B Hitachi 1 2 - - -

3 Slot AVR601B Hitachi 1 3 - - -

4 Controller module for HIACS-3000 LPC134A Hitachi 1 4 - - -

FFB Unit 1 FFB Unit - Hitachi 1 FFB Unit 1 FFB Unit - Hitachi 1

1 Power Supply Unit PD5000 Hitachi 1 1 Power Supply Unit PE6000 Hitachi 1

2 Input MPD050A Hitachi 1 2 Input MPE060A Hitachi 1

3 Output +/-15VDC MPD300A Hitachi 1 3 Output +/-15VDC MPE310A Hitachi 1

4 Output 24VDC(48VDC) MPD400A Hitachi 3 4 Output 24VDC(48VDC) MPE411A Hitachi 3

ASS Unit 1 ASS Unit - Hitachi 1 ASS Unit 1 ASS Unit - Hitachi 1

SS-2 Unit 1 SS-2 Unit - Hitachi 1 SS-2 Unit 1 SS-2 Unit - Hitachi 1

EHG ANN Unit 1 EHG ANN Unit - Hitachi 1 EHG/HITASS ANN Unit 1 EHG/HITASS ANN Unit - Hitachi 1

HITASS ANN Unit 1 HITASS ANN Unit - Hitachi 1 - 1 - - - -

1 - - - - 1 Controller Rack HSC4010 Hitachi 1

2 - - - - 2 Slot AVR680A Hitachi 2

3 - - - - 3 Controller module for HIACS LPU802A Hitachi 2

4 - - - - 4 Digital Input LYD000A Hitachi 1

5 - - - - 5 Digital Output LYD105A Hitachi 1

1 Maintenance tool Dell PC Hitachi 1 1 Maintenance tool HP or Dell PC HP 1

2 - - - - 2 LAN-BOX H-7628-52 Hitachi 1 For Maintenance tool

3 Pre Amp. LTC064A Hitachi 3 3 Pre Amp. LTC080A Hitachi - The other order

4 Speed  Pick up 4-0076 Sanken Airpacks 3 4 Speed  Pick up MP-988 Ono soki - The other order

5 Valve Position Detector GM-series Kavlico 3 5 Valve Position Detector GM-series Kavlico - The other order

6 Relay,Fuse,Connector 6 Relay,Fuse,Connector 1 Set

HITASS

Power Supply

(1)

THSC

Controller

+I/O

Others

-

HITASS

Controller

+I/O

HITASS

Controller

+I/O

Control

PS

Others

-

-

HITASS

Controller

+I/O

HITASS

Power Supply

(2)

-

Control

PS

-
MODBUS

Controller

Interface

Controller

+I/O

Redundancy

Integration

Integration

HITASS

Power Supply
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Attachment-3(3/3)

Bill of materials(AUX. LOGIC CUBICLE)

Category No. Item Type Maker Quantity Category No. Item Type Maker Quantity

RY Unit 1 RY Unit - Hitachi 1 RY Unit 1 RY Unit - Hitachi 1

FFB Unit 1 FFB Unit - Hitachi 1 FFB Unit 1 FFB Unit - Hitachi 1

ANN Unit 1 ANN Unit - Hitachi 1 ANN Unit 1 ANN Unit - Hitachi 1

1 Power Supply Unit PD5000 Hitachi 1 1 Power Supply Unit PD5000 Hitachi 1

2 Input MPD050A Hitachi 1 2 Input MPD050A Hitachi 1

4 Output 24VDC(48VDC) MPD400A Hitachi 3 4 Output 24VDC(48VDC) MPD400A Hitachi 3

1 Controller Rack HSC4010 Hitachi 1 1 Controller Rack HSC4010 Hitachi 1

2 Slot AVR600B Hitachi 1 2 Slot AVR680A Hitachi 2

3 Slot AVR601B Hitachi 1 3 - - - -

4 Controller module for HIACS-3000 LPC133A Hitachi 1 4 Controller module for HIACS LPU802A Hitachi 1

5 DCM LPF230A Hitachi 3 5 DCM LPF230* Hitachi 3 Renewal or new manufacture

6 CV-IF LNT240A Hitachi 1 6 - - - -

7 CE LCE250A Hitachi 1 7 CE LCE250B Hitachi 1

1 Controller Rack HSC4010 Hitachi 1 1 Controller Rack HSC4010 Hitachi 1

2 Slot AVR600B Hitachi 1 2 Slot AVR680A Hitachi 2

3 Slot AVR601B Hitachi 1 3 - - - -

4 DCM LPF230A Hitachi 5 4 DCM LPF230* Hitachi 5 Renewal or new manufacture

5 DI LPD200A Hitachi 1 5 DI LYD000A Hitachi 1

6 DO LPD301A Hitachi 1 6 DO LYD301A Hitachi 1

7 UD LUD060A Hitachi 1 7 UD LUD070A Hitachi 1

RY Unit 1 RY Unit - Hitachi 1 RY Unit 1 RY Unit - Hitachi 1

FFB Unit 1 FFB Unit - Hitachi 1 FFB Unit 1 FFB Unit - Hitachi 1

ANN Unit 1 ANN Unit - Hitachi 1 ANN Unit 1 ANN Unit - Hitachi 1

1 Power Supply Unit PD5000 Hitachi 1 1 Power Supply Unit PD5000 Hitachi 1

2 Input MPD050A Hitachi 1 2 Input MPD050A Hitachi 1

4 Output 24VDC(48VDC) MPD400A Hitachi 3 4 Output 24VDC(48VDC) MPD400A Hitachi 3

1 Controller Rack HSC4010 Hitachi 1 1 Controller Rack HSC4010 Hitachi 1

2 Slot AVR600B Hitachi 1 2 Slot AVR680A Hitachi 2

3 Slot AVR601B Hitachi 1 3 - - - -

4 Controller module for HIACS-3000 LPC133A Hitachi 1 4 Controller module for HIACS LPU802A Hitachi 1

5 DCM LPF230A Hitachi 3 5 DCM LPF230* Hitachi 3 Renewal or new manufacture

6 CV-IF LNT240A Hitachi 1 6 - - - -

7 CE LCE250A Hitachi 1 7 CE LCE250B Hitachi 1

1 Controller Rack HSC4010 Hitachi 1 1 Controller Rack HSC4010 Hitachi 1

2 Slot AVR600B Hitachi 1 2 Slot AVR680A Hitachi 2

3 Slot AVR601B Hitachi 1 3 - - - -

4 DCM LPF230A Hitachi 5 4 DCM LPF230* Hitachi 5 Renewal or new manufacture

6 DO LPD301A Hitachi 3 6 DO LYD301A Hitachi 3

7 UD LUD060A Hitachi 1 7 UD LUD070A Hitachi 1

Others 1 Relay,Fuse,Connector Dell PC Hitachi 1 Others 1 Relay,Fuse,Connector 1 Set

Existing Equipment Upgrading Equipment
Description

AUX Control

PS-2

AUX Control

PS-1

AUX Control

PS-1

AUX Control

PS-1

PLC-1

Controller

+I/O

PLC-2

Controller

+I/O

PLC-2

Controller

+I/O

PLC-1

Controller

+I/O

PLC-1

+I/O

PLC-1

+I/O

PLC-2

+I/O

PLC-2

+I/O
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1. OVERVIEW 

1-1 

CHAPTER 1  OVERVIEW 
 
1.1  Overview 

The R900C controller is a high-performance compact programmable controller. A CPU with 
network capability is mounted on the same unit as an HSC4000/HSC7000 series PI/O. 
Some of the features of the R900C controller are listed below: 
• By supporting the DCM bus, the R900C controller has increased its processing power, can 

support duplexed CPUs, and so on. The R900C controller is capable of accommodating 
conventional communication adapter cards mainly in consideration of replacing existing 
programmable controllers in Japan. 

• R.Link/ES is a newly developed field bus that can support duplexed lines, star topologies 
using hub devices, and large-scale systems. The transmission speed is up to 20 Mbps. Online 
collection of RAS information is possible by using hardware copy to facilitate failure 
analysis. 

• The R900C controller supports PI/Os from HSC900 series, HSC7000 series, and HSC4000 
series and can accommodate various types of systems. 

• A CPU with built-in CF-ROM can store user programs. 
A CPU with two processors can process the control and communication routines separately 
and simultaneously. 
Moreover, CPUs are equipped with highly reliable memory supporting 1-bit error correction 
with ECC. 

• The R900C controller has software compatibility with the R900 controller. Therefore, the 
R900C controller can use software that has been developed for the R900 controller. 

• CPU and PI/O modules can be mounted on the same unit. You can build a compact and 
highly reliable system. 

• A CPU can be directly connected to a control LAN which can be either μΣNETWORK-1000 
or Ethernet (10BASE-T and 100BASE-TX). 
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1. OVERVIEW 

1-2 

1.2  System Configuration Examples 
 Using μΣNETWORK-1000  
Figure 1-1 shows a configuration example of an application of the R900C controller when 
μΣNETWORK-1000 is used. The μΣNETWORK-1000 version of the R900C controller 
uses μΣNETWORK-1000 as an autonomous distributed network and can be used as a part 
of a control system together with a control computer and a process operator’s console. 
In addition, Ethernet (10BASE-T and 100BASE-TX) can be used at the same time as a 
standard feature of the CPU. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The maximum number of R900C controllers in one control system is 128 in the case of 
μΣNETWORK-1000. Note that this number might be reduced due to limitations of the 
system software. 
 
POC: Process Operator’s Console 
Control computer: RS90 or others 
PI/O: Process Input/Output 

 
Figure 1-1  Configuration Example of an Application System using the R900C Controller  

(When connected to μΣNETWORK-1000) 
 
  

PI/O PI/O 

• Cyclic communication 
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Controller 
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1. OVERVIEW 
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 Using Ethernet 
Figure 1-2 shows a configuration example of an application of the R900C controller when 
Ethernet is used. 
The Ethernet version of the R900C controller supports international standard IEEE 802.3 
CSMA/CD LAN (Ethernet) and can accommodate various types of system configurations. 
Note that this network is used as a control LAN and cannot be connected to a general 
network directly. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The maximum number of R900C controllers in one control system differs depending on the 
system software. 

 
POC: Process Operator’s Console 
Control computer: RS90 or others 
PI/O: Process Input/output 

 
Figure 1-2  Configuration Example of an Application System using the R900C Controller 

(When connected to Ethernet) 
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2. HARDWARE CONFIGURATION 

2-1 

CHAPTER 2  HARDWARE CONFIGURATION 
 
2.1  Single Controller Configuration 

Figure 2-1 shows an example of hardware configuration with a single controller. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(Note 1) The units shown as a box with a bold border         indicate a minimum 
configuration of the R900C. 

(Note 2) The HCD is connected when you diagnose equipment failure with the test and 
maintenance program (T&M). 

 
CPU: Central Processing Unit 
PS: Power Supply 
PI/O: Process Input/Output 
PI/O CE: PI/O Control Electronics 
HCD: HITACHI Conservation Device 

 
Figure 2-1  Single Controller Hardware Configuration 
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2. HARDWARE CONFIGURATION 

2-2 

2.2  Duplexed Controller Configuration 
Figure 2-2 shows an example of a hardware configuration for the R900C controller where 
CPUs and R.Link/ES lines are duplexed. 
• You can connect HSC900 series PI/Os to the R900C through R.Link/ES HUBs. 
• When you need duplexed CPUs, connect the two CPUs with a duplexed common memory 

(DCM) cable to allow duplexed configuration control and memory duplication processing. 
Which of the two CPUs is selected as a master is determined by using the duplexed 
configuration control signal on the DCM cable. 
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(Note) The units shown as a box with a bold border         indicate a minimum configuration 
of the R900C. 

CPU: Central Processing Unit 
PS: Power Supply 
PI/O: Process Input/Output 
PI/O CE: PI/O Control Electronics 
HCD: HITACHI Conservation Device 

DCM cable: Duplex Common Memory bus cable 
A cable for both the control signal for the duplexed configuration and the common control 
data bus between the active and standby CPUs. 

R.Link HUB: R.Link/ES HUB 
DCM: Duplexed Common Memory 
R.Link O-RPT: R.Link/ES Optical Repeater 
IF: PI/O Inter-face 
DI: Digital Input 
DO: Digital Output 
AI: Analog Input 
AO: Analog Output 

 
Figure 2-2  Duplexed Controller Hardware Configuration 

 
 
 

Date Filed:  November 22, 2017          Page 1682 of 2371          REDACTED



 

 

This Page Intentionally Left Blank 

Date Filed:  November 22, 2017          Page 1683 of 2371          REDACTED



3. LIST OF R900C CONTROLLER PRODUCTS 
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CHAPTER 3  LIST OF R900C CONTROLLER PRODUCTS 
 
The R900C controller is built into the same unit as HSC4000 and HSC7000 PI/O modules. 
The following is a typical configuration. 

 Integrated with HSC4000 and HSC7000 (typical example) 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-1  Typical Integrated with HSC4000 and HSC7000 Configuration 
 
For information about which modules can be used in the above configuration, see “Table 3-1  List 
of Basic Modules Used in The Integrated Configuration with HSC4000 and HSC7000”. 
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3.1  List of Basic Modules Used in the Integrated Configuration with HSC4000 and HSC7000
Table 3-1 shows the list of basic modules used in an integrated configuration with 

HSC4000 and HSC7000. 
If you want to use a module not in the list, contact our sales representative. 
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4. HARDWARE SPECIFICATIONS 

4-1 

CHAPTER 4  HARDWARE SPECIFICATIONS 
 
4.1  System Environment Specifications 

Table 4-1 lists of the environment specifications of the R900C controller. 
 

Table 4-1  Environment Specifications of the R900C Controller 
 

Item Specification
Temperature Power on 0 to 55°C (0 to 40�C outside the rack) 

Power off -20 to 70°C 
Humidity Power on 10 to 90%RH (non-condensing) 

Power off 
Vibration resistance 4.9 m/s2 [0.5 G (between 10 Hz and 55 Hz)] 
Shock resistance Horizontal: 49 m/s2 (5 G). Vertical: 98 m/s2 (10 G) 
Dielectric strength (between 
primary and secondary power 
supplies) 

2000 VAC/minute 

Grounding Class D grounding (*1) (previously known as the 
third class grounding) (Less grounding resistance 
than 100 ohms) 

Operating ambient air Dust: 0.1 mg/m3

Barometric pressure Normal atmospheric pressure where the altitude is 
1000 m or less

Corrosive gas JEITA IT-1004 class B (*2) 
Salt damage 0.05 mg/cm3 or less
Burning resistance Slow burning (self-extinguishing)

(*1) Class D grounding is defined in the Technical Standard for Electrical Facilities of 
Japan.   
This standard states that the grounding resistance must be 100 ohms or less for 
equipment operating on 300 VAC or less, and 500 ohms or less for devices that shut 
down automatically within 0.5 seconds when shorting occurs in low tension lines.  

(*2) Classification of the corrosive gas environment 
Classification of the corrosive gas environment is determined by the interactive factors 
of the atmospheric corrosion, namely corrosive gas, temperature, humidity, and 
pollution severity. Each factor is evaluated and given an evaluation point. The 
classification is based on the sum of all evaluation points as follows. 

 
Class Total evaluation points

Class A ≤ 9
Class B 10 to 25 
Class S1 26 to 36
Class S2 37 to 50
Class S3 ≥ 51
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The following table shows how each factor is evaluated. 
 

Category 
 
Environment factor 

1 2 3 4 
Measured 

value 
Evaluation 

point 
Measured 

value 
Evaluation 

point 
Measured 

value 
Evaluation 

point 
Measured 

value 
Evaluation 

point 
Average annual 
temperature (°C) 

A ≤ 20 1 ≤ 25 2 ≤ 30 4 > 30 8 

Average annual 
humidity (%RH) 

B ≤ 50 1 ≤ 60 8 ≤ 75 16 > 75 24 

Gas 
(ppm) 

SO2 C1 ≤ .04 1 ≤ .08 3 ≤ .2 6 ≤ 5 9 
NO2 C2 ≤ .02 1 ≤ .05 3 ≤ .1 6 ≤ 5 9 
H2S C3 ≤ .003 1 ≤ .01 8 ≤ .1 14 ≤ 10 20 
C12 C4 ≤ .002 1 ≤ .01 10 ≤ .1 20 ≤ 1 30 
NH3 C5 ≤ .1 1 ≤ 1 2 ≤ 10 4 ≤ 100 8 

Pollution severity 
(equivalent salinity) 

(mg/cm2) 
D ≤ .03 1 ≤ .06 8 ≤ .12 16 > .12 24 

Total evaluation points = A + B + C1 + C2 + C3 + C4 + C5 + D 
 

NOTICE 

If you use the R900C controller at a lower or upper limit value in the specifications 
for a long time, the reliability of the controller will be compromised. 
Except for a temporary malfunction of an air conditioner and similar occasions, 
use the controller at a normal temperature and at a normal relative humidity. 
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4.2  Rack Specifications (for Informational Purposes Only) 
The rack used for mounting an R900C controller needs to have a fan installed at the door or 
must have air intake and exhaust holes at the door and at the top. The rack specifications 
described here are for informational purposes only. You need to take the actual usage, 
module/unit configuration, and other factors into account and set up the rack so that the 
specifications described in “Table 4-1  Environment Specifications of the R900C Controller” 
are met. 

 
4.2.1  Rack with a fan 

The following figure shows an example of installing a fan in the door of the rack. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-1  Rack Specifications (with a Fan) 
 

NOTICE 

If a rack has an air exhaust hole at its top, protection from objects and droplets of 
water falling from the above is required. 

 
 
  

Fan (exhaust) 

Rear View Front View Air intake holes 
(with air filters) 
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4.2.2  Rack without a fan 
The following figure shows an example of air intake and exhaust holes in the door and at the 
top of the rack. 
If the rack has an air intake and an exhaust hole at the top, protection from objects and 
droplets of water falling from the above is required. 
The dimensions shown here are for informational purposes only. You need to modify them 
according to the actual usage, module/unit configuration, and other factors. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-2  Rack Specifications (without a Fan) 
 
 
  

At least 200 mm

Ceiling

Top View 

Air intakes and exhaust 
holes (with air filters) 

At least 400 mm At least 200 mm

At least 340 mm 

Front View Rear View 

At least 440 mm 
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4.3  CPU Specifications 
 
4.3.1  CPU modules 
 

Table 4-2  CPU Modules 
 

Model Main memory μΣNETWORK-1000 DCM CF-ROM μΣNETWORK-1000 cable
LPU800A 

64 MB Supported Supported

Built in
Multi-mode optical fiber 

LPU801A None
LPU802A Built in

Single-mode optical fiber
LPU803A None 
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4.3.2  LPU800A/LPU801A/LPU802A/LPU803A 
 Functions and names of components 
LPU800A/LPU802A (with a CF-ROM) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-3  External View of LPU800A/LPU802A 
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Figure 4-4  External View of LPU801A/LPU803A 
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• CPU function block (common for LPU800A/LPU801A/LPU802A/LPU803A) 
Switch name Function Use Note 
RUN/STOP 

(Toggle Switch) 
When the switch is changed from 
STOP to RUN, the CPU is reset and 
then starts. 
When the switch is changed from 
RUN to STOP, the CPU transitions to 
the STOP state. 
In normal operation, set the switch to 
RUN. 

 Use this switch to reset and 
start the CPU. 
(From STOP to RUN) 

 Use this switch to stop the 
CPU when it is in the RUN 
state. 
(From RUN to STOP) 

If you want to initialize 
and start the CPU in the 
RUN state, change the 
switch from RUN to 
STOP and then back to 
RUN. 

SREQ 
(Push Switch) 

In the RUN state: This switch is used 
to switch between the active system 
and the standby system. 
A CPU becomes a standby system 
when the switch on the CPU is 
pressed. (Standby request) 
In the STOP state:  
1. If “PROT” is ON, the CPU resets 

and then stops. 
(Special reset) 

2. If “PROT” is OFF, the contents of 
the main memory are saved to the 
ROM and then the CPU stops. 
(Save request) 

In the RUN state: Use this 
switch when you want to 
switch between the active and 
standby systems of a 
duplexed system. For 
example, for maintenance. 

If you press this switch 
while in the STOP state, 
the CPU is reset. 

ST1 and ST2 
(Rotary Switch) 

Those switches configure the station address of the control LAN. 

NODE 
(Rotary Switch) 

This switch configures the node number for R.Link/ES. 

 
Controller status display LEDs 

LED name Color 
State 

ON OFF 
RUN Green Indicates the operational state of the CPU. 

For details, see “CHAPTER 7  DESCRIPTION OF OPERATION”. ERR Red 
STBY Green 

CPU ERR Red 
 
Ethernet status LEDs 

LED name Color 
State 

ON OFF 
ACT1 and 2 Green Transmitting Not transmitted 
LINK1 and 2 Green LINK is normal LINK has an error (cable 

disconnection, power shutdown) 
 
R.Link/ES line status LEDs 

LED name Color 
State 

ON OFF 
TX1 and 2 Green Transmitting Not transmitting 
RX1 and 2 Green Receiving Not receiving 
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Connector name Function 
ET1 
ET2 

Ethernet 
connector 

Used for connecting to Ethernet (10BASE-T and 100BASE-TX). The 
connection is used for the control LAN. 
(Note) You cannot connect it to a general LAN. Those ports are also used 

for connecting maintenance tools. 
Duplexed 
Common 

Memory (DCM) 
cable connector 

Used for connecting a DCM cable. 
This connection enables duplexed configuration control and the duplication 
of shared data between CPUs. 

BATT 
battery 

connector 

Used for connecting a backup battery for the contents of the main memory 
and RTC. Replace the battery when the power is on. 

DO 
external contact 

connector 

Those external output contacts indicate the operational status of the CPU. 
(Contact name: PCSOK, MRUN, and SRUN) 
PCSOK: The controller is working properly. 
MRUN: Running as a master (active) system (PI/O access is possible.) 
SRUN: Running as a standby system (PI/O access is not possible.) 

K 
hot swapping 

connector 

Used for hot swapping. 

CH1 
CH2 

R.Link/ES 
connector 

Used for connecting an R.Link/ES cable. 

 
Specifications specific to LPU800A/LPU802A 

Switch name Function Use Note 
ROM PROT 

OFF/ON 
(Toggle Switch) 

(Note) Two 
locations on 
the front and 
back. 

When the switch is ON, 
“ROM PROT” is enabled.
When the switch is OFF, 
“ROM PROT” is disabled.
In normal operation, set 
this setting to ON 
(protected). 

The software uses this 
switch to know whether 
writing to the CF-ROM is 
prohibited. In normal 
operation, the program 
should not be saved; 
therefore, this switch must 
be ON. 

The setting of this switch is effective 
only when “PROT OFF” is selected 
by the protection switch for internal 
settings on the CF-ROM. 
If “PROT ON” is selected by the 
protection switch for internal settings, 
the ROM protection switch on the 
panel has no effect, and the ROM is 
always protected. 
You need to remove the PI to change 
the protection switch for internal 
settings. 
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• Network interface (NCP-E) block 
Switch name Function Use Note 

H and L 
(Rotary Switches) 

These switches configure a station address. Those switches have the same 
functions as the H and L 
switches and the FZ switch of 
the R700 NCP-E 
(LNC600/LNC601). 

FZ 
(Push Switch) 

Press this switch to save error 
information to nonvolatile memory 
and stop the network interface. 

When you replace the module due to a failure, 
press this switch before the replacement. 
Saving the information takes about two minutes. 
Do not turn off the power during this period.

 

LED name Color 
State Corresponding LED in 

R700 NCP-E 
(LNC600/LNC601) ON OFF 

R.ST Red The CPU is in the reset state. 
(Lit also during hot swapping.) 

The CPU is not in the reset state. - 

NRUN Green Initialization of the NCP-E block is complete.
Communication is possible. 

Initialization of the NCP-E block is not 
complete. 
Communication is stopped. 

Same function as RUN. 

NERR Red An error has occurred in the NCP-E block. No error has occurred in the NCP-E block. Same function as ERR. 
ONLN Green Startup process of the NCP-E block initiated 

by the host CPU of the NCP-E block is 
complete. 
(The LED flashes if a duplicate station 
address is detected and connection to the 
permanent ring (trunk line) is terminated 
before initialization is requested from the 
host CPU.) 

The NCP-E block has not started. Or the 
NCP-E block has been shut down. 

Same function as the LED 
with the same name. 

BLKA Green The LINE A port of the NCP-E block is in 
the blocking state. 

The LINE A port of the NCP-E block is in 
the forwarding state. 

BLKB Green The LINE B port of the NCP-E block is in 
the blocking state. 

The LINE B port of the NCP-E block is in 
the forwarding state. 

BTO Red Internal bus timeout error has occurred in the 
NCP-E block. 

The error to the left has not occurred. 

MEME Red SRAM parity error has occurred in the NCP-
E block. 

The error to the left has not occurred. 

WDTO Red WDT timeout error has occurred in the NCP-
E block. 

The error to the left has not occurred. 

LLA Green A logical link has been established for the 
LINE A port of the NCP-E block. 

A logical link is disconnected for the LINE A 
port of the NCP-E block. 

PL/ACTA Green A physical link has been established for the 
LINE A port of the NCP-E block. 
(This LED flashes when data is received or 
transmitted at the LINE A port.) 

A physical link is disconnected for the LINE 
A port of the NCP-E block. 

LLB Green A logical link has been established for the 
LINE B port of the NCP-E block. 

Logical link is disconnected for the LINE B 
port of the NCP-E block. 

PL/ACTB Green A physical link has been established for the 
LINE B port of the NCP-E block. 
(This LED flashes when data is received or 
transmitted at the LINE B port.) 

Physical link is disconnected for the LINE B 
port of the NCP-E block. 

 
Connector name Function Note 

A 
B 

Optical cable 
connector 

Used for connecting a network cable. Those connectors have the same functions as 
the connectors of the R700 NCP-E 
(LNC600/LNC601) with the same names. 

 

NOTICE 

Never press the freeze operation (FZ) switch except when you replace a module. 
If you press the switch by mistake, the network interface stops unexpectedly. 

 
  

Date Filed:  November 22, 2017          Page 1695 of 2371          REDACTED



4. HARDWARE SPECIFICATIONS 

4-11 

 Module specifications 
 

• CPU function block 
Item Specification 

Processor 32-bit RISC processor: SH4(SH7751) 160 MHz, 
SH4(SH7751R) 240 MHz

Main memory 64 MB with ECC 
Main memory 
Battery backup time 

120 hours after the power is turned off (minimum 
guaranteed hours)

Battery charging time 6 hours or less after the power is turned on 
External contact outputs Three DO contacts (PCSOK, MRUN, and SRUN) 
Clock function RTC (external component) (Precision: ±4 seconds/day 

at 25°C) 
Timer • Fixed interval timer 

• Programmable timer 
• Watchdog timer 

Compatibility Software compatible with the R900 CPU
Maximum number of 
modules that can be 
mounted 

Two 

Hot swapping Supported

 
• Network interface block (1/2) 
(1) Ethernet 

Item Specification
Network type Star topology 
Transmission speed 10 Mbps / 100 Mbps
Transmission line Twisted-pair metal cable (category 5 or better) 
Transmission distance Distance between nodes: Up to 30 m 
Maximum number of 
nodes that can be 
connected 

255 (recommendation: 32 or less) 

Access method CSMA/CD
Communication function • TCD (Transaction code) communication 

• Remote CPU control 
• Packet communication

Network management • Network configuration management 
• Failure information management 
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• Network interface block (2/2) 
(2) NCP-E 

Item 
Specifications

LPU800A and 801A LPU802A and 803A 
Network type Bidirectional full-duplex ring topology
Transmission speed 1 Gbps 
Transmission 
medium 

Multi-mode fiber (MMF) Single-mode fiber (SMF) 

Distance between 
stations 

Up to 550 m Up to 10 km 

Total loop length Cyclic communication is not used: Up to 500 km 
Cyclic communication is used: Up to 100 km

Maximum number 
of devices that can 
be connected 

μΣNETWORK-1000 station (LANBOX+NCP-E+μΣNETWORK-
1000NIC): 
Up to 128 (total number of control and information systems) 
• If computers are connected to control system branch ports at a LANBOX, 

the total number of those connected computers and the μΣNETWORK-
1000 stations must not exceed 128. 

• There is no limitation on the number of computers connected to 
information system branch ports at a LANBOX.

Network 
configuration 
method 

Proprietary network configuration method 
(Network configuration time (for a single failure): 500 ms or less) 

Communication 
functions 

• TCD (transaction code) communication 
• Remote CPU control 
• Cyclic communication 

Maximum transfer memory capacity: 1 MB 
Memory transfer cycle: Between 1 ms and 1000 ms 

• TCP and UDP/IP communication
Network 
management 

• Network configuration management 
• Failure information management

Compatibility Software/Hardware compatible with 
the NCP-E (LNC600)

Software/Hardware compatible with 
the NCP-E (LNC6001) 

 
  

Date Filed:  November 22, 2017          Page 1697 of 2371          REDACTED



4. HARDWARE SPECIFICATIONS 

4-13 

• CF-ROM block 
Item Specification

Interface CF-ROM interface 
Capacity 64 MB (same as the main memory) 

(for long-term memory backup)
ROM write/read time LPU800A and 802A: About 6 minutes (or less)

 
<Explanation of the operation of a CPU for each combination of switches> 

 
Operation for each combination of the RUN/STOP switch, SREQ switch, and ROM PROT switch 

Switch operation
Description of the operation RUN/STOP switch 

(Toggle Switch) 
SREQ switch 
(Push Switch) 

ROM PROT switch
(Toggle Switch) 

STOP to RUN - - Reset and start the CPU. (*)
RUN ON - The CPU transitions to a standby 

system. 
(This has no effect for a single-
CPU system.) 

RUN to STOP - - The CPU transitions to the stop 
state.

STOP ON ON The CPU stops after reset.
STOP ON OFF The contents of memory are 

saved in the ROM card. 
(*) If you want to reset and start the CPU in the RUN state, change the switch from “RUN” to 

“STOP” and then back to “RUN”. 
If the software has already issued a remote STOP request, you cannot start the CPU by 
changing the switch to “RUN”. You also need to generate a remote RUN request from 
software. (See CHAPTER 7.) 

 

NOTICE 

Do not change multiple switches at the same time. 
If you do, a malfunction of this module may result. 
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4.3.3  Battery 
(1) Model: HSC6853 

This is a rechargeable battery used specifically for backing up the memory and a real-
time clock (RTC) in the CPU module. 
This battery is automatically recharged when the power is turned on and monthly after 
that. 
(a) Main specifications 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Item Specifications 
Service life (*) Two years or 300 charge/discharge cycles, 

whichever comes first 
External dimensions of the casing [mm] 84 (W) × 25 (D) × 25 (H) (See the figure above.)
Cable length [mm] 300 (See the figure above.)
Battery backup time 120 hours after the power is cut off 
Operating ambient temperature 0 to 55°C 
Storage temperature -20 to 35°C 

(*) The expiration date is clearly indicated on the casing of the battery. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 

注
 

意
 

！
 

84 300 

25
 

A 

B

25
 

87.4 [in millimeters] 

！  注意／CAUTION

HSC6853 

注 意 

  注 意／CAUTION 

A: Label with the caution for installing the 
battery and the expiration date of the battery B: Label with the caution for 

using the battery 
バッテリ使用期限 

Expiration date 

西暦(Year.) 

20XX 

月(Month)

XX 

バッテリは矢印の方向を上にして実装すること。

Place this battery holder with the arrow 

direction upward. 

上／UP
・バッテリの交換は、必ず電源ON状態で実施してください。 
・仕様温度(0℃～55℃)以外で使用しないでください。 
・落下したバッテリを使用しないでください。 

CAUTION 
･Replace the battery while power is turned ON. 
･Use this battery in the range 0℃ to 55℃. 
･Do NOT use a dropped battery. 
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(b) Specifications of the connector 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Blac
Red

Cables 

Pin 4 

Pin 1: (+) 
Pin 2: Connected to pin 3. 
Pin 3: Connected to pin 2. 
Pin 4: (-) Pin 1
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4.3.4  DCM cable 
Model: HDC4940 
(1) Main specifications 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

D 

B 

C 

A 
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D
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NOTICE 

 By connecting CPUs with a Duplexed Common Memory (DCM) cable, you can 
control data duplication between CPUs and master-standby arbitration. 

 When the two CPUs are turned on at the same time after a momentary power 
failure or other reason, the CPU connected to connector A of the DCM cable 
has precedence to become a master. 

 Before installing a DCM cable, clean the contacts of both the cable connector 
and the connector at the board (CPU) side with a dust blower. 
For information about how to clean the contacts, see “9.2.3  Cleaning the 
contacts of the DCM connectors”. 

 Make sure you do not apply too much pressure on a DCM cable including the 
cover when you connect and remove the cable. 

 Fully insert a DCM cable. Confirm that the red lines on the stickers attached to 
the cable connectors are all concealed. 
Then tighten the screws securely. 
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▦ Specification of Micro Sigma 1000 network  

C  

P  

U  

P I / O 
C  

P  

U  

C  

P  

U  

P I / O 
C  

P  

U  

C  

P  

U  

P I / O 
C  

P  

U  

LAN-BOX 

EWS 

1000Mbps Dual Ring Optical Fiber 

Network  Micro Sigma 1000 

STATION 1 

MAIN RING 

STATION 2 STATION 4 

STATION 3 

RETURN 

SUB RING 

Loop  Blocking 
  Even if both rings cut -out, loop back path will be 
generated. When it returns to normal, communication 
is resumed automatically. 

 

Main Network    Type: Micro Sigma 1000  

As a transmission access method, Micro Sigma Network-1000 adopts FDDI (Fiber 
Distributed Data Interface) based on the token passing procedure standardized by IEEE 
802.5. 

The Micro Sigma Network-1000 has the following features. 

      - Powerful transmission speed with 1000Mbps. 

      - High degree of availability (fault-tolerance) by Loop-Blocking function. 

      - Transmission media using optical fiber 

 

Technical Data 

Item Specifications 

Network topology Duplicated Ring 

Network media 
Optical fiber  

(GI-50/125,SM-10/125,SM-9.5/125  micron) 

Network speed 1000Mbps 

Network cable length Total length Max.100km,   Node to Node 550m 

Communication protocol IEEE802.3z (Token passing) 

Max. number of controller EWS + controller + HMI =< 128 station 

Re – configuration function  Auto re-configuration  

Transmission table None (auto addressing) 

Others Instruction manual of  EWS 

Equipment Specifications ;   Network System       

LAN-BOX 

HMI 
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I/O Controller I/O Controller I/O 

P I/O 

Controller 

1000Mbps Optical Fiber Network 

  Centralized EWS EWS     Type: H-EWS  

The HIACS/TCS Engineering Work Station ( EWS ) is designed to 
release the the thermal power plant engineer from complicated 
programming techniques using Windows based powerful CAD 
(Computer Aided Design) and hierarchical function.  

Equipment Specifications ;   EWS (1)    

P I/O P I/O 

Major Function 
 Program maintenance 

Program edit, Remote loading, Comparison 

 Parameter tuning 

 On-line, Off-line remote tuning 

 Monitoring 

 Screen monitoring ( Logical, numerical on logic diagram ) 

 Data trending ( on-line, historical trend ) 

 Data analysis 

 Error data collection ( Controller, Network ) 

 Application data recording ( Specified point) 

 Document printing 

 Print out program as complete logic diagram 
Sample of Logic Diagram on EWS screen  
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Program Maintenance 
Programming 

Windows like Drag & Drop operation 

from macro library  

Compile 

Combo box operation  

Most programming 
errors are eliminated by 
the prodigious error 
check function. 

Loading 
Combo box operation 

Remote Down Loading  

Documentation 

 Direct print-out as complete logic diagram 

 Generate various Lists  

 Able to output drawing data by AutoCAD 

    format 

Other utilities 

 On-line Compare 

 On-line version check 

 others … 

Powerful CAD system offers intuitive operation & 
error free design. 
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Monitoring & Tuning 

Monitoring 

On-Line Logic  

Monitoring 

Binary Logic 

  - Black / Red display 

Numerical 
  - Engineering unit 
    display 

   Trending 

Recording time specified  

historic data 

recall 

     Tuning On-Line tuning can be 
performed during monitoring 

 Parameter reasonableness verifying 

 Operation recording 

 Password protection 

Multi Window On-Line Monitoring 

Multi Window Tuning box 

On-Line and Historical Data  
Trending 

Output to spreadsheet form to 

external memory 

Multi-Window / Multi function offers effective 
monitoring. 
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Surveillance & Debugging 

Data substitution 

Able to set substitute 
data forcedly for 
system debugging  

Logic diagram 

Event Recording 

Condition triggered ultra-high 
speed (synchronous with logic 
execution cycle) data recording 

Recoding data spec. table 

Recall to chart display  or output 
to spreadsheet form 

Simulation &  Valve lift adjustment 

Simulation software (turbine model) is 
equipped as standard 

Result of simulation 

can be  

Monitored 

by EWS 

Other functions for customer’s effective 
maintenance work  

Stress Calculation 

Software Package 
Actual Process 

Value 

TCS Cabinet 

EWS 

Network 

Simulation 
Start Trigger 

Function 
Generator 

Simulation Mode 

Software Switch 

Normal Mode Output Input 

Pattern Signal Generator for Simulation 

Stress Calculation 

Software Package 
Actual Process 

Value 

TCS Cabinet 

EWS 

Network 

Simulation 
Start Trigger 

Function 
Generator 

Simulation Mode 

Software Switch 

Normal Mode Output Input 

Pattern Signal Generator for Simulation 

I/O table 
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■ Functional Specifications 

Technical Data 

Item Specifications 

Monitor 

Logic 

monitor 

Data refresh rate 1 s 

Numerical expression Engineering value (floating point) 

Real time 

Trending 

Number of collection point 10 points x 100 group 

Data points / graph 10 points 

Data sampling interval More than logic execution cycle 

Historical 

trending 

Number of collection point 1000 points 

Data points / graph 10 points 

Data sampling interval More than logic execution cycle 

Continuous trending time 2 weeks  

Program 

Maintenance 

Logic modification Drag & drop base (CAD) 

Program / parameter compare On-line & off-line 

Program loading Remote loading 

Program dump Remote dump 

Logic diagram printing A4 size (Reduction size) 

Controller status display / control Remote operation with pass-word protection 

Tuning 

On line tuning Engineering value (floating point) 

Parameter list display / printing Engineering value (floating point) 

Tuning history display / printing Time and data ( previous and new ) 

Others 
CPU load factor measurement Graph and numerical value display 

Error log collection Automatic error data collection  

Equipment Specifications ;   EWS (5)     
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CI Number:  51820 
 
Title:  TRE5 Turbine Reheat Valve Refurbishment 
 
Start Date: 2018/05 
In-Service Date: 2018/06 
Final Cost Date: 2018/12 
Function: Steam 
Forecast Amount: $450,408 
 
DESCRIPTION: 
 
This project addresses the component replacement of the turbine reheat steam valves on the Trenton Generating 
Station’s Unit 5 Turbine.  This will include replacement or refurbishment of valve stems and bushings, hydraulic 
valves and control oil pressure regulators.  The scope of work also includes replacement of the bolts and studs on the 
reheat valves. 
 
The primary function of the reheat valves is to regulate the steam flow to the turbine, and thus control the power 
output of the steam turbine generator.  These valves are critical components of the steam turbine.  Their 
functionality and reliability are necessary to the safe operation of the unit. 
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
JUSTIFICATION:  
 
Justification Criteria: Health & Safety 
 
Why do this project? 
 
Maintenance intervals on these valves are a function of the unit’s Utilization Factor and expected future utilization.  
Annual planning efforts consider these factors to determine the timing and scope of the Turbine Valve 
refurbishment.  This Risk Based approach has determined that these valve refurbishments should be scheduled in 
2018. 
 
Why do this project now? 
 
Completing this project as part of the 2018 planned outage will mitigate the risk of unplanned outages.  It will address 
possible valve failures, which could occur by operating the unit with out of tolerance components (physical dimensions 
have worn past OEM standards).  A valve failure could lead to a potential over-speed event, which would put NS 
Power personnel in the plant at risk and would include significant damage to the turbine and other plant equipment. 
 
Why do this project this way? 
 
The refurbishment work is in accordance with best practices and consistent with NS Power’s past practice.  Total 
valve replacement is a more expensive option and not considered necessary at this time. 

ACE 2018 CI 51820 Page 1 of 3
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: -CI Number 51820 TRE5 Turbine Reheat Valve Refurbishments Project Number 51820

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1165 1165 Trenton Unit 5; Commissioned 1969, 160 Mwh 

1000 - SGP - Turbo Gen.Instal. 432,113Additions

1000 - SGP - Turbo Gen.Instal. 18,295Retirements

Total Cost:

Original Cost:

450,408

63,199

Total Cost:Original Cost:

ACE 2018 CI 51820 Page 2 of 3
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Capital Project Detailed Estimate

51820

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 10 405$                  4,053$                  
PD 50 365$                  18,239$                
PD 10 390$                  3,904$                  
PD 40 240$                  9,607$                  

Sub-Total 35,803$                

PD 10 729.57$             7,296$                  
PD 20 480.36$             9,607$                  

Sub-Total 16,903$                

PD 50 365$                  18,239$                
PD 30 240$                  7,205$                  

Sub-Total 25,445$                

lot 1 150,000$           150,000$              CI 46465
lot 1 37,510$             37,510$                CI 46465

Sub-Total 187,510$              

lot 1 20,000$             20,000$                
lot 1 50,000$             50,000$                
lot 1 15,000$             15,000$                
lot 1 5,000$               5,000$                  
lot 1 25,000$             25,000$                

Sub-Total 115,000$              

lot 1 200$                  200$                     
-$                     

Sub-Total 200$                     

lot 1 5,000$               5,000$                  
-$                     

Sub-Total 5,000$                  

% 10% 380,661$           38,066$                
-$                     

Sub-Total 38,066$                

15,312$                
11,170$                

Sub-Total 26,481$                

423,927$              
450,408$              

Original Cost
63,199$                

OT Labour

Trenton Generating Station

Power Engineer

TRE5 Turbine Reheat Valve Refurbishment

Labour AO

Engineering

Contract AO

Materials

Rentals
Misc equipment/trailers

Location:
CI# :
Title:

Maintenance Trades

Utilityworker

Regular Labour

Description

Term Labour

Maintenance Trades
Utilityworker

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Insulation Services

OT Meals

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Administrative Overhead

External Supervision

Maintenance Trades
Utilityworker

Contracts

Reheat Valve Parts
Misc Parts (Seals/Studs/Nuts)

External Machining Services
Service Supervisor

Inspection Services

Contingency
Other Goods & Services

OT Meals

ACE 2018 CI 51820 Page 3 of 3
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CI Number: 51862 
 
Title:  TRE6 Lube Oil Cooler Refurbishment 
 
Start Date: 2018/01 
In-Service Date: 2018/09 
Final Cost Date: 2019/03 
Function: Steam  
Forecast Amount: $341,769 
 
DESCRIPTION: 
 
The scope of this project is to replace the existing tube bundles in the turbine lube oil coolers on Trenton Unit 6 with 
upgraded metallurgy that is more resistant to erosion and corrosion.    
 
The lube oil coolers are required to cool the lube oil that services the Unit 6 turbine. There are currently two lube oil 
coolers associated with Trenton Unit 6 that have been in place since commissioning in 1991.  These coolers consist of 
lube oil from the turbine which runs on the outside of the tubes and cooling water, drawn from the East River, inside 
the tubes.  The heat transfer occurs between the tubes from lube oil to the water, which helps to maintain the lube oil at 
an appropriate operating temperature.   Under section 35 of the Canadian Federal Fisheries Act (1985) “No person shall 
deposit…a deleterious substance of any type in waters frequented by fish….” Where a deleterious substance is “any 
substance that, if added to any water, would degrade or alter….the quality of that water so that it is rendered or is likely 
to be rendered deleterious to fish or fish habitat….” 
 
As part of the cooler maintenance strategy Trenton 6 turbine lube oil coolers were eddy current tested (measures tube 
condition) on two occasions, once in 2011 and once in 2017.  Eddy current results indicated approximately 6 percent of 
the tubes were exhibiting pitting in excess of 60 percent of wall thickness. Following the recent eddy current testing in 
2017, several tubes have subsequently required plugs to mitigate potential leaks.  Additionally, all tubes exhibited 
pitting in excess of 20 percent, and the expectation is that the tubes will continue to degrade as the unit moves to 
increasingly more flexible operation. The coolers are currently suitable for use. However, as their condition continues 
to deteriorate, the risk of an environmental incident (i.e. an oil release into the environment) increases.   
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Environment 
 
Why do this project? 
 
Eddy current testing of the Trenton 6 Turbine lube oil coolers indicates that the tubes are deteriorating, exposing the 
unit to the risk of an oil release into the environment.  Replacing the tubes will increase the heat exchanger surface 
area and an upgraded material will allow the unit to be run securely for the projected remaining life of the unit.   
 
Why do this project now? 
 
Eddy current testing of the Trenton 6 Turbine lube oil coolers indicates that the tubes are deteriorating (all tubes have 
greater than or equal to 20 percent wall loss), exposing the unit to the risk of an oil release into the environment.   
 
To mitigate the risk of an unplanned outage, replacing the tubes in 2018, coincidental with the planned outage, will 
provide the most effective method of operating the unit. 
 
Why do this project this way? 
 
Refurbishment of coolers by replacing the bundles is less costly than complete unit replacement.  Time requirements 
associated with refurbishing the existing bundles is10-12 weeks. Replacing the bundles allow for the purchase of the 
tube bundles in advance of the outage, thus minimizing the amount of time the unit is unavailable.    
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: -CI Number 51862 TRE6 Lube Oil Cooler Refurbishment Project Number 51862

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1166 1166 Trenton Unit 6; Commissioned 1991, 170 Mwh

1000 - SGP - Turbo Gen.Instal. 329,573Additions

1000 - SGP - Turbo Gen.Instal. 12,197Retirements

Total Cost:

Original Cost:

341,769

208,148

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51862

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 80 365$                  29,183$                
PD 10 390$                  3,904$                  
PD 30 240$                  7,206$                  
PD 5 294$                  1,470$                  

Sub-Total 41,763$                CI 43429

PD 5 730$                  3,648$                  
Sub-Total 3,648$                  

PD 10 365$                  3,648$                  
Sub-Total 3,648$                  

lot 1 5,000$               5,000$                  
lot 2 20,000$             40,000$                CI 43429
lot 1 162,954$           162,954$              CI 43429

Sub-Total 207,954$              

lot 1 10,000$             10,000$                

Sub-Total 10,000$                

lot 1 200$                  200$                     

Sub-Total 200$                     

lot 1 30,000$             30,000$                

Sub-Total 30,000$                

% 10% 297,212$           29,721$                
-$                     

Sub-Total 29,721$                

3,488$                  
-$                     

Sub-Total 3,488$                  

10,377$                
971$                     

Sub-Total 11,348$                

326,934$              
341,769$              

Original Cost
208,148$              

Contracts

OT Labour

TRE6 Lube Oil Cooler Refurbishment

Term Labour

Power Engineer

Maintenance Trades

Maintenance Trades

AFUDC

Other Goods & Services

Fabrication of tube bundles

Misc Materials

OT Meals

Utilityworker (crane)

Tube Bundles

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

External Supervision

Design

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

OT Meals

Materials

Location:
CI# :
Title:

Maintenance Trades

Utilityworker

Trenton Generating Plant

Regular Labour

Description

Labour AO
Contract AO

Administrative Overhead

Consulting

Contingency

_
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CI Number:  43429 

Title:  TRE5 Turbine Lube Oil Cooler Refurbishment 

Start Date: 2018/02 
In-Service Date: 2018/06 
Final Cost Date: 2018/12 
Function: Steam  
Forecast Amount: $338,398 

DESCRIPTION: 

There are currently two turbine lube oil coolers associated with Trenton Unit 5 that are original to the plant.  These 
coolers are designed with oil flowing over the outside of the tubes and cooling water, drawn from the East River, 
passing inside the tubes.  A tube leak releases oil into the environment so condition monitoring is of utmost importance.  
Between 2011 and 2016 the Trenton 5 turbine lube oil coolers were tested to determine wall thickness on three 
occasions. Eddy current is a technology used to determine tube condition.  The results indicated that tubes were 
exhibiting pitting in excess of 90 percent of wall thickness.  These tubes have been proactively plugged to prevent oil 
leakage.  Additionally, virtually all tubes exhibited pitting in excess of 20 percent, leading to the expectation that the 
tubes will continue to degrade. While the coolers are currently suitable for use, their condition continues to deteriorate, 
which warrants risk mitigation. 

The scope of this project is to replace the existing tube bundles in the lube oil coolers on Trenton Unit 5 with materials 
that are compatible with stop/start operation.  This mode of operation exposes the tubes to higher corrosion rates.  The 
return cooler channels will be replaced, the inlet channels will be refurbished for extended life, and the discharge 
covers will be replaced.  Replacing the tubes will allow the unit to be run reliably for the projected remaining life of the 
unit and avoid discharge of oil into the environment.   

Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 

JUSTIFICATION:  

Justification Criteria:  Environment 

Why do this project? 

Condition testing of the Trenton 5 Turbine lube oil coolers indicates that the tubes are deteriorating to minimal 
recommended wall thickness.  The tubes must be replaced to prevent risk of oil release into the environment. 

Why do this project now? 
This project needs to be completed in 2018 in order to mitigate the increasing risk of tube failure and oil release into 
the environment.  The planned replacement of the tubes during the next scheduled outage will have the least impact 
on the reliability of the unit. 

Why do this project this way? 

The project will lower the risk of oil release from the turbine lube oil coolers.  Corrosion resistant materials selected for 
the tubes will align with the increased start/stop operations that exacerbate corrosion.  Time requirements associated 
with refurbishing the existing bundles is 10-12 weeks.  Replacing the bundles allows for the purchase of the tube 
bundles in advance of the outage, thus minimizing the amount of time the unit is unavailable.    

Rebuilding and re-coating the inlet channels will allow for continued use without full replacement, but the discharge 
covers are excessively corroded and need to be replaced.    
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: -CI Number 43429 TRE5 Turbine Lube Oil Cooler Refurbishment Project Number 43429

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1165 1165 Trenton Unit 5; Commissioned 1969, 160 Mwh 

1000 - SGP - Turbo Gen.Instal. 326,201Additions

1000 - SGP - Turbo Gen.Instal. 12,197Retirements

Total Cost:

Original Cost:

338,398

50,936

Total Cost:Original Cost:
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Capital Project Detailed Estimate

43429

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate Cost Support Reference
Completed Similar 

Projects (FP#'s)

PD 80 365$                  29,183$                
PD 5 390$                  1,952$                  
PD 30 240$                  7,205$                  
PD 5 294$                  1,470$                  

Sub-Total 39,811$                

PD 5 730$                  3,648$                  

Sub-Total 3,648$                  

PD 10 365$                  3,648$                  

Sub-Total 3,648$                  

ea 2 10,000$             20,000$                
lot 1 5,000$               5,000$                  
lot 1 Cost Support #1 - Item 1 Alt
lot 1 Cost Support #1 - Item 2
lot 1 11,391$             11,391$                

Sub-Total 217,651$              

ea 2 5,000$               10,000$                
lot 1 10,000$             10,000$                

Sub-Total 20,000$                

lot 1 500$                  500$                     
-$                      

Sub-Total 500$                     

lot 1 10,000$             10,000$                
-$                      

Sub-Total 10,000$                

% 10% 295,257$           29,526$                
-$                      

Sub-Total 29,526$                

1,725$                  

Sub-Total 1,725$                  

9,948$                  
1,943$                  

Sub-Total 11,890$                

324,783$              
338,398$              

Original Cost
50,936$                

Administrative Overhead

Power Engineer

TRE5 Turbine Lube Oil Cooler Refurbishment

Labour AO

OT Meals
Meals

Other Goods & Services

Location:
CI# :
Title:

Maintenance Trades

Utility worker

Trenton Generating Plant

Regular Labour

Description

SUB-TOTAL (no AO, AFUDC)

Contract AO

Contingency

AFUDC

Utility worker (crane)

OT Labour

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

External Supervision

Design 
Consulting

TOTAL (AO, AFUDC included)

Refurbish Inlet heads

Maintenance Trades

2 x Cu/Ni Tube bundles
Misc Materials

Materials

Fabrication of Tube Bundles
Escalation (2014-2017) @ 2.5% / Year

Contracts

Discharge Heads

Term Labour

Maintenance Trades
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RETUBECO, Inc.
CONDENSER AND
HEAT EXCHANGER
RETUBING TOOLS & SERVICES www.retubeco.com

6024 OOLTEWAH-GEORGETOWN ROAD OOLTEWAH, TN 37363 I 800.473.8823 I 423.238.4814 I FAX 423.238.9028

TO : Fred Jordan Company: Nova Scotia Power From: Barney Helton

TEL.: 902-396-9182 Pages: 1 0f 1

EMAIL: fred.jordan@nspower.ca Date: Ref.: Your January 20, 2014, Email

DESCRIPTION

Validity Date: 30 day Delivery Date: 
Payment Terms: net 30 FOB: Ooltewah TN, 37363 (note 3.) Taxes not included *

*IMPORTANT:   Does not include taxes, duties, etc. related to shipment to Canada.

return the original message together with any documents attached to us.

Bundles to be redesigned and fabricated to the appropriate TEMA and HEI 
standards with expanded tube to tubesheet joints and tie-rod and spacer 
support for baffles.

RetubeCo to provide a custom fabricated steel shipping / handling / 
storage cradle with wooden crate (cover) for each bundle.

To be submitted for approval/record:  "As-Built" Dimensional Assembly 
Drawing, Certified Material Test Reports, Final Hydrostatic Test and 
Inspection Report.

QUOTATION 5047 

March 3, 2014

ITEM QTY UNITS UNIT PRICE TOTAL
Redesigned Replacement Turbine Lube Oil Cooler Tube Bundles
for Nova Scotia Power Trenton Generating Station, Unit 5.
Original manufacturer C.A. Parsons & Co.,
NSPC Drawing No. A-050N5-9-091-62-014

Tubes (2 sets of 1.002 tubes each set), 1/2" OD x 18 BWG, ASTM B111, 
C443,  Admiralty Brass.

2 1 Lot Fabricate and furnish two (2) replacement Turbine Lube Oil Cooler Tube 
Bundles having 1,002 tubes each (tubes priced separately, see items 1 &  
1 Alt.), Naval Brass (Copper Alloy C464, ASTM B171) tubesheets, carbon 
steel baffles, tie rods and spacers, special shipping / handling cradles.

1

NOTES:
13 to 15 weeks ARO (note 1.)

SUBTOTAL Dependent on 
Tube Selection

1. Based on expected tube delivery from mill of 9 to 11 weeks ARO. * TAX

Shipping of replacement tube bundle to be provided by Nova Scotia Power. OTHER

TOTAL

3.

1 Lot

This message and/or any documents transmitted herewith is intended only for the individual or entity to which it is addressed and may contain
information that is privileged, confidential and exempt from disclosure under applicable law. If the reader of this message is not the intended recipient,
or the employee or agent responsible for delivering this message to the intended recipient, you are hereby notified that any dissemination, distribution
or copying of this communication is strictly prohibited. If you have received this communication in error, please notify us immediately by telephone and

CONFIDENTIALITY NOTICE

2. Final documents will be submitted 3 to 4 weeks after shipment of bundles. SHIPPING &
HANDLING

Tubes (2 sets of 1.002 tubes each set), 1/2" OD x 18 BWG,  ASTM B111, 
C706, 90 /10 Cu Ni.1 Alt. 1 Lot
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CI Number: 51853 

Title:  LIN3 Turbine Valve Refurbishment 2018 

Start Date: 2018/03 
In-Service Date: 2018/04 
Final Cost Date: 2018/10 
Function: Steam 
Forecast Amount: $295,709 

DESCRIPTION: 

This project will refurbish the upper and lower turbine main steam control valves (CV) , the left and right combined 
reheat valves (CRV), and the turbine main stop valve (MSV) on Lingan Unit 3. 

The CV’s regulate the steam flow to the turbine, and thus control the power output of the steam turbine generator.  
The CRV’s protect against destructive over speeds on unit trips and offer back-up protection for the steam turbine in 
the event of unit trip. The MSV ceases steam flow to the turbine promptly during an emergency trip.  All of these 
valves are critical components of the safe operation of the steam turbine, their functionality and reliability are crucial 
to the operation of Unit 3. 

Summary of Related CIs +/- 2 years: 
2016 CI 47863 - LIN4 Turbine Valve Refurbishment - $204,548 
2017 CI 47960 - LIN1 Control Valve Rebuild - $237,623 

JUSTIFICATION: 

Justification Criteria:  Health & Safety 

Why do this project? 

The CV, CRV, and MSV are critical to the safe operation of the turbine. Failure of these components to operate as 
required could lead to various levels of damage to the turbine, up to and including failure. In the event of a failure to 
the main stop or control valves, the turbine could go into overspeed, leading to unit failure and putting plant 
personnel at significant safety risk.  

The turbine valves must be refurbished to avoid valve malfunctioning issues during operation.  Thermal 
maintenance practices determine the maintenance schedule and are developed to avoid valve issues during operation 
which could potentially harm the turbine. 

This project is primarily justified by safety concerns in the event of an unplanned failure, and secondarily justified 
by unit reliability. 

Why do this project now? 

Maintenance intervals on these valves are a function of the unit’s Utilization Factor and expected future utilization. 
Annual planning efforts consider these factors to determine the timing and scope of the Turbine Valve 
refurbishment. This Risk Based approach has determined that these valve refurbishments should be scheduled in 
2018. 

Why do this project this way? 

Disassembly and inspection during an outage is the only method of assessing the condition and all the failure 
mechanisms associated with these valves.  
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: -CI Number 51853 LIN3 Turbine Valve Refurbishment 2018 Project Number 51853

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1133 1133 Lingan Unit 3; Commissioned 1983, 164Mwh

1000 - SGP - Turbo Gen.Instal. 241,398Additions

1000 - SGP - Turbo Gen.Instal. 54,311Retirements

Total Cost:

Original Cost:

295,709

159,000

Total Cost:Original Cost:

ACE 2018 CI 51853 Page 2 of 3

Date Filed:  November 22, 2017          Page 1721 of 2371          REDACTED



Capital Project Detailed Estimate

51853

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 125 358$                 44,704$                
PD 40 235$                 9,419$                 

Sub-Total 54,123$                

PD 40 715$                 28,611$                
-$                     

Sub-Total 28,611$                

PD 125 358$                 44,704$                
PD 60 235$                 14,113$                

-$                     
Sub-Total 58,817$                

ea. 1 90,000$             90,000$                
-$                     

Sub-Total 90,000$                

ea. 1 13,000$             13,000$                
ea. 1 20,000$             20,000$                

33,000$                

27,953$                
3,205$                 

Sub-Total 31,159$                

264,551$              
295,709$              

Original Cost
159,000$              

Contract AO

Contracts
Valve machining

Administrative Overhead

TOTAL (AO, AFUDC included)

Labor AO

Location:
CI# :
Title:

Maintenance Trades
Utility worker

Regular Labor

LIN3 Turbine Valve Refurbishment 2018

Description

Lingan Generating Station

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Inspection

Maintenance Trades

SUB-TOTAL (no AO, AFUDC)

Materials

Term Labor

OT Labor

Utility worker

Maintenance Trades

Valve Components
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CI Number:  51803 
 
Title:  TUC2 Generator Flux Probe Installation 
 
Start Date: 2018/03 
In-Service Date: 2018/06 
Final Cost Date: 2018/12 
Function: Steam 
Forecast Amount: $840,158 
 
DESCRIPTION:  
 
This project involves the installation of the generator flux probe for on-line condition monitoring of the Tufts Cove 
Unit 2 Generator Rotor.  The flux probe provides on-line monitoring for the progression of rotor shorted turns.  
Shorted rotor turns occur as insulation ages, resulting in increased excitation current to achieve the same flux.  
Generators require rotor rewinding as the number of shorted turns progresses. 
 
The Tufts Cove Unit 2 generator is a 100 MW nominally rated unit that has been in service since 1970.  It is driven 
by the Tufts Cove Unit 2 Steam Turbine.  It operates at 3,600 RPM, and is a hydrogen cooled unit. 
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 or 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal 
 
Why do this project? 
 
The installation of the flux probe is required to permit on-line monitoring for rotor shorted turns detection and 
provides essential diagnostic information for assessing rotor winding condition.  The potential for shorted turns 
increases as the unit experiences more start-stops and load cycling.  Flux probes have been installed at Lingan Units 
3 and 4, Point Aconi, Trenton 6, and Point Tupper in line with NS Power’s fleet maintenance strategy for rotor 
condition monitoring.  Without completing this project, NS Power will not be able to effectively determine when the 
generator rotor requires a rewind.  A lack of understanding of condition of the rotor, which is used to determine 
appropriate timing of a potential rotor rewind, could lead to a failure and outages. 
 
Why do this project now? 
 
To effectively monitor the condition of the rotor, a flux probe must be installed.  The Tufts Cove Unit 2 rotor is 47 
years old and requires enhanced monitoring to predict advancement of shorted turns.  NS Power has been installing 
flux probes on generators because of the increased potential for shorted turns as units age and to support the more 
flexible operations now expected from the thermal fleet. 
 
Why do this project this way? 
 
NS Power’s thermal fleet units are required to operate in more flexible modes due to the increasing amount of 
intermittent renewable generation on the Nova Scotia grid.  Installing a flux probe to monitor the progress of shorted 
turns (which are driven by more flexible unit utilization) is a standard industry practice, and recommended by the 
Electric Power Research Institute (EPRI).  This online monitoring will support the generator rotor rewind interval and 
subsequent outage planning.  There are no other industry acceptable methods to monitor generator rotor shorted 
turns.  
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: -CI Number 51803 TUC2 Generator Flux Probe Installation Project Number 51803

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1172 1172 Tufts Cove Unit 2; Commissioned 1972, 97 Mwh

1000 - SGP - Turbo Gen.Instal. 799,533Additions

1000 - SGP - Turbo Gen.Instal. 40,625Retirements

Total Cost:

Original Cost:

840,158

126,711

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51803

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 30 358$                  10,748$                
PD 15 405$                  6,080$                  
PD 45 365$                  16,415$                
PD 20 240$                  4,804$                  

Sub-Total 38,047$                

PD 30 730$                  21,900$                
PD 20 480$                  9,600$                  

Sub-Total 31,500$                

lot 1 Cost Support #1 - Items 0001-0007
lot 1

-$                     
Sub-Total

lot 1 Cost Support #2 - Item 02b

lot 1
-$                     

Sub-Total

6,458$                  
-$                     

Sub-Total 6,458$                  

11,818$                
64,834$                

Sub-Total 76,652$                

757,047$              
840,158$              

Original Cost
126,711$              

Labour AO 
Administrative Overhead

Utility worker

Electrician

Steam

TUC2 Generator Flux Probe Installation

Engineering

Cost Support #2 - Item 1 (50%, as costs shared 
with CI 49707

SUB-TOTAL (no AO, AFUDC)

AFUDC

Location:
CI# :
Title:

Maintenance Trades
Utility worker

Regular Labour

Description

Misc General

Flux Probe Installation

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

ITP Prep, reports, mobilization

Contract AO

TOTAL (AO, AFUDC included)

Contracts

Miscellaneous Siemens parts

OT Labour

Materials

Maintenance Trades
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Siemens Canada Limited Page 1 of 4
1577 North Service Road East Oakville
Oakville ON L6H 0H6, Canada

Ref: Our SF171127719
NOVA SCOTIA POWER NSP-TCU2 Generator Inspection Spares Proposal

Date: 30 AUG 2017

To: Cletus MacIsaac
c.c.: Blaize McNeil, Tim Gillis, Greg Carlin.

Subject: PROPOSAL FOR 2018 OUTAGE GENERATOR INSPECTION SPARE PARTS

With reference to requirement identified during discussions between Siemens and NSPI for Generator
Inspection spare parts 2018 Outage, we are pleased to provide the following proposal for your
consideration.

RFQ
ITEM

DESCRIPTION UNIT PRICE

CDN $

Total Price

CDN $

EST
DELIVERY

(ARO)

0001 O-Ring (supplied as cord)
2-off O-Rings (now 9.5MM dia cord +/- 0.18MM).
Supplied with a minimum order quantity of
25MTRS in 5MTRS lengths.

With following configuration:
Assembly Drawing No.: 
Detail Drawing No.: 

QTY:  2 PCS
0002 Cup Packing Ring

With following configuration:
Assembly Drawing No.: SL25842.010
Detail Drawing No.: 493S126

QTY: 2 PCS
0003 Diaphragm EE

With following configuration:
Assembly Drawing No.: SL25842.090
Detail Drawing No.: 493U1510

QTY: 1 PC
0004 Diaphragm TE

With following configuration:
Assembly Drawing No.: SL25842.091
Detail Drawing No.: 493U1511

QTY: 1 PC
0005 1/2" Spring Lock-washer

With following configuration:
Assembly Drawing No.: SL24717.007
Detail Drawing No.: 21175715

QTY: 102 PCS
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Siemens Canada Limited Page 2 of 4
1577 North Service Road East Oakville
Oakville ON L6H 0H6, Canada

0006 5/8" Spring Lock-washer

With following configuration:
Assembly Drawing No.: SL24717.009
Detail Drawing No.: 21175717

QTY: 127 PCS
0007 1.1/4" BSF Securing Bolt

With following configuration:
Assembly Drawing No.: SL24717.021
Detail Drawing No.: 406U1396

QTY: 6 PCS
0008 Cooler Gasket Fixed End

With following configuration:
Assembly Drawing No.: SL25699.028
Detail Drawing No.: 456M8522

QTY: 4 PCS
0009 Cooler Gasket Flexible End

With following configuration:
Assembly Drawing No.: SL25699.029
Detail Drawing No.: 456M8812

QTY: 4 PCS
0010 Replacement Up-shaft lead tube (existing

design)

With following configuration:
Assembly Drawing No.: TBA
Detail Drawing No.: TBA

QTY: 1 PC
0011 Replacement Up-shaft lead tube (modified

design)

With following configuration:
Assembly Drawing No.: TBA
Detail Drawing No.: TBA

QTY: 1 PC
0012 Radial Pins (existing design)

With following configuration:
Assembly Drawing No.: TBA
Detail Drawing No.: TBA

QTY: 4 PCS
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Siemens Canada Limited Page 3 of 4
1577 North Service Road East Oakville
Oakville ON L6H 0H6, Canada

0013 Radial Pins (Modified design)

With following configuration:
Assembly Drawing No.: TBA
Detail Drawing No.: TBA

QTY: 4 PCS

TOTAL PROPOSAL PRICE

Prices: Price shown is in Canadian funds, include any import duties that may be applicable, FOB
NSPI Tufts Cove GS, but do not include any taxes.  Price shown is also based on the
quantities quoted.  Should the order quantity differ from the quoted quantity, we reserve
the right to amend the prices.

Location of Supply: Siemens PLC UK.
A Division of Siemens Power Generation
Newcastle Upon Tyne, UK.

Validity: This proposal is valid for a period of 60 days from date of submission, unless extended,
modified or withdrawn by Siemens Energy Services and limits acceptance to the terms
set forth herein.  The return of a purchase order or any other reasonable manner of
acceptance communicated to Siemens during such validity period will be sufficient to
form an agreement on the terms and conditions of this offer.

Due to recent significant movements in material costs and availability, our offer is subject
to review beyond the validity period.

Environmental, Health & Safety:

This offer is based on Siemens’ “Zero Harm” program and in accordance with COR
Certification Requirements. Siemens EHS program is outlined in a Priority One Plan for
each site.

Quality Program:

This offer is based on a Quality Program in accordance with ISO 9001:2015.

Terms of Payment:

Net 30 days. Overdue accounts will be charged a 2% per month carrying Charge.
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Siemens Canada Limited Page 4 of 4
1577 North Service Road East Oakville
Oakville ON L6H 0H6, Canada

Conditions of Sale:

As per Siemens Canada’s terms and conditions for supply of parts and components
Standard except as modified in this proposal.

Limitation of Liability:  Notwithstanding any other provisions of this Contract, in no event
shall the aggregate liability of Siemens Canada or its affiliates, partners and
subcontractors exceed the final agreed Contract Price or any agreed increase to the
Contract Price.

Siemens obligation to fulfill this agreement is subject to the proviso that the fulfillment is not prevented by
any impediments arising out of national or international foreign trade and customs requirements or any
embargos [or other sanctions].

Feel free to contact us should you have any questions. We look forward to receive your purchase order.

Regards,

_________________________
__________ Senior Management Approval
Imran Ijaz
Manager – Parts Sales
Siemens Canada Limited
Power Generation Services Division
imran.ijaz@siemens.com

Digitally signed by IJAZ IMRAN
DN: cn=IJAZ IMRAN,
o=Siemens,
email=imran.ijaz@siemens.com
Reason: I have reviewed this
document
Location: Oakville
Date: 2017.08.30 13:58:59 -
04'00'

IJAZ
IMRAN

Digitally signed by 
RIEMSCHNEIDER JAN-ERIK
DN: cn=RIEMSCHNEIDER JAN-
ERIK, o=Siemens, email=jan-
erik.riemschneider@siemens.com
Date: 2017.08.30 14:12:23 -04'00'

RIEMSCHNEIDER
JAN-ERIK
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Siemens Canada Limited
Power Generation Services
1577 North Service Road East
Oakville, Ontario
L6H 0H6 / Canada

Confidential and Proprietary Proposal
Siemens Ref: SF171127646 Rev C
TUC2 2018 Generator Inspection
September 19, 2017P a g e  | 2

PROPOSAL SF171127646 – NOVA SCOTIA POWER

TUC2 2018 Generator Inspection

Foreword

The work scope outlined in this proposal is to provide NSP with Generator Inspection and Overhaul for Tufts
Cove`s Unit 2.

This  “Budgetary” Pricing and the information contained herein are provided for informational & planning
purposes only. The budgetary pricing submitted in this proposal is on a Time and Material basis. In case the
work scope changes, new requirements will be addressed via SDIR with resultant price adjustments. Except for
provisions regarding confidentiality, this proposal does not create any legal obligations between Siemens and
any Purchaser. For greater certainty, it does not constitute an offer to provide any goods or services or to enter
into a contract. No binding commitment or obligation exists unless and until the parties execute and deliver a
binding written contract. Any future definitive agreement and discussion between Siemens and the Purchaser is
subject to the approval of Siemens' management and compliance with all required regulatory and legal
approvals.

No work will commence until a firm service Purchase Order has been issued to Siemens.

1.0 Work Scope

1.1 Base Scope

The base scope will be comprised of terminal bushing replacement.  Assumptions made for terminal
bushing replacement is that the machine is opened and ready to accept new bushings, rotor is out, and
the station can supplement the crew with 3 electricians per shift:

A) Terminal Bushings

- Test and replace bushings:
o Remove bushings.
o Lower all Terminal plates, remove gaskets, and clean surfaces.
o Fit new gaskets and refit terminal plates.
o Fit new terminal bushings with new 'O' rings.
o Re-insulate bushing to lead.
o Diagnostic test - Partial discharge.
o Carry out IR & PI test on winding.
o Refit neutral Star connection.
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Confidential and Proprietary Proposal
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TUC2 2018 Generator Inspection
September 19, 2017P a g e  | 3

B) Rotor Flux Probe Installation

- Remove Generator Rotor
- Carry out IR & PI test on winding.
- Establish Clean Conditions for Stator Work.
- Winding slot wedge tightness checks.
- El-Cid Test.
- Stator end winding inspection.
- Core bore and Mazak spacer inspection.
- Inspect winding clamp studs.
- Carryout checks - core ventilation, core spacer bar security, and core tightness.
- Carryout inspections - stator casing, grounding strap for tightness & overheating, and thermocouple

& RTD cables & support conduit.
- Carryout Thermocouple & RTD's electrical tests.
- Install new Flux Probe, and pressure test.
- Install Generator Rotor

C) Rotor Inspection (NSP requested scope)

- Receive rotor and place it on stands.
- Carryout visual and borescope inspections, and electrical tests.
- Removal and inspection of up shaft lead (U.S.L), radial pins.
- Dismantle, clean and prep for NDE inspections to be carried out by NSP third-party vendor: radial

pins, fan hub & blades, shafts, slots and wedges.
- Fit U.S.L & radial pins, and carry out air test.
- Final electrical tests.

Note:  To be provided by Nova Scotia Power:

- Three (3) electricians per shift during 3.5 weeks.
- Crane support.
- Two (2) millwrights per shift.
- Welders
- NDE of welds
- Scaffold Support

1.2 Optional Scopes

D) Radial Pin and Up Shaft Lead Upgrade

Detailed scope for this option is being developed and technical solution will be submitted to NSP.
Pricing will be provided once scope is discussed and agreed upon.

E) End cap in-situ inspection (Rotor in stands, retaining rings on Rotor)

Mobilize Siemens personnel and equipment to site to perform end cap inspection.
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2.0 Duration

The duration for execution of the Base Scope is estimated in a total of 6.5 weeks, including strip down and
rebuild in a 1x6x10h shift pattern, and including 3.5 weeks in a 2x6x10h shift for the Inspections.

3.0 Pricing

To complete the work scope as outlined above we present the following pricing:

Item Description Contract
Type

Total Price
(CAD)

01
ITP Prep, planning, report writing, and mobilization.

Note: equals cancellation fee up until final mobilization.
Fixed

02a

Siemens support - Terminal Bushing Replacement 1.1 (A)

2x Siemens Elec. TFA – 1 per shift for 3 weeks
6x Siemens Winders – 3 per shift for 3 weeks

T&M

02b

Siemens Support - Rotor Flux Probe Installation 1.1 (B)

1 x Mech. TFA for 6.5 weeks
1 x Elect TFA for 2 weeks
3 x Winders for 1.5 weeks
1 x Foreman – 1 per shift for 6.5 weeks
3 x Millwrights – day shift for 6.5 weeks
Electrical tooling

T&M

02c

Siemens Support – Rotor Inspection 1.1 (C)

1 x Elect TFA for 0.5 weeks
1 x Winders for 1.5 weeks

T&M

03

Option 1.2a : Radial Pin and Up Shaft Lead Like for Like
1x Siemens Winders – 1 per shift for 1.5 weeks
Machining of shaft and pins

Option 1.2a : Radial Pin and Up Shaft Lead Upgrade
1x Siemens Winders – 1 per shift for 1.5 weeks
Machining of shaft and pins
Modification of rotor plug for sealing

T&M

04 Option 2: End cap in-situ inspection.

Estimated total duration – 4x 12h days + mob/demob.

T&M
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Prices are a T&M estimate based on expected 2018 rates. The updated 2018 rate sheets for both Siemens and
subcontractors` personnel will be released once available.

Prices include time and expenses (air fares, travel time, all local accommodations, local travel, shift premiums
and overtime premiums) for Siemens personnel, and are valid only for the release of work per this proposal.
Trades’ Travel, Room and Board charges are excluded from the price. TRB will be invoiced at cost at
completion of the work.

Prices do not include any extra or discovery work, which will be addressed through a strip down Inspection
Report.

Pricing for items 1, 2a, and 2b above have been priced considering synergies of having the scopes performed
concurrently.  If all scopes are not awarded together then pricing is no longer valid.

4.0 Quality Program

This budgetary offer is based on a Quality Program in accordance with ISO 9001:2015.

5.0 Environmental, Health & Safety

This budgetary offer  is  based  on  Siemens’  “Zero  Harm”  program  and  in  accordance  with COR
Certification Requirements. Siemens EHS program is outlined in a Priority One Plan for each site.

6.0 Confidentiality

The information contained in this proposal and all related documents is proprietary and confidential information
that belongs to SIEMENS.  This information is being disclosed to you for the specific purpose of your evaluation
of SIEMENS as a contractor for a particular project.   By reviewing the information contained in these
documents, you agree to be bound to a confidentiality obligation with respect to this information.  Specifically,
you hereby agree that (1) you will treat this information with the same level of care as you treat your own
proprietary information; (2) you will not disclose this information to third parties without the prior written consent
of SIEMENS; and (3) you will not use this information for any purpose beyond evaluating SIEMENS as a
contractor and/or contracting with SIEMENS for the particular project quoted herein.
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CI Number:  50577 
 
Title:  TRE6 CEMS Replacement  
 
Start Date: 2017/06 
In-Service Date: 2018/08 
Final Cost Date: 2019/02 
Function: Steam 
Forecast Amount: $715,562 
 
DESCRIPTION: 
 
The scope of work of this project includes the purchase, installation and certification testing of new continuous 
emission monitoring system (CEMS) equipment for the Unit 6 stack at the Trenton Generating Station.  This new 
CEMS will be a Dilution Extractive Unit capable of dual range measurements. 
 
The current CEMS that monitors sulfur dioxide (SO2) and nitrogen oxide (NOx) for Trenton Unit 6 has surpassed its 
expected useful life and requires replacement.  It was installed in 2001 and the recommended useful life of the 
equipment is 10 years.  NS Power has been informed by the manufacturer that, the support for the current system 
can no longer be guaranteed as of June 30, 2017, as much of the equipment has become obsolete.  The existing in-
situ monitoring system will be replaced by a dilution extractive monitoring unit, which will allow for a better range 
for measurement of NOx and SO2 at Trenton Unit 6 to ensure compliance with the provincial Air Emission 
Regulations. 
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 or 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Environmental  
 
Why do this project? 
 
NS Power is required to operate and maintain a CEMS to continuously monitor the level of SO2 and NOx in the flue 
gas emissions at each thermal generating facility, including Trenton, as per the facility’s Operating Approval.1  The 
CEMS on Trenton Unit 6 has limited spare parts, is no longer supported by the manufacturer, and must be replaced 
to ensure the Operating Approval is maintained.   
 
Why do this project now? 
 
The Trenton 6 CEMS is no longer supported by the manufacturer and if a failure occurred, limited spare parts are 
available, through either NS Power or the manufacturer.  The CEMS requires replacement at this time to mitigate 
the risk of failure and allow the facility to remain in compliance with its Operating Approval.  The existing system is 
showing signs of deterioration and this replacement will mitigate the risk of failure.  
 
Why do this project this way? 
 
Replacement of the CEMS is the only option due to the obsolescence of the existing equipment.  The recommended 
approach is to replace the in-situ CEMS with a Dilution Extractive Unit capable of dual range measurements. This is 
a new monitoring system that the NS Power fleet has recently implemented at other plants / units (Tufts Cove and 
Trenton #5 Generating Stations), which will provide better information to NS Power’s technical and operating staff 
for reporting to Nova Scotia Environment.  By moving to a standardized system across the fleet, NS Power can also 
develop an inventory of common spare parts.   
 
Other benefits to using the dilution extractive system rather than the in-situ CEMS include: 
 

                                                      
1 The Operating Approval references federal guidelines:  Environment Canada, Environmental Protection Series, Protocols and 
Performance Specifications for Continuous Monitoring of Gaseous Emissions from Thermal Power Generation, Report EPS 
1/PG/7, (December 2005).   

_
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 Dual range measurement for concentrations of NOx and SO2 since the ranges for the two parameters have a 
large scale difference. 

 Installing a dual range system allows for flexibility with future fuel blends and does not limit Sulfur 
measurement. 

 Dilution Extractive units provide the capability of measuring CO2.  With the current Federal and Provincial 
focus on CO2, accurately measuring emissions is an improvement on NS Power’s current mass balance 
approach. 

 
NS Power considers the Teledyne CEMS the best alternative as it is currently used on units at other locations in the 
fleet.  NS Power is familiar with this equipment and has been satisfied with the customer service and technical support.   

_
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: -CI Number 50577-SI43 TRE6 CEMS Replacement Project Number 50577-SI43

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1166 1166 Trenton Unit 6; Commissioned 1991, 170 Mwh

0700 - SGP - Environmental 703,348Additions

0700 - SGP - Environmental 12,214Retirements

Total Cost:

Original Cost:

715,562

113,333

Total Cost:Original Cost:
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Capital Project Detailed Estimate

50577

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate Cost Support Reference
Completed Similar 

Projects (FP#'s)

PD 10 358$                  3,583$                  
PD 5 405$                  2,027$                  
PD 45 365$                  16,415$                
PD 3 390$                  1,171$                  
PD 10 382$                  3,821$                  
PD 20 240$                  4,804$                  

Sub-Total 31,821$                CI 49551

PD 4 716$                  2,864$                  

Sub-Total 2,864$                  CI 49551

PD 150 358$                  53,742$                
PD 45 365$                  16,415$                

Sub-Total 70,158$                CI 49551

ea 1 15,000$             15,000$                
ea 1 5,000$               5,000$                  

ea 1 71,880$             Cost Support 1 - Item A
ea 1 23,168$             Cost Support 1 - Item C
ea 1 12,725$             Cost Support 1 - Item A-1
ea 1 11,870$             Cost Support 1 - Item A-2
ea 1 5,220$               CI 49551
ft 300 40$                    Cost Support 1 - Item D
ea 1 24,585$             Cost Support 1 - Item E
ea 1 11,172$             Cost Support 1 - Item F
ea 1 61,812$             Cost Support 1 - Item G
ea 2 9,380$               Cost Support 1 - Item H

% 30% 253,192$           
ea 1 4,000$               4,000$                  
ea 1 4,000$               4,000$                  
lot 1 5,000$               5,000$                  

Sub-Total 362,150$              

lot 1 5,000$               5,000$                  
lot 1 15,000$             15,000$                
lot 1 3,855$               Cost Support 1 - Item J
lot 1 10,765$             Cost Support 1 - Item L
lot 1 9,455$               Cost Support 1 - Item N
lot 1 7,143$               CI 49551
% 30% 31,218$             
lot 1 3,000$               3,000$                  
lot 1 50,000$             50,000$                
lot 1 5,000$               5,000$                  
lot 1 15,000$             15,000$                
lot 1 5,000$               5,000$                  

Sub-Total 138,583$              

lot 1 4,500$               4,500$                  
-$                      
-$                      

Sub-Total 4,500$                  

lot 1 2,500$               2,500$                  
lot 1 2,000$               2,000$                  

Sub-Total 4,500$                  

% 10% 605,575$           60,558$                
-$                      

Sub-Total 60,558$                

4,252$                  

Sub-Total 4,252$                  

22,781$                
13,397$                

Sub-Total 36,178$                

675,133$              
715,562$              

Original Cost

113,333$              

Dilution Sample Umbilical

Platform for CEMS Access

HVAC for Compressor Room

TML-675 Continuous Emission Monitoring 
System

CO2 Analyzer Addition

System Start Up

Materials

Contracts

Contingency

Scroll Enclosed Air Compressor

Allen Bradley Logic Controller

UltraFlow 150 Flow Monitor
Calibration Accessories

Compressor Building Layout/Design, 
Platform Design

Cables/Electrical Materials

TRE6 CEMS Replacement

Standard Model CEM Shelter

Miscellaneous Consumables

Maintenance Trades

Description

Electrician

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Project Manager

Shipping

Term Labour

Factory Acceptance Test

Electrician

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

AFUDC

Location:
CI# :
Title:

Maintenance Trades

Utility worker

Trenton Generating Station

Engineering

 Regular Labour

 OT Labour

Power Engineer
Power Plant Technician

Electrician

Other Goods & Services

CO Analyzer Addition

Insulation

 Rentals
Staging

Air Testing Services

Basic Training Course 

Labour AO
Administrative Overhead

Sheet Metal

Man lift

Freight

CSA Inspection

O2 Analyzer Addition

USD to CDN Exchange Rate

USD to CDN Exchange Rate

DCS Materials
Transformer

Construct Compressor Building/Foundation
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Quote# 1705003

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

May 11, 2017

Nova Scotia Power
Trenton Generating Station
108 Power Plant Road
Trenton, NS B0K-1X0

Reference: Dilution CEMS for Unit 6

Dear Danya MacGillivray,

Teledyne Monitor Labs is pleased to provide Quotation No. 1705003 for our ML675 CEM System, 
Equipment, and Services.  This proposal’s competitive pricing is based on the entire package. TML 
has grouped various components in the item column below for comparison purposes. The 
purchase or exclusion of individual items must be discussed with TML.

The ML675 Extractive Monitoring System combines the benefits of field-proven extractive 
technology with innovative, flexible design to satisfy a vast range of process monitoring and 
compliance needs. Each extractive system is a pre-engineered package of high quality 
components, designed to economically and reliably meet specific application requirements.

If you have any questions regarding this quotation, please contact our Regional Sales Manager, 
Mr. Rob Bott, at 303-792-4200.

Sincerely,

Ryan Silkworth
Application Engineer
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Quote# 1705003

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

Teledyne Monitor Labs, a business unit of Teledyne Instruments, Inc.
35 Inverness Drive East
Englewood, Colorado, USA  80112-5189
+1-303-792-3300  Fax +1-303-799-1409
www.teledyne-ml.com

REPRESENTATIVE

Mr. Rob Bott
Office: 303-792-4200
Fax: 303-799-1409
rbott@teledyne.com

CUSTOMER NAME & ADDRESS QUOTE DATE APPROXIMATE SHIP DATE

Nova Scotia Power
Trenton Generating Station
108 Power Plant Road
Trenton, NS B0K-1X0
Reference: Dilution CEMS for Unit 6
Attention: Danya MacGillivray

May 11, 2017 Dependent on 
Purchase Order Acceptance

QUOTE NUMBER SHIP TERMS

1705003 FOB: Origin, PP&A
EXW: Origin

QUOTE VALID FOR TERMS OF PAYMENT

90 Days 30 Days
ITEM QTY DESCRIPTION OF ARTICLES AND/OR SERVICES UNIT PRICE AMOUNT

A 1 TML-675 Continuous Emission Monitoring System
for the single point Dilution Extractive measurement of 
NOX and SO2.

Includes the following:  
T100 T SERIES® SO2 Analyzer
T200 T-SERIES® NOX Analyzer
316 SS Dilution Extractive Probe with 316 SS Straw
Open Rack Mounting
Complete Sample Transport, Air Cleanup and 
Conditioning System 
Controller/PLC for System Sequencing and Control 
(detail below)
Instrument Air Regulation and Distribution
Automatic Probe Calibration with Multi-Valve Manifold
Automatic Back Purge with Valve
Two (2) sets of Standard Drawings and 
Two (2) Standard Manuals (on CD)
System Integration and Factory Test
Project management and Engineering

A-1 1 Optional CO Analyzer Addition to 675 System Above

T300 T-SERIES® CO Analyzer
Optional

A-2 1 Optional CO2 Analyzer Addition to 675 System Above

T360 T-SERIES® CO2 Analyzer
Optional
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Quote# 1705003

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

ITEM QTY DESCRIPTION OF ARTICLES AND/OR SERVICES UNIT PRICE AMOUNT

Option: Choose One (1) Controller/PLC Below

B 1 Teledyne Monitor Labs C3i/o® Controller
for System Sequencing and Control

Includes the following:
Data Buffering with RegPerfect®
Modbus Communications
CEMS Controller
8 Digital Inputs
8 Digital Outputs
4 Analog Inputs (Qty 2)
2 Analog Outputs (Qty 2)
19” Rack Mount Control Panel

Note: CEMS to DCS communication available via Modbus/TCP

Included in 
Item (A)
Above

Included in 
Item (A)
Above

C 1 Allen Bradley CompactLogix Programmable Logic 
Controller

Includes the following:
L-3 Controller Dual Ethernet & 2MB Memory Processor
Power Supply
MVI69 Serial Communication Module
Protocol Converter (Modbus)
16-channel digital input module (Qty 1)
16-channel digital output module (Qty 1)
4-channel analog input module (Qty 1)
4-channel analog output module (Qty 1)
Panel View 600® display
RS Logix Programming Software
PLC Programming Labor

Please note: Specific module and configuration may change after 
final engineering is complete. This proposal assumes all customer-
supplied inputs are linear and compatible with required unit of 
measure. 

Adder to
Item (A)

Optional
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Quote# 1705003

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

ITEM QTY DESCRIPTION OF ARTICLES AND/OR SERVICES UNIT PRICE AMOUNT

D Feet DILUTION SAMPLE UMBILICAL
The system is designed to use a seven-core sample 
transport bundle to carry the diluted gas sample from the 
probe 
PFA Teflon line transports the diluted sample, a 1/4" PFA 
Teflon line transports calibration gas, a 1/4" Teflon line 
supplies the dilution eductor vacuum indication, one 1/4" 
Teflon line carries bypass eductor air to the probe, a 1/4" 
Teflon line supplies backflush air, a 1/4" Teflon line carries 
the orifice pressure indication and finally, a 1/4" Teflon line 
transports dilution air to the probe. The entire bundle is 
encased in a rugged, fire-retardant PVC sheath to facilitate 
installation. Since any moisture is diluted with dry air, only 
freeze protection for the diluted sample line is supplied.  This 
includes self-regulating heating element(s) located inside the 
sample bundle, which will operate at approximately 50F.

**The quoted price is for lengths greater than 100 feet. Pricing for 
lengths less than 100 feet are subject to higher pricing per foot, 
and may require site-specific information. 

per foot
TBD

E 1 UltraFlow™ 150 Flow Monitor

Monitor Includes:
Dual 50 kHz Transducer Assemblies
Transducer Interface Enclosure (TIE)
Enhanced Remote Panel (ERP)
Single 110CFM Purge Blower w/ Weather Cover
Zero (0) feet of Data Cable

**Long Range (20kHz) or Extended Range (14kHz) Transducers may be
required per TML review of site-specific Installation Checklist. Dual 
42CFM Blowers are required in this configuration. 

F Lot Calibration Accessories

Includes:
Stainless Steel Regulators (Qty 6)
Bottle Rack (6 Bottle Capacity) (Qty 1)

**Teledyne Monitor Labs has provided our best estimate of gas 
requirements at the time of quotation. Additional gases may be 
required after permit review and final engineering is complete but 
are not part of this proposal.
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Quote# 1705003

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

ITEM QTY DESCRIPTION OF ARTICLES AND/OR SERVICES UNIT PRICE AMOUNT

G 1 Standard Model CEMS Shelter 8’W(OD) x 10’L(OD) x 8’H(ID)
For placement in a general area classification. Channel skid 
base, galv. steel framing. white 24GA pre-finished steel 
interior & exterior cladding with finished stainless steel trim.
White duro-last roofing system. Aluminum tread plate 
flooring. 3x7 insulated steel door with stainless steel hinges. 
Insulation. Built to the most current local and/or state building 
code applicable to factory built structures. 

Note: Item includes assembly and engineering labor to install 
the CEMS, and all accessories, for easy field installation. 

Also Includes:
Power distribution including lights and receptacles
HVAC 24k BTU, 5k Heat, thermostat, disc. sw
Load Center, 100A, 3PH, 30 POS, NEMA 1 typical
Surge Suppressor 3PH typical
Disconnect Switch, Non-fused, NEMA 3R typical
Single Doors Access (Panic Bar, 12x21 Window
Tempered Glass, Automatic Hydraulic Closer)
Interior Partition Wall, alike cladding (bottle bay)
Double Doors access to Bottle Bay
Ground Pad, Copper, NEMA 2-hole, bonded to frame
Exterior light, LED wall pack 25W, 120V
Smoke Alarm, Fire Extinguisher
Canopy 24” projection 7-8 ft. width
Exit Sign, Emergency Light, Battery Backup

**Teledyne Monitor Labs has provided our best estimate of gas 
requirements at the time of quotation. Specific components and 
configuration may change after final engineering is complete. 

H 1 Scroll Enclosed Air Compressor Model Number SES0208

Scroll Enclosure 2 HP system, complete with one 2-HP oil-less 
scroll compressors, mounted inside of a rigid steel enclosure.  
Enclosure to have a powder coat finish, and shall include sound 
deadening insulation. Noise levels shall not exceed 49 dBA with 
all compressor units in operation. Each compressor pump has a 
1750-rpm, ODP motor, V-belt drive, and air-cooled aftercooler. 
Twin tower, heatless, desiccant air dryer is provided with 
integrated water separation/pre-filter and 1-micron final filtration. 
Dryer requires separate 115V power supply. Adjustable output 
pressure regulator is provided with gauge and installed 
downstream of the final filter.
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Quote# 1705003

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

ITEM QTY DESCRIPTION OF ARTICLES AND/OR SERVICES UNIT PRICE AMOUNT

I 1 RegPerfect® CEMS Compliance Data Acquisition and 
Handling System

Includes the following:
RAID-1 Hot-Plug Tower Server Hardware
Intel® Xeon® Quad Core Processor, 2.4 GHz or better
146/300 GB 15K RPM SCSI hard drive (Qty 4)
16 GB RAM
CD/DVD-ROM
500 GB External Hard Drive Backup
Network, video, and sound cards
Tower Case with power supply
Two (2) Year Extended On-Site Hardware Warranty
UPS PRO 420 Power Back Up
Keyboard, mouse
24” LCD Monitor
HP LaserJet 2 Pro
Microsoft Windows® Server  (CAL=5)
Microsoft SQL® (CAL=5)
Microsoft Office® Home and Business

I-1 1 Client Workstation Tower Hardware

Includes the following:
Intel i7® Processor Mother Board
450 GB hard drive
4 GB RAM
DVD +/-RW, 8X
Network, video, and sound cards
Mid-Tower case
UPS 300 Power Back Up
Keyboard, mouse
24” LCD monitor
Windows®

Microsoft Office® Home and Business
RegPerfect® software, configuration and test

Optional
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Quote# 1705003

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

ITEM QTY DESCRIPTION OF ARTICLES AND/OR SERVICES UNIT PRICE AMOUNT

I-2 1 TML RegPerfect® Proprietary Server Software License 
for Windows®

Spotlight Real-time Graphical Interface and Data 
Display
Alarm User Interface (Included in Spotlight)
Trending Interface  (Included in Spotlight)
Browser Enabled Report Interface
Data Base Editor
Windows® Integrated Security
RegPerfect® software, configuration and testing

Regulatory Disclaimer:
The proposal includes a RegPerfect® Client and/or Server license 
to meet the specific regulatory recordkeeping and reporting 
requirements identified in the bid specification. If a valid site-
specific operating permit was not provided in the bid specification, 
TML reserves the right to review the permit, when provided, to 
determine if additional costs may be necessary to configure the 
RegPerfect® software to meet the applicable recordkeeping and 
reporting requirements. A purchase or contract change order may 
be required for the costs associated with any additional 
configuration work required to meet the applicable recordkeeping 
and reporting requirements not originally identified in the bid 
specification.

Configuration Disclaimer:
Configuration Disclaimer for VOC, PM, PM10, HAPS, NH3, NH3

Slip, NOX, SO2, CO:
When there is not an instrument input or measured analog signal 
to the PLC or DAS, TML specifies that all parameter limits comply 
with the facility permit by annual or other scheduled facility 
compliance testing by customer unless estimation formulas are 
specified by the customer. These parameters will not be recorded 
or reported by the TML DAHS and are not included as a part of 
this quotation.

Configuration Requirement for RegPerfect®:  A high-speed 
connection of 1.5MB/sec is required for configuration via remote 
support. A phone modem is not considered high speed and would 
require a site visit and additional charges. A site visit would 
typically be shown as a separate line item in this proposal. 

Included in 
Item (I)
Above

Included in 
Item (I)
Above
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Quote# 1705003

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

ITEM QTY DESCRIPTION OF ARTICLES AND/OR SERVICES UNIT PRICE AMOUNT

J 1 Factory Acceptance Test (FAT)

One (1) day at Teledyne Monitor Labs’ factory for customer 
personnel to confirm operation of the entire, integrated 
system. A Factory Witness Test protocol will be submitted for 
customer reference two (2) weeks prior to the test. Teledyne 
Monitor Labs’ Quality Control and Assurance Department will 
submit a certified FAT report with the delivery of the CEMS. 
Customer is responsible for travel and expenses.

Optional

K 1 Installation Supervision

One (1) plant visit with two (2) days on-site by a TML 
Certified Field Service Engineer to oversee and checkout 
equipment installation.

Please Note: Fixed price is based upon one (1) trip with a site time 
of up to sixteen (16) hours (eight hours = one day) during normal 
business hours. The Service Department requires a minimum of 
three (3) weeks written notification prior to the actual date that 
Installation Supervision is desired. Failure to provide proper written 
notification may result in additional charges for Installation 
Supervision services. Any hours over the allotted time will be billed 
at standard general service rates. Delays resulting in additional 
time and/or expenses will be billed at standard general service 
rates. In addition, be aware that delays may result in the need for a 
return trip to the site. Expenses and Travel Time for a return trip 
will be charged to the customer and scheduling for such a trip will 
depend on Engineer availability. If this Service is not scheduled 
within six (6) months of System shipment, additional charges may 
apply. If the customer requests a schedule change after a firm date 
for services has been set, there may be additional costs 
associated with changes in travel arrangements.

Price Per 
Mobilization

Price Per 
Day On-Site

Optional
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Quote# 1705003

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

ITEM QTY DESCRIPTION OF ARTICLES AND/OR SERVICES UNIT PRICE AMOUNT

L 1 System Startup during one (1) plant visit with five (5) days 
on-site by a TML Certified Field Service Engineer.

Includes the following services:
1. Installation Checkout: Inspect all aspects of the 

installation and note or direct correction of errors in 
installation.

2. System Inspection: Examine the internal workings of 
the system to determine if damage occurred during 
shipment and installation.

3. System Startup: Supervise the application of 
electrical power and other utilities; test all system 
functions and observe on-line operation.

4. During the startup period Teledyne Monitor Labs’ field 
personnel will familiarize the purchaser's operating 
and maintenance personnel with the basics of proper 
operating and preventative maintenance procedures.  
This familiarization is not a substitute for formal 
classroom system training for either the hardware or 
software.

NOTES:
A) Labor to correct customer installation errors shall be billed 

at actual time and materials at prevailing service rates 
when work is performed.

B) Fixed price is based upon one (1) trip with a site time of up 
to forty (40) hours (eight hours = one day) during normal 
business hours. Waiting time due to client delays shall be 
billed in addition to the fixed price at prevailing service 
rates. In addition, be aware that delays may result in the 
need for a return trip to the site. Expenses and Travel Time 
for a return trip will be charged to the customer and 
scheduling for such a trip will depend on Engineer 
availability. If this Service is not scheduled within six (6) 
months of System shipment, additional charges may apply.

C) Teledyne Monitor Labs requires a minimum of four (4) weeks 
notification prior to Startup.  Failure to provide proper written 
notification may result in additional charges.

D) If the customer requests a schedule change after a firm 
date for services has been set, there may be additional 
costs associated with changes in travel arrangements.

Price Per
Mobilization

Price Per 
Day On-Site
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Quote# 1705003

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

ITEM QTY DESCRIPTION OF ARTICLES AND/OR SERVICES UNIT PRICE AMOUNT

M 1 Certification Test Assistance of Teledyne Monitor Labs 
CEM System for SO2, NOX, CO, CO2, and Flow.
TML will provide a technician and regulatory support during 
the On-Site Reference Method testing to assist with 
documentation, data reduction and verification, relative 
accuracy, and calibration drift test assistance, according to 
procedures and specifications of the Code of Federal 
Regulations, Title 40, Part 75, Appendix A, or Title 40, Part 
60, Appendix B, Performance specifications 1, 2, 3, 4, 5, 
& 6, as applicable to above system.

The pricing quoted for Certification Test Assistance is a one-time 
charge with any retesting required due to the fault of our 
instrument performed at no additional charge for our services, 
provided the following: 

1. This service assumes a Teledyne Monitor Labs Field Service 
Engineer already performed the system Startup, and the 
system has run for approximately 14 days to ensure stability.

2. The Customer will contract a qualified Stack Sampler to 
perform Reference Method testing for the CEMS Certification.
Testing for each source to occur in one business calendar day 
during normal business hours. Our price is based upon one (1)
mobilization with up to thirty-two (32) hours on-site. Delays, 
other than those caused by Teledyne Monitor Labs, during 
testing which result in additional Teledyne Monitor Labs Field 
Service Engineering hours or expenses that are beyond the 
scope will be billed to the customer at Teledyne Monitor Labs 
general service rates.

3. Others to provide all calibration gases for CEMS certification.
4. Ongoing QA/QC activities (Annual RATAs) not included.
5. Customer is responsible for providing adequate facilities (i.e. 

electricity, port, & platforms) required during the testing period.
6. If the customer requests a schedule change after a firm date 

for services has been set, there may be additional costs 
associated with changes in travel arrangements.

7. TML Requests a 30-day notice prior to the certification date to 
schedule a field service technician and stack sampler.

8. Others are responsible for providing the relative accuracy, P75 
linearity, cycle time response, and drift test assessment, 
expressed in units of the reporting standard, in a report format 
ready for submittal to the applicable regulatory agencies. Any 
additional costs for additional time, retesting, and mobilizations 
by the stack sampler or others will be borne by others.

9. Certification needs to be scheduled within 90 days from 
completion of Startup; otherwise additional trip charges may 
apply for pre-cert. CEM system check out and calibration.

Optional
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Quote# 1705003

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

ITEM QTY DESCRIPTION OF ARTICLES AND/OR SERVICES UNIT PRICE AMOUNT

N 1 Basic Training Course

We are proposing a three (3) day On-Site training course 
held at customer's plant site. The price includes 
transportation and expenses for the instructor, course 
materials for up to ten (10) participants, and will utilize the 
customer's instruments. The customer will have the 
responsibility of providing an adequate classroom facility for 
the On-Site training course. This training class is designed to 
give your personnel basic operation and theoretical 
knowledge of the system quoted, and will cover each system 
component in as much depth as time permits. Arrangements 
for this training class should be made at least 60 days in 
advance with Teledyne Monitor Labs.  

Factory Instrument Specific Training Courses. Teledyne 
Monitor Labs also regularly offers a variety of in-depth 
instrument-specific training classes on individual system 
components at our facility. Participants in on-site training will 
receive a discounted price for factory classroom training 
classes. These training courses cover theory of operation, 
troubleshooting, circuit and system functions, maintenance, 
repair procedures, and actual “hands-on” training.  Course 
dates can be arranged with Teledyne Monitor Labs' Training 
Department at 1-800-422-1499.  

Please Note: Tuition fees are fully refundable for any cancellation of 
registration received 30 days prior to class date. Since we keep our class 
sizes to a minimum to provide maximum value to our clients, cancellation 
charges of 25% will be applied for cancellations under 30 days and full 
tuition is due for cancellation under seven (7) days. If the customer 
requests a schedule change after a firm date for services have been set, 
there may be additional costs associated with changes in travel 
arrangements.
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CI Number:  49676 
 
Title:  TUC2 CEMS Replacement  
 
Start Date: 2018/01 
In-Service Date: 2018/07 
Final Cost Date: 2019/01 
Function: Steam 
Forecast Amount: $380,140 
 
DESCRIPTION: 
 
The scope of work for this project includes the purchase and installation of a new Continuous Emissions Monitoring 
System (CEMS) on Unit #2 at Tufts Cove Generating Station.  The new CEMS will be an extractive unit capable of 
measuring Sulphur Dioxide (SO2), Nitrogen Oxides (NOx), Carbon Dioxide (CO2), Carbon Monoxide (CO), and 
Oxygen (O2). 
 
The CEMS that monitors SO2 and NOx at Tufts Cove has surpassed its expected useful life and requires replacement.  
The current CEMS is a Teledyne SM8175 and was installed in 2003.  The expected lifespan of the equipment is 10 
years. 
 
The CEMS is no longer reliable and has required repairs several times over recent years, including repairs for issues 
related to on-board sensors, optic alignment, calibration mechanisms, and remote electronics. 
 
Summary of Related CIs +/- 2 years: 
 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Environment 
 
Why do this project? 
 
NS Power is required to operate and maintain a CEMS to continuously monitor the emissions of SO2 and NOx in the 
flue gas at Tufts Cove as per the Operating Approval.  The CEMS at Tufts Cove has surpassed its expected useful 
life and has also recently experienced technical issues.  A replacement CEMS is required to ensure the facility 
continues to operate in compliance with the Operating Approval.  NS Power has been informed by the manufacturer 
that parts and service for the CEMS are available on a “best effort basis” as much of the equipment has become 
obsolete. 
 
Why do this project now? 
 
The Tufts Cove CEMS has surpassed its expected lifespan and recently experienced technical issues.  The CEMS 
requires replacement at this time to allow the facility to continue operation in compliance with the Operating 
Approval.  Recent failures involved parts that are no longer being manufactured.  The instrumentation technicians have 
made repairs with miscellaneous parts, which may prove unreliable.  If the CEMS fails, the Unit cannot run.  
 
  

_
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Why do this project this way? 
 
An alternative type of monitoring system, predictive emission monitoring system (PEMS), was trialed for Units 1-3 but 
it was not able to be certified on heavy fuel oil (HFO).  The Tufts Cove units would not be able to burn Heavy Fuel Oil 
(HFO) without a monitoring system that is certified on HFO such as the CEMS being installed. 
 
Full replacement of the CEMS is the only technically viable option (see above) due to the obsolescence of the existing 
equipment.  The recommended approach is to replace the current CEMS with an extractive unit capable of dual range 
measurements.  This is a new monitoring system that the NS Power fleet has begun implementing at other plants, most 
recently on Tufts Cove LM6000 Units #4 and #5, through CI 50017 TUC4 U&U CEMS Installation and CI 50018 
TUC5 U&U CEMS Installation, both approved by the UARB on June 30, 2017.  By moving to a standardized system 
across the fleet, NS Power can develop a repository of spare parts.   
 
Other considerations for using the extractive system instead of the current system include: 
 
 Dual range measurement for concentrations of NOx and SO2, since the ranges for the two parameters is a large 

scale difference. 
 
 Installing a dual range system allows for flexibility with future fuel blends and does not limit the sulfur 

content in fuel. 
 
 Extractive units provide the capability of measuring CO2.  With the current Federal and Provincial focus on 

CO2, accurately measuring emissions is an improvement on NS Power’s current mass balance approach. 
 
 Extractive units also provide the capability of measuring CO and O2.  The O2 monitoring is critical for flow 

measurement as it is based on fuel consumption. This eliminates the need to install and service a new flow 
meter inside the stack. 

 
The extractive Teledyne CEMS is the best alternative among the CEMs as the Company currently uses these systems at 
other locations in the fleet.  NS Power is familiar with the equipment and has been satisfied with the customer service 
and technical support.  This type of replacement will continue on other units across the fleet that have not already been 
replaced in 2017 / 2018. 
 
The CEMS being installed at Tufts Cove Unit #2 is a slightly different model than is being installed at the Trenton 
Generating Station, due to the different fuel sources used in generation.  Trenton’s use of coal leads to the requirement 
to dilute the sulphur in the flue in order to complete the testing, while sulphur is not an issue in the Tufts Cove units, 
which burn natural gas / oil, therefore a dilution system is not required.  While these systems are slightly different, 
shared technical learnings between each is applicable and allows for a centralized repository of spare parts for both 
types of CEMS. 

_
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: -CI Number 49676 TUC2 CEMS Replacement Project Number 49676

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1172 1172 Tufts Cove Unit 2; Commissioned 1972, 97 Mwh

0700 - SGP - Environmental 372,119Additions

0700 - SGP - Environmental 8,021Retirements

Total Cost:

Original Cost:

380,140

293,296

Total Cost:Original Cost:
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Capital Project Detailed Estimate

49676

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate Cost Support Reference
Completed Similar 

Projects (FP#'s)

PD 35 358$                  12,540$                
PD 20 405$                  8,106$                  
PD 70 365$                  25,535$                
PD 8 390$                  3,123$                  
PD 10 240$                  2,402$                  

Sub-Total 51,706$                

PD 130 358$                  46,577$                
-$                      

Sub-Total 46,577$                

Lot 1 5,500$               5,500$                  
% 33% 5,500$               1,815$                  

Sub-Total 7,315$                  

Lot 1 Cost Support # 1 - Item A
Foot 200 Cost Support # 1 - Item C 

% 32%
lot 1 2,000$               2,000$                  
lot 1 1,000$               1,000$                  
lot 1 5,000$               5,000$                  
lot 1 5,000$               5,000$                  

-$                      
-$                      

Sub-Total 131,709$              

lot 1 15,000$             15,000$                
lot 1 20,000$             20,000$                
lot 1 10,000$             10,000$                
lot 1 22,000$             22,000$                
lot 1 12,500$             12,500$                
lot 1 5,000$               5,000$                  

Lot 1
USD 32%
lot 1 7,000$               7,000$                  
lot 1 5,000$               5,000$                  

Sub-Total 105,365$              

5,644$                  
-$                      

Sub-Total 5,644$                  

21,591$                
10,234$                

-$                      
Sub-Total 31,825$                

342,672$              
380,140$              

Original Cost 293,296$              

 Mobile Crane Services 

TUC2 CEMS Replacement 

Materials

Materials for New Breeching Test Ports

 High angle confined space rescue services 

 Project Management & Supervision 
 DCS Design and Programming 

 High Pressure Wash Cleaning 

 TML Heated Sample Line ($47.50/ft x 200 ft) 

 Stack Testing 
Contracts

 USD to CDN Conversion 
Structural Steel & Piping Materials

 Scaffolding & Sheet Metal 
 Engineering (Electrical & Structural Engineering Design) 

AFUDC

 Electrical Materials 
Calibration Gas

 USD to CDN Conversion 

Term Labour
Electrician

 TML CEMS Extractive incl SO2, NOx, CO, CO2 & O2 sensors 

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

 Mobilization + 3 Days on Site 

Contract AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Location:
CI# :
Title:

Maintenance Trades

Utility worker

Regular Labour

Description

Electrician

Steam 

Power Engineer

Engineering

Freight
Freight

USD to CDN Exchange Rate

Labour AO
Administrative Overhead
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 Quote #1704052-3
 

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

August 16, 2017

Nova Scotia Power
Tufts Generating Station
315 Windmill Road
Dartmouth, Nova Scotia
Canada B3J 2W5

Dear Mr. Nowlan,

Teledyne Monitor Labs is pleased to provide Quotation No. 1704052-3 for our ML660 CEM 
System, Equipment, and Services for Unit 3. This proposal’s competitive pricing is based on the 
entire package. TML has grouped various components in the item column below for comparison 
purposes. The purchase or exclusion of individual items must be discussed with TML. 

If you have any questions regarding this quotation, please contact our Vice President of Sales, Mr. 
Rob Bott at (303) 792-4200.

Sincerely,

Ryan Silkworth
Quotation Engineer
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 Quote #1704052-3
 

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

Teledyne Monitor Labs, a business unit of Teledyne Instruments, Inc.
35 Inverness Drive East
Englewood, Colorado, USA  80112-5189
+1-303-792-3300  Fax +1-303-799-1409
www.teledyne-ml.com

REPRESENTATIVE

Robert (Rob) Bott
Vice President of Sales
Phone: (303) 792-4200
E-mail: rbott@teledyne.com

CUSTOMER NAME & ADDRESS QUOTE DATE APPROXIMATE SHIP DATE

Nova Scotia Power
Tufts Generating Station
315 Windmill Road
Dartmouth, Nova Scotia
Canada B3J 2W5
Attn: Karl Nowlan

August 16, 2017 Dependent on order 
acceptance

QUOTE NUMBER F.O.B. POINT

1704052-3 Englewood, PP&A
QUOTE VALID FOR TERMS OF PAYMENT

90 Days 30 Days
ITEM QTY DESCRIPTION OF ARTICLES AND/OR SERVICES UNIT PRICE AMOUNT

A 1 TML-660 Continuous Emission Monitoring System 
for the single point measurement of NOx, SO2, CO, CO2, & O2.

Includes the following:  
T100 /CO2 T-SERIES® SO2 Analyzer w/ CO2 Sensor (Qty 1)
T200 /O2 T-SERIES® NOx Analyzer w/ O2 Sensor (Qty 1)
T300 T-SERIES® CO Analyzer (Qty 1)
316 SS Extractive Probe with 316 SS Straw
Open Rack Mounting
Complete Sample Transport and Conditioning System 
System Controller for Sequencing and Control 
(detailed below in Item B)
Instrument Air Regulation and Distribution
Automatic Probe Calibration with Multi-Valve Manifold
Automatic Back Purge with Valve
Valves for Manual Calibration at the Cabinet
System Integration, Factory Testing, and Project Management
Project Engineering with Two (2) sets of Standard Drawings 
and Two (2) Standard Manuals (on CD)

B 1 Teledyne Monitor Labs C3i/o® Controller for System 
Sequencing and Control

Data Buffering with RegPerfect®
Modbus Communications
8 Digital Inputs & 8 Digital Outputs
4 Analog Inputs (Qty. 2)
2 Analog Outputs (Qty. 2)
19” Rack Mount Control Panel

Note: CEMS to DCS communication available via Modbus/TCP

Included in 
Item (A)
Above

Included in 
Item (A)
Above
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 Quote #1704052-3
 

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

ITEM QTY DESCRIPTION OF ARTICLES AND/OR SERVICES UNIT PRICE AMOUNT

C 200
Feet

Heated Sample Line (HSL) and unheated Probe Support 
Bundle (PSB) are in one (1) sheath. Heated sample line includes 
two (2) tube for sample transport, and a spare
maintained at high temperatures with a constant watt density 
heating element. Probe support bundle includes one (1) ¼” 
Polyethylene tube for back purge, one (1) ¼” PFA Teflon tube for 
calibration gas transport, one (1) 14 AWG Triad for probe heater 
power, and three (3) 16 AWG twisted pair for low probe 
temperature alarm, back flush, and a spare. The HSL and PSB 
are contained in a fire retardant polyurethane sheath. 

**The quoted price is for lengths greater than 100 feet. Pricing for 
lengths less than 100 feet are subject to higher per foot pricing, and 
may require site-specific information. 

per foot

D 1 Standard 8’W (OD) x 10’L (OD) x 8’H (ID) CEMS Shelter
For placement in a general area classification. Channel skid 
base, galv. steel framing. White 24GA pre-finished steel interior 
& exterior cladding with mill finished aluminum trim. White duro-
last roofing system. Aluminum tread plate flooring. 3x7 insulated 
steel door with stainless steel hinges. R21 Insulation. Built to the 
most current local and/or state building code applicable to factory 
built structures.

This item includes engineering, design, and assembly labor.
The CEM System, and all accessories, are installed in the shelter 
for easy field installation.

Includes:
Power Distribution Including Lights and Receptacles
Load Center 100A, 3 PH NEMA 1
HVAC with Upgraded Coated Coils
Single Doors Access (Panic Bar, 12x21 Window Tempered
Glass, Automatic Hydraulic Closer)
Smoke and Carbon Monoxide Alarm
Bulkhead Panel, Fixed Plate up to 12” H x 18” W (Alum.)
Ground Pad, Copper, NEMA 2-hole, bonded to frame
Exit Sign / Emergency Light & Fire Extinguisher
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 Quote #1704052-3
 

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

 

ITEM QTY DESCRIPTION OF ARTICLES AND/OR SERVICES UNIT PRICE AMOUNT

E 1 System Startup 
of (Item A) CEMS during one (1) plant visit with up to two (2)
days on-site by a TML Certified Field Service Engineer.

Includes the following services:
1. Installation Checkout: Inspect all aspects of the 

installation and note or direct correction of errors in 
installation.

2. System Inspection: Examine the internal workings of the 
system to determine if damage occurred during shipment 
and installation.

3. System Startup: Supervise the application of electrical 
power and other utilities.  Test all system functions and 
observe on-line operation.

4. During the startup period Teledyne Monitor Labs’ field 
personnel will familiarize the purchaser's operating and 
maintenance personnel with the basics of proper operating 
and preventative maintenance procedures. This 
familiarization is not a substitute for formal classroom 
system training for either the hardware or software.

NOTES:
A) Labor to correct customer installation errors shall be billed at 

actual time and materials at prevailing service rates when 
work is performed.

B) Fixed price is based upon one (1) trip with a site time of up to 
sixteen (16) hours (eight hours = one day) during normal 
business hours. Waiting time due to client delays shall be 
billed in addition to the fixed price at prevailing service rates.
In addition, be aware that delays may result in the need for a 
return trip to the site. Expenses and Travel Time for a return 
trip will be charged to the customer and scheduling for such a 
trip will depend on Engineer availability. If this Service is not 
scheduled within six (6) months of System shipment, 
additional charges may apply

C) Teledyne Monitor Labs requires a minimum of four (4) weeks 
notification prior to Start-up. Failure to provide proper written 
notification may result in additional charges.

D) If the customer requests a schedule change after a firm date 
for services has been set, there may be additional costs 
associated with changes in travel arrangements

Per 
Mobilization

Per Day 
On-Site
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 Quote #1704052-3
 

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

ITEM QTY DESCRIPTION OF ARTICLES AND/OR SERVICES UNIT PRICE AMOUNT

F 1 CSA Inspection

G 1 Basic Training Course

A Three (3) day on-site training course held at customer's plant 
site. The instruction price includes transportation and expenses 
for the instructor, course materials for up to ten (10) participants, 
and will utilize the customer's instruments. The customer will 
have the responsibility of providing an adequate classroom 
facility for the On-Site training course. This training class is 
designed to give your personnel basic operation and theoretical 
knowledge of the system quoted, and will cover each system 
component in as much depth as time permits. Arrangements for 
this training class should be made at least 60 days in advance 
with Teledyne Monitor Labs.  

Factory Instrument Specific Training Courses.
In-depth, focused training classes on the individual system 
components are held regularly at our facility. Participants in on-site 
training receive a discounted price for factory classroom training. 
Teledyne Monitor Labs offers a variety of instrument-specific 
courses at our facilities. These training courses cover theory of 
operation, troubleshooting, circuit and system functions, 
maintenance, repair procedures, and actual “hands-on” training.
Course dates can be arranged with Teledyne Monitor Labs' Training 
Department at 1-800-422-1499.  

Please Note: Tuition fees are fully refundable for any cancellation of regis-
tration received 30 days prior to class date.  Since we keep our class sizes 
to a minimum to provide maximum value to our clients, cancellation 
charges of 25% will be applied for cancellations under 30 days and full 
tuition is due for cancellation under seven (7) days.  If the customer 
requests a schedule change after a firm date for services have been set, 
there may be additional costs associated with changes in travel 
arrangements.

H 1 Addition of Unit 3 to RegPerfect® CEMS Compliance System

Additional remote software programming labor to add Unit 3
CEM systems to existing on-site RegPerfect system
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 Quote #1704052-3
 

Seller’s Offer, and any order issued by Buyer to Seller for the goods and/or services specified herein, is strictly limited to Seller’s 
Terms and Conditions of Sale, which can be found at www.teledyne-ml.com.

TELEDYNE MONITOR LABS' TERMS OF PAYMENT:
40% of contract price on submittal of drawings for review.
40% of contract price on shipment of equipment.
20% of contract price on startup, but not to exceed 90 days after receipt of equipment.

Payment terms for all invoices are NET 30 days from the date of the invoice. Unless otherwise 
agreed to in writing, payments for drawing submittals must be received by Teledyne Monitor Labs 
prior to shipment of equipment.  Late payment will be considered a breach of contract and 
Teledyne reserves the right in such instances to cease activity until payment issues are resolved.

NOTE: Prices do not include sales tax.  Sales tax will be added to each invoice as a separate line 
item unless the customer provides Teledyne with a sales and use tax certificate.

PLEASE NOTE: Spare parts ordered after delivery of the instrumentation quoted herein should be 
based on the final system design and spare parts lists provided with manuals and final drawings.

REGARDING MAINTENANCE AGREEMENT PURCHASES:
If an order resulting from this quotation includes an on-going maintenance agreement for 
hardware, software, or both, payment for the maintenance agreement(s) may be broken out from 
the contract price and billing schedule above and billed separately as services are performed.

Maintenance agreement contracts do not include the supply of spare or replacement parts. Spare 
or replacement parts are billed separately to the holder of the maintenance agreement. For that 
reason it is recommended that maintenance agreements be purchased by the end user of the 
equipment rather than an intermediary such as a construction or engineering firm.

The system description and product brochures provided herein describe in detail the 
instruments/systems included in this proposal.  The descriptions are accurate to the best of our 
knowledge as of the date of this proposal; however, as additional information is obtained, 
variations may be required to enhance system performance.  Teledyne Monitor Labs reserves the 
right to make changes in the design and construction of any system as it deems appropriate to 
meet the performance requirements of the application, with proper notification given to customer.  
Any changes made by Teledyne Monitor Labs will conform to U.S. EPA reference or equivalency 
method designations where applicable.

Other terms and conditions of sale, including warranty terms, are included with this quotation and 
can be found at our web site: www.teledyne-ml.com

Successful start-up shall be the criteria of acceptance, with such start-up defined as calibration of 
each gas parameter with zero and span gas.
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CI Number:  51806 
 
Title:  LIN Mill Refurbishment 2018 
 
Start Date: 2018/03 
In-Service Date: 2018/10 
Final Cost Date: 2019/04 
Function: Steam 
Forecast Amount: $673,153 
 
DESCRIPTION: 
 
Lingan Generating Station has sixteen Raymond Bowl style mills used to pulverize coal for combustion in the 
boiler.  Two of the sixteen mills have components that have reached the end of their expected useful lives and 
require replacement.  Based on experienced wear characteristics, component failures will occur if not replaced.  The 
consequence of such a failure could include unplanned unit derating. 
 
This capital item includes the replacement of welded steel rollers and tables with ceramic wear components, worm 
gear and shaft, vertical shaft and other non-repairable mill components.  As part of the planned outage in 2018, a 
condition assessment during teardown will determine which components must be replaced.  In future, Additional 
capital investment on the Lingan mills will be required to extend asset life and ensure the reliability of this 
equipment is maintained. 
 
These mills service all units at the Lingan generating station.  The current expectation is that this project will not 
include the refurbishment of any mills on Unit #2.  However, if mills on Unit #2 are found to require refurbishment 
in 2018, investment on Unit #2 could still be the best option.  All four units at Lingan are similar and, as such, the 
components refurbished on this coal mill can be transferred to any of the other Lingan coal mills when Lingan Unit 
#2 is retired.  This includes welded steel rollers and tables with ceramic wear components, worm gear and shaft, 
vertical shaft and other components that will be addressed in this capital item.  The useful life of these coal mill 
components is more than double the payback period shown in the Economic Analysis Model providing a significant 
benefit to all of the coal mills at Lingan. 
 
Summary of Related CIs +/- 2 years: 
2016 CI 47505 - LIN Mill Refurbishment 2016 - $749,183 
2017 CI 49431 - LIN Mill Refurbishment 2017 - $665,839 
2019 CI TBD - LIN Mill Refurbishment 2019 - $TBD 
2020 CI TBD - LIN Mill Refurbishment 2020 - $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal  
 
Sub Criteria:  Equipment Replacement / Refurbishment 
 
Why do this project? 
 
This project is being completed to mitigate the risk of mill failure.  A mill failure could limit the ability of the unit to 
reach rated generation depending on the fuel blend.  Mills are required to be available full time between planned 
outages in order to maintain unit performance at rated capacity.  The replacement of mechanical components and the 
upgrading of the ceramic surfaces are necessary to achieve the most economic operation of the unit. 
 
This project is being undertaken primarily to prevent unit deratings, and is secondarily supported by positive 
replacement energy cost economics 
  

_
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Why do this project now? 
 
A total of sixteen coal mills are installed on the four units at Lingan.  An orderly approach to mill refurbishment 
manages the availability of the assets and supports the operation of the generating units that they serve.  Operating 
and maintenance experience with the mills has identified several areas of concern that need to be addressed in order 
for the mills to meet availability targets.  Replacement parts are now needed due to age and wear of many of the 
components.  During periods of lower load it is possible to take one of four mills out of service without affecting 
generation.  Isolated repairs and minor refurbishment are not typically possible for the mills.  To access components 
and complete the required equipment replacement, it is necessary to disassemble the mill and therefore an overall 
refurbishment is more effective, as compared to isolated repairs. 
 
Why do this project this way? 
 
A phased approach to upgrading the mills allows for scheduled outages of selected mills, reducing the risk of 
extended unplanned outages.  By planning refurbishments in a given year the refurbishment efforts can be made 
more efficient, with dedicated labour and parts available as required. 

_
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: -CI Number 51806 LIN Mill Refurbishment 2018 Project Number 51806

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1138 1138 Lingan Common Plant

1800 - SGP - Fuel Hndlg.Coal 628,242Additions

1800 - SGP - Fuel Hndlg.Coal 44,911Retirements

Total Cost:

Original Cost:

673,153

514,626

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51806

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 306 358$                  109,490$              
PD 95 235$                  22,332$                

Sub-Total 131,822$              

PD 160.00 358$                  57,221$                47505, 49431

Sub-Total 57,221$                

ea 1 430,000$           430,000$              47505, 49431

Sub-Total 430,000$              

12,581$                

Sub-Total 12,581$                

41,529$                

Sub-Total 41,529$                

619,043$              
673,153$              

Original Cost
514,626$              

Location:
CI# / FP#:

Title: LIN Mill Refurbishment 2018

Description

Lingan Generating Station

Regular Labour
Maintenance Trades

Utility worker

Term Labour
Maintenance Trades

Materials
OEM and Locally Manufactured Parts

 Interest Capitalized
AFUDC

Administrative Overhead
Labour AO

TOTAL (AO, AFUDC included)

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

SUB-TOTAL (no AO, AFUDC)
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LIN Mill Refurbishment
Summary of Alternatives

Division : Date : 17-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 876,275 1 40.72%
3.1 years

B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Mill Refurbishment vs Replacement Energy Costs

Test 2

Test 3

Test 4

Mill Refurbishment vs Replacement 
Energy Costs

Power Production
Lingan 51806

NS Power recommends completing this project to help avoid mill related deratings.

The failure scenario is loss of a mill during peak unit load. With current coal blends (low sulf., low BTU), all four mills are required for 
peak load.  A derate of approx 20 MW is expected if a mill is not available. A significant mill repair, including material lead time is 2 - 4  
weeks.  This scenario assumes the mill is unavailable for 4 weeks for teardown and materials lead time.

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-1,275,403
0
0
0

G41-51806 EAM CONFIDENTIAL.xls 11/17/2017
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LIN Mill Refurbishment
Summary of Sensitivities

Division : Date : 14-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Mill Refurbishment vs Replacement Energy Costs 5.88% -1,275,403 876,275 1 40.72% 3.1 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Mill Refurbishment vs Replacement Energy Costs 10% -1,214,427 827,332 1 35.84% 3.4 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 60,976 -48,943 0 -4.88% 0.3 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Mill Refurbishment vs Replacement Energy Costs -10% -1,086,887 739,704 1 35.35% 3.4 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 188,516 -136,570 0 -5.37% 0.3 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 148,238 314,140 No
B 0 0 No
C 0 0 No
D 0 0 No

PV of Revenue 
Requirement Delay?

3
528,006

0
0
0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Lingan 51806

51806 4 EAM CONF.xls 11/14/2017
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Division : Date : 
Department : CI Number:

Project No. :

Mill Refurbishment vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 161,800 165,036
Events/Outages (#) 2 2 2 2
Probability of Occurance (%) 50% 60% 50% 60%
Capacity Factor (%)
Energy Replaced (MW) 20.0 20.0
Duration (Hours or Years) 672 672
Totals $26,999 $32,019 $161,800 $198,043 $188,799 $230,062

Total Capital Cost of Alternative $673,153

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

LIN Mill Refurbishment
Avoided Cost Calculations

14-Nov-17
51806

Power Production
Lingan

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs
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LIN Mill Refurbishment
Mill Refurbishment vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               188,799.3                (631,624.0)               24,761.7                   605,743.5                (442,824.6)               (50,851.7)                 (493,676.3)               (466,260.2)               0.94                           (466,260.2)              

2019 ‐                               ‐                               230,061.9                ‐                               47,542.5                   556,287.3                230,061.9                (56,581.0)                 173,480.9                154,747.6                0.89                           (311,512.6)              

2020 ‐                               ‐                               271,225.9                ‐                               43,739.1                   510,787.7                271,225.9                (70,520.9)                 200,705.0                169,089.4                0.84                           (142,423.3)              

2021 ‐                               ‐                               302,712.6                ‐                               40,240.0                   468,927.9                302,712.6                (81,366.5)                 221,346.1                176,123.0                0.80                           33,699.8                  

2022 ‐                               ‐                               366,021.5                ‐                               37,020.8                   430,417.0                366,021.5                (101,990.2)               264,031.3                198,420.1                0.75                           232,119.9               

2023 ‐                               ‐                               414,824.4                ‐                               34,059.1                   394,987.0                414,824.4                (118,037.2)               296,787.2                210,650.0                0.71                           442,770.0               

2024 ‐                               ‐                               423,120.9                ‐                               31,334.4                   362,391.3                423,120.9                (121,453.8)               301,667.1                202,222.9                0.67                           644,992.9               

2025 ‐                               ‐                               431,583.3                ‐                               28,827.6                   332,403.3                431,583.3                (124,854.3)               306,729.0                194,197.4                0.63                           839,190.3               

2026 ‐                               ‐                               ‐                               ‐                               26,521.4                   304,814.3                ‐                               8,221.6                     8,221.6                     4,916.2                     0.60                           844,106.5               

2027 ‐                               ‐                               ‐                               ‐                               24,399.7                   279,432.5                ‐                               7,563.9                     7,563.9                     4,271.8                     0.56                           848,378.3               

2028 ‐                               ‐                               ‐                               ‐                               22,447.7                   256,081.2                ‐                               6,958.8                     6,958.8                     3,711.8                     0.53                           852,090.1               

2029 ‐                               ‐                               ‐                               ‐                               20,651.9                   234,598.0                ‐                               6,402.1                     6,402.1                     3,225.2                     0.50                           855,315.3               

2030 ‐                               ‐                               ‐                               ‐                               18,999.8                   214,833.5                ‐                               5,889.9                     5,889.9                     2,802.4                     0.48                           858,117.6               

2031 ‐                               ‐                               ‐                               ‐                               17,479.8                   196,650.1                ‐                               5,418.7                     5,418.7                     2,435.0                     0.45                           860,552.7               

2032 ‐                               ‐                               ‐                               ‐                               16,081.4                   179,921.4                ‐                               4,985.2                     4,985.2                     2,115.8                     0.42                           862,668.5               

2033 ‐                               ‐                               ‐                               ‐                               14,794.9                   164,531.0                ‐                               4,586.4                     4,586.4                     1,838.4                     0.40                           864,506.9               

2034 ‐                               ‐                               ‐                               ‐                               13,611.3                   150,371.8                ‐                               4,219.5                     4,219.5                     1,597.4                     0.38                           866,104.4               

2035 ‐                               ‐                               ‐                               ‐                               12,522.4                   137,345.4                ‐                               3,881.9                     3,881.9                     1,388.0                     0.36                           867,492.4               

2036 ‐                               ‐                               ‐                               ‐                               11,520.6                   125,361.0                ‐                               3,571.4                     3,571.4                     1,206.1                     0.34                           868,698.5               

2037 ‐                               ‐                               ‐                               ‐                               10,599.0                   114,335.5                ‐                               3,285.7                     3,285.7                     1,048.0                     0.32                           869,746.4               

2038 ‐                               ‐                               ‐                               ‐                               9,751.0                     104,191.9                ‐                               3,022.8                     3,022.8                     910.6                         0.30                           870,657.0               

2039 ‐                               ‐                               ‐                               ‐                               8,971.0                     94,859.9                   ‐                               2,781.0                     2,781.0                     791.2                         0.28                           871,448.2               

2040 ‐                               ‐                               ‐                               ‐                               8,253.3                     86,274.4                   ‐                               2,558.5                     2,558.5                     687.5                         0.27                           872,135.7               

2041 ‐                               ‐                               ‐                               ‐                               7,593.0                     78,375.7                   ‐                               2,353.8                     2,353.8                     597.4                         0.25                           872,733.1               

2042 ‐                               ‐                               ‐                               ‐                               6,985.6                     71,109.0                   ‐                               2,165.5                     2,165.5                     519.1                         0.24                           873,252.1               

2043 ‐                               ‐                               ‐                               ‐                               6,426.7                     64,423.6                   ‐                               1,992.3                     1,992.3                     451.0                         0.23                           873,703.2               

2044 ‐                               ‐                               ‐                               ‐                               5,912.6                     58,273.0                   ‐                               1,832.9                     1,832.9                     391.9                         0.21                           874,095.0               

2045 ‐                               ‐                               ‐                               ‐                               5,439.6                     52,614.5                   ‐                               1,686.3                     1,686.3                     340.5                         0.20                           874,435.6               

2046 ‐                               ‐                               ‐                               ‐                               5,004.4                     47,408.6                   ‐                               1,551.4                     1,551.4                     295.9                         0.19                           874,731.4               

2047 ‐                               ‐                               ‐                               ‐                               4,604.1                     42,619.2                   ‐                               1,427.3                     1,427.3                     257.1                         0.18                           874,988.5               

2048 ‐                               ‐                               ‐                               ‐                               4,235.7                     38,213.0                   ‐                               1,313.1                     1,313.1                     223.4                         0.17                           875,211.9               

2049 ‐                               ‐                               ‐                               ‐                               3,896.9                     34,159.2                   ‐                               1,208.0                     1,208.0                     194.1                         0.16                           875,406.0               

2050 ‐                               ‐                               ‐                               ‐                               3,585.1                     30,429.8                   ‐                               1,111.4                     1,111.4                     168.7                         0.15                           875,574.7               

2051 ‐                               ‐                               ‐                               ‐                               3,298.3                     26,998.7                   ‐                               1,022.5                     1,022.5                     146.5                         0.14                           875,721.2               

2052 ‐                               ‐                               ‐                               ‐                               3,034.5                     23,842.1                   ‐                               940.7                         940.7                         127.3                         0.14                           875,848.6               

2053 ‐                               ‐                               ‐                               ‐                               2,791.7                     20,938.1                   ‐                               865.4                         865.4                         110.6                         0.13                           875,959.2               

2054 ‐                               ‐                               ‐                               ‐                               2,568.4                     18,266.3                   ‐                               796.2                         796.2                         96.1                           0.12                           876,055.3               

2055 ‐                               ‐                               ‐                               ‐                               2,362.9                     15,808.3                   ‐                               732.5                         732.5                         83.5                           0.11                           876,138.9               

2056 ‐                               ‐                               ‐                               ‐                               2,173.9                     13,547.0                   ‐                               673.9                         673.9                         72.6                           0.11                           876,211.5               

2057 ‐                               ‐                               ‐                               ‐                               2,000.0                     11,466.5                   ‐                               620.0                         620.0                         63.1                           0.10                           876,274.5               
Total ‐                               ‐                               2,628,349.9             (631,624.0)               596,043.8                1,996,725.9             (630,014.9)               1,366,711.0             876,274.5               
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CI Number: 52093 
 
Title:  ICP Rail System Refurbishment Program 2018 
 
Start Date: 2018/05 
In-Service Date: 2018/08 
Final Cost Date: 2019/02 
Function: Steam  
Forecast Amount: $592,402 
 
DESCRIPTION: 
 
This project is for the refurbishment of the rail system between the International Coal Pier and the Lingan 
Generating Station.  The refurbishments will include two rail crossing rehabilitations, 800 track tie replacements, 
track surfacing, and rail bridge refurbishments.   Coal is delivered to the Lingan Generating Station via a 15.5 mile 
track owned by NS Power.  The condition of the track has deteriorated over time due to rail traffic and exposure to 
the elements.  Public safety on and around the rail system is monitored and regulated by Transport Canada.  These 
refurbishments are necessary to ensure the track continues to meet Transport Canada regulations. 
 
Summary of Related CIs +/- 2 years: 
2017 CI 49913 ICP Railway Tie Upgrade Program - $149,894 
2017 CI 49313 ICP Mile 8.0 Track Replacement - $240,653 
2019 CI TBD ICP Rail System Refurbishment 2019 $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Health & Safety  
 
Why do this project? 
 
This project needs to be completed to ensure the safe operation of the Sydney Coal Railway through the communities 
of Sydney and New Waterford on route to the Lingan Generating Station.  These refurbishments will mitigate the risk 
of potential train derailments and ensure Transport Canada Regulations are met. Please see Attachment 1 for Transport 
Canada’s notification.  
 
The two rail crossings require refurbishment due to pavement deterioration and height differentials between the track 
and road surfaces.  This is caused by the yearly freeze thaw cycle and track settling, creating a road hazard to passenger 
vehicles.   
 
This project is required in order to replace 800 deteriorated track ties which degrade over time due to rot and need to be 
maintained to avoid failure and potential derailments.   
 
Track surfacing is required to ensure the track ties are level, preventing highs and lows which could lead to derailments 
caused by severe track height differences.   
 
The rail bridges degraded over time as a result of the deterioration of the abutments.  This resulted through the loss of 
riprap protection to timber cribbing and structural steel degradation.  Installation of new riprap on miles 8.95 and 8.21 
is required to avoid undermining of the abutments.  Structural repairs to the anchor bolts on mile 0.10 are required to 
maintain a positive bridge anchor and the support stringers on mile 0.46 require reinforcement to correct structure 
cracks and maintain structural integrity. 
 
Why do this project now? 
 
This project needs to be completed now as the condition of the track has deteriorated over time due to rail traffic and 
natural deterioration from exposure to the elements.  The rail system is monitored and regulated by Transport 
Canada for public safety.  These refurbishments are required to help ensure the track continues to meet Transport 
Canada regulations. 
 

_
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Why do this project this way? 
 
Completing refurbishment activities over a number of years allows for little to no delivery disruption and maintains 
track safety compared to wholesale rail tie, track, or bridge replacements, which are not considered necessary at this 
time.  
 

_
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: -CI Number 52093 ICP Rail System Refurbishment Program 2018 Project Number 52093

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1114 1114 International Coal Pier

0300 - SGP - Bldg.,Struct.Grnd. 482,689Additions

0300 - SGP - Bldg.,Struct.Grnd. 109,713Retirements

Total Cost:

Original Cost:

592,402

215,470

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52093

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 15 405$                 6,080$                 

Sub-Total 6,080$                 

Ea. 800 72$                   57,200$                49913
Ea. 200 260$                 52,000$                49913
Ea. 20 2,600$              52,000$                49313
lot 1 6,240$              6,240$                 49313
lot 1 5,000$              5,000$                 
lot 1 9,000$              9,000$                 

-$                     
Sub-Total 181,440$              

lot 2 25,000$             50,000$                49313
lot 2 15,000$             30,000$                
lot 1 90,000$             90,000$                
lot 1 55,000$             55,000$                49913
lot 1 5,000$              5,000$                 
lot 1 10,000$             10,000$                
lot 1 80,000$             80,000$                

Sub-Total 320,000$              

% 10% 501,440$           50,144$                
-$                     

Sub-Total 50,144$                

2,322$                 
-$                     

Sub-Total 2,322$                 

1,336$                 
31,082$                

Sub-Total 32,417$                

557,664$              
592,402$              

Original Cost
215,470$              

Bridge Rip Rap Installation
Bridge Anchor Bolt Replacement
Bridge Stringer Refurbishment

Contracts

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Paving

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Location:
CI# :
Title:

Regular Labor

Description

Track Spikes

 Steam

Track Ties 

Contract AO

Administrative Overhead

Contingency

Rail Seal and Clips

Track Tie Installation
Track Surfacing

Rail Crossing Rehabilitation

Materials

80ft 115lb Rail
Switch Ties

ICP Rail System Refurbishment Program 2018 

Labor AO

Engineering

AFUDC

Other Goods & Services

Rip Rap
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CI Number:  51811 
 
Title:  LIN Reclaim Feeder Refurbishment Phase 2 
 
Start Date: 2018/07 
In-Service Date: 2018/10 
Final Cost Date: 2019/04 
Function: Steam 
Forecast Amount: $534,666 
 
DESCRIPTION: 
 
This project is Phase 2 of the refurbishment of the Lingan coal reclaim feeder through component replacement.  
Phase 1 included the refurbishment of the 1A feeder.  Phase 2 will continue with the next three most degraded 
reclaim, vibratory, feeders, based on the results of assessments to be done in 2018.  Phase 3 is expected to take place 
in 2019, and focus on an additional three of Lingan’s 12 feeders.  The work is completed in phases as there is 
limited time to complete work on a continuously running facility. 
 
This project (Phase 2) includes the replacement of the three vibratory feeder and support structures at the Lingan 
live coal storage reclaim due to the degradation of those assets.  
 
The Lingan live storage coal operation has six reclaim locations (A to F) with two parallel reclaim feeders at each 
location.  These vibratory feeders are located in a conveyer tunnel below the coal pile base.  The vibratory feeders 
draw coal from the pile and deliver it to a conveyer which carries the coal to the plant conveyance systems.  
Numerous feeders are active at any given time to provide sufficient coal supply to the plant and to allow blending of 
up to six different coal types.   
 
Personnel must access the feeder locations for various maintenance and inspection activities and, as such, it is 
important that support structures are stable and feeder housings do not allow coal spillage.  Repair of reclaim feeders 
in situ is possible with appropriate safe guards, however is not desired due to the hazardous coal tunnel location and 
constricted work area.   
 
Summary of Related CIs +/- 2 years: 
2017 CI 49436 - LIN Reclaim Feeder Replacement $233,494 
2019 CI TBD - LIN Reclaim Refurbishment Phase 3 $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Health & Safety 
 
Why do this project? 
 
Feeder 1A was refurbished in 2017 based on the evident deterioration of its components, as shown in the pictures 
below.  The three feeders planned for refurbishment as part of this project are in similar deteriorated condition.  
Because of the condition, refurbishment is recommended.  A significant failure in one feeder would allow coal from 
the pile above to flow into the reclaim tunnel, leading to safety risks to plant personnel.  Additionally, availability of 
all six reclaims is necessary for the plant to supply the prescribed blend of fuel necessary for unit loading and 
environmental targets.  
 
This project is primarily driven by safety reasons, however is secondarily justified on unit reliability. 
 
Why do this project now? 
 
Allowing the three planned feeders and support structures to continue to deteriorate increases the risk of a structural 
failure which would be difficult to safely access and repair in situ.  Doing the extraction and replacement in lower 
load, dry summer months is preferable.  
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Why do this project this way? 
 
The feeder structure and support mechanism have had repairs and metal replacements over time.  These repairs were 
temporary in nature, and further repairs are not deemed feasible as they cannot be made structurally sound.  Removing 
and replacing isolated components in situ may be possible but would present worker risk due to the constrained work 
area and coal dust hazards.  In the repair in situ scenario, the A belt would have to be out of service for the duration of 
the work.  It is preferable to remove the grizzly and chutes and extract the complete assembly by crane.  The new 
assembly will be placed from above, limiting work in the tunnel and belt down time.  The extracted feeder and support 
structure will be examined and further determination made regarding whether refurbishment or re-engineering options 
for use as a spare are feasible. 
 
Feeder 1A 

 
 
Feeder 1A – Main Pan 
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Feeder 1A - Deteriorated Framing 
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: -CI Number 51811 LIN Reclaim Feeder Refurbishment Phase 2 Project Number 51811

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1138 1138 Lingan Common Plant

1800 - SGP - Fuel Hndlg.Coal 469,751Additions

1800 - SGP - Fuel Hndlg.Coal 64,915Retirements

Total Cost:

Original Cost:

534,666

131,370

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51811

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 30 358$                  10,748$                
PD 60 365$                  21,887$                
PD 30 240$                  7,205$                  

Sub-Total 39,841$                

PD 20 729.57$             14,591$                

Sub-Total 14,591$                

PD 90 365$                  32,831$                
PD 60 240$                  14,411$                

Sub-Total 47,241$                

USD 3 56,000$             168,000$              49436
% 30% 168,000$           50,400$                
$ 3 8,000$               24,000$                49436
$ 3 6,000$               18,000$                
$ 3 3,200$               9,600$                  

Sub-Total 270,000$              

$ 3 30,000$             90,000$                
$ 5 5,000$               25,000$                

Sub-Total 115,000$              

% 10% 115,000$           11,500$                

Sub-Total 11,500$                

4,589$                  

Sub-Total 4,589$                  

20,733$                
11,170$                

Sub-Total 31,903$                

498,174$              
534,666$              

Original Cost
131,370$              

Administrative Overhead
Labour AO

AFUDC

Location:
CI# :
Title:

Maintenance Trades
Utility worker

Regular Labour

Description

Electrician

LIN Reclaim Feeder Refurbishment Phase 2

Steam

 OT Labour

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Crane Services

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

Materials

Other Goods & Services
Contingency

Contracts

Replacement Vibrator Feeder

Impact Bed
Misc. Consumables

Term Labour

Utility worker

Chute Refurbishment

Maintenance Trades

Feeder Support Structure
Exchange USD to CDN

Maintenance Trades

ACE 2018 CI 51811 Page 5 of 5

Date Filed:  November 22, 2017          Page 1780 of 2371          REDACTED



CI Number:  51815 
 
Title:  LIN CW Pump Refurbishment 2018 
 
Start Date: 2018/03 
In-Service Date: 2018/10 
Final Cost Date: 2019/04 
Function: Steam  
Forecast Amount: $520,436 
 
DESCRIPTION: 
 
This project is for refurbishment of one of eight Cooling Water (CW) pumps at the Lingan Generating Station.  As 
pump performance deteriorates, the CW flow becomes insufficient to maintain cooling in the condenser and 
auxiliary cooling equipment, resulting in efficiency and production losses.  The pump that is selected for 
refurbishment is identified during the 2018 unit outages.  Lingan Unit 2 is not expected to undergo a CW pump 
refurbishment, but if required, the risk of stranded investment is minimal due to the applicability of common 
components across all four units.  
 
The refurbishment includes: resurfacing and rebuilding of worn, corroded and damaged surfaces.  A new sleeveless, 
chromed stainless pump shaft and new marine bearings will be installed.  The refurbishment project also includes 
the installation of an additional bearing on the pump shaft.  This bearing will help to maintain alignment and reduces 
the movement of the pump shaft if misalignment occurs, improving pump reliability. 
 
Summary of Related CIs +/- 2 years: 
2016 CI 47507 LIN CW Pump Rebuild 2016 $441,560 
2017 CI 49430 LIN CW Pump Refurbishment 2017 $516,270 
2019 CI TBA LIN CW Pump Refurbishment $TBD 
2020 CI TBA LIN CW Pump Refurbishment $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal  
 
Sub Criteria:  Equipment Replacement / Refurbishment  
 
Why do this project? 
 
Each generating unit is equipped with two CW pumps that supply cooling water to each unit's condenser as well as 
other auxiliary equipment.  Adequate condenser cooling is necessary to ensure proper condenser vacuum, which is a 
major contributor to unit efficiency.  During the cooler months, one CW pump per operating unit is capable of 
providing adequate condenser cooling.  During warmer months, both pumps are required.  If one of a unit's two 
pumps is unavailable during the warmer months, the unit's heat rate or ability to generate full load is restricted due 
to higher seawater temperatures.  The loss of both pumps would lead to an unplanned outage.  Therefore, the 
reliability and availability of these pumps is critical to plant operation.  The CW pumps are subject to solid particle 
erosion and corrosion from sand entrainment effects related to their salt water environment (which includes sea 
water, kelp, eel grass and other sea debris).  These deterioration mechanisms are managed through periodic 
overhauls. 
 
This project is being undertaken primarily to prevent unit deratings and preserve the unit’s availability, and is 
secondarily supported by positive economics. 
  

_
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Why do this project now? 
 
Health assessments are determined from pump performance, condition based assessment and operating hours.  A 
typical operating period between pump refurbishments is partly dependent upon the unit’s utilization. Several pumps 
are approaching an actionable risk threshold and refurbishment should be completed in order to adequately mitigate 
the risk.  Final determination of which pump is to be refurbished will be based on the latest performance and 
condition based monitoring (CBM) results. Additionally, CW Pump refurbishment has a lead time of upwards of six 
months, therefore proactive planning for these refurbishments is necessary to avoid lengthy unit deratings from 
unplanned failures. 
 
Why do this project this way? 
 
Compared to options such as full replacement or operating the pump until failure, the most economic and efficient 
solution is to rebuild deteriorated CW pumps.  New pumps have an 11 month lead time and cost approximately 50 
percent more than refurbishment.  

_

REDACTED ACE 2018 CI 51815 Page 2 of 9

Date Filed:  November 22, 2017          Page 1782 of 2371          REDACTED



: -CI Number 51815 LIN CW Pump Refurbishment 2018 Project Number 51815

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1138 1138 Lingan Common Plant

1400 - SGP - Circ.Water Sys. 508,240Additions

1400 - SGP - Circ.Water Sys. 12,197Retirements

Total Cost:

Original Cost:

520,436

395,173

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51815

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 18 351$                  6,323$                  
PD 4 397$                  1,589$                  
PD 90 358$                  32,187$                

Sub-Total 40,099$                

PD 84 358$                  30,041$                
-$                     
-$                     

Sub-Total 30,041$                

Lot 1 400,000$           400,000$              47507

Sub-Total 400,000$              

Lot 1 10,000$             10,000$                

Sub-Total 10,000$                

Lot 1 20,000$             20,000$                

Sub-Total 20,000$                

3,916$                  

Sub-Total 3,916$                  

15,408$                
971$                     

Sub-Total 16,380$                

500,140$              
520,436$              

Original Cost

395,173$              

Term Labour

Steam

LIN CW Pump Refurbishment 2018

Contracts

CW Pump Refurbishment

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

 Interest Capitalized

Transportation & Shipping

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

AFUDC

Labour AO

Location:
CI# :
Title:

Maintenance Trades

Maintenance Trades

Engineering

Description

Electrician
Regular Labour

Contract AO

Administrative Overhead

Freight

Machining Contractor

Materials
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LIN CW Pump Refurbishment
Summary of Alternatives

Division : Date : 17-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 547,596 1 35.76% 3.3 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
CW Pump Refurbishment vs Replacement Energy Costs

Test 2

Test 3

Test 4

CW Pump Refurbishment vs 
Replacement Energy Costs

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-803,201
0
0
0

Power Production
Lingan 51815

NS Power recommends completing this project to avoid any potential of a unit derating.

If the CW pump fails, the whole unit will lose approximately 40 MW capacity for as long as 10 weeks depending on the severity of the 
damage when the pump fails.

G44-51815 EAM CONFIDENTIAL.xls 11/17/2017

REDACTED ACE 2018 CI 51815 Page 5 of 9

Date Filed:  November 22, 2017          Page 1785 of 2371          REDACTED



LIN CW Pump Refurbishment
Summary of Sensitivities

Division : Date : 14-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A CW Pump Refurbishment vs Replacement Energy 5.88% -803,201 547,596 1 35.76% 3.3 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A CW Pump Refurbishment vs Replacement Energy 10% -753,728 508,644 1 31.18% 3.6 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 49,473 -38,952 0 -4.58% 0.3 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A CW Pump Refurbishment vs Replacement Energy -10% -673,408 453,884 1 30.72% 3.6 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 129,793 -93,712 0 -5.04% 0.3 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 101,500 222,485 No
B 0 0 No
C 0 0 No
D 0 0 No

PV of Revenue 
Requirement Delay?

3
382,578

0
0
0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Lingan 51815

51815 4 EAM CONF.xls 11/14/2017
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Division : Date : 
Department : CI Number:

Project No. :

CW Pump Refurbishment vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 197,760 205,718
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 40% 50% 40% 50%
Capacity Factor (%)
Energy Replaced (MW) 40.0 40.0
Duration (Hours or Years) 1680 1680
Totals $53,999 $66,706 $79,104 $102,859 $133,103 $169,564

Total Capital Cost of Alternative $520,436

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

LIN CW Pump Refurbishment
Avoided Cost Calculations

14-Nov-17
51815

Power Production
Lingan

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs
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LIN CW Pump Refurbishment
CW Pump Refurbishment vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               133,102.7                (504,056.7)               20,005.6                   484,655.6                (370,954.1)               (35,060.1)                 (406,014.2)               (383,466.4)               0.94                           (383,466.4)              

2019 ‐                               ‐                               169,564.4                ‐                               38,410.8                   445,490.0                169,564.4                (40,657.6)                 128,906.8                114,986.8                0.89                           (268,479.6)              

2020 ‐                               ‐                               204,585.2                ‐                               35,337.9                   409,457.7                204,585.2                (52,466.7)                 152,118.6                128,156.4                0.84                           (140,323.1)              

2021 ‐                               ‐                               217,046.0                ‐                               32,510.9                   376,308.0                217,046.0                (57,205.9)                 159,840.1                127,183.3                0.80                           (13,139.8)                

2022 ‐                               ‐                               298,081.7                ‐                               29,910.0                   345,810.2                298,081.7                (83,133.2)                 214,948.5                161,534.3                0.75                           148,394.5               

2023 ‐                               ‐                               346,266.6                ‐                               27,517.2                   317,752.3                346,266.6                (98,812.3)                 247,454.3                175,635.1                0.71                           324,029.6               

2024 ‐                               ‐                               397,310.5                ‐                               25,315.8                   291,939.0                397,310.5                (115,318.3)               281,992.1                189,033.8                0.67                           513,063.4               

2025 ‐                               ‐                               ‐                               ‐                               23,290.6                   268,190.8                ‐                               7,220.1                     7,220.1                     4,571.2                     0.63                           517,634.6               

2026 ‐                               ‐                               ‐                               ‐                               21,427.3                   246,342.4                ‐                               6,642.5                     6,642.5                     3,972.0                     0.60                           521,606.6               

2027 ‐                               ‐                               ‐                               ‐                               19,713.1                   226,241.9                ‐                               6,111.1                     6,111.1                     3,451.3                     0.56                           525,057.8               

2028 ‐                               ‐                               ‐                               ‐                               18,136.1                   207,749.4                ‐                               5,622.2                     5,622.2                     2,998.8                     0.53                           528,056.6               

2029 ‐                               ‐                               ‐                               ‐                               16,685.2                   190,736.3                ‐                               5,172.4                     5,172.4                     2,605.7                     0.50                           530,662.4               

2030 ‐                               ‐                               ‐                               ‐                               15,350.4                   175,084.3                ‐                               4,758.6                     4,758.6                     2,264.1                     0.48                           532,926.5               

2031 ‐                               ‐                               ‐                               ‐                               14,122.4                   160,684.5                ‐                               4,377.9                     4,377.9                     1,967.3                     0.45                           534,893.8               

2032 ‐                               ‐                               ‐                               ‐                               12,992.6                   147,436.6                ‐                               4,027.7                     4,027.7                     1,709.4                     0.42                           536,603.2               

2033 ‐                               ‐                               ‐                               ‐                               11,953.2                   135,248.6                ‐                               3,705.5                     3,705.5                     1,485.3                     0.40                           538,088.5               

2034 ‐                               ‐                               ‐                               ‐                               10,996.9                   124,035.6                ‐                               3,409.0                     3,409.0                     1,290.6                     0.38                           539,379.1               

2035 ‐                               ‐                               ‐                               ‐                               10,117.2                   113,719.6                ‐                               3,136.3                     3,136.3                     1,121.4                     0.36                           540,500.6               

2036 ‐                               ‐                               ‐                               ‐                               9,307.8                     104,228.9                ‐                               2,885.4                     2,885.4                     974.4                         0.34                           541,475.0               

2037 ‐                               ‐                               ‐                               ‐                               8,563.2                     95,497.5                   ‐                               2,654.6                     2,654.6                     846.7                         0.32                           542,321.7               

2038 ‐                               ‐                               ‐                               ‐                               7,878.1                     87,464.6                   ‐                               2,442.2                     2,442.2                     735.7                         0.30                           543,057.3               

2039 ‐                               ‐                               ‐                               ‐                               7,247.9                     80,074.3                   ‐                               2,246.8                     2,246.8                     639.2                         0.28                           543,696.6               

2040 ‐                               ‐                               ‐                               ‐                               6,668.0                     73,275.2                   ‐                               2,067.1                     2,067.1                     555.4                         0.27                           544,252.0               

2041 ‐                               ‐                               ‐                               ‐                               6,134.6                     67,020.1                   ‐                               1,901.7                     1,901.7                     482.6                         0.25                           544,734.7               

2042 ‐                               ‐                               ‐                               ‐                               5,643.8                     61,265.4                   ‐                               1,749.6                     1,749.6                     419.4                         0.24                           545,154.0               

2043 ‐                               ‐                               ‐                               ‐                               5,192.3                     55,971.0                   ‐                               1,609.6                     1,609.6                     364.4                         0.23                           545,518.4               

2044 ‐                               ‐                               ‐                               ‐                               4,776.9                     51,100.2                   ‐                               1,480.8                     1,480.8                     316.6                         0.21                           545,835.0               

2045 ‐                               ‐                               ‐                               ‐                               4,394.8                     46,619.1                   ‐                               1,362.4                     1,362.4                     275.1                         0.20                           546,110.1               

2046 ‐                               ‐                               ‐                               ‐                               4,043.2                     42,496.5                   ‐                               1,253.4                     1,253.4                     239.0                         0.19                           546,349.2               

2047 ‐                               ‐                               ‐                               ‐                               3,719.7                     38,703.6                   ‐                               1,153.1                     1,153.1                     207.7                         0.18                           546,556.9               

2048 ‐                               ‐                               ‐                               ‐                               3,422.2                     35,214.2                   ‐                               1,060.9                     1,060.9                     180.5                         0.17                           546,737.4               

2049 ‐                               ‐                               ‐                               ‐                               3,148.4                     32,004.0                   ‐                               976.0                         976.0                         156.8                         0.16                           546,894.2               

2050 ‐                               ‐                               ‐                               ‐                               2,896.5                     29,050.5                   ‐                               897.9                         897.9                         136.3                         0.15                           547,030.4               

2051 ‐                               ‐                               ‐                               ‐                               2,664.8                     26,333.4                   ‐                               826.1                         826.1                         118.4                         0.14                           547,148.8               

2052 ‐                               ‐                               ‐                               ‐                               2,451.6                     23,833.6                   ‐                               760.0                         760.0                         102.9                         0.14                           547,251.7               

2053 ‐                               ‐                               ‐                               ‐                               2,255.5                     21,533.8                   ‐                               699.2                         699.2                         89.4                           0.13                           547,341.1               

2054 ‐                               ‐                               ‐                               ‐                               2,075.0                     19,418.0                   ‐                               643.3                         643.3                         77.7                           0.12                           547,418.8               

2055 ‐                               ‐                               ‐                               ‐                               1,909.0                     17,471.4                   ‐                               591.8                         591.8                         67.5                           0.11                           547,486.3               

2056 ‐                               ‐                               ‐                               ‐                               1,756.3                     15,680.6                   ‐                               544.5                         544.5                         58.6                           0.11                           547,544.9               

2057 ‐                               ‐                               ‐                               ‐                               1,615.8                     14,033.0                   ‐                               500.9                         500.9                         51.0                           0.10                           547,595.9               
Total ‐                               ‐                               1,765,957.1             (504,056.7)               481,558.6                1,261,900.4             (398,163.6)               863,736.8                547,595.9               
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CI Number:  51861 
 
Title:  TRE6 CW Screen Replacement 2018 
 
Start Date: 2018/08 
In-Service Date: 2018/08 
Final Cost Date: 2019/02 
Function: Steam  
Forecast Amount: $513,192 
 
DESCRIPTION: 
 
The scope of this project includes the replacement of one circulating water (CW) travelling screen for Trenton Unit 
#6. 
 
There are two travelling screens on Unit #6 at the Trenton Generating Station.  The self-cleaning screens remove 
debris (seaweed and eel grass) from the incoming sea water before it enters the CW pump and cooling systems.  
Each of the screen’s bottom and intermediate sections are submerged in salt seawater while the upper drive sections 
are above the water level but are subjected to salt spray.  The bottom section of the screens includes the lower shoe 
assembly and support structure.  The top sections are comprised of the drive sprocket assembly and the support 
structure.  The intermediate sections span vertically between the bottom and top sections and support the entire 
structures. 
 
Summary of Related CIs +/- 2 years: 
No related project in 2016, 2017, 2018, 2019 or 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal  
 
Sub Criteria:  Equipment Replacement / Refurbishment  
 
Why do this project? 
 
Based on condition assessments, debris is passing through degraded or non-functioning traveling screen panels 
resulting in downstream fouling of strainers at Circulating water (CW) and Auxiliary (ACW) locations.  Fouling 
increases the risk of unit derating or forced outages due to inadequate cooling capacity.  Fouling also results in high 
mechanical loading on the screens and circulating water pumps, increasing the deterioration of equipment.  This 
high loading causes component failure at the screens and CW pumps and increases the risk of derating due to lack of 
cooling water. 
 
This project is primarily justified on unit reliability, and secondarily supported by positive economics. 
 
Why do this project now? 
 
Based on the condition assessment and associated maintenance strategy elements, the screen has been identified for 
replacement. 
  
The replacement/refurbishment of at least one of the two screens this year is important as it is tied to CW pump 
reliability.  In order to avoid damage to the CW pumps, the screens must be in working condition in order to prevent 
ingress of materials to the CW pumps.  Warmer cooling water during the summer months requires that both CW 
pumps are fully operational to deliver adequate cooling. 
  

_
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Why do this project this way? 
 
Replacement of the existing travelling screen with a new one constructed of composite/stainless materials is more 
cost effective than refurbishment because the new screen will allow for a longer maintenance interval between 
refurbishments.  Due to the corrosive nature of the environment and the design of the existing system, the current 
reinvestment interval on the existing system, based on historical operation, is two years.  The expected reinvestment 
interval on the new composite system is five years, dependent upon unit utilization.  The replacement screen system 
is designed using non-metallic baskets (high strength composite material) and stainless steel fasteners, making it 
more corrosion resistant than the current screen.  The replacement system is also designed using an external drive 
motor and gear box (which rotates the screens) where the drive chain and sprockets are not in the salt water spray 
environment. 
 
Please refer to the attached Economic Analysis Model that indicates replacement is the more cost effective 
alternative. 

__
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: -CI Number 51861 TRE6 CW Screen Replacement 2018 Project Number 51861

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1166 1166 Trenton Unit 6; Commissioned 1991, 170 Mwh

1400 - SGP - Circ.Water Sys. 488,798Additions

1400 - SGP - Circ.Water Sys. 24,394Retirements

Total Cost:

Original Cost:

513,192

313,751

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51861

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 80 365$                  29,183$                
PD 10 390$                  3,904$                  
PD 20 240$                  4,804$                  

Sub-Total 37,890$                

PD 10 729.57$             7,296$                  

Sub-Total 7,296$                  

PD 80 365$                  29,183$                
PD 10 240$                  2,402$                  

Sub-Total 31,585$                

lot 1 Cost Support #1 
lot 30%
lot 1 5,000$               5,000$                  

Sub-Total

PD 20 455$                  9,100$                  
lot 1 25,000$             25,000$                
lot 1 15,000$             15,000$                

Sub-Total 49,100$                

each 10 15$                   150$                     

Sub-Total 150$                     

% 5%
-$                     

Sub-Total

16,064$                
4,769$                  

Sub-Total 20,833$                

492,359$              
513,192$              

Original Cost
313,751$              

TRE6 CW Screen Replacement 2018

Contingency

Vacuum Services

Supervision

Maintenance Trades
Utility worker

Contracts

CW Screen

OT Labour

Other Goods & Services

Term Labour

Materials

USD to CDN Conversion

Description

Misc

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Divers

OT meals

Power Engineer

Maintenance Trades

Trenton Generating Station

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Location:
CI# :
Title:

Maintenance Trades

Utility worker

Regular Labour

Labour AO
Contract AO

Administrative Overhead

OT meals
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TRE6 CW Screen Replacement 2018
Summary of Alternatives

Division : Date : 19-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 1,056,287 1 33.77% 3.9 years

B 369,581 2 20.27% 23.0 years
C Test 3 0 3 #NUM! 0.0 years
D Test 4 0 3 #NUM! 0.0 years

Recommendation :

Notes/Comments :
CW Screen Replacement vs Replacement Energy Costs

CW Screen Refurbishment vs Replacement Energy Costs

Test 3

Test 4

0
0

Purchase of a new screen is the more economic alternative.

 Capital costs are for the purchase and installation of a new travelling screen with expected reinvestment every 5 years. 

Costs include those associated with continuing ongoing refurbishment of existing system every 2 years for 10 years, at which time a new 
screen would have to be purchased.  The investment every two years increase due to the aging components. Future cost of the screen 
system were calculated using 2% inflation and the annual maintenance cost was calculated assuming 10% increase year over year.

After Tax 
WACC

5.88%
5.88%
5.88%

5.88%
CW Screen Replacement vs 
Replacement Energy Costs
CW Screen Refurbishment vs 
Replacement Energy Costs

Power Production

PV of Revenue 
Requirement

-1,439,818

-642,736

G45-51861 EAM CONFIDENTIAL.xls 11/19/2017

REDACTED ACE 2018 CI 51861 Page 5 of 10

Date Filed:  November 22, 2017          Page 1794 of 2371          REDACTED



TRE6 CW Screen Replacement 2018
Summary of Sensitivities

Division : Date : 15-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A CW Screen Replacement vs Replacement Energy 5.88% -1,439,818 1,056,287 1 33.77% 3.9 years
B CW Screen Refurbishment vs Replacement Energ 5.88% -642,736 369,581 2 20.27% 23.0 years
C Test 3 5.88% 0 0 3 #NUM! 0.0 years
D Test 4 5.88% 0 0 3 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A CW Screen Replacement vs Replacement Energy 10% -1,374,231 1,003,860 1 29.76% 4.3 years
B CW Screen Refurbishment vs Replacement Energ 10% -503,935 253,552 2 13.06% 16.1 years
C Test 3 10% 0 0 3 #NUM! 0.0 years
D Test 4 10% 0 0 3 #NUM! 0.0 years

Change: A 65,587 -52,426 0 -4.01% 0.4 years
B 138,801 -116,029 0 -7.21% -6.9 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A CW Screen Replacement vs Replacement Energy -10% -1,230,250 898,232 1 29.37% 4.3 years
B CW Screen Refurbishment vs Replacement Energ -10% -439,662 216,594 2 12.51% 16.3 years
C Test 3 -10% 0 0 3 #NUM! 0.0 years
D Test 4 -10% 0 0 3 #NUM! 0.0 years

Change: A 209,569 -158,055 0 -4.40% 0.4 years
B 203,075 -152,987 0 -7.76% -6.7 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 186,906 215,789 No
B 152,955 148,958 No
C 0 0 No
D 0 0 No

PV of Revenue 
Requirement Delay?

3
302,835
203,780

0
0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production

51861 4 EAM CONF.xls 11/15/2017
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Division : Date : 
Department : CI Number:

Project No. :

CW Screen Replacement vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 35,760 37,193
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 50% 75% 50% 75%
Capacity Factor (%)
Energy Replaced (MW) 154.0 154.0
Duration (Hours or Years) 336 336
Totals $214,566 $63,288 $17,880 $27,895 $232,446 $91,183

Total Capital Cost of Alternative $813,192

CW Screen Refurbishment vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 35,760 36,475
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 50% 75% 50% 75%
Capacity Factor (%)
Energy Replaced (MW) 154.0 154.0
Duration (Hours or Years) 336 336
Totals $214,566 $63,288 $17,880 $27,356 $232,446 $90,644

Total Capital Cost of Alternative $2,118,033

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

TRE6 CW Screen Replacement 2018
Avoided Cost Calculations

15-Nov-17Power Production

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs
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TRE6 CW Screen Replacement 2018
CW Screen Replacement vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               232,446.0                (492,359.3)               19,694.4                   478,414.8                (259,913.3)               (65,953.0)                 (325,866.3)               (307,769.5)               0.94                           (307,769.5)              

2019 ‐                               ‐                               91,182.6                   ‐                               37,813.2                   439,641.6                91,182.6                   (16,544.5)                 74,638.1                   66,578.3                   0.89                           (241,191.2)              

2020 ‐                               ‐                               128,621.7                ‐                               34,788.1                   403,970.3                128,621.7                (29,088.4)                 99,533.3                   83,854.5                   0.84                           (157,336.7)              

2021 ‐                               ‐                               172,766.9                ‐                               32,005.1                   371,152.7                172,766.9                (43,636.2)                 129,130.8                102,748.1                0.80                           (54,588.5)                

2022 ‐                               ‐                               203,672.5                ‐                               29,444.7                   340,960.5                203,672.5                (54,010.6)                 149,661.9                112,471.3                0.75                           57,882.7                  

2023 ‐                               ‐                               208,585.6                (100,000.0)               35,089.1                   405,183.7                108,585.6                (53,783.9)                 54,801.7                   38,896.5                   0.71                           96,779.2                  

2024 ‐                               ‐                               213,630.5                ‐                               32,282.0                   372,269.0                213,630.5                (56,218.0)                 157,412.5                105,521.7                0.67                           202,300.9               

2025 ‐                               ‐                               218,811.3                ‐                               29,699.4                   341,987.5                218,811.3                (58,624.7)                 160,186.6                101,417.9                0.63                           303,718.8               

2026 ‐                               ‐                               224,132.2                ‐                               27,323.5                   314,128.5                224,132.2                (61,010.7)                 163,121.5                97,540.7                   0.60                           401,259.5               

2027 ‐                               ‐                               229,597.3                ‐                               25,137.6                   288,498.2                229,597.3                (63,382.5)                 166,214.8                93,870.7                   0.56                           495,130.2               

2028 ‐                               ‐                               235,211.0                (200,000.0)               39,126.6                   448,918.4                35,211.0                   (60,786.2)                 (25,575.2)                 (13,641.6)                 0.53                           481,488.6               

2029 ‐                               ‐                               240,978.0                ‐                               35,996.5                   412,504.9                240,978.0                (63,544.3)                 177,433.7                89,385.9                   0.50                           570,874.5               

2030 ‐                               ‐                               246,902.9                ‐                               33,116.7                   379,004.6                246,902.9                (66,273.7)                 180,629.2                85,942.3                   0.48                           656,816.8               

2031 ‐                               ‐                               252,990.5                ‐                               30,467.4                   348,184.2                252,990.5                (68,982.2)                 184,008.4                82,688.0                   0.45                           739,504.8               

2032 ‐                               ‐                               259,246.0                ‐                               28,030.0                   319,829.5                259,246.0                (71,677.0)                 187,569.1                79,607.2                   0.42                           819,112.0               

2033 ‐                               ‐                               265,674.5                ‐                               25,787.6                   293,743.1                265,674.5                (74,364.9)                 191,309.6                76,685.6                   0.40                           895,797.6               

2034 ‐                               ‐                               272,281.4                ‐                               23,724.6                   269,743.7                272,281.4                (77,052.6)                 195,228.8                73,910.7                   0.38                           969,708.2               

2035 ‐                               ‐                               279,072.3                ‐                               21,826.6                   247,664.2                279,072.3                (79,746.2)                 199,326.1                71,271.1                   0.36                           1,040,979.3            

2036 ‐                               ‐                               ‐                               ‐                               20,080.5                   227,351.1                ‐                               6,225.0                     6,225.0                     2,102.2                     0.34                           1,043,081.5            

2037 ‐                               ‐                               ‐                               ‐                               18,474.1                   208,663.0                ‐                               5,727.0                     5,727.0                     1,826.6                     0.32                           1,044,908.1            

2038 ‐                               ‐                               ‐                               ‐                               16,996.1                   191,470.0                ‐                               5,268.8                     5,268.8                     1,587.2                     0.30                           1,046,495.3            

2039 ‐                               ‐                               ‐                               ‐                               15,636.4                   175,652.4                ‐                               4,847.3                     4,847.3                     1,379.1                     0.28                           1,047,874.4            

2040 ‐                               ‐                               ‐                               ‐                               14,385.5                   161,100.2                ‐                               4,459.5                     4,459.5                     1,198.3                     0.27                           1,049,072.7            

2041 ‐                               ‐                               ‐                               ‐                               13,234.7                   147,712.2                ‐                               4,102.8                     4,102.8                     1,041.2                     0.25                           1,050,113.9            

2042 ‐                               ‐                               ‐                               ‐                               12,175.9                   135,395.3                ‐                               3,774.5                     3,774.5                     904.7                         0.24                           1,051,018.6            

2043 ‐                               ‐                               ‐                               ‐                               11,201.8                   124,063.7                ‐                               3,472.6                     3,472.6                     786.1                         0.23                           1,051,804.7            

2044 ‐                               ‐                               ‐                               ‐                               10,305.7                   113,638.6                ‐                               3,194.8                     3,194.8                     683.1                         0.21                           1,052,487.8            

2045 ‐                               ‐                               ‐                               ‐                               9,481.2                     104,047.5                ‐                               2,939.2                     2,939.2                     593.5                         0.20                           1,053,081.3            

2046 ‐                               ‐                               ‐                               ‐                               8,722.7                     95,223.7                   ‐                               2,704.0                     2,704.0                     515.7                         0.19                           1,053,597.0            

2047 ‐                               ‐                               ‐                               ‐                               8,024.9                     87,105.8                   ‐                               2,487.7                     2,487.7                     448.1                         0.18                           1,054,045.1            

2048 ‐                               ‐                               ‐                               ‐                               7,382.9                     79,637.4                   ‐                               2,288.7                     2,288.7                     389.4                         0.17                           1,054,434.5            

2049 ‐                               ‐                               ‐                               ‐                               6,792.3                     72,766.4                   ‐                               2,105.6                     2,105.6                     338.3                         0.16                           1,054,772.8            

2050 ‐                               ‐                               ‐                               ‐                               6,248.9                     66,445.1                   ‐                               1,937.2                     1,937.2                     294.0                         0.15                           1,055,066.8            

2051 ‐                               ‐                               ‐                               ‐                               5,749.0                     60,629.5                   ‐                               1,782.2                     1,782.2                     255.4                         0.14                           1,055,322.2            

2052 ‐                               ‐                               ‐                               ‐                               5,289.1                     55,279.2                   ‐                               1,639.6                     1,639.6                     221.9                         0.14                           1,055,544.2            

2053 ‐                               ‐                               ‐                               ‐                               4,865.9                     50,356.9                   ‐                               1,508.4                     1,508.4                     192.9                         0.13                           1,055,737.0            

2054 ‐                               ‐                               ‐                               ‐                               4,476.7                     45,828.3                   ‐                               1,387.8                     1,387.8                     167.6                         0.12                           1,055,904.6            

2055 ‐                               ‐                               ‐                               ‐                               4,118.5                     41,662.1                   ‐                               1,276.7                     1,276.7                     145.6                         0.11                           1,056,050.2            

2056 ‐                               ‐                               ‐                               ‐                               3,789.1                     37,829.1                   ‐                               1,174.6                     1,174.6                     126.5                         0.11                           1,056,176.7            

2057 ‐                               ‐                               ‐                               ‐                               3,485.9                     34,302.8                   ‐                               1,080.6                     1,080.6                     109.9                         0.10                           1,056,286.7            
Total ‐                               ‐                               3,975,803.3             (792,359.3)               752,271.1                3,183,443.9             (999,295.0)               2,184,149.0             1,056,286.7            
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TRE6 CW Screen Replacement 2018
CW Screen Refurbishment vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               232,446.0                (200,000.0)               8,000.0                     200,000.0                32,446.0                   (69,578.3)                 (37,132.2)                 (35,070.1)                 0.94                           (35,070.1)                

2019 ‐                               ‐                               90,644.4                   ‐                               15,360.0                   176,640.0                90,644.4                   (23,338.2)                 67,306.3                   60,038.2                   0.89                           24,968.1                  

2020 ‐                               ‐                               127,143.6                (242,000.0)               33,491.2                   385,148.8                (114,856.4)               (29,032.2)                 (143,888.7)               (121,222.9)               0.84                           (96,254.8)                

2021 ‐                               ‐                               170,483.1                ‐                               30,811.9                   354,336.9                170,483.1                (43,298.1)                 127,185.0                101,200.0                0.80                           4,945.1                    

2022 ‐                               ‐                               200,535.8                (292,820.0)               51,772.6                   595,384.3                (92,284.2)                 (46,116.6)                 (138,400.8)               (104,008.5)               0.75                           (99,063.4)                

2023 ‐                               ‐                               204,546.5                ‐                               47,630.7                   547,753.6                204,546.5                (48,643.9)                 155,902.6                110,654.7                0.71                           11,591.3                  

2024 ‐                               ‐                               208,637.4                (354,312.2)               72,165.3                   829,900.5                (145,674.8)               (42,306.4)                 (187,981.1)               (126,013.4)               0.67                           (114,422.1)              

2025 ‐                               ‐                               212,810.2                ‐                               66,392.0                   763,508.5                212,810.2                (45,389.6)                 167,420.6                105,997.9                0.63                           (8,424.2)                   

2026 ‐                               ‐                               217,066.4                (428,717.8)               95,378.1                   1,096,848.2             (211,651.4)               (37,723.4)                 (249,374.7)               (149,117.0)               0.60                           (157,541.2)              

2027 ‐                               ‐                               221,407.7                ‐                               87,747.9                   1,009,100.3             221,407.7                (41,434.6)                 179,973.2                101,640.9                0.56                           (55,900.3)                

2028 ‐                               ‐                               225,835.9                (600,183.0)               128,742.7                1,480,540.6             (374,347.1)               (30,098.9)                 (404,446.0)               (215,728.4)               0.53                           (271,628.7)              

2029 ‐                               ‐                               230,352.6                ‐                               118,443.3                1,362,097.4             230,352.6                (34,691.9)                 195,660.7                98,568.1                   0.50                           (173,060.6)              

2030 ‐                               ‐                               234,959.6                ‐                               108,967.8                1,253,129.6             234,959.6                (39,057.5)                 195,902.2                93,209.1                   0.48                           (79,851.6)                

2031 ‐                               ‐                               239,658.8                ‐                               100,250.4                1,152,879.2             239,658.8                (43,216.6)                 196,442.2                88,275.4                   0.45                           8,423.8                    

2032 ‐                               ‐                               244,452.0                ‐                               92,230.3                   1,060,648.9             244,452.0                (47,188.7)                 197,263.3                83,721.6                   0.42                           92,145.4                  

2033 ‐                               ‐                               249,341.0                ‐                               84,851.9                   975,797.0                249,341.0                (50,991.6)                 198,349.4                79,507.5                   0.40                           171,652.9               

2034 ‐                               ‐                               254,327.9                ‐                               78,063.8                   897,733.2                254,327.9                (54,641.9)                 199,686.0                75,598.1                   0.38                           247,250.9               

2035 ‐                               ‐                               259,414.4                ‐                               71,818.7                   825,914.6                259,414.4                (58,154.7)                 201,259.7                71,962.5                   0.36                           319,213.4               

2036 ‐                               ‐                               ‐                               ‐                               66,073.2                   759,841.4                ‐                               20,482.7                   20,482.7                   6,917.1                     0.34                           326,130.5               

2037 ‐                               ‐                               ‐                               ‐                               60,787.3                   699,054.1                ‐                               18,844.1                   18,844.1                   6,010.3                     0.32                           332,140.8               

2038 ‐                               ‐                               ‐                               ‐                               55,924.3                   643,129.8                ‐                               17,336.5                   17,336.5                   5,222.4                     0.30                           337,363.2               

2039 ‐                               ‐                               ‐                               ‐                               51,450.4                   591,679.4                ‐                               15,949.6                   15,949.6                   4,537.8                     0.28                           341,901.0               

2040 ‐                               ‐                               ‐                               ‐                               47,334.4                   544,345.0                ‐                               14,673.6                   14,673.6                   3,942.9                     0.27                           345,843.9               

2041 ‐                               ‐                               ‐                               ‐                               43,547.6                   500,797.4                ‐                               13,499.8                   13,499.8                   3,426.0                     0.25                           349,269.9               

2042 ‐                               ‐                               ‐                               ‐                               40,063.8                   460,733.6                ‐                               12,419.8                   12,419.8                   2,976.9                     0.24                           352,246.8               

2043 ‐                               ‐                               ‐                               ‐                               36,858.7                   423,874.9                ‐                               11,426.2                   11,426.2                   2,586.7                     0.23                           354,833.5               

2044 ‐                               ‐                               ‐                               ‐                               33,910.0                   389,964.9                ‐                               10,512.1                   10,512.1                   2,247.6                     0.21                           357,081.1               

2045 ‐                               ‐                               ‐                               ‐                               31,197.2                   358,767.7                ‐                               9,671.1                     9,671.1                     1,952.9                     0.20                           359,034.0               

2046 ‐                               ‐                               ‐                               ‐                               28,701.4                   330,066.3                ‐                               8,897.4                     8,897.4                     1,696.9                     0.19                           360,730.9               

2047 ‐                               ‐                               ‐                               ‐                               26,405.3                   303,661.0                ‐                               8,185.6                     8,185.6                     1,474.5                     0.18                           362,205.4               

2048 ‐                               ‐                               ‐                               ‐                               24,292.9                   279,368.1                ‐                               7,530.8                     7,530.8                     1,281.2                     0.17                           363,486.6               

2049 ‐                               ‐                               ‐                               ‐                               22,349.5                   257,018.7                ‐                               6,928.3                     6,928.3                     1,113.2                     0.16                           364,599.8               

2050 ‐                               ‐                               ‐                               ‐                               20,561.5                   236,457.2                ‐                               6,374.1                     6,374.1                     967.3                         0.15                           365,567.1               

2051 ‐                               ‐                               ‐                               ‐                               18,916.6                   217,540.6                ‐                               5,864.1                     5,864.1                     840.5                         0.14                           366,407.6               

2052 ‐                               ‐                               ‐                               ‐                               17,403.2                   200,137.4                ‐                               5,395.0                     5,395.0                     730.3                         0.14                           367,137.9               

2053 ‐                               ‐                               ‐                               ‐                               16,011.0                   184,126.4                ‐                               4,963.4                     4,963.4                     634.6                         0.13                           367,772.4               

2054 ‐                               ‐                               ‐                               ‐                               14,730.1                   169,396.3                ‐                               4,566.3                     4,566.3                     551.4                         0.12                           368,323.8               

2055 ‐                               ‐                               ‐                               ‐                               13,551.7                   155,844.6                ‐                               4,201.0                     4,201.0                     479.1                         0.11                           368,802.9               

2056 ‐                               ‐                               ‐                               ‐                               12,467.6                   143,377.0                ‐                               3,864.9                     3,864.9                     416.3                         0.11                           369,219.2               

2057 ‐                               ‐                               ‐                               ‐                               11,470.2                   131,906.8                ‐                               3,555.7                     3,555.7                     361.7                         0.10                           369,580.9               
‐                               ‐                               3,824,063.4             (2,118,033.0)            1,986,126.1             1,706,030.4             (569,760.6)               1,136,269.9             369,580.9               
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1

MACGILLIVRAY, DANYA

From: LEWIS, JACK
Sent: Tuesday, August 29, 2017 4:25 PM
To: MACGILLIVRAY, DANYA
Subject: FW: Nova Scotia Power Trenton 6 Screen Replacement 
Attachments: Dual Flow Information_Drawings_95926.pdf

Importance: High

Screen quote

From: Ian Johnston [mailto:ianjohnston@aps.ns.ca]  
Sent: Tuesday, August 29, 2017 4:08 PM 
To: LEWIS, JACK 
Cc: Cernanec, Scott; Hettie Sacre 
Subject: RE: Nova Scotia Power Trenton 6 Screen Replacement  
Importance: High 

**This is an external email - exercise caution**

Hi Jack,

Please review the e mail below from Scott at Evoqua which contains high level preliminary budget pricing for (1) replacement dual flow screen to match your
existing.

Is this sufficient at this time?

If you have any questions or need anything else please let us know.

Thanks,
Ian

Ian Johnston Technical Sales Rep.
APS Atlantic Purification Systems Ltd.
10 Ferguson Road, Dartmouth, NS B3A 4M1
902 469 2806 ext.115 (office)
902 499 5553 (cell)
ianjohnston@aps.ns.ca
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www.aps.ns.ca | LinkedIn

From: Cernanec, Scott [mailto:scott.cernanec@evoqua.com]
Sent: Tuesday, August 29, 2017 3:56 PM
To: Ian Johnston <ianjohnston@aps.ns.ca>
Cc: Cernanec, Scott <scott.cernanec@evoqua.com>
Subject: RE: Nova Scotia Power Trenton 6 Screen Replacement
Importance: High

Hi Ian,

Here is a very rough budgetary number to replace a screen: USD.

This is a 6’ x 27’ dual flow screen to match the current one (see attached sales drawing).

Included:
1. HSC (fiberglass) baskets
2. Zinc sacrificial anodes, as with current screen

Not included:
1. Labour to install, supervise or commission
2. Controls (assume re use of existing)

Let me know if you have any questions.

Scott Cernanec 
Technical Sales Manager (Canada) – Intake Products 

Evoqua Water Technologies Ltd.
Mobile: 226 378 8525
scott.cernanec@evoqua.com

From: Ian Johnston [mailto:ianjohnston@aps.ns.ca]
Sent:Monday, August 28, 2017 12:04 PM
To: Cernanec, Scott <scott.cernanec@evoqua.com>; Hediger, Robert B <robert.b.hediger@evoqua.com>
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3

Cc: Hettie Sacre <hettie@aps.ns.ca>
Subject: FW: Nova Scotia Power Trenton 6 Screen Replacement

Scott / Bob:

Another NSP plant in Trenton, NS is looking to replace their dual intake travelling water screens. They want to replace (1) in 2018 and need budget pricing.
Original drawing is attached with design information. Please provide a high level budget number, per their request below.

Please confirm receipt and expected turnaround.

Thanks,
Ian

Ian Johnston Technical Sales Rep.
APS Atlantic Purification Systems Ltd.
10 Ferguson Road, Dartmouth, NS B3A 4M1
902 469 2806 ext.115 (office)
902 499 5553 (cell)
ianjohnston@aps.ns.ca
www.aps.ns.ca | LinkedIn

From: LEWIS, JACK [mailto:Jack.Lewis@nspower.ca]
Sent:Monday, August 28, 2017 12:04 PM
To: Ian Johnston <ianjohnston@aps.ns.ca>
Subject: Nova Scotia Power Trenton 6 Screen Replacement

Hi Ian,

Thanks for the discussion a few minutes ago. I have attached the drawing we have of the existing Unit 6 traveling water screens. The screens are currently a dual
flow design entering the outsides and exiting through the center.

We would like to have a budgetary price for the replacement of one traveling screen for 2018. It may not matter at this point but we would like a change in the
current design from the internal drive to an external drive where the drive chain and sprockets are not in the salt water spray environment.

Thanks again

Jack Lewis, P.Eng | Reliability Engineer | Nova Scotia Power | Trenton Generating Station
T: 902 755 5811 x4263 | C: 902 759 1667 | F: 902 755 3722 | E: jack.lewis@nspower.ca
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4

Canada Anti Spam Law Notice – To stop receiving commercial electronic messages from us, please forward this email to unsubscribe@nspower.ca with the word
“unsubscribe” in the subject line. | Nova Scotia Power | 1223 Lower Water Street, Halifax NS B3J 3S8 | www.nspower.ca
Confidentiality Notice - The email communication is considered confidential 
and is intended only for the recipient(s). If you received this email in error, 
please contact the sender and delete the email. Unauthorized disclosure or 
copying of this email is prohibited. 

Attachment Limits - Emera will not accept email larger than 20MB or emails
containing high risk attachments like ZIP, EXE or others that could contain viruses. 
If you have a business need to send such an email, please contact the recipient for instructions.
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CI Number:  51816 
 
Title:  TRE Asbestos Abatement 2018 
 
Start Date: 2018/02 
In-Service Date: 2018/10 
Final Cost Date: 2019/04 
Function: Steam 
Forecast Amount: $509,035 
 
DESCRIPTION: 
 
Unit 5 of the Trenton Generating Station has been in operation since 1969.  Much of the insulation used during the 
construction of Unit 5 was asbestos-based. Trenton Units 3 and 4 were also constructed when asbestos was prevalent 
for industrial insulating purposes.  Much of the asbestos from these two units has been removed over the years, 
though some remains.  The asbestos remaining in these areas continues to be inspected and is included in the 
Trenton asbestos monitoring plan.  NS Power has been completing asbestos abatement at the Trenton Generating 
Station as part of a multi-year plan.  This project continues the removal of asbestos contaminated insulation 
materials from the Trenton Generating Station that may become exposed through regular operation, maintenance 
activities and equipment vibration. 
 
The scope of this project is to conduct asbestos abatement in multiple areas of the Trenton Generating Station, in 
accordance with the Occupational Health and Safety Act (OHSA) and the Department of Labour’s “Asbestos in the 
Workplace” guide which states:  
 

Where asbestos is present or believed to be present in a workplace to which the Occupational 
Health and Safety Act applies, the owner of the building and any employer whose workplace in 
the building may contain asbestos have a duty under the Act to take all reasonable precautions to 
ensure the health and safety of persons at or near that workplace.   

 
The utilization of Trenton 5 will continue to decrease as more of NS Power’s electricity requirements are met by 
renewable sources.  Lower operating hours will increase unit cycling causing more thermal pipe expansion and 
deteriorating of asbestos insulation.     
 
The 2018 project will continue the abatement effort with the following activities: 
 
• Abatement of Unit 5 High Energy Piping: 

 
During the planned outage for Unit 5 in 2018, asbestos abatement will be completed on select areas of high 
energy piping and infrastructure.  The exact areas for abatement have not been determined and will be 
established based on monitoring of the asbestos inventory to concentrate on piping that is prone to large 
movement during boiler starts and stops, thereby identified as piping that is the most susceptible to repeated 
deterioration of the asbestos encapsulation.  These measures will be taken to properly mitigate the potential 
spread of asbestos fibers throughout the boiler house.  The scope of work generally includes scaffolding to 
access the piping, installation of temporary enclosure over the entire area, the removal and disposal of 
asbestos-contaminated insulation, and re-insulation of the piping with asbestos-free insulation.  This 
abatement work must be done while the unit is offline.   

  
Balance of Plant Encapsulation/Abatement: 

 
Over the course of 2018, regular inspections of the asbestos inventory will be conducted.  The inspections 
will enable NS Power to identify deficiencies and to complete the balance of plant 
repairs/encapsulation/cleanup for unplanned miscellaneous asbestos issues as they are identified through 
day to day plant activities and operations. 

_
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• Unit 5 Outage Support: 
 
Based on previous experience, it is evident that despite regular inspection and encapsulation, some affected 
areas remain mostly undiscovered until such time that maintenance is required.  With the increased amount 
of maintenance that occurs with a planned outage, NS Power will have asbestos abatement support 
available to monitor and complete encapsulation/abatement as required during the outage.   
 

A breakdown of the approximate abatement/encapsulation costs by scope is as follows:  
 
 
 
 
 
 
 
 

Summary of Related CIs +/- 2 years: 
2016 CI 47600 TRE Asbestos Abatement (2016) $2,096,391 
2017 CI 49553 TRE Asbestos Abatement 2017 $728,886 
2019 CI TBD TRE Asbestos Abatement 2019 $TBD 
2020 CI TBD TRE Asbestos Abatement 2020 $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Health & Safety 
 
Why do this project? 
 
Exposure of asbestos fibers poses a health risk to plant personnel.  Degenerated asbestos insulation causes 
maintenance delays, increased down time and increased operating costs.  Asbestos abatement and encapsulation are 
required to remove or mitigate health hazards to plant personnel associated with exposure to asbestos fibers.  This 
project is in accordance with the Occupational Health and Safety Act (OHSA) and the Department of Labour’s 
“Asbestos in the Workplace” guide: 
 
The removal of asbestos-based insulation at the Trenton Generation Station is being completed in a multi-phase 
program based on risk, Joint Occupational Health and Safety Committee (JOSHC) recommendations, and equipment 
replacement requirements and planned outages.   
 
Why do this project now? 
 
The abatement and encapsulation work completed in this project is required to safely continue to operate the plant 
and to execute planned outage work (in some cases), as well as plan for future maintenance work.  The operation of 
the unit will continue to vary due to decreased utilization and capacity as more of NS Power’s electricity 
requirements are met by renewable sources.  With more stops and starts occurring on the unit, the level of vibrations 
and potential for asbestos disturbances will increase.  
 
In accordance with the Occupational Health and Safety Act (OHSA) and the Department of Labor’s “Asbestos in the 
Workplace” guide, the Trenton Station has an asbestos management plan in place to manage the risks and protect the 
employees.  This management plan includes an inventory of the asbestos containing insulation, which requires 
inspection on a regular basis.  Subsequent to the inspections, any necessary encapsulation/abatement is completed.  
 
Why do this project this way? 
 
The scope of work itself is driven by safety compliance.  A continued effort is required to monitor, remove and 
encapsulate asbestos containing materials.  Ongoing inspection and selective abatement based on condition and wear 
are the best options to reduce further disruption and lost production due to repairs/maintenance that will be required 
in this area now and in the future.  

Project Estimated Contract Cost 
U5 High Energy Piping  – Type 3 enclosure and abatement  $300K 
U5 Boilerhouse – Quarterly Inspections and encapsulation  
(Q1 through Q4) 

$100K 

U5 Balance of plant – Unplanned $60K 
U5 2018 Outage Support – Miscellaneous Items $50K 

_
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: -CI Number 51816 TRE Asbestos Abatement 2018 Project Number 51816

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1168 1168 Trenton Common Property

0300 - SGP - Bldg.,Struct.Grnd. 103,492Additions

0300 - SGP - Bldg.,Struct.Grnd. 405,543Retirements

Total Cost:

Original Cost:

509,035

15,758

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51816

Execution Year: 2018

Unit Quantity Unit Estimate  Total Estimate 
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 80 240 19,214$                
PD 5 382 1,911$                  

-$                      
Sub-Total 21,125$                

PD 20 480 9,607$                  

Sub-Total 9,607$                  

PD 80 240 19,214$                
-$                      

Sub-Total 19,214$                

lot 1 500$                  500$                     

Sub-Total 500$                     

lot 1 160,000$           160,000$              CI 47600/49553
lot 1 50,000$             50,000$                CI 47600/49553
lot 1 25,000$             25,000$                CI 47600/49553
lot 1 50,000$             50,000$                CI 47600/49553
lot 1 50,000$             50,000$                CI 47600/49553
lot 1 25,000$             25,000$                CI 47600/49553
lot 1 15,000$             15,000$                CI 47600/49553

-$                      
Sub-Total 375,000$              

lot 1 500$                  500$                     
Sub-Total 500$                     

lot 1 1,000$               1,000$                  
Sub-Total 1,000$                  

lot 1 10,000$             10,000$                
lot 1 5,000$               5,000$                  

Sub-Total 15,000$                

% 5% 414,947$           20,747$                
Sub-Total 20,747$                

9,917$                  
36,424$                

Sub-Total 46,341$                

462,694$              
509,035$              

Original Cost 15,758$                

TRE Asbestos Abatement 2018

Abatement Third Party Expert

OT Meals
Meals

Thermal / Hydro Contracts AO

Location:
CI# :
Title:

Utility
 Regular Labour

Description

Trenton Generating Station

Administrative Overhead

Power Plant Tech (Chem)

Utility

OT Labour

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Asbestos Abatement U5 High Energy Piping

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Thermal Reg. Labour AO

U5 outage Abatement Support

Misc materials

 Freight
Shipping

 Materials

 Term Labour

Utility

Asbestos Abatement Balance of plant

Misc.

Staging setup and inspection
Re-insulation

Rentals
Staging

Contracts

Supervision

Contingency
Other Goods & Services
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CI Number: 51835 

Title:  TUC2 Hydrogen Panel Replacement 

Start Date: 2018/01 
In-Service Date: 2018/06 
Final Cost Date: 2018/12 
Function: Steam 
Forecast Amount: $454,886 

DESCRIPTION: 

This project includes the replacement of the Tufts Cove 2 hydrogen gas panel station.  This hydrogen panel is 
original to the Tufts Cove 2 generating station, is approximately 47 years old, and has reached the end of its 
expected useful life.  As the hydrogen panel has aged, the system has experienced failures in components (valves, 
sensors, and piping connections) which can lead to unsafe working conditions due to the hazardous properties of 
hydrogen gas. 

Hydrogen is used as the medium to ensure adequate cooling of the generator stator and associated equipment.  The 
hydrogen panel is designed to control the flow of hydrogen gas and to monitor and regulate the gas purity in the 
system. 

Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 

JUSTIFICATION: 

Justification Criteria:  Health & Safety 

Why do this project? 

As the Hydrogen Panel is original to the unit, the system has experienced failures in components (valves, sensors, and 
piping connections).  This can lead to hydrogen gas releases causing unit shutdown until the leak is repaired, as well as 
unsafe working conditions.  The system continues to deteriorate and needs replacement to ensure reliable generator 
cooling and to maintain the integrity of the hydrogen system. 

This project is required to maintain the safe operation of the unit and to preserve the unit’s performance. 

Why do this project now? 

This hydrogen panel is original to the Tufts Cove #2 generating station, is approximately 47 years old, and has reached 
the end of its expected useful life.  As the hydrogen panel has aged, the plant has experienced failures in components 
(valves, sensors, and piping connections) which can lead to unsafe working conditions.  As the system continues to age, 
the likelihood of a more significant system failure (larger releases of hydrogen) increases, thereby increasing risk to a 
level where mitigating actions are required. 

Why do this project this way? 

The method of resolving hydrogen panel leaks to date has been to repair or replace valve components, instrument 
components and piping elements as they fail.  As the equipment ages and begins to deteriorate, this approach is less 
effective, resulting in a greater probability of significant failure.  System replacement is the recommended approach to 
mitigate this risk. 
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: -CI Number 51835 TUC2 Hydrogen Panel Replacement Project Number 51835

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1172 1172 Tufts Cove Unit 2; Commissioned 1972, 97 Mwh

1000 - SGP - Turbo Gen.Instal. 448,787Additions

1000 - SGP - Turbo Gen.Instal. 6,098Retirements

Total Cost:

Original Cost:

454,886

70,561

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51835

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 36              358$                 12,898$                
PD 30              405$                 12,159$                
PD 30              365$                 10,944$                
PD 10              382$                 3,821$                 
PD 5                240$                 1 201$                 
PD 5                294$                 1,470$                 

Sub-Total 42,493$                

ea. 1                Cost Support #1 - Items 1 & 2
% 32%
lot 1                

Sub-Total 350,770$              

lot 1                
lot 1                Cost Support #1 - Items 3 & 4
% 32%

Sub-Total 22,840$                

lot 1                15,000$             15,000$                

Sub-Total 15,000$                

ea. 1                5,000$              5,000$                 

Sub-Total 5,000$                 

7,229$                 
-$                     

Sub-Total 7,229$                 

9,335$                 
2,218$                 

Sub-Total 11,553$                

436,103$              
454,886$              

Original Cost
70,561$                

Hydrogen Control Panel

TUC2 Hydrogen Panel Replacement

Freight
Shipping

USD to CDN Conversion

Power Plant Technician

AFUDC

USD to CDN Conversion

Scaffolding
Contracts

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

 Interest Capitalized

Hydrogen Control Panel -Commissioning

Engineering project management

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Labor AO
Contract AO

Location:
CI# :
Title:

Maintenance Trades

Utility worker

Regular Labor

Description

Electrician

Tufts Cove

Administrative Overhead

Consulting

Engineering

Materials

Misc. Pipe, Cable, Tubing, Instruments

CADD Operators
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Number:
Channel:

 2773 Balltown Road         Niskayuna, NY 12309
 Phone: (518) 346-6161     Fax: (518) 346-4382

  
TITLE PASSES AT SELLER'S DOCK

TO: DATE
REFERENCE
PRICES EXWorks
TERMS*
SHIPMENT 12-18

phone: VALIDITY
e-mail: FREIGHT

ITEM QUANTITY PART# UNIT PRICE (USD) EXT PRICE (USD)

2 1 to be 
assigned

3 5 day(s)

4 1 trip(s) Approximately

X

D149
Issue07/JLF

Jan-14

This quotation is subject to Environment One's Standard Terms and Conditions (D029).  Terms and Conditions can be accessed 
at the following address: http://eone.com/utility-systems/regions/us/sales/
Such Terms and Conditions are incorporated by this reference.  If you are unable to locate these Terms and Conditions on the 
website, please contact Environment One in writing.

QUOTATION

Per day rate for E/One Technician: 
System start-up, commissioning, and training of site personnel.  Equipment must be 
piped in and wired prior to E/One's arrival for start-up support.

PLEASE NOTE THAT OUR FIELD SERVICE GROUP REQUIRES A MINIMIUM 6-8 WEEKS ADVANCE 
NOTICE TO EFFECTIVELY PLAN FOR OUR PERSONNEL TO BE ON SITE.  SHORT-CYCLING THIS 
NOTICE PERIOD CAN/WILL RESULT IN AN “EXPEDITE” PREMIUM OF 15%.  WORK IS 
SCHEDULED ON A FIRST COME, FIRST SERVE BASIS – WE APPRECIATE YOUR 
CONSIDERATION OF THIS AND THE OPPORTUNITY TO MEET YOUR NEEDS. 

DESCRIPTION

1

GAS Station in enclosed frame, including:
     Generator Gas Analyzer (GGA)
     Generator Gas Manifold (GGM)
     2 Annunciation Display (points to be determined)
     Auxiliary Panels (gages, transmitters, switches)
(please reference preliminary P&ID and outline)

Marking: class1, div2, groupB(h2) 
                   intent for SCA or equal, 
                  CNR

CRN Cost

weeks ARONova Scotia Power

3rd Party Certification
Designed by E/One to meet intent

If 3rd Party Certification then include the 
product category and product marking in this 
quote.

mwilliams@eone.com

For and on Behalf of Environment One Corporation

U.S. export control laws apply to the products and technologies covered by this Order.  Export or re-export of these products or 
technologies may require the prior approval of the U.S. government in accordance with the Export Administration Regulations, and OFAC 
rules, and customer agrees to notify Environment One Corporation, Inc. of any such intended export or re-export.  Diversion contrary to 
U.S. law is prohibited.

Niskayuna, NY

Not Applicable

HAZARDOUS AREA CLASSIFICATION - Check One

If an order is placed against this quote, E/One will confirm that the destination is not on the entity list at www.bis.doc.gov prior to shipment 
release.

Environment One, Utility Systems Business is an ISO9001 certified organization.

to be 
assigned

E/One is not responsible for any taxes, VAT, GST, duties or misc. fees (where not required by law).
NAFTA Certificate cannot be provided. Chamber of Commerce stamped Certificates of Origin are at extra cost.

VIA EMAIL:
Mark Williams 401-489-5225

*Request for terms other than the terms specified on this quotation may result in additional cost.

902 428 7673

1

Actual travel and living (transportation, meals, lodging, etc.), as well as any 
additional expenses incurred due to contractual obligations in support of system 
start-up, will be invoiced separately at cost + 20% (administrative expenses) and 2 
travel days at $500 per day. Documented verification of the expenditures will be 
provided with the invoice.

30 DAYS
karl.nowlan@nspower.com Not Included

2017.07.14_TuftsCove_GAS_01_MEW

July 14, 2017
Site Visit

Net 30
Sr. Electrical Engineer
Tufts Cove Generating Station

Direct

Thank you for your interest in Environment One, its products and services.  We are pleased to offer this quotation for your consideration.

Karl Nowlan

This document contains confidential and proprietary information and must be treated as such. Page 1 of 1
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CI Number:  51836 
 
Title:  TRE5 Mill Refurbishments 2018 
 
Start Date: 2018/06 
In-Service Date: 2018/06 
Final Cost Date: 2018/12 
Function: Steam 
Forecast Amount: $409,458 
 
DESCRIPTION: 
 
This project will re-establish original equipment manufacturer (OEM) tolerances on the Trenton 5 coal mills and 
include replacement of worn components on two of the four Unit 5 coal mills at the Trenton Generating Station.  
Trenton Generating Station Unit 5 uses four Babcock & Wilcox EL-70 coal mills to pulverize coal for combustion 
in the boiler.  The mills were originally installed and commissioned in 1969, and have been in service since that 
time. 
 
Refurbishment of these mills is scheduled based on unit utilization and the condition assessment coinciding with 
planned unit outages.  The 5-2 and 5-4 mills were last refurbished in late 2015 and early 2016, respectively.  As part 
of the planned outage, a condition assessment during teardown will determine components to be refurbished. 
 
Scope for this project generally includes refurbishment to the housing unit and liners, grinding rings, springs, 
spindles, swing valves, and replacement of the grinding media. 

 
Summary of Related CIs +/- 2 years: 
2016 CI 47599 - TRE5 5-4 Mill Refurbishments - $157,232 
2016 CI 49548 - TRE5 PA 5-1 Mill Refurbishment - $224,615 
2017 CI 49549 - TRE5 5-3 Mill Refurbishment 2017 - $180,147 
2019 CI TBD - TRE5 Mill Refurbishments 2019 - $TBD 
2020 CI TBD - TRE5 Mill Refurbishments 2020 - $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal 
 
Sub Criteria:  Equipment Replacement / Refurbishment 
 
Why do this project? 
 
This project is being completed to mitigate the risk of mill failure.  A mill failure could limit the ability of the unit to 
reach fully rated generator output depending on the fuel blend in service.  It is imperative that the mills are available 
full time between planned outages in order to maintain unit performance at rated capacity.  The replacement of 
mechanical components and the upgrading of the ceramic surfaces are necessary to achieve the most economic 
operation of the unit. 
 
This project is being undertaken to prevent unit deratings, and is supported by positive replacement energy cost 
economics. 
 
Why do this project now? 
 
The plant requires a high degree of mill efficiency and availability to deliver economic electricity generation.  This 
requires a well-executed mill program to maintain high mill availability.  The 2018 Unit 5 planned outage is expected 
to be a four week outage.  This will provide the ideal timeframe to complete the refurbishment of the 5-2 and 5-4 mills 
in a planned and cost effective manner. 
  

_
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Why do this project this way? 
 
Improving mill availability has economic benefit, however, that benefit has to be achieved through good maintenance 
practice.  Replacement parts are now required due to age and wear on many of the mill components.  Re-establishing 
original equipment manufacturer tolerances and replacement of worn components will prevent degradation in plant 
performance and sustain high capacity factors.  A phased approach to reinvesting in the mills allows for scheduled 
outages of selected mills, which will reduce the risk of extended unplanned outages.  By planning refurbishments and 
replacements in a given year, efforts can be made more efficient with dedicated labour and parts available as required. 

_
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: -CI Number 51836 TRE5 Mill Refurbishments 2018 Project Number 51836

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1165 1165 Trenton Unit 5; Commissioned 1969, 160 Mwh 

1800 - SGP - Fuel Hndlg.Coal 377,746Additions

1800 - SGP - Fuel Hndlg.Coal 31,712Retirements

Total Cost:

Original Cost:

409,458

348,441

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51836

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 10 405$                  4,053$                  
PD 70 365$                  25,535$                
PD 5 390$                  1,952$                  
PD 20 240$                  4,804$                  
PD 25 365$                  9,120$                  

Sub-Total 45,463$                

PD 8 730$                  5,837$                  
PD 8 480$                  3,843$                  

Sub-Total 9,679$                  

PD 70 365$                  25,535$                
PD 30 240$                  7,205$                  

Sub-Total 32,740$                

Ea 2 121,437$           242,873$              CI 49548 - 49549
Ea 2 7,500$               15,000$                CI 49548 - 49549
Ea 2 2,500$               5,000$                  

Sub-Total 262,873$              

Ea 2 10,000$             20,000$                
Ea 2 5,000$               10,000$                

Sub-Total 30,000$                

lot 1 200$                  200$                     

Sub-Total 200$                     

lot 1 2,950$               2,950$                  

Sub-Total 2,950$                  

% 5% 87,883$             4,394$                  
-$                     

Sub-Total 4,394$                  

18,243$                
2,914$                  

Sub-Total 21,157$                

388,301$              
409,458$              

Original Cost
348,441$              

Shipping

Contingency

Administrative Overhead

Materials

Freight

Miscellaneous Parts and Materials
Mill oil

 OT Meals

Utility worker

Utility worker

Other Goods & Services

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

OT Meals

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Power Engineer

Maintenance Trades

Supervision

 OT Labour

Maintenance Trades
Term Labour

Vacuum services

Location:
CI# :
Title:

Maintenance Trades

Utility worker

Complete Set of Mill Parts

Regular Labour

Description

Trenton Generating Station

TRE5 Mill Refurbishments 2018 

Labour AO
Contract AO

Engineering

Contracts
Machining/Fabrication
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TRE5 Mill Refurbishment 2018
Summary of Alternatives

Division : Date : 19-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 192,729 1 86.39% 1.2 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Mill Refurbishment vs Replacement Energy Costs

Test 2

Test 3

Test 4

51836

It is recommended to refurbish two of the four TRE5 mills.  By conducting this project during the planned outage, replacement energy costs and 
down time during peak demand months are avoided.  This is supported by favorable economic analysis data.

This analysis compares the option of refurbishment versus failure.  A failure would incur replacement energy cost associated with a derate of the 
Unit (40MW) while refurbishment is completed, and would have a risk of inflicting additional damage to the mill.

PV of Revenue 
Requirement

-306,842
0
0
0

Power Production
Trenton

Mill Refurbishment vs Replacement Energy 
Costs

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

G48-51836 EAM CONFIDENTIAL.xls 11/19/2017
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TRE5 Mill Refurbishment 2018
Summary of Sensitivities

Division : Date : 14-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Mill Refurbishment vs Replacement Energy Costs 5.88% -306,842 192,729 1 86.39% 1.2 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Mill Refurbishment vs Replacement Energy Costs 10% -267,369 162,775 1 59.28% 1.3 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 39,472 -29,955 0 -27.12% 0.1 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Mill Refurbishment vs Replacement Energy Costs -10% -236,685 143,502 1 56.84% 1.3 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 70,157 -49,228 0 -29.56% 0.1 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 225,165 667,035 No
B 0 0 No
C 0 0 No
D 0 0 No

618,506
0
0
0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Trenton 51836

PV of Revenue 
Requirement Delay?

3

51836 4 EAM CONF.xls 11/14/2017
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Division : Date : 
Department : CI Number:

Project No. :

Mill Refurbishment vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 218,400 227,151
Events/Outages (#) 2 2 2 2
Probability of Occurance (%) 50% 100% 50% 100%
Capacity Factor (%)
Energy Replaced (MW) 40.0 40.0
Duration (Hours or Years) 1008 1008
Totals $42,015 $69,780 $218,400 $454,303 $260,415 $524,083

Total Capital Cost of Alternative $409,458

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

TRE5 Mill Refurbishment 2018
Avoided Cost Calculations

14-Nov-17
51836

Power Production
Trenton
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TRE5 Mill Refurbishment 2018
Mill Refurbishment vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               260,414.9                (388,301.0)               15,532.0                   378,608.3                (127,886.1)               (75,913.7)                 (203,799.8)               (192,481.9)               0.94                           (192,481.9)              

2019 ‐                               ‐                               524,083.2                ‐                               29,821.5                   347,811.8                524,083.2                (153,221.1)               370,862.1                330,814.5                0.89                           138,332.6               

2020 ‐                               ‐                               ‐                               ‐                               27,435.8                   319,479.1                ‐                               8,505.1                     8,505.1                     7,165.4                     0.84                           145,498.0               

2021 ‐                               ‐                               ‐                               ‐                               25,240.9                   293,413.0                ‐                               7,824.7                     7,824.7                     6,226.0                     0.80                           151,724.0               

2022 ‐                               ‐                               ‐                               ‐                               23,221.7                   269,432.2                ‐                               7,198.7                     7,198.7                     5,409.9                     0.75                           157,133.9               

2023 ‐                               ‐                               ‐                               ‐                               21,363.9                   247,369.9                ‐                               6,622.8                     6,622.8                     4,700.7                     0.71                           161,834.5               

2024 ‐                               ‐                               ‐                               ‐                               19,654.8                   227,072.5                ‐                               6,093.0                     6,093.0                     4,084.4                     0.67                           165,919.0               

2025 ‐                               ‐                               ‐                               ‐                               18,082.4                   208,399.0                ‐                               5,605.6                     5,605.6                     3,549.0                     0.63                           169,468.0               

2026 ‐                               ‐                               ‐                               ‐                               16,635.8                   191,219.3                ‐                               5,157.1                     5,157.1                     3,083.8                     0.60                           172,551.7               

2027 ‐                               ‐                               ‐                               ‐                               15,305.0                   175,414.0                ‐                               4,744.5                     4,744.5                     2,679.5                     0.56                           175,231.2               

2028 ‐                               ‐                               ‐                               ‐                               14,080.6                   160,873.1                ‐                               4,365.0                     4,365.0                     2,328.2                     0.53                           177,559.5               

2029 ‐                               ‐                               ‐                               ‐                               12,954.1                   147,495.5                ‐                               4,015.8                     4,015.8                     2,023.0                     0.50                           179,582.5               

2030 ‐                               ‐                               ‐                               ‐                               11,917.8                   135,188.1                ‐                               3,694.5                     3,694.5                     1,757.8                     0.48                           181,340.4               

2031 ‐                               ‐                               ‐                               ‐                               10,964.4                   123,865.3                ‐                               3,399.0                     3,399.0                     1,527.4                     0.45                           182,867.7               

2032 ‐                               ‐                               ‐                               ‐                               10,087.2                   113,448.3                ‐                               3,127.0                     3,127.0                     1,327.2                     0.42                           184,194.9               

2033 ‐                               ‐                               ‐                               ‐                               9,280.2                     103,864.6                ‐                               2,876.9                     2,876.9                     1,153.2                     0.40                           185,348.1               

2034 ‐                               ‐                               ‐                               ‐                               8,537.8                     95,047.7                   ‐                               2,646.7                     2,646.7                     1,002.0                     0.38                           186,350.1               

2035 ‐                               ‐                               ‐                               ‐                               7,854.8                     86,936.1                   ‐                               2,435.0                     2,435.0                     870.7                         0.36                           187,220.8               

2036 ‐                               ‐                               ‐                               ‐                               7,226.4                     79,473.5                   ‐                               2,240.2                     2,240.2                     756.5                         0.34                           187,977.3               

2037 ‐                               ‐                               ‐                               ‐                               6,648.3                     72,607.8                   ‐                               2,061.0                     2,061.0                     657.3                         0.32                           188,634.6               

2038 ‐                               ‐                               ‐                               ‐                               6,116.4                     66,291.4                   ‐                               1,896.1                     1,896.1                     571.2                         0.30                           189,205.8               

2039 ‐                               ‐                               ‐                               ‐                               5,627.1                     60,480.4                   ‐                               1,744.4                     1,744.4                     496.3                         0.28                           189,702.1               

2040 ‐                               ‐                               ‐                               ‐                               5,177.0                     55,134.2                   ‐                               1,604.9                     1,604.9                     431.2                         0.27                           190,133.3               

2041 ‐                               ‐                               ‐                               ‐                               4,762.8                     50,215.7                   ‐                               1,476.5                     1,476.5                     374.7                         0.25                           190,508.0               

2042 ‐                               ‐                               ‐                               ‐                               4,381.8                     45,690.6                   ‐                               1,358.3                     1,358.3                     325.6                         0.24                           190,833.6               

2043 ‐                               ‐                               ‐                               ‐                               4,031.2                     41,527.6                   ‐                               1,249.7                     1,249.7                     282.9                         0.23                           191,116.5               

2044 ‐                               ‐                               ‐                               ‐                               3,708.7                     37,697.7                   ‐                               1,149.7                     1,149.7                     245.8                         0.21                           191,362.3               

2045 ‐                               ‐                               ‐                               ‐                               3,412.0                     34,174.1                   ‐                               1,057.7                     1,057.7                     213.6                         0.20                           191,575.9               

2046 ‐                               ‐                               ‐                               ‐                               3,139.1                     30,932.4                   ‐                               973.1                         973.1                         185.6                         0.19                           191,761.5               

2047 ‐                               ‐                               ‐                               ‐                               2,887.9                     27,950.0                   ‐                               895.3                         895.3                         161.3                         0.18                           191,922.8               

2048 ‐                               ‐                               ‐                               ‐                               2,656.9                     25,206.3                   ‐                               823.6                         823.6                         140.1                         0.17                           192,062.9               

2049 ‐                               ‐                               ‐                               ‐                               2,444.4                     22,682.0                   ‐                               757.8                         757.8                         121.8                         0.16                           192,184.7               

2050 ‐                               ‐                               ‐                               ‐                               2,248.8                     20,359.7                   ‐                               697.1                         697.1                         105.8                         0.15                           192,290.4               

2051 ‐                               ‐                               ‐                               ‐                               2,068.9                     18,223.1                   ‐                               641.4                         641.4                         91.9                           0.14                           192,382.4               

2052 ‐                               ‐                               ‐                               ‐                               1,903.4                     16,257.5                   ‐                               590.1                         590.1                         79.9                           0.14                           192,462.2               

2053 ‐                               ‐                               ‐                               ‐                               1,751.1                     14,449.2                   ‐                               542.8                         542.8                         69.4                           0.13                           192,531.6               

2054 ‐                               ‐                               ‐                               ‐                               1,611.0                     12,785.5                   ‐                               499.4                         499.4                         60.3                           0.12                           192,591.9               

2055 ‐                               ‐                               ‐                               ‐                               1,482.1                     11,254.9                   ‐                               459.5                         459.5                         52.4                           0.11                           192,644.3               

2056 ‐                               ‐                               ‐                               ‐                               1,363.6                     9,846.7                     ‐                               422.7                         422.7                         45.5                           0.11                           192,689.9               

2057 ‐                               ‐                               ‐                               ‐                               1,254.5                     8,551.2                     ‐                               388.9                         388.9                         39.6                           0.10                           192,729.4               
Total ‐                               ‐                               784,498.0                (388,301.0)               373,874.4                396,197.0                (127,293.3)               268,903.7                192,729.4               
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CI Number:  47871 
 
Title:  LIN Stack Re-Coating  
 
Start Date: 2018/07 
In-Service Date: 2018/08 
Final Cost Date: 2019/02 
Function: Steam  
Forecast Amount: $381,034 
 
DESCRIPTION: 
 
The chimney stacks discharge boiler gases from the combustion process in a Thermal Plant. Lingan Generating 
Station has two chimney stacks that are approximately 152 meters (500ft) high.  They are exposed to all coastal 
winter conditions.  The exterior protective coating protects the stacks outer surface from deteriorating.  This project 
is for the replacement of the Lingan North and South chimney stack protective coating from the top of both stacks, 
down to the 200’ level, based on condition assessment.  
 
Summary of Related CIs +/- 2 years 
2016 CI 47868 LIN Stack Lighting Replacement $241,895 
 
JUSTIFICATION:  
 
Justification Criteria:  Health and Safety  
 
Why do this project? 
 
The Lingan chimney stack protective coating is losing its effectiveness.  Over time, moisture from rain water and 
salt air permeates the surface of the concrete.  This moisture can lead to surface spalling (flaking) as a result of 
freeze-thaw cycles or as the moisture causes the steel reinforcement in the stack to corrode and expand.  By 
replacing the protective coating, the risk of concrete and other materials falling from the stack is minimized, which 
will reduce safety concerns for personnel and equipment below.  An inspection (Attachment 2) has identified a 
deteriorating condition that poses a safety risk.  
 
Why do this project now? 
 
The protective coating will continue to deteriorate if not replaced in 2018.  This continued deterioration can lead to 
stack structural concrete damage if not addressed.  NS Power safely deferred this project in 2016 and 2017 but the 
protective coating now requires repairs to mitigate safety concerns for personnel.  
 
Why do this project this way? 
 
Replacement of the protective coating is the only option to mitigate the safety risk associated with the deterioration of 
the stack.  
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: -CI Number 47871 LIN Stack Re-Coating Project Number 47871

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1138 1138 Lingan Common Plant

1700 - SGP - Draft Equip./Stacks 381,034Additions

Total Cost:

Original Cost:

381,034

184,935

Total Cost:Original Cost:
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Capital Project Detailed Estimate

47871

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 8 351$                  2,810$                  
PD 5 397$                  1,987$                  
PD 65 235$                  15,203$                

Sub-Total 20,000$                

PD 65 235$                  15,203$                

Sub-Total 15,203$                

Lot 1 Cost Support Item #1
Lot 1

-$                     
Sub-Total 250,976$              

% 25% 250,976$           62,744$                
-$                     

Sub-Total 62,744$                

7,733$                  
24,377$                

Sub-Total 32,111$                

348,923$              
381,034$              

Original Cost
184,935$              

Stack Coating

Utility worker

 Contracts

Other Goods & Services

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Stack Rigging Inspection

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

Contingency

 Administrative Overhead

Engineering

 Term Labour

LIN Stack Re-Coating

Labour AO

Location:
CI# :
Title:

Utility worker

 Regular Labour

Description

Electrician

Steam 
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HAMON CUSTODIS-COTTRELL 
(CANADA) INC. 

23 West Beaver Creek Road  
Richmond Hill, Ontario, L4B 1K4 
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23 West Beaver Creek Road Telephone E-mail:  info.hccc@hamon.com 
Unit 2/3 905.771.0234 Web:  www.hamon.com 
Richmond Hill, Ontario L4B 1K4 Fax  
Canada 905.771.9730  

HAMON CUSTODIS-COTTRELL CANADA, INC.

Ref:  285/13/14        May 31, 2016 

NOVA SCOTIA POWER INC. 
2599 Hinchey Avenue,
Lingan, Nova Scotia,
B1H 5E6. 
Attention: Matt Hannam   | Procurement Lead     matt.hannam@nspower.ca 

Subject: LINGAN GENERATING STATION CHIMNEY PAINTING- UNITS 1&2, 3&4
______________________________________________________________________________

Further to your recent request, we are submitting our FIRM pricing for the painting the top 300’ 
of the (2) chimneys at the Lingan Generating Station. This proposal reflects painting ONE 
chimney at a time. If both chimneys are required to be painted at the same time, there may be a 
price impact. Please refer to enclosed schedule as part of 11.3 PROJECT PLAN. The scope of 
work is to consist of the following:  

1. Mobilize. 
2. Mechanically clean and paint the top 300’ of the South chimney with first, primer coat. 

(Interseal 670HS)
3. Paint the top 300’ of the South chimney with a second, top coat, light buff colour. 

(Interthane 990) 
4. Mechanically clean and paint the top 300’ of the North chimney with first, primer coat 

(Interseal 670HS)
5. Paint the top 300’ of the North chimney with a second, top coat, light buff colour. 

(Interthane 990) 
6. Demobilize. 

PRICE:
 

 Complete for labour, equipment and materials. 
 HST: Not included 

PAYMENT: Refer to attached “10HCCC T&C for sale - site work” 

CONDITIONS: - The following pricing conditions are to be included on all resulting 
purchase orders. 

 a) The prices are based on work performed during normal working hours with the 
chimney OUT OF OPERATION. 

 b) The following to be accomplished by the Owner before crew’s arrival: 
 Leave the access door open to cool down and purge the chimney 

Provide power - 240V, 20A, 1Ph. (3 prong, twist-lock) within 50’ of chimney 
base.

:
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2
___________________________________________________________________________________________ 

__________________________________________________________________________________________________________________  
Confidential and Proprietary Information of Hamon Custodis-Cottrell Not to be Disclosed without Hamon Custodis -Cottrell’s consent

 c) Any lost time due to emergency, plant activity including smoke interference or 
other works by contractors/owner which causes HC crew(s) to be delayed will be 
charged on a time and material basis. 

 d) Proposal is subject to review of the terms and conditions or that applicable terms 
and conditions shall be negotiated by the parties. This proposal is not an 
acceptance of clients/owners terms and conditions.

 e) Protection of Equipment and Property 
  Owner is responsible to protect or relocate automobiles and/or equipment from 

airborne particles (i.e. concrete splatter, curing compound, paint, etc.) resulting 
from chimney construction.  HC disclaims any liability due to damage to vehicles 
or equipment. 

 f) Owner to provide and remove bin for disposal of empty paint cans and used 
painting equipment. 

******************************************************************************
SAFETY:
 Safety is of prime importance to our Corporation and will not be compromised under any 

conditions. Ensuring a safe work environment is the responsibility of both the owner and
the contractor. The Industrial Health and Safety Regulations consider the interior of 
chimneys as CONFINED SPACE.  Our Corporate Safety Program ensures the provision 
of trained personnel and specialized equipment for gas monitoring and evacuation of 
workers. 

All Hamon Custodis employees are trained in FALL ARREST, WHMIS, FIRST AID, CPR, 
and CONFINED SPACE ENTRY.   For inspections, our crews are equipped with the 
following: 

Personal protection equipment 
Dust masks 
Safety hats 
Safety boots 
Hearing protection 
Gloves 
Goggles

Safety lines 

Fall arrest equipment 
Full body harness 
Portable lights 
Quick descent devices for 
emergency escape 
Emergency air packs 
Gas monitors 
Communication equipment

We remain at your service and look forward to hearing from you. 

Thank you for considering Hamon Custodis. 
Sean Taylor - Sean.Taylor@hamon.com
(905)-771-0234 ext.3 
HAMON CUSTODIS COTTRELL CANADA INC. 
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INSPECTION REPORT 
 

500’-0” Concrete Chimney 
Units 3 & 4 

 
Nova Scotia Power 

Lingan, NS. 
 

Job No. S-1450/ File No. 285/14 
April 2015 

 
 
 

 
 
Hamon Custodis performed an inspection on the 500’-0” Concrete Chimney (units 3 & 4) in 
April 2015.  The purpose of this inspection was to determine current conditions of the 
structure.  Plant personnel did not express any specific concerns regarding the chimney. 
 
The inspections consisted of visual observations of the exterior of the concrete column from 
three drops via power climbing equipment rigged from the top of the chimney, three drops in 
the interior of the steel liner via powered climbing equipment, and three drops in the annulus 
utilizing powered climbing equipment, platforms, and permanent ladder. A comprehensive set 
of Ultrasonic Thickness Measurement readings were taken on the steel liner interior wall and 
are attached in chart form. 
 
Videos were taken and are referenced. 
 
 
Repairs performed at the time of this inspection: 
 

 None 
 
 
Section 1: Unit Description 
 
Section 2: Inspection Observations 
 
Section 3: Ultrasonic Thickness Measurements 
 
Section 4: Recommendations 
 
 
  
 

 

HAMON CUSTODIS 

Aftermarket Services 
23-2 West Beaver Creek Rd. 

Richmond Hill, ON L4B 1K4 
ph: 905 771 0234
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Note ‐ This inspection is an indication of the inspector’s opinion of the condition of the structure resulting from his best 
efforts to gain safe access to remote areas of the chimney as of the date of this report.  No warranty or guarantee of the 
conditions described in this report is expressed or implied by the inspector to anyone requesting, authorizing or 
interested in this report.  The inspector, Hamon Custodis, Inc., will not be held liable or responsible for defects not 
uncovered in the inspection due to obscurity, inaccessibility, and/or changes in the condition of the structure.  In 
addition, this inspection did not include a review pertaining to compliance with any state or local building codes.  In no 
event shall liability extend beyond the fee for services provided. 
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    Description 
 
Construction: 492’-0” x 24’-7 ¼” Top OD, reinforced concrete column with one 

independent CSA G40.21.M carbon steel liner.  Concrete column is 
492’-0” in height with a base OD of 45’-7 ¼”. and a top OD of 24’-7 
¼”. Column contains a 316L stainless steel weather hood with a 
stainless steel hatch door. 
 
G40.21.M carbon steel liner is 461’-6” x 15’-6” ID. Base of the liner is 
located at elevation 38’-6”. Top 32’-9 ½” of liner is fabricated from 
316L stainless steel plate.  Liner is supported from foundation by two 
conical supports anchored into the reinforced concrete foundation at 
elevation 0’-0”. Liner contains 316L stainless steel weather hood at 
elevation 492’ -0”. 

  
Ladder: Annular Space contains a permanent column mounted, galvanized 

steel ladder with a Latchways V-Xtenda ⅜” safety cable from elevation 
0’-0” to 492’-0”.   

  
Platforms: Seven (7) interior (annulus space) platform locations.  One (1)  270° 

CEMS platform at elevation 239’-9”; One (1) full 360° bumper 
platform at elevation 325’-0”; One (1) full 360°bumper balcony at 
elevation 469’-0”; One (1) 320° AOL balcony at elevation 482’-0”;  
Three (3) partial rest platforms at elevations 37’-0”, 136’-0”, and 
360’-6”. 

  
Breeching Ducts: Two (2) 10’-3” x 19’-8 ¼” breeching ducts located North & South, with 

a bottom sill at elevation 37’-0”. 
  
LPS: Two (2) interior (annulus space) copper downlead cables, North & 

South. Full length of cables are bare copper with a protective coating 
applied.  

  
AOL: Four (4) white flashing obstruction lights at AOL platform, 90° apart, 

North; East; South; West;, elevation 487’-0”. 
  
Access Doors: 6’-0” x 7’-0” double man door in column base, elevation 0’-0”, East;  

2’-0” X 2’0” breeching access door has been welded and sealed by 
customer, North; no current access to breeching or liner without 
cutting a new opening. 
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HH
AA MM

OO
NN

  CC
UU

SS T
T OO

DD
II SS

  

 

 

Liner:    461’-6” x 15’-6” ID, independent  G40.21.M carbon steel liner   
supported from foundation by two carbon steel, conical supports 
anchored into the reinforced concrete, foundation at elevation 0’-0” ; 
Top 32’-9 ½” of liner fabricated from 316L stainless steel; 316L 
Stainless steel exterior hood, elevation 492’-0”;  Test Port 
penetrations located between elevations 243’-9” & 253’-9”;  2’-0” x 
2’-0” Clean-out door located at base; North, has been welded shut. 
Exterior full height of liner is covered with two (2) layers of 3” 
insulation with galvanized wire mesh retainer below the weatherhood.  
Liner protrudes 6’-6” above top of reinforced concrete column and has 
eight (8), equally spaced lightning rods, ¾” diameter; protruding 4’-0” 
above top of liner.                                                 
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Observations 
 
Concrete 
Column   
Exterior: 

1. Parged concrete veneer near top of the construction opening has 
cracked and broken away from areas exposing cinder block wall 
behind. 20’ East. (Ref. video – LinganGS.Exterior.2015.. (1)) 

  
 2. Numerous areas of “honeycombing” were observed above concrete 

cold joints at various elevations.  This particular honeycombing is a 
condition that originated at the time of chimney construction and is 
attributed to poor concrete vibration.  Many of these areas contain 
loose aggregate that is easily removed by hand.  This honeycombing 
in the concrete is an entrance point for rain water into the chimney’s 
annulus.  Various elevations, East, South & West.  (Ref. video – 
LinganGS.Exterior.2015.. (2),(3),(4),(17),(18),(30)) 
 

3. Six (6) small areas of spalling concrete, approximately 4”x 4” were 
noticed around a platform window on the west side.  Some of the 
affected areas were found to have loose concrete around the spall.  
Loose concrete was removed from surrounding areas exposing the 
horizontal rebar in all six (6) locations.  250’ West.  (Ref. video – 
LinganGS.Exterior.2015.. (29)) 

 
4. Black, protective paint on a window frame and steel covering on the 

east side was found to be moderately deteriorated.  Paint coverage is 
estimated to be near 50% with moderate amounts of rusted steel 
being exposed where paint has peeled and flaked away.  250’ East.  
(Ref. video – LinganGS.Exterior.2015.. (5)) 

 
5. Grey paint protecting the concrete shell from elevation 250’-300’ is 

badly stained from rain water and residue from the top of the 
chimney, however paint coverage is satisfactory with no signs of 
cracking or peeling in the protective coating.  300’ East & West.  (Ref. 
video – LinganGS.   Exterior.2015.. (6),(28)) 

 
6. Beige paint protecting the concrete shell from elevation 300’-492’ 

was found to be cracked and peeling badly in numerous areas.  Initial 
areas of peeling paint were found at approximately 350’ and 
continued to the 450’ elevation with the west side found to have the 
highest number of affected areas. The protective covering can easily 
be removed by hand and breaks off in small sheets.  The largest area 
of peeling found during the inspection was approximately 10”x 46”.  
350’-450’ East, South & West.  (Ref. video -  LinganGS.Exterior.2015.. 
(8),(9),(10),(19),(20),(21),(24),(25),(26),(27)) 
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Breeching 
Ducts: 

7. Steel support beams underneath the south breeching duct were 
observed to have mild paint deterioration near connection plate to 
concrete shell and along edges of beam flanges.  35’ South.  (Ref. 
video – LinganGS.Exterior.2015.. (12)) 
 

8. Corrugated steel siding and tin flashing on the bottom of the south 
breeching duct shows signs of deterioration in small areas around the 
edges.  Heavy rust and scaling were observed in those isolated areas.  
35’ South.  (Ref. video – LinganGS.Exterior.2015.. (13)) 

 
9. Top 6’x 2’ of corrugated steel siding has completely deteriorated on 

south-west side of breeching duct exposing insulation underneath 
and a 6” gap between interior siding.  This gap provides a clear view 
of the west breeching wall and access to the void between the 
breeching wall and corrugated siding.  60’ South.  (Ref. video – 
Lingan.Exterior.2015.. (14))   

 
10. Breeching support Beams in annulus were noticed to have the web of 

the beams insulated around north breeching duct, however there is 
no insulation present around the south breeching duct.  Two (2) 
areas, 2’x 4’ of the top ply of insulation were also found to be missing 
underneath the south breeching duct.  35’ East & South-West.  (Ref. 
video – LinganGS.Annulus.2015.. (12),(23)) 

 
11. Two (2) areas of insulation, approximately 10”x 28” and 10”x 16”, are 

missing on top of the south breeching duct exposing the steel wall 
underneath.  The 10”x 28” area looks to have deteriorated as a result 
of water dripping from above.  75’ East.  (Ref. video – LinganGS.      
Annulus.2015.. (22)) 

  
Ladder: 12. The permanent ladder mounted to the interior (annulus) wall from 

elevation 0’-0” to the top of the column, elevation 492’-0”, appears in 
satisfactory condition.  The galvanized coating on the ladder and 
stand-offs is wearing thin throughout the height of the ladder, leaving 
behind a light surface rust.  At’ 65’, a single ½” connection bolt was 
found to be missing. Lights alongside the ladder are not functioning in 
many locations.  Various elevations North.  (Ref. video – 
LinganGS.Annulus.2015.. (24),(25),(26),(37))    
 

13. The Latchways V-Xtenda ⅜” safety cable secured to the permanent 
ladder was found to be in fine condition and considered up to code 
and safe for use. In certain locations a minute amount of 
discolouration was observed on the cable.  The discolouration looks 
to be burn marks, possibly falling slag from hot work performed at 
higher elevations in the past.   200’ North.  (Ref. video – LinganGS. 
Annulus.2015.. (27)) 
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Platforms:  14. The protective coating covering the steel components on the 270° 
CEMS platform at the 239’-9” elevation is showing signs of significant 
deterioration. Paint coverage is estimated at a mere 15-20% and is 
flaking and peeling in those locations.  A moderate amount of rusting, 
pitting and scaling was observed on platform components such as 
knee braces, stringers, toeboards and grating.  Obsolete power cables 
were found to be hanging loosely underneath the platform in two 
locations.  250’ East, South-West & North.  (Ref. video – LinganGS. 
Annulus.2015.. (7),(8),(20),(28)) 
 

15. The protective coating covering the window frames and steel 
coverings at the CEMS platform is showing signs of significant 
deterioration.  Paint coverage on the west side window is estimated at 
approximately 60% whereas the coverage on the north and east 
windows is negligible, approximately 10%.  Moderate-heavy rust and 
scale were noticeable on unprotected steel.  250’ East, North & West. 
(Ref. video – LinganGS.Annulus.2015.. (29),(30)) 

  
 16. All platform components on the 360° bumper platform at the 325’-0” 

elevation are showing little to no signs of deterioration.  The 
galvanized coating is largely intact, platform connections and 
anchoring are in place and look properly torqued.  Mild amounts of 
wear were noticed on the bumper pads connected to the steel liner.  
325’ (Ref. video – LinganGS.Annulus.2015.. (5),(17),(32)) 

  
 17. All balcony components on the 360° bumper balcony at the 469’-0” 

elevation are showing little to no signs of deterioration.  A minimal 
amount of rust is noticeable on the balcony grating, knee braces, etc., 
however these rust stains likely originate from the AOL balcony above 
in which the protective coating is severely deteriorated and the 
balcony components are showing mild-moderate amounts of rust and 
scale.  Paint coverage on the AOL balcony at 482’-0” is estimated to 
be 10%.  Steel bumpers and bumper pads are showing  significant 
amounts of wear, the steel liner moves notably in high winds, as 
shown in the video, and creates an enormous impact on this bumper 
system.  469’ East, South-West & North.  (Ref. video – LinganGS. 
Annulus.2015.. (1),(13),(38)) 
 

18.  All interior lights on the 320° AOL balcony at the 482’-0” elevation 
were not functioning. The liner insulation and wire mesh retainer is 
disturbed in large areas along the stiffener ring exposing bare steel.  
The AOL mounting doors are showing moderate amounts of paint 
deterioration, mild amounts of rusted steel were visible in 
unprotected areas.  485’. (Ref. video – LinganGS.Annulus.2015.. 
(39),(40)) 
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LPS: 19. The two (2) copper downlead cables (North & South) are in 
satisfactory condition. The black protective coating on both cables 
was found to be in fair condition with minimal amounts of 
deterioration.  A single anchor was found to be broken on the south 
downlead cable at an elevation of 20’.  Other interior steel 
components such as weatherhood, balconies, ladder, platforms, etc. 
were all observed to be sufficiently grounded into the LPS.  Various 
elevations East, South-West & North.  (Ref. video – LinganGS.Annulus 
.2015.. (11),(21),(31)) 

  
AOL: 20. Four (4) aircraft obstruction lights (AOL) located on the North, East, 

South & West sides of the concrete column at the 487’-0” elevation 
are all properly mounted with all connecting hardware observed to be 
in satisfactory condition. The AOL on the North side is not functioning, 
while the other three are functioning properly.  487’  

  
Access Doors: 21. A 6’-0”x 7’-0” double man door provides access into the annulus on 

the east side of the concrete shell at 0’-0”.  The door is in good 
working condition with minimal amounts of surface rust on the door 
frame and door itself. 0’ East.   
 

22. A 2’-0” x 2’-0” access door into the north breeching duct is shown on 
the construction drawings at 37’-0”.  In actuality this door has been 
welded shut and sealed with a ⅜” steel plate.  Since there are no 
other ways to access the liner, a 2’x 2’ hole was cut in the south 
breeching wall at 37’ and promptly welded back into place after the 
interior inspection.  37’ North & South.  
 

23. A 2’-6” x 3’-0” stainless steel roof hatch is located at elevation 492’-
0” and is in good working order. The locking mechanism currently 
being used is a length of chain wrapped around the hatch handle and 
a ladder rung fastened together by a carabiner.  492’ North-West. 

 
Liner Interior: 
 

 
24. Ultrasonic Thickness measurement readings were taken along the full 

height of the carbon steel liner plates at regular intervals above and 
below horizontal weld locations. The Ultrasonic Thickness 
measurement readings taken identify that the stack plates show 
minimal to no loss of steel thickness.  The chart below provides 
elevations, orientations, thickness readings and designed plate 
thickness.  Various elevations North, South-East & South-West.  (Ref. 
videos – LinganGS.Interior.2015.. (1),(2),(4),(6),(13),(18),(20),(22), 
(25)) 
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ULTRASONIC MEASUREMENTS 
 

ELEVATION NORTH SOUTH EAST SOUT WEST DESIGN 

70’ .365 & .355 .370 & .365 .360 & .335 .375 

85’ .330 & .331 .333 & .337 .331 .375 

100’ .325 & .322 .331 & .331 .337>.339 .312 

115’ .319 .328 .322 .312 

130’ .316 & .312 .319 & .324 .325 .312 

145’ .237 & .237 .232 & .242 .240 & .239 .250 

160’ .239 .237 .237 & .248 .250 

180’ .232 & .235 .229 .235 .250 

200’ .227 & .232 .232 & .237 .232 & .227 .250 

215’ .229 .234 .240 & .229 .250 

230’ .237 & .234 .237 & .237 .230 .250 

250’ .223 & .227 .223 & .225 .225 & .237 .250 

270’ .230 .229 .232 .250 

285’ .227 & .232 .230 & .232 .226 & .231 .250 

300’ .232 & .242 .227 & .232 .232 & .237 .250 

315’ .228 .235 .239 .250 

330’ .232 & .232 .232 & .237 .239 .250 

350’ .237 & .240 .229 .232 & .237 .250 

370’ .231 .227 & .237 .235 .250 

385’ .232 .225 .232 .250 
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400’ .237 & .242 .232 & .230 .227 & .237 .250 

420’ .227 .232 .233 & .237 .250 

435’ .227 & .232 .228 .230 .250 

450’ .237 & .232 .232 & .237 .232 & .232 .250 

465’ .225 .227 .229 .250 

480’  .27 & .269 .270 & .268 .280 & .273 .250 -SS 

500’ .278 & .273 .273 & .278 .273 & .282 .250 -SS 

	

Decimal  Fraction 

.3750 = 3/8” 

.3125 = 5/16” 

.2500 = 1/4” 

.2344 = 15/64” 

0.2188 = 7/32” 
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uncovered in the inspection due to obscurity, inaccessibility, and/or changes in the condition of the structure.  In 
addition, this inspection did not include a review pertaining to compliance with any state or local building codes.  In no 
event shall liability extend beyond the fee for services provided. 
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25. Horizontal welds were visually inspected at the same intervals as 
ultrasonic tests were taken.  The majority of welds were found to be 
mildly rusted with slight pitting in and around the weld.  No visible 
signs of excessive wear, cracking or distortion were observed in these 
areas.  Various elevations North, South-East & South-West.  (Ref. 
video – LinganGS.Interior.2015.. (7),(12),(14),(16),(26)) 
 

26. The majority of the liner wall is covered in a light, powdery residue 
with exception of areas in proximity of the breechings, 70’-90’ where 
the wall is covered in an oily residue and at the 500’ elevation where 
the top 2’- 0” has a 6” accumulation.  Most of this accumulation is 
localized on the north side of the liner wall.  Various elevations North, 
South-East & South-West.  (Ref. video – LinganGS.Interior.2015.. 
(3),(9),(17),(19) 

 
27. Minor bulging was observed throughout height of liner.  Bulging is 

localized to areas around plate seams and can be attributed to fitting 
liner plates together at the time of construction.  Various elevations 
North, South-East & South-West.  (Ref. video – LinganGS.Interior. 
2015.. (8),(11),(21),(24)) 

 
28. Test Probe entering the liner from the CEMS platform at 250’ on the 

north side is in fine condition.  The 4” gas sampling port on the south-
west side has been filled with insulation while the port on the south-
east side is open with a clear view into the annulus.  A light 
accumulation of residue was found inside the port holes and on top of 
the probe. 250’ North, South-East & South-West.  (Ref. video – 
LinganGS.Interior. 2015.. (5),(15),(23) 

 
29. Extreme corrosion of the stainless steel was observed in a 4” ring, 

completely encircling the very top of the liner wall, elevation 500’-0”.  
A small bulge was found on the north wall at approximately 485’-0”.  
Evidence indicates this bulge possibly originated from complications 
in fitting the stiffener ring on the exterior liner wall.  495’ North & 
South-East.  (Ref. video – LinganGS.Interior.2015.. (10),(27))  

 
Liner Exterior:  30. Insulation and wire mesh retainer were observed during the 

inspection of the annulus.  In general, both were found to be in fine 
condition with very few locations of broken mesh or disturbed 
insulation. Various elevations East, South-West & North.  (Ref. video – 
LinganGS.Annulus.2015.. (2),(9),(10),(16)) 
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  LINGAN, NS 
3&4 CHIMNEY  

APRIL 2015 
S-1450 / 285/14 

Note ‐ This inspection is an indication of the inspector’s opinion of the condition of the structure resulting from his best 
efforts to gain safe access to remote areas of the chimney as of the date of this report.  No warranty or guarantee of the 
conditions described in this report is expressed or implied by the inspector to anyone requesting, authorizing or 
interested in this report.  The inspector, Hamon Custodis, Inc., will not be held liable or responsible for defects not 
uncovered in the inspection due to obscurity, inaccessibility, and/or changes in the condition of the structure.  In 
addition, this inspection did not include a review pertaining to compliance with any state or local building codes.  In no 
event shall liability extend beyond the fee for services provided. 
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Annulus: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Weatherhood: 

31. The annulus area located between the interior of the concrete column 
and the exterior of the steel liner is in fair condition.  Areas with 
moisture leaking through the concrete are identified throughout the full 
height of the column at “cold joint” locations.  These locations are 
visible from the white stain they leave on the wall.  During a storm 
fresh rain water can be observed seeping into annulus through these 
cold joints.  Various elevations throughout annulus.  (Ref. video – 
LinganGS.Annulus.2015.. (4),(15),(33)) 
 

32. On all three sides that inspections were performed, numerous concrete 
spall areas were found above the 290’- 0” elevation.  Many of these 
spalls can be attributed to lack of concrete coverage between the 
inside face of rebar and the form work during the time of construction.  
Concrete spalling was also observed near cold joints where water has 
been seeping into the annulus from the outside.  Loose concrete was 
found in these particular areas since the water affecting the area tends 
to speed up the spalling process.  All loose concrete found was 
removed at the time of this inspection.  Above 290’ East, South-West & 
North.  (Ref. video – LinganGS.Annulus.2015. (3),(18),(34),(35),(36)) 

 
33. A 500lbs. capacity davit at 265’- 0” was inspected during the south-

west inspection drop. The davit is used to hoist material to the CEMS 
platform and is mounted to the concrete shell on two hinge plates.  The 
steel components of the davit show significant signs of rusting and 
pitting.  A welding rod has been used in place of a cotter pin as the 
locking mechanism on the upper hinge plate.  Anchor bolts are all in 
place with good embedment and look to be properly torqued.  265’ 
South-West.  (Ref. video – LinganGS.Annulus.2015.. (6)) 

 
34. A thorough inspection was performed on top of the weatherhood at 

492’-0”, Ultrasonic tests were taken on the exterior liner wall and on 
the top of the stainless steel plate that makes up the hood.  The 
readings taken identify that the hood plates show minimal to no loss of 
steel thickness and are provided below.  During the inspection 
significant ice build-up was observed primarily on the north-east side 
and on lightning rods.  Ice was built-up to a maximum of 4” in certain 
areas.  Two (2) lightning points have been removed leaving six (6) left.  
The top two rungs on the ladder used to access the weatherhood from 
the AOL balcony are badly deformed and make it difficult to climb into 
the annulus. 492’.  (Ref. video – LinganGS.Exterior.2015.. (33))  

 
35.  Looking across to units 1 & 2 it can be seen that all lightning points 

are in place and look to be solid.  The stainless steel hood looks to 
have a protective coating that is severely deteriorated, the coating on 
the west side is peeling badly.  492’.  (Ref. video – LinganGS.Exterior. 
2015.. (23)) 
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  LINGAN, NS 
3&4 CHIMNEY  

APRIL 2015 
S-1450 / 285/14 

Note ‐ This inspection is an indication of the inspector’s opinion of the condition of the structure resulting from his best 
efforts to gain safe access to remote areas of the chimney as of the date of this report.  No warranty or guarantee of the 
conditions described in this report is expressed or implied by the inspector to anyone requesting, authorizing or 
interested in this report.  The inspector, Hamon Custodis, Inc., will not be held liable or responsible for defects not 
uncovered in the inspection due to obscurity, inaccessibility, and/or changes in the condition of the structure.  In 
addition, this inspection did not include a review pertaining to compliance with any state or local building codes.  In no 
event shall liability extend beyond the fee for services provided. 
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Weatherhood Ultrasonic Measurements 
 

Location Liner Wall Design Hood Plate Design 
North --- .187 .312 .312 
East .184 .183 .187 .330 .312 

South .183 .187 .312 .326 .312 
West .185 .187 .307 .312 
 

Decimal  Fraction 

.3750 = 3/8” 

.3125 = 5/16” 

.2500 = 1/4” 

.2344 = 15/64” 

0.2188 = 7/32” 
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Note ‐ This inspection is an indication of the inspector’s opinion of the condition of the structure resulting from his best 
efforts to gain safe access to remote areas of the chimney as of the date of this report.  No warranty or guarantee of the 
conditions described in this report is expressed or implied by the inspector to anyone requesting, authorizing or 
interested in this report.  The inspector, Hamon Custodis, Inc., will not be held liable or responsible for defects not 
uncovered in the inspection due to obscurity, inaccessibility, and/or changes in the condition of the structure.  In 
addition, this inspection did not include a review pertaining to compliance with any state or local building codes.  In no 
event shall liability extend beyond the fee for services provided. 
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Recommendations 
 
Exterior: 

 
1. All flaking and peeling paint should be mechanically removed on units 1&2 chimney 

and units 3&4 chimney.  Two (2) coats of protective paint should be applied from the 
280’ – 500’ elevations on both chimneys to help prevent damage and weathering to 
the concrete shell and for esthetics. 

 
2. Cut 6” ring away of corroded stainless steel all around top of liner, elevation 500’, to 

prevent pieces from falling. 
 
3. Remove remaining lightning points from 500’.  The protruding steel liner and lightning 

points provides a redundancy in the LPS, therefore the lighting points can be removed. 
With the ice build-up observed during this inspection, it may cause an increased falling 
object hazard.  
 

4. Repair areas of missing siding on the West side of the South breeching duct. Exposed 
breeching areas are subject to weather damage and increased rates of corrosion. 
 
 

Interior: 
 

5. Install a 3’-0” x 3’-0” clean out door at 37’ either on north breeching duct or south duct 
in order to access interior of liner. Use of a high quality gasket is encouraged to 
prevent gas leakage. 

 
 

Annulus: 
 

6. Mechanically remove peeling paint from platform components at 250’ and 482’.  Apply 
protective coatings to both platforms to help reduce the effect of rusting and scaling 
on steel members. 

                                                                                         
7.    Remove obsolete wiring from 250’ CEMS platform and tidy up areas where power 

cords are hanging loosely.  This is a working platform and proper housekeeping should 
be kept in mind. 

 
8. Gaskets should be installed on the four (4) window frames at the 250’ CEMS platform 

to prevent water from seeping in and running down the concrete shell wall. 
 
9. Replace damaged insulation on top on south breeching duct to prevent bare steel from 

becoming a hot spot and therefore accelerating corrosion in those areas. 
 
10. Replace light bulbs along permanent ladder and at AOL balcony.  If lights are non-

functional, replace fixtures. 
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11. Replace bulb in AOL at 482’ on north side.  If the AOL is still non-functional, further 
troubleshooting on this fixture may be required. 

 
 

12. Replace the top 10’ of ladder leading from the AOL balcony at 482’ to access the 
weatherhood at elevation 492’.  The top two rungs of this ladder are badly deformed 
and create a hazard to any persons climbing into the annulus from the weatherhood. 

 
13. Repair all concrete spall areas from the 290’ to 492’ elevations.  The affected areas 

found during this inspection will continue to spall creating the danger of falling 
concrete inside the annulus.  

 
14. All leaking “cold joint” areas in the concrete column need to be cleaned of all loose 

cement and debris, and repaired with the appropriate products to prevent further 
moisture intrusion. 
 

Exterior and interior inspections should be performed on a regularly scheduled basis or sooner 
should circumstances dictate. A thorough inspection should be performed to monitor the 
stack’s structural condition and the findings compared to previous inspection reports.   
 

Thank you for choosing Hamon Custodis, 
Over 100 Years of Chimney construction. 

 
Sean Taylor  
Hamon Custodis-Cottrell Canada, INC. 
Sales Representative 
Phone: 905-771-0234 Ext. 3 
Fax: 905-771-9730  
www.hamon.com   
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CI Number: 51839 
 
Title:  LIN Coal Plant Structural Refurbishment Phase 4 
 
Start Date: 2018/04 
In-Service Date: 2018/08 
Final Cost Date: 2019/02 
Function: Steam 
Forecast Amount: $354,067 
 
DESCRIPTION: 
 
This project is Phase 4 of the refurbishment of the structural system in the Lingan coal reclaim.  This project is 
required as a result of the damage caused by corrosion of the conveyer system over time.  The structural 
refurbishment will address the associated safety concerns related to corrosion damage of the support structures while 
ensuring the coal handling demands are met in a safe and reliable manner. 
 
Coal is delivered to bunkers in the Lingan Plant through a coal conveyor system.  An integral part of the conveyor 
system is the support structure and roller support system.  The conveyor system’s structural support has experienced 
damage over time as a result of the corrosive nature of the coal and the high humidity to which it is subjected.  This 
project will continue the refurbishment of the structural system in the coal reclaim, B coal conveyor, and E gallery. 
 
Phase 1 (completed in 2015) focused on the coal system conveyor support structures mainly in coal reclaim (D belts), 
and the B belt which travels outside along the coal pile.  Phase 2 (completed in 2016), focused on the refurbishment of 
the structural system in the coal reclaim and crusher building.  Phase 3 (completed in 2017) focused primarily on the 
conveyor structure, roller and roller frame replacements.  Phase 4 will continue to the focus on conveyor structure and 
rollers.  It is estimated that this work will continue for the next 3 to 5 years.  The work needs to be phased because the 
coal system is operated daily and the work is aligned with time available during non-operating periods. 
 
Summary of Related CIs +/- 2 years: 
2016 CI 47510 LIN Coal Plant Structural Refurbishment Phase 2 $359,425 
2017 CI 49427 LIN Coal Plant Structural Refurbishment Phase 3 $365,003 
2019 CI TBA LIN Coal Plant Structural Refurbishment Phase 5 $TBD 
2020 CI TBA LIN Coal Plant Structural Refurbishment Phase 6 $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Health & Safety  
 
Why do this project? 
 
Coal is delivered into the Lingan Plant through a coal conveyor system.  An integral part of the conveyor system is 
the support structure and roller support system.  The corrosive nature of the coal and the high humidity conditions 
that exist in the conveyor system galleries, lead to corrosion damage of the support structure over time, resulting in 
safety concerns.  The conveyor support structure must be maintained in good condition in order to allow safe 
operation of the coal handling equipment and reliable performance of the generating units at Lingan.  
 
This project is being undertaken primarily to address safety concerns, and is secondarily undertaken to maintain unit 
availability. 
 
Why do this project now? 
 
Based on the deteriorated condition of the structural system, the conveyor support structure must be refurbished to 
address safety concerns related to the corrosion damage that the support structures have suffered over time.  This 
will allow the coal system to meet the coal handling demands of the plant in a safe and reliable manner.  If this 
project is not completed in 2018, the safe operation of the coal system and reliable supply of coal to the generating 
units will be at risk. 
 

_

ACE 2018 CI 51839 Page 1 of 4

Date Filed:  November 22, 2017          Page 1841 of 2371          REDACTED



Why do this project this way? 
 
Refurbishment of the support structure is the only option to allow coal supply to the plant to continue, as a full 
replacement is not necessary and would require a full plant shutdown. Typically, coal is hoisted one shift per day 
during off-peak season, which allows for refurbishment work to be conducted on the non-hoisting shifts. Retirement of 
the structure is not feasible, as the coal system is required to operate all four Lingan units. 

_
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: -CI Number 51839 LIN Coal Plant Structural Refurbishment Phase 4 Project Number 51839

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1138 1138 Lingan Common Plant

1800 - SGP - Fuel Hndlg.Coal 305,280Additions

1800 - SGP - Fuel Hndlg.Coal 48,787Retirements

Total Cost:

Original Cost:

354,067

86,314

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51839

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 350 365$  127,675$              
PD 120 240$  28,821$  

Sub-Total 156,497$              

PD 80 365$  29,183$  
-$  

Sub-Total 29,183$  

Lot 1 30,000$             30,000$  49427
Lot 600 54$  32,640$  
Lot 250 217$  54,250$  
Lot 1 9,000$              9,000$  

Sub-Total 125,890$              

1,707$  

Sub-Total 1,707$  

40,790$  

Sub-Total 40,790$  

311,570$              
354,067$              

Original Cost
86,314$  

Administrative Overhead
Labor AO

Trough Roller Support
Miscellaneous Consumables

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

AFUDC

 Materials

Troughing Roller

Steam 

Structural Steel

Regular Labor

Description

Maintenance Trades

Utility worker

Location:
CI# :
Title: LIN Coal Plant Structural Refurbishment Phase 4

Maintenance Trades

Term Labor
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CI Number:  51851 
 
Title:  LIN CW Screen Refurbishment 2018 
 
Start Date: 2018/04 
In-Service Date: 2018/10 
Final Cost Date: 2019/04 
Function: Steam  
Forecast Amount: $350,534 
 
DESCRIPTION: 
 
The scope of this project includes work to be completed on two Cooling Water (CW) screens in 2018, based on 
condition assessments completed in 2018.  There are eight travelling screens (two per unit) at the Lingan Generating 
Station.  The self-cleaning screens remove debris from the incoming seawater before it enters the cooling water 
(CW) pump and downstream cooling systems, including unit condensers. 
 
The travelling screen assemblies consist of bottom, top and intermediate sections.  The bottom section includes the 
tail sprocket assembly and support structure.  The top section is comprised of the drive sprocket assembly and the 
support structure.  The intermediate section spans vertically between the bottom and top sections, and supports the 
entire structure.  The bottom and intermediate sections are submerged in seawater, and the upper sections are wetted 
components, and in a salt spray environment. 
 
Seasonally, during periods of low seaweed loading in the cooling water intake, screens can be taken out of service 
and refurbished with no impact to production.  Screens are selected for refurbishment based on performance, 
condition and operational strategy for the unit. 
 
Each generating unit is equipped with two CW travelling screens.  Current expectation is that this project will not 
include the refurbishment of the screens on Unit 2.  However, if screens on Unit 2 were found to require 
refurbishment in 2018, investment on Unit 2 could still be the best option.  All four units at Lingan are similar and 
as such, the components refurbished or replaced on the CW travelling screens can be transferred to any of the other 
Lingan CW travelling screens when Lingan Unit 2 is retired.   
 
Summary of Related CIs +/- 2 years: 
2016 47506 LIN CW Screen Refurbishment 2016 $666,401 
2017 49434 LIN CW Screen Refurbishment 2017 $347,062 
2019 CI TBD LIN CW Screen Refurbishment 2019 $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal  
 
Sub Criteria:  Equipment Replacement / Refurbishment  
 
Why do this project? 
 
Debris (Eel grass/seaweed) passing through degraded or non-functioning travelling screen panels results in 
downstream fouling of equipment at CW and Auxiliary CW locations.  This increases the risk of unit de-rating or 
forced outages due to inadequate cooling capacity, particularly during the late summer and fall.  The degree of eel 
grass fouling also results in high mechanical loading on the screens and drive systems and on the circulating water 
pumps.  This high loading causes component failure at the screens and CW pumps and increases the risk of unit 
derating or forced outages due to insufficient cooling water flow. 
 
This project is being undertaken primarily to prevent unit deratings and preserve the unit’s availability, and is 
secondarily supported by positive economics.   
  

_
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Why do this project now? 
 
The screens have degraded over time due to wear and corrosion and are in need of refurbishment.  Completing this 
project will reduce existing issues with the circulating water system during periods of heavy seaweed and debris.  
This will reduce the risk of unit de-ratings and subsequent associated replacement energy costs. 
 
Why do this project this way? 
 
The screens operate in a harsh seawater environment and have experienced related corrosion and wear.  The most cost 
effective solution is to replace the corroded and worn components, as opposed to replacing the complete screen 
assembly.  Primary components to be refurbished include the top drives (sprocket refurbishment, bearing replacement, 
shaft refurbishment, top boot replacement with stainless steel material), intermediate section (guides, supports and 
screen panels replacement) and lower section (sprocket refurbishment, bearing replacement, shaft refurbishment, 
bottom boot replacement with stainless steel material). 

_
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: -CI Number 51851 LIN CW Screen Refurbishment 2018 Project Number 51851

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1138 1138 Lingan Common Plant

1400 - SGP - Circ.Water Sys. 325,055Additions

1400 - SGP - Circ.Water Sys. 25,478Retirements

Total Cost:

Original Cost:

350,534

252,621

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51851

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 8 351$                  2,810$                  
PD 230 358$                  82,256$                
PD 25 235$                  5,887$                  

Sub-Total 90,953$                

PD 162 358$                  57,937$                

Sub-Total 57,937$                

lot 2 21,000$             42,000$                
lot 2 30,000$             60,000$                
lot 2 19,000$             38,000$                

Sub-Total 140,000$              49434

lot 2 10,000$             20,000$                

Sub-Total 20,000$                

6,994$                  

Sub-Total 6,994$                  

32,708$                
1,943$                  

Sub-Total 34,651$                

308,889$              
350,534$              

Original Cost
252,621$              

Location:
CI# / FP#:

Title: LIN CW Screen Refurbishment 2018

Description

Lingan Generating Station

Regular Labour
Electrician

Maintenance Trades
Utility worker

Term Labour
Maintenance Trades

Bottom Boot screen components 

Materials
Top boot screen components 

Screen Section Panels - stainless 

Contracts
Machining

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

 Interest Capitalized
AFUDC

Contract AO

SUB-TOTAL (no AO, AFUDC)

Administrative Overhead
Labour AO

TOTAL (AO, AFUDC included)
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LIN CW Screen Refurbishment 2018
Summary of Alternatives

Division : Date : 17-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 163,680 1 34.35% 2.2 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
CW Screen Refurbishment vs Replacement Energy Costs

Test 2

Test 3

Test 4

CW Screen Refurbishment vs 
Replacement Energy Costs

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-272,717
0
0
0

Power Production
Lingan 51851

NS Power recommends completing this project to avoid unit de-rating or outages due to inadequate cooling capacity.

It is assumed that if a CW screen fails, it can repaired to allow it to operate.  If the screen is taken out of service, it is assumed that one CW 
pump may have to come out of service and it is estimated it may cause generation reduction of 20 MW until a repair is made to return the 
screen to service.

G51-51851 EAM CONFIDENTIAL.xls 11/17/2017
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LIN CW Screen Refurbishment 2018
Summary of Sensitivities

Division : Date : 15-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A CW Screen Refurbishment vs Replacement Energ 5.88% -272,717 163,680 1 34.35% 2.2 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A CW Screen Refurbishment vs Replacement Energ 10% -242,404 139,191 1 27.12% 2.4 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 30,313 -24,489 0 -7.23% 0.2 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A CW Screen Refurbishment vs Replacement Energ -10% -215,132 122,823 1 26.41% 2.5 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 57,585 -40,857 0 -7.94% 0.2 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 94,544 177,436 No
B 0 0 No
C 0 0 No
D 0 0 No

378,436
0
0
0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Lingan 51851

PV of Revenue 
Requirement Delay?

3

51851 4 EAM CONF.xls 11/15/2017
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Division : Date : 
Department : CI Number:

Project No. :

CW Screen Refurbishment vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 89,160 90,943
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 100% 100% 100% 100%
Capacity Factor (%)
Energy Replaced (MW) 20.0 20.0
Duration (Hours or Years) 672 672
Totals $26,999 $26,682 $89,160 $90,943 $116,159 $117,625

Total Capital Cost of Alternative $350,534

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

LIN CW Screen Refurbishment 2018
Avoided Cost Calculations

15-Nov-17
51851

Power Production
Lingan 
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LIN CW Screen Refurbishment 2018
CW Screen Refurbishment vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               116,159.3                (315,882.9)               12,355.6                   306,097.3                (199,723.6)               (32,179.2)                 (231,902.8)               (219,024.2)               0.94                           (219,024.2)              

2019 ‐                               ‐                               117,625.5                ‐                               23,722.7                   280,777.9                117,625.5                (29,109.9)                 88,515.6                   78,957.3                   0.89                           (140,066.9)              

2020 ‐                               ‐                               236,316.2                ‐                               21,824.9                   257,484.1                236,316.2                (66,492.3)                 169,823.9                143,072.8                0.84                           3,005.9                    

2021 ‐                               ‐                               224,218.5                ‐                               20,078.9                   236,053.7                224,218.5                (63,283.3)                 160,935.2                128,054.7                0.80                           131,060.5               

2022 ‐                               ‐                               ‐                               ‐                               18,472.6                   216,337.8                ‐                               5,726.5                     5,726.5                     4,303.5                     0.75                           135,364.0               

2023 ‐                               ‐                               ‐                               ‐                               16,994.8                   198,199.2                ‐                               5,268.4                     5,268.4                     3,739.3                     0.71                           139,103.3               

2024 ‐                               ‐                               ‐                               ‐                               15,635.2                   181,511.6                ‐                               4,846.9                     4,846.9                     3,249.1                     0.67                           142,352.5               

2025 ‐                               ‐                               ‐                               ‐                               14,384.4                   166,159.1                ‐                               4,459.2                     4,459.2                     2,823.2                     0.63                           145,175.7               

2026 ‐                               ‐                               ‐                               ‐                               13,233.6                   152,034.7                ‐                               4,102.4                     4,102.4                     2,453.1                     0.60                           147,628.8               

2027 ‐                               ‐                               ‐                               ‐                               12,174.9                   139,040.3                ‐                               3,774.2                     3,774.2                     2,131.5                     0.56                           149,760.3               

2028 ‐                               ‐                               ‐                               ‐                               11,200.9                   127,085.5                ‐                               3,472.3                     3,472.3                     1,852.1                     0.53                           151,612.4               

2029 ‐                               ‐                               ‐                               ‐                               10,304.9                   116,087.0                ‐                               3,194.5                     3,194.5                     1,609.3                     0.50                           153,221.7               

2030 ‐                               ‐                               ‐                               ‐                               9,480.5                     105,968.5                ‐                               2,938.9                     2,938.9                     1,398.3                     0.48                           154,620.0               

2031 ‐                               ‐                               ‐                               ‐                               8,722.0                     96,659.4                   ‐                               2,703.8                     2,703.8                     1,215.0                     0.45                           155,835.0               

2032 ‐                               ‐                               ‐                               ‐                               8,024.3                     88,095.0                   ‐                               2,487.5                     2,487.5                     1,055.7                     0.42                           156,890.8               

2033 ‐                               ‐                               ‐                               ‐                               7,382.3                     80,215.8                   ‐                               2,288.5                     2,288.5                     917.3                         0.40                           157,808.1               

2034 ‐                               ‐                               ‐                               ‐                               6,791.7                     72,966.9                   ‐                               2,105.4                     2,105.4                     797.1                         0.38                           158,605.2               

2035 ‐                               ‐                               ‐                               ‐                               6,248.4                     66,297.9                   ‐                               1,937.0                     1,937.0                     692.6                         0.36                           159,297.8               

2036 ‐                               ‐                               ‐                               ‐                               5,748.5                     60,162.5                   ‐                               1,782.0                     1,782.0                     601.8                         0.34                           159,899.6               

2037 ‐                               ‐                               ‐                               ‐                               5,288.7                     54,517.9                   ‐                               1,639.5                     1,639.5                     522.9                         0.32                           160,422.5               

2038 ‐                               ‐                               ‐                               ‐                               4,865.6                     49,324.8                   ‐                               1,508.3                     1,508.3                     454.4                         0.30                           160,876.9               

2039 ‐                               ‐                               ‐                               ‐                               4,476.3                     44,547.2                   ‐                               1,387.7                     1,387.7                     394.8                         0.28                           161,271.7               

2040 ‐                               ‐                               ‐                               ‐                               4,118.2                     40,151.8                   ‐                               1,276.6                     1,276.6                     343.0                         0.27                           161,614.7               

2041 ‐                               ‐                               ‐                               ‐                               3,788.8                     36,108.1                   ‐                               1,174.5                     1,174.5                     298.1                         0.25                           161,912.8               

2042 ‐                               ‐                               ‐                               ‐                               3,485.7                     32,387.8                   ‐                               1,080.6                     1,080.6                     259.0                         0.24                           162,171.8               

2043 ‐                               ‐                               ‐                               ‐                               3,206.8                     28,965.2                   ‐                               994.1                         994.1                         225.0                         0.23                           162,396.8               

2044 ‐                               ‐                               ‐                               ‐                               2,950.3                     25,816.4                   ‐                               914.6                         914.6                         195.5                         0.21                           162,592.4               

2045 ‐                               ‐                               ‐                               ‐                               2,714.2                     22,919.4                   ‐                               841.4                         841.4                         169.9                         0.20                           162,762.3               

2046 ‐                               ‐                               ‐                               ‐                               2,497.1                     20,254.3                   ‐                               774.1                         774.1                         147.6                         0.19                           162,909.9               

2047 ‐                               ‐                               ‐                               ‐                               2,297.3                     17,802.3                   ‐                               712.2                         712.2                         128.3                         0.18                           163,038.2               

2048 ‐                               ‐                               ‐                               ‐                               2,113.5                     15,546.5                   ‐                               655.2                         655.2                         111.5                         0.17                           163,149.7               

2049 ‐                               ‐                               ‐                               ‐                               1,944.5                     13,471.2                   ‐                               602.8                         602.8                         96.9                           0.16                           163,246.5               

2050 ‐                               ‐                               ‐                               ‐                               1,788.9                     11,561.9                   ‐                               554.6                         554.6                         84.2                           0.15                           163,330.7               

2051 ‐                               ‐                               ‐                               ‐                               1,645.8                     9,805.3                     ‐                               510.2                         510.2                         73.1                           0.14                           163,403.8               

2052 ‐                               ‐                               ‐                               ‐                               1,514.1                     8,189.3                     ‐                               469.4                         469.4                         63.5                           0.14                           163,467.4               

2053 ‐                               ‐                               ‐                               ‐                               1,393.0                     6,702.5                     ‐                               431.8                         431.8                         55.2                           0.13                           163,522.6               

2054 ‐                               ‐                               ‐                               ‐                               1,281.6                     5,334.7                     ‐                               397.3                         397.3                         48.0                           0.12                           163,570.5               

2055 ‐                               ‐                               ‐                               ‐                               1,179.0                     4,076.3                     ‐                               365.5                         365.5                         41.7                           0.11                           163,612.2               

2056 ‐                               ‐                               ‐                               ‐                               1,084.7                     2,918.6                     ‐                               336.3                         336.3                         36.2                           0.11                           163,648.4               

2057 ‐                               ‐                               ‐                               ‐                               997.9                         1,853.5                     ‐                               309.4                         309.4                         31.5                           0.10                           163,679.9               
Total ‐                               ‐                               694,319.5                (315,882.9)               297,413.1                378,436.6                (123,041.0)               255,395.6                163,679.9               
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CI Number:  C0001419 
 
Title: TRE (Bunker C) HFO Refurbishment Project Phase 1 
 
Start Date: 2018/01 
In-Service Date: 2018/10 
Final Cost Date: 2019/04 
Function: Steam  
Forecast Amount: $340,618 
 
DESCRIPTION: 
 
Units 5 and 6 at the Trenton Generating Station have boilers that are front-fired to burn coal, with HFO as a backup.  
The HFO for both units is stored in an above ground storage tank on site.  The storage tank was constructed in 1968, 
and when filled to capacity, will provide enough fuel for one unit to operate (exclusively on HFO) at full load for 
approximately six days.  Availability of HFO is critical to allow uninterrupted operation of the plant in the event that 
coal becomes unavailable.  Firing HFO can also sustain unit output if solid fuel is wet during winter months. 
 
The Heavy Fuel Oil (HFO) system at the Trenton Generating Station will be refurbished in a phased approach over 
the next several years because the completing all the work in one year would hamper plant production.  Phase 1 of 
this project will restore full functionality and increase reliability of the HFO system by replacing the steam piping 
from the plant to the HFO tank suction heaters and rebuilding the Unit 6 HFO pump. 
 
The project includes replacement of the entire steam and condensate line from the plant tie-point, out to the HFO 
tank suction heaters.  The current steam line has degraded such that an increased number of failures would be 
expected.  This phase of the project also includes a rebuild of the Unit 6 HFO forwarding pump, with plans to reuse 
this pump during the 2019 TRE Bunker C (HFO) System Refurbishment Phase 2 (CI 50632). 
 
The scope of work for Phase 2 is to refurbish a major portion of the Trenton Heavy Fuel Oil (HFO) piping and 
pumping system.  The project would include replacement of the large portion of the pump and piping system from 
the storage tank containment berm through to the outlet area of the HFO heaters.  The major equipment for 
replacement would be the main oil forwarding pumps, recirculation pump, suction strainers, valves and line heater 
system components, as well as piping, heat-tracing, instrumentation and controls replacement. 
 
Summary of Related CIs +/- 2 years: 
2019 CI 50632 - TRE Bunker C (HFO) Refurbishment Phase 2 - $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal  
 
Sub Criteria: Equipment Replacement / Refurbishment 
 
Why do this project? 
 
The purpose of this project is to complete replacement work of the HFO steam piping to provide additional heat 
input to the HFO system and allow it to be pumped properly.  The Unit 6 pump rebuild will increase reliability of 
the system by restoring the pump to like-new operation.  This will mitigate reliability risks for ongoing operation of 
the HFO System.   
 
Why do this project now? 
 
The HFO system at Trenton has become increasingly unreliable in recent years, due to equipment age and 
degradation.  The steam piping is not providing heat to the system as required.  If the HFO is not heated properly it 
can result in flow related issues which lead to increased wear and tear to pumping equipment.  Temporary repairs 
and measures have been made to extend the life, but these are no longer feasible on a go forward.  The above failure 
increases the risk of HFO system unavailability during an unexpected coal interruption. 
  

_
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Why do this project this way? 
 
In the past, when leaks or equipment malfunctions have occurred, temporary repairs have been completed on the 
HFO system.  However, the age and overall condition of the HFO system is such that replacement is the only option.  
Completion of this particular phase begins to mitigate the risk of failure and also reduces the scope of work required 
in the next phase when construction is limited by a short unit maintenance outage. 

_
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: -CI Number C0001419 TRE (Bunker C) HFO Refurbishment Project Phase 1 Project Number C0001419

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1168 1168 Trenton Common Property

1900 - SGP - Fuel Hndlg.Oil 335,739Additions

1900 - SGP - Fuel Hndlg.Oil 4,879Retirements

Total Cost:

Original Cost:

340,618

49,624

Total Cost:Original Cost:
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Capital Project Detailed Estimate

C0001419

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 14 358$                  5,016$                  
PD 15 365$                  5,472$                  
PD 6 382$                  2,293$                  
PD 15 405$                  6,080$                  

Sub-Total 18,860$                

Lot 1 2,000$               2,000$                  

Sub-Total 2,000$                  

Lot 1 5,000$               5,000$                  
Lot 1 4,000$               4,000$                  
Lot 1 20,000$             20,000$                
Lot 1 2,500$               2,500$                  
Lot 1 1,500$               1,500$                  
Lot 1 2,000$               2,000$                  
Lot 1 5,000$               5,000$                  
Lot 1 25,000$             25,000$                
Lot 1 16,119$             16,119$                

-$                      
Sub-Total 81,119$                

Lot 1 10,000$             10,000$                
Lot 1 33,600$             33,600$                
Lot 1 8,000$               8,000$                  
Lot 1 25,000$             25,000$                
Lot 1 56,000$             56,000$                
Lot 1 25,000$             25,000$                
Lot 1 10,000$             10,000$                

Sub-Total 167,600$              

Lot 1 15,000$             15,000$                
Lot 1 2,000$               2,000$                  

Sub-Total 17,000$                

Lot 1 500$                  500$                     
-$                      

Sub-Total 500$                     

% 10% 287,079$           28,708$                
-$                      

Sub-Total 28,708$                

4,408$                  
-$                      

Sub-Total 4,408$                  

4,143$                  
16,279$                

Sub-Total 20,422$                

315,787$              
340,618$              

Original Cost
49,624$                

Contracts AO

Administrative Overhead

Meals & Entertainment

Constr - Supervision/Commissioning
Constr - Insulation

Contingency

Travel Expense
Site Visits

Contracts

Labor AO

Insulation

HFO Pump (#6 rebuild)

Piping

Engineering

AFUDC

Other Goods & Services

Heat Trace & Insulation

Valves, Meters, Pipe Accessories

Electrical Components and Cable
Instrumentation Components

Controls

Materials

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Constr - Civil / Structural
Constr - Heat Trace

Location:
CI# :
Title:

Maintenance Trades

Civil / Structural

Electrician

Power Plant Technician

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Constr - Piping / Mechanical / OH

Site Visits

Eng. - Detailed Design
Constr - Engineering Support

Constr - Commissioning Field Support

Consulting

Trenton Generating Station 

Constr - Mobilization / Demob

TRE (Bunker C) HFO Refurbishment  Project Phase 1

Regular Labor

Description
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CI Number:  51804 
 
Title:  LIN ACW Duplex Strainer Replacement 
 
Start Date: 2018/05 
In-Service Date: 2018/08 
Final Cost Date: 2019/02 
Function: Steam 
Forecast Amount: $333,808 
 
DESCRIPTION: 
 
This project will replace the duplex auxiliary circulating water (ACW) strainers on Lingan Units 3 and 4, which are 
required to provide back-up service to the automated self-cleaning strainers.  The ACW strainers provide treated 
seawater for cooling of different applications and are integral to and maximizing unit availability and performance. 
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal 
 
Sub Criteria:  Equipment Replacement / Refurbishment 
 
Why do this project? 
 
Problems have occurred with the ACW strainers allowing debris to pass through the filter and plug off the ACW 
coolers; starving the cooling water supply and preventing the cooling of critical pieces of equipment such as the 
turbine lube oil.  Although the strainers are primarily back-ups for the automated self-cleaning strainers, they are 
required to supplement in the summer and fall when there are large quantities of organic debris, and to provide 
primary straining capabilities when servicing the automated self-cleaning strainers.  This project will increase the 
reliability of the station by providing a more reliable and low-maintenance ACW supply. 
 
This project is primarily justified on unit reliability, but secondarily supported by positive economics. 
 
Why do this project now? 
 
This project must be completed in 2018 to reduce the risk of efficiency and production loss due to damaged ACW 
strainers and plugged ACW coolers.  There is evidence of increased organic debris (eel grass) loading on the 
circulating water system over the last few years related to natural conditions in Lingan Bay and Indian Bay. 
 
Why do this project this way? 
 
Performance continues to degrade with the age of the current ACW strainers.  Repairs to the strainers have not been 
successful in preventing debris from passing through, therefore replacement is necessary at this time.  This is the 
most reliable way to maintain the ACW system at its full capacity. 
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: -CI Number 51804 LIN ACW Duplex Strainer Replacement Project Number 51804

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1133 1133 Lingan Unit 3; Commissioned 1983, 164Mwh

1400 - SGP - Circ.Water Sys. 305,848Additions

1400 - SGP - Circ.Water Sys. 27,959Retirements

Total Cost:

Original Cost:

333,808

218,160

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51804

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 20 405$                  8,106$                  
PD 80 365$                  29,183$                
PD 20 382$                  7,642$                  
PD 24 240$                  5,764$                  

Sub-Total 50,695$                

PD 32 730$                  23,346$                

Sub-Total 23,346$                

PD 80 365$                  29,183$                

Sub-Total 29,183$                

Ea 2 72,000$             144,000$              41275
Ea 2 15,000$             30,000$                

Sub-Total 174,000$              

% 20% 174,000$           34,800$                

Sub-Total 34,800$                

1,671$                  
-$                     

Sub-Total 1,671$                  

20,112$                

Sub-Total 20,112$                

312,025$              
333,808$              

Original Cost
218,160$              

LIN ACW Duplex Strainer Replacement 

Labour AO

Engineering

Administrative Overhead

Term Labour

Maintenance Trades

Location:
CI# :
Title:

Maintenance Trades

Utility worker

Regular Labour

Steam 

Power Plant Technician

Other Goods & Services

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Maintenance Trades

ACW Strainer

OT Labour

Description

AFUDC

Contingency

Piping and Fittings

Materials
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LIN ACW Duplex Strainer Replacement 
Summary of Alternatives

Division : Date : 17-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 234,968 1 23.55% 4.8 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Strainer Replacement vs Replacement Energy Costs

Test 2

Test 3

Test 4

Strainer Replacement vs Replacement 
Energy Costs

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

PV of Revenue 
Requirement

-347,337
0
0
0

Power Production
Lingan 51804

The plant recommends completing this project to avoid unplanned loss of generation due to a lack of ACW supply.

If the ACW strainer fails inservice and allows debris past the strainers, this could result in plugged equipment coolers and create an overheating 
scenario, damaging equipment bearings etc. It would take a minimum of 120 hours to return the unit back to service.

G53-51804 EAM CONFIDENTIAL.xls 11/17/2017
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LIN ACW Duplex Strainer Replacement 
Summary of Sensitivities

Division : Date : 13-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Strainer Replacement vs Replacement Energy Co 5.88% -347,337 234,968 1 23.55% 4.8 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Strainer Replacement vs Replacement Energy Co 10% -316,503 210,740 1 20.27% 5.3 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 30,834 -24,228 0 -3.28% 0.5 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Strainer Replacement vs Replacement Energy Co -10% -281,769 187,243 1 19.94% 5.4 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 65,568 -47,725 0 -3.61% 0.6 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 64,912 121,897 No
B 0 0 No
C 0 0 No
D 0 0 No0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Lingan 51804

PV of Revenue 
Requirement Delay?

3
184,452

0
0

51804 4 EAM CONF.xls 11/13/2017
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Division : Date : 
Department : CI Number:

Project No. :

Strainer Replacement vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 47,600 49,515
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 100% 100% 100% 100%
Capacity Factor (%)
Energy Replaced (MW) 154.0 154.0
Duration (Hours or Years) 120 120
Totals $37,124 $36,688 $47,600 $49,515 $84,724 $86,203

Total Capital Cost of Alternative $333,808

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

LIN ACW Duplex Strainer Replacement 
Avoided Cost Calculations

13-Nov-17
51804

Power Production
Lingan 

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs
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LIN ACW Duplex Strainer Replacement 
Strainer Replacement vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               84,724.1                   (313,695.5)               12,481.0                   305,094.6                (228,971.4)               (22,395.4)                 (251,366.8)               (237,407.2)               0.94                           (237,407.2)              

2019 ‐                               ‐                               86,203.2                   ‐                               23,963.5                   280,204.4                86,203.2                   (19,294.3)                 66,908.9                   59,683.7                   0.89                           (177,723.5)              

2020 ‐                               ‐                               86,426.7                   ‐                               22,046.4                   257,305.3                86,426.7                   (19,957.9)                 66,468.8                   55,998.5                   0.84                           (121,725.1)              

2021 ‐                               ‐                               77,630.8                   ‐                               20,282.7                   236,238.2                77,630.8                   (17,777.9)                 59,852.9                   47,624.4                   0.80                           (74,100.7)                

2022 ‐                               ‐                               94,520.7                   ‐                               18,660.1                   216,856.5                94,520.7                   (23,516.8)                 71,003.9                   53,359.6                   0.75                           (20,741.1)                

2023 ‐                               ‐                               97,538.7                   ‐                               17,167.3                   199,025.3                97,538.7                   (24,915.1)                 72,623.6                   51,545.9                   0.71                           30,804.8                  

2024 ‐                               ‐                               100,662.5                ‐                               15,793.9                   182,620.6                100,662.5                (26,309.3)                 74,353.2                   49,842.8                   0.67                           80,647.6                  

2025 ‐                               ‐                               103,895.9                ‐                               14,530.4                   167,528.2                103,895.9                (27,703.3)                 76,192.6                   48,239.3                   0.63                           128,886.9               

2026 ‐                               ‐                               107,243.1                ‐                               13,368.0                   153,643.3                107,243.1                (29,101.3)                 78,141.8                   46,726.0                   0.60                           175,612.8               

2027 ‐                               ‐                               110,708.4                ‐                               12,298.5                   140,869.1                110,708.4                (30,507.1)                 80,201.3                   45,294.2                   0.56                           220,907.0               

2028 ‐                               ‐                               ‐                               ‐                               11,314.6                   129,116.9                ‐                               3,507.5                     3,507.5                     1,870.9                     0.53                           222,777.9               

2029 ‐                               ‐                               ‐                               ‐                               10,409.5                   118,304.9                ‐                               3,226.9                     3,226.9                     1,625.6                     0.50                           224,403.5               

2030 ‐                               ‐                               ‐                               ‐                               9,576.7                     108,357.8                ‐                               2,968.8                     2,968.8                     1,412.5                     0.48                           225,816.1               

2031 ‐                               ‐                               ‐                               ‐                               8,810.6                     99,206.5                   ‐                               2,731.3                     2,731.3                     1,227.4                     0.45                           227,043.4               

2032 ‐                               ‐                               ‐                               ‐                               8,105.7                     90,787.3                   ‐                               2,512.8                     2,512.8                     1,066.5                     0.42                           228,109.9               

2033 ‐                               ‐                               ‐                               ‐                               7,457.3                     83,041.6                   ‐                               2,311.8                     2,311.8                     926.7                         0.40                           229,036.5               

2034 ‐                               ‐                               ‐                               ‐                               6,860.7                     75,915.6                   ‐                               2,126.8                     2,126.8                     805.2                         0.38                           229,841.7               

2035 ‐                               ‐                               ‐                               ‐                               6,311.8                     69,359.6                   ‐                               1,956.7                     1,956.7                     699.6                         0.36                           230,541.3               

2036 ‐                               ‐                               ‐                               ‐                               5,806.9                     63,328.2                   ‐                               1,800.1                     1,800.1                     607.9                         0.34                           231,149.2               

2037 ‐                               ‐                               ‐                               ‐                               5,342.3                     57,779.2                   ‐                               1,656.1                     1,656.1                     528.2                         0.32                           231,677.5               

2038 ‐                               ‐                               ‐                               ‐                               4,914.9                     52,674.2                   ‐                               1,523.6                     1,523.6                     459.0                         0.30                           232,136.4               

2039 ‐                               ‐                               ‐                               ‐                               4,521.8                     47,977.6                   ‐                               1,401.7                     1,401.7                     398.8                         0.28                           232,535.2               

2040 ‐                               ‐                               ‐                               ‐                               4,160.0                     43,656.7                   ‐                               1,289.6                     1,289.6                     346.5                         0.27                           232,881.8               

2041 ‐                               ‐                               ‐                               ‐                               3,827.2                     39,681.5                   ‐                               1,186.4                     1,186.4                     301.1                         0.25                           233,182.9               

2042 ‐                               ‐                               ‐                               ‐                               3,521.0                     36,024.3                   ‐                               1,091.5                     1,091.5                     261.6                         0.24                           233,444.5               

2043 ‐                               ‐                               ‐                               ‐                               3,239.4                     32,659.6                   ‐                               1,004.2                     1,004.2                     227.3                         0.23                           233,671.8               

2044 ‐                               ‐                               ‐                               ‐                               2,980.2                     29,564.2                   ‐                               923.9                         923.9                         197.5                         0.21                           233,869.4               

2045 ‐                               ‐                               ‐                               ‐                               2,741.8                     26,716.3                   ‐                               850.0                         850.0                         171.6                         0.20                           234,041.0               

2046 ‐                               ‐                               ‐                               ‐                               2,522.4                     24,096.4                   ‐                               782.0                         782.0                         149.1                         0.19                           234,190.1               

2047 ‐                               ‐                               ‐                               ‐                               2,320.6                     21,686.0                   ‐                               719.4                         719.4                         129.6                         0.18                           234,319.7               

2048 ‐                               ‐                               ‐                               ‐                               2,135.0                     19,468.4                   ‐                               661.8                         661.8                         112.6                         0.17                           234,432.3               

2049 ‐                               ‐                               ‐                               ‐                               1,964.2                     17,428.2                   ‐                               608.9                         608.9                         97.8                           0.16                           234,530.1               

2050 ‐                               ‐                               ‐                               ‐                               1,807.1                     15,551.3                   ‐                               560.2                         560.2                         85.0                           0.15                           234,615.2               

2051 ‐                               ‐                               ‐                               ‐                               1,662.5                     13,824.5                   ‐                               515.4                         515.4                         73.9                           0.14                           234,689.0               

2052 ‐                               ‐                               ‐                               ‐                               1,529.5                     12,235.8                   ‐                               474.1                         474.1                         64.2                           0.14                           234,753.2               

2053 ‐                               ‐                               ‐                               ‐                               1,407.1                     10,774.3                   ‐                               436.2                         436.2                         55.8                           0.13                           234,809.0               

2054 ‐                               ‐                               ‐                               ‐                               1,294.6                     9,429.7                     ‐                               401.3                         401.3                         48.5                           0.12                           234,857.4               

2055 ‐                               ‐                               ‐                               ‐                               1,191.0                     8,192.6                     ‐                               369.2                         369.2                         42.1                           0.11                           234,899.5               

2056 ‐                               ‐                               ‐                               ‐                               1,095.7                     7,054.5                     ‐                               339.7                         339.7                         36.6                           0.11                           234,936.1               

2057 ‐                               ‐                               ‐                               ‐                               1,008.1                     6,007.4                     ‐                               312.5                         312.5                         31.8                           0.10                           234,967.9               
Total ‐                               ‐                               949,554.0                (313,695.5)               300,432.0                635,858.5                (201,227.8)               434,630.7                234,967.9               
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CI Number:  51852 
 
Title:  POT Coal Mill Refurbishment 2018 
 
Start Date: 2018/09 
In-Service Date: 2018/11 
Final Cost Date: 2019/05 
Function: Steam 
Forecast Amount: $327,267 
 
DESCRIPTION: 
 
Point Tupper Unit 2 has four Raymond Bowl style mills to pulverize coal for combustion in the boiler.  One of the 
four mills has components that have reached the end of their expected useful life and require replacement.  Based on 
experienced wear characteristics, component failures will occur if not replaced.  The consequence of such a failure 
could include unit derating. 
 
This capital item includes the replacement of welded steel rollers and tables with ceramic wear components, and 
other non-repairable mill components.  As part of the planned outage for the mill in 2018, a condition assessment 
during teardown will determine components to be replaced.  In future, additional capital investment of the mills will 
be required to extend asset life and maintain the reliability of this equipment. 
 
Summary of Related CIs +/- 2 years: 
2016 CI 47662 POT - Coal Mill Overhauls 2016 $324,874 
2017 CI 49463 POT - Coal Mill Overhauls 2017 $328,410 
2019 CI TBD POT Coal Mill Overhauls 2019 $TBD 
2020 CI TBD POT Coal Mill Overhauls 2020 $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal 
 
Sub Criteria:  Equipment Replacement / Refurbishment 
 
Why do this project? 
 
This project is being completed to mitigate the risk of mill failure.  A mill failure could limit the ability of the unit to 
generate at full capacity depending on the fuel blend.  Mills are required to be available full time between planned 
outages in order to maintain unit performance at rated capacity.  
 
This project is being undertaken primarily to prevent unit deratings, and is secondarily supported by positive 
economics. 
 
Why do this project now? 
 
Operating and maintenance experience with the mills has identified several areas of concern that need to be 
addressed in order for the mills to meet availability targets.  Replacement parts are now needed due to age and wear 
on many of the components.  During periods of lower load it is possible to take one of four mills out of service 
without affecting generation.  Isolated repairs and minor refurbishment are not typically possible for the mills.  It is 
often necessary to disassemble major components and therefore an overall refurbishment versus isolated repairs is 
more effective. 
 
Why do this project this way? 
 
A phased approach to reinvesting in the mills allows for scheduled outages of selected mills and reduces the risk of 
extended unplanned outages.  By planning replacements in a given year, efforts can be made more efficient with 
dedicated labour and parts available as required. 
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: -CI Number 51852 POT Coal Mill Refurbishment 2018 Project Number 51852

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1152 1152 Point Tupper Unit 2

1800 - SGP - Fuel Hndlg.Coal 283,334Additions

1800 - SGP - Fuel Hndlg.Coal 43,933Retirements

Total Cost:

Original Cost:

327,267

309,864

Total Cost:Original Cost:
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Pt. Tupper
51852

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 2 351$                  703$                     
PD 40 358$                  14,305$                
PD 10 375$                  3,746$                  
PD 50 235$                  11,773$                

Sub-Total 30,527$                

PD 1 703$                  703$                     
PD 2 715$                  1,431$                  
PD 1 749$                  749$                     
PD 1 471$                  471$                     

Sub-Total 3,353$                  

PD 100 358$                  35,763$                

Sub-Total 35,763$                

lot 1 1,000$               1,000$                  

Sub-Total 1,000$                  

lot 1 33,000$             33,000$                
lot 1 33,000$             33,000$                
lot 1 6,000$               6,000$                  
lot 1 2,000$               2,000$                  
lot 1 2,000$               2,000$                  
lot 1 6,000$               6,000$                  
lot 2 2,500$               5,000$                  
lot 1 10,000$             10,000$                
lot 1 10,000$             10,000$                
lot 1 12,000$             12,000$                
lot 3 3,000$               9,000$                  
lot 1 3,500$               3,500$                  
lot 1 5,000$               5,000$                  
lot 1 5,000$               5,000$                  
lot 1 2,000$               2,000$                  
lot 1 10,000$             10,000$                
lot 1 15,000$             15,000$                
lot 1 6,000$               6,000$                  
lot 1 4,500$               4,500$                  
lot 1 10,000$             10,000$                

Sub-Total 189,000$              

lot 1 3,000$               3,000$                  

Sub-Total 3,000$                  

lot 1 1,000$               1,000$                  

Sub-Total 1,000$                  

lot 1 5,000$               5,000$                  

Sub-Total 5,000$                  

lot 1 1,000$               1,000$                  
-$                     

Exhauster periphery liners

Bowl ring extension
Trunion bushings

Grinding table

Roll seals
Main table seals

Scraper assemblies

Door assemblies

Mill side liners

Overtime meals

Rentals
Rentals

Overtime Meals

Freight & Delivery
Freight (015)

Contracts
Cranes, etc.

Exhauster fan
Exhauster bearings

Feeder parts

Misc. and consumables
Lubricating oil

Transition piece
Coal pipe

Rejects table

Rejects side liners

Travel Expense
Travel

Materials
Mill rolls

Riffle boxes

Maintenance Trades

Power Plant Technician

Term Labour

Utility worker

OT Labour
Electrician

Maintenance Trades

Utility worker

Electrician
Maintenance Trades

Power Plant Technician

 Regular Labour

Location:
CI# / FP#:

Title: POT Coal Mill Refurbishment 2018

Description

_
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Sub-Total 1,000$                  

lot 1 1,000$               1,000$                  

Sub-Total 1,000$                  

% 15% 266,644$           39,997$                
-$                     

Sub-Total 39,997$                

1,404$                  

Sub-Total 1,404$                  

14,931$                
291$                     

Sub-Total 15,223$                

310,641$              
327,267$              

Original Cost
309,864$              

TOTAL (AO, AFUDC included)

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Contract AO

SUB-TOTAL (no AO, AFUDC)

Administrative Overhead
Labour AO

Other Goods & Services
Contingency

Interest Capitalized
AFUDC

Meals & Entertainment
Meals

_
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POT Mill Refurbishment 2018
Summary of Alternatives

Division : Date : 19-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 300,060 1 52.85% 1.8 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Mill Refurbishment vs Replacement Energy Costs

Test 2

Test 3

Test 4

51852

This project is recommended to proceed in order to avoid unit deratings. 

The capital costs are for labour and materials to refurbish the coal mill.  The likelihood of failure is based on historical experience and 
that the mill components are high wear items in an erosive environment.  

PV of Revenue 
Requirement

-449,711
0
0
0

Power Production
Pt. Tupper

Mill Refurbishment vs Replacement 
Energy Costs

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

G54-51852 EAM CONFIDENTIAL.xls 11/19/2017
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POT Mill Refurbishment 2018
Summary of Sensitivities

Division : Date : 15-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Mill Refurbishment vs Replacement Energy Costs 5.88% -449,711 300,060 1 52.85% 1.8 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Mill Refurbishment vs Replacement Energy Costs 10% -418,608 275,964 1 44.75% 2.0 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 31,103 -24,096 0 -8.11% 0.2 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Mill Refurbishment vs Replacement Energy Costs -10% -373,637 245,958 1 43.94% 2.0 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 76,074 -54,102 0 -8.91% 0.2 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 60,398 198,732 No
B 0 0 No
C 0 0 No
D 0 0 No

465,779
0
0
0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Pt. Tupper 51852

PV of Revenue 
Requirement Delay?

3

51852 4 EAM CONF.xls 11/15/2017
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Division : Date : 
Department : CI Number:

Project No. :

Mill Refurbishment vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 27,090 28,179
Events/Outages (#) 2 4 2 4
Probability of Occurance (%) 100% 100% 100% 100%
Capacity Factor (%)
Energy Replaced (MW) 50.0 50.0
Duration (Hours or Years) 72 72
Totals $25,848 $60,034 $54,181 $112,715 $80,029 $172,750

Total Capital Cost of Alternative $327,267

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

POT Mill Refurbishment 2018
Avoided Cost Calculations

15-Nov-17
51852

Power Production
Pt. Tupper
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POT Mill Refurbishment 2018
Mill Refurbishment vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               80,028.7                   (312,044.5)               12,425.6                   302,416.5                (232,015.8)               (20,957.0)                 (252,972.8)               (238,924.1)               0.94                           (238,924.1)              

2019 ‐                               ‐                               172,749.7                ‐                               23,857.2                   277,857.8                172,749.7                (46,156.7)                 126,593.0                112,922.9                0.89                           (126,001.2)              

2020 ‐                               ‐                               310,903.9                ‐                               21,948.6                   255,263.8                310,903.9                (89,576.1)                 221,327.7                186,463.6                0.84                           60,462.4                  

2021 ‐                               ‐                               367,582.0                ‐                               20,192.7                   234,477.4                367,582.0                (107,690.7)               259,891.3                206,793.1                0.80                           267,255.5               

2022 ‐                               ‐                               ‐                               ‐                               18,577.3                   215,353.9                ‐                               5,759.0                     5,759.0                     4,327.9                     0.75                           271,583.4               

2023 ‐                               ‐                               ‐                               ‐                               17,091.1                   197,760.2                ‐                               5,298.3                     5,298.3                     3,760.5                     0.71                           275,343.9               

2024 ‐                               ‐                               ‐                               ‐                               15,723.8                   181,574.0                ‐                               4,874.4                     4,874.4                     3,267.6                     0.67                           278,611.5               

2025 ‐                               ‐                               ‐                               ‐                               14,465.9                   166,682.8                ‐                               4,484.4                     4,484.4                     2,839.2                     0.63                           281,450.7               

2026 ‐                               ‐                               ‐                               ‐                               13,308.7                   152,982.8                ‐                               4,125.7                     4,125.7                     2,467.0                     0.60                           283,917.7               

2027 ‐                               ‐                               ‐                               ‐                               12,244.0                   140,378.9                ‐                               3,795.6                     3,795.6                     2,143.6                     0.56                           286,061.3               

2028 ‐                               ‐                               ‐                               ‐                               11,264.4                   128,783.2                ‐                               3,492.0                     3,492.0                     1,862.6                     0.53                           287,923.9               

2029 ‐                               ‐                               ‐                               ‐                               10,363.3                   118,115.2                ‐                               3,212.6                     3,212.6                     1,618.4                     0.50                           289,542.3               

2030 ‐                               ‐                               ‐                               ‐                               9,534.2                     108,300.6                ‐                               2,955.6                     2,955.6                     1,406.3                     0.48                           290,948.6               

2031 ‐                               ‐                               ‐                               ‐                               8,771.5                     99,271.3                   ‐                               2,719.2                     2,719.2                     1,221.9                     0.45                           292,170.5               

2032 ‐                               ‐                               ‐                               ‐                               8,069.8                     90,964.2                   ‐                               2,501.6                     2,501.6                     1,061.7                     0.42                           293,232.2               

2033 ‐                               ‐                               ‐                               ‐                               7,424.2                     83,321.7                   ‐                               2,301.5                     2,301.5                     922.5                         0.40                           294,154.8               

2034 ‐                               ‐                               ‐                               ‐                               6,830.3                     76,290.7                   ‐                               2,117.4                     2,117.4                     801.6                         0.38                           294,956.4               

2035 ‐                               ‐                               ‐                               ‐                               6,283.8                     69,822.1                   ‐                               1,948.0                     1,948.0                     696.5                         0.36                           295,652.9               

2036 ‐                               ‐                               ‐                               ‐                               5,781.1                     63,871.0                   ‐                               1,792.1                     1,792.1                     605.2                         0.34                           296,258.1               

2037 ‐                               ‐                               ‐                               ‐                               5,318.6                     58,395.9                   ‐                               1,648.8                     1,648.8                     525.9                         0.32                           296,784.0               

2038 ‐                               ‐                               ‐                               ‐                               4,893.1                     53,358.9                   ‐                               1,516.9                     1,516.9                     456.9                         0.30                           297,240.9               

2039 ‐                               ‐                               ‐                               ‐                               4,501.7                     48,724.9                   ‐                               1,395.5                     1,395.5                     397.0                         0.28                           297,637.9               

2040 ‐                               ‐                               ‐                               ‐                               4,141.6                     44,461.5                   ‐                               1,283.9                     1,283.9                     345.0                         0.27                           297,982.9               

2041 ‐                               ‐                               ‐                               ‐                               3,810.2                     40,539.3                   ‐                               1,181.2                     1,181.2                     299.8                         0.25                           298,282.7               

2042 ‐                               ‐                               ‐                               ‐                               3,505.4                     36,930.8                   ‐                               1,086.7                     1,086.7                     260.5                         0.24                           298,543.2               

2043 ‐                               ‐                               ‐                               ‐                               3,225.0                     33,611.0                   ‐                               999.7                         999.7                         226.3                         0.23                           298,769.5               

2044 ‐                               ‐                               ‐                               ‐                               2,967.0                     30,556.8                   ‐                               919.8                         919.8                         196.7                         0.21                           298,966.1               

2045 ‐                               ‐                               ‐                               ‐                               2,729.6                     27,746.9                   ‐                               846.2                         846.2                         170.9                         0.20                           299,137.0               

2046 ‐                               ‐                               ‐                               ‐                               2,511.3                     25,161.8                   ‐                               778.5                         778.5                         148.5                         0.19                           299,285.5               

2047 ‐                               ‐                               ‐                               ‐                               2,310.4                     22,783.5                   ‐                               716.2                         716.2                         129.0                         0.18                           299,414.5               

2048 ‐                               ‐                               ‐                               ‐                               2,125.5                     20,595.5                   ‐                               658.9                         658.9                         112.1                         0.17                           299,526.6               

2049 ‐                               ‐                               ‐                               ‐                               1,955.5                     18,582.5                   ‐                               606.2                         606.2                         97.4                           0.16                           299,624.0               

2050 ‐                               ‐                               ‐                               ‐                               1,799.0                     16,730.6                   ‐                               557.7                         557.7                         84.6                           0.15                           299,708.6               

2051 ‐                               ‐                               ‐                               ‐                               1,655.1                     15,026.8                   ‐                               513.1                         513.1                         73.5                           0.14                           299,782.2               

2052 ‐                               ‐                               ‐                               ‐                               1,522.7                     13,459.3                   ‐                               472.0                         472.0                         63.9                           0.14                           299,846.1               

2053 ‐                               ‐                               ‐                               ‐                               1,400.9                     12,017.2                   ‐                               434.3                         434.3                         55.5                           0.13                           299,901.6               

2054 ‐                               ‐                               ‐                               ‐                               1,288.8                     10,690.5                   ‐                               399.5                         399.5                         48.2                           0.12                           299,949.8               

2055 ‐                               ‐                               ‐                               ‐                               1,185.7                     9,469.9                     ‐                               367.6                         367.6                         41.9                           0.11                           299,991.8               

2056 ‐                               ‐                               ‐                               ‐                               1,090.9                     8,347.0                     ‐                               338.2                         338.2                         36.4                           0.11                           300,028.2               

2057 ‐                               ‐                               ‐                               ‐                               1,003.6                     7,313.9                     ‐                               311.1                         311.1                         31.6                           0.10                           300,059.8               
Total ‐                               ‐                               931,264.2                (312,044.5)               299,099.4                619,219.7                (195,971.1)               423,248.6                300,059.8               
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CI Number:  52156 
 
Title:  LIN 3&4 Condenser Vacuum Pump Replacement  
 
Start Date: 2018/08 
In-Service Date: 2018/09 
Final Cost Date: 2019/03 
Function: Steam  
Forecast Amount: $302,714 
 
DESCRIPTION: 
 
This project is for the replacement of three condenser vacuum pumps.  The condenser vacuum pump creates a 
vacuum in the condenser which removes air and any non-condensable gases and assists in drawing steam through 
the condenser as it exits the last stage of the low pressure section of the turbine.  If the operating vacuum pump fails, 
or does not work properly, the loss of vacuum on the condenser results in higher unit heat rate as steam cannot exit 
the turbine at the required rate.  There are two vacuum pumps per unit; each pump in good working order is 
sufficient to operate the unit at full load.  An inspection of selected vacuum pumps by the OEM (see Attachment 1) 
showed that the 4B, 3B and 4A vacuum pumps were only able to operate at approximately 50% of rated capacity 
due to wear and, as such, must be replaced to restore reliability of the condensing system. 
 
Summary of Related CIs +/- 2 years: 
2017 CI 49437 - LIN Vacuum Pump Cooler Refurbishment - $282,034 
 
JUSTIFICATION:  
 
Justification Criteria:  Thermal  
 
Sub Criteria:  Equipment Replacement / Refurbishment 
 
Why do this project? 
 
Condenser vacuum pumps are critical pieces of equipment and are required to allow the unit to operate efficiently.  
Three pumps are at or below 50% of rated capacity and must be replaced.  If the vacuum pumps are not working 
properly, there is a loss of efficiency as air and non-condensable gases cannot be removed from the condenser at the 
required rate, preventing the unit from operating properly.  If both pumps fail in the same timeframe, the unit cannot 
operate until one pump is returned to service.  
 
This project is primarily justified on unit reliability, and secondarily supported by positive economics due to a loss of 
heat rate efficiency through the poor performance of a degraded vacuum pump. 
 
Why do this project now? 
 
The three pumps identified are operating at or below 50 percent of rated capacity and need to be replaced in 2018 to 
improve the efficiency and maintain the reliability of the units.  All vacuum pumps are interchangeable across the 
Lingan units. 
 
Why do this project this way? 
 
Refurbishment costs are approximately 75percent of replacement costs, however refurbishment requires the pump to 
be sent to the vendor for approximately 8 weeks, during which time the associated operating unit will be at risk if 
the vacuum pump in service fails or trips.  Replacement pumps are generally available in stock from the 
manufacturer, reducing the plant’s operating risk.  Replacement further mitigates the risk of unit unavailability. 
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: -CI Number 52156 LIN 3&4 Condenser Vacuum Pump Replacement Project Number 52156

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1134 1134 Lingan Unit 4; Commissioned 1984, 160 Mwh

1400 - SGP - Circ.Water Sys. 290,013Additions

1400 - SGP - Circ.Water Sys. 12,701Retirements

Total Cost:

Original Cost:

302,714

127,799

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52156

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 20 351$                  7,025$                  
PD 2 397$                  795$                     
PD 30 358$                  10,729$                

Sub-Total 18,549$                

PD 15 358$                  5,365$                  
-$                     

Sub-Total 5,365$                  

Ea. 1
Ea. 3

Sub-Total 263,548$              

Lot 1 10,000$             10,000$                

Sub-Total 10,000$                

5,253$                  

Sub-Total 5,253$                  

297,461$              
302,714$              

Original Cost
127,799$              

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Transportation & Shipping

 Administrative Overhead

Freight

CI# :
Title:

Condenser Vacuum Pump Replacement

Materials

Description

Maintenance Trades

Steam

LIN 3&4 Condenser Vacuum Pump Replacement 

Misc. Consumable 

Location:

Regular Labor

Engineering

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Labor AO

Electrician

Term Labor
Maintenance Trades
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LIN Condenser Vacuum Pump Replacement
Summary of Alternatives

Division : Date : 19-Nov-17
Department : CI Number:

Project No. :

Alternative
PV of EVA / 

NPV
Rank (based 
on PV of RR) IRR Disc Pay

A 263,015 1 21.85% 5.4 years
B Test 2 0 2 #NUM! 0.0 years
C Test 3 0 2 #NUM! 0.0 years
D Test 4 0 2 #NUM! 0.0 years

Recommendation :

Notes/Comments :
Pump Replacement vs Replacement Energy Costs

Test 2

Test 3

Test 4

52156

NS Power recommends replacing the vacuum pumps to ensure reliability of the operating unit.

This alternative considers Lingan experiencing a vacuum pump failure where a degraded vacuum pump would have to be operated on 
the unit, resulting in a loss of 5MW of generation. The likelihood of this occuring will increase over time as the condition of the current 
pumps deteriorate. 

PV of Revenue 
Requirement

-373,854
0
0
0

Power Production
Lingan

Pump Replacement vs Replacement 
Energy Costs

After Tax 
WACC

5.88%
5.88%
5.88%
5.88%

G55-52156 EAM CONFIDENTIAL.xls 11/19/2017
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LIN Condenser Vacuum Pump Replacement
Summary of Sensitivities

Division : Date : 19-Nov-17
Department : CI Number:

Project No. :

Alternative
After Tax 

WACC
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Pump Replacement vs Replacement Energy Cost 5.88% -373,854 263,015 1 21.85% 5.4 years
B Test 2 5.88% 0 0 2 #NUM! 0.0 years
C Test 3 5.88% 0 0 2 #NUM! 0.0 years
D Test 4 5.88% 0 0 2 #NUM! 0.0 years

Alternative Variance on Capital Spend
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Pump Replacement vs Replacement Energy Cost 10% -344,352 240,068 1 19.27% 5.9 years
B Test 2 10% 0 0 2 #NUM! 0.0 years
C Test 3 10% 0 0 2 #NUM! 0.0 years
D Test 4 10% 0 0 2 #NUM! 0.0 years

Change: A 29,503 -22,947 0 -2.59% 0.5 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

Alternative Variance on Avoided Expenses
Variance 

(%)
PV of Revenue 
Requirement

PV of EVA / 
NPV Rank IRR Disc Pay

A Pump Replacement vs Replacement Energy Cost -10% -306,966 213,767 1 19.01% 6.0 years
B Test 2 -10% 0 0 2 #NUM! 0.0 years
C Test 3 -10% 0 0 2 #NUM! 0.0 years
D Test 4 -10% 0 0 2 #NUM! 0.0 years

Change: A 66,888 -49,248 0 -2.85% 0.6 years
B 0 0 0 #NUM! 0.0 years
C 0 0 0 #NUM! 0.0 years
D 0 0 0 #NUM! 0.0 years

PV of Revenue 
Requirement

PV of Revenue 
Requirement

Yrs Delay: 1 2
A 35,677 81,454 No
B 0 0 No
C 0 0 No
D 0 0 No0

Alternative Variance on Avoided Expenses - 
Change in Revenue Requirement

Power Production
Lingan 52156

PV of Revenue 
Requirement Delay?

3
142,158

0
0

G55-52156 EAM CONFIDENTIAL.xls 11/19/2017
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Division : Date : 
Department : CI Number:

Project No. :

Pump Replacement vs Replacement Energy Costs

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 1 1 1 1
Probability of Occurance (%) 60% 80% 60% 80%
Capacity Factor (%)
Energy Replaced (MW) 5.0 5.0
Duration (Hours or Years) 8760 8760
Totals $52,793 $69,564 $0 $0 $52,793 $69,564

Total Capital Cost of Alternative $302,714

Test 2

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 3

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Test 4

Year 2018 2019 2018 2019 2018 2019
Replacement Energy Cost ($/MWh)
Repair Cost ($) 0 0
Events/Outages (#) 0 0 0 0
Probability of Occurance (%) 0% 0% 0% 0%
Capacity Factor (%)
Energy Replaced (MW) 0.0 0.0
Duration (Hours or Years) 0 0
Totals $0 $0 $0 $0 $0 $0

Total Capital Cost of Alternative $0

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

Avoided Replacement Energy Costs Avoided Unplanned Repair Costs Total Annual Avoided Costs

LIN Condenser Vacuum Pump Replacement
Avoided Cost Calculations

19-Nov-17
52156

Power Production
Lingan
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LIN Condenser Vacuum Pump Replacement
Pump Replacement vs Replacement Energy Costs

Year Total Revenue
Operating 

Costs
Avoided 
Expenses Capital CCA UCC CFBT

Applicable 
Taxes CFAT PV of CF Discount Factor CNPV

2017 ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               ‐                               1.00                           ‐                              

2018 ‐                               ‐                               52,793.3                   (297,460.9)               11,898.4                   287,012.4                (244,667.6)               (12,677.4)                 (257,345.0)               (243,053.4)               0.94                           (243,053.4)              

2019 ‐                               ‐                               69,564.5                   ‐                               22,845.0                   263,925.3                69,564.5                   (14,483.0)                 55,081.5                   49,133.5                   0.89                           (193,919.9)              

2020 ‐                               ‐                               82,763.9                   ‐                               21,017.4                   242,685.2                82,763.9                   (19,141.4)                 63,622.5                   53,600.5                   0.84                           (140,319.5)              

2021 ‐                               ‐                               57,005.0                   ‐                               19,336.0                   223,144.3                57,005.0                   (11,677.4)                 45,327.6                   36,066.8                   0.80                           (104,252.7)              

2022 ‐                               ‐                               91,927.1                   ‐                               17,789.1                   205,166.7                91,927.1                   (22,982.8)                 68,944.3                   51,811.8                   0.75                           (52,440.9)                

2023 ‐                               ‐                               93,765.6                   ‐                               16,366.0                   188,627.3                93,765.6                   (23,993.9)                 69,771.8                   49,521.8                   0.71                           (2,919.1)                   

2024 ‐                               ‐                               95,641.0                   ‐                               15,056.7                   173,411.0                95,641.0                   (24,981.1)                 70,659.8                   47,366.9                   0.67                           44,447.8                  

2025 ‐                               ‐                               97,553.8                   ‐                               13,852.2                   159,412.0                97,553.8                   (25,947.5)                 71,606.3                   45,335.6                   0.63                           89,783.4                  

2026 ‐                               ‐                               99,504.9                   ‐                               12,744.0                   146,533.0                99,504.9                   (26,895.9)                 72,609.0                   43,417.5                   0.60                           133,200.9               

2027 ‐                               ‐                               101,494.9                ‐                               11,724.5                   134,684.3                101,494.9                (27,828.8)                 73,666.1                   41,603.4                   0.56                           174,804.3               

2028 ‐                               ‐                               103,524.8                ‐                               10,786.5                   123,783.5                103,524.8                (28,748.9)                 74,776.0                   39,884.9                   0.53                           214,689.2               

2029 ‐                               ‐                               105,595.3                ‐                               9,923.6                     113,754.7                105,595.3                (29,658.2)                 75,937.1                   38,254.9                   0.50                           252,944.1               

2030 ‐                               ‐                               ‐                               ‐                               9,129.7                     104,528.2                ‐                               2,830.2                     2,830.2                     1,346.6                     0.48                           254,290.7               

2031 ‐                               ‐                               ‐                               ‐                               8,399.3                     96,039.9                   ‐                               2,603.8                     2,603.8                     1,170.1                     0.45                           255,460.8               

2032 ‐                               ‐                               ‐                               ‐                               7,727.4                     88,230.6                   ‐                               2,395.5                     2,395.5                     1,016.7                     0.42                           256,477.5               

2033 ‐                               ‐                               ‐                               ‐                               7,109.2                     81,046.1                   ‐                               2,203.9                     2,203.9                     883.4                         0.40                           257,360.9               

2034 ‐                               ‐                               ‐                               ‐                               6,540.5                     74,436.3                   ‐                               2,027.5                     2,027.5                     767.6                         0.38                           258,128.5               

2035 ‐                               ‐                               ‐                               ‐                               6,017.2                     68,355.4                   ‐                               1,865.3                     1,865.3                     667.0                         0.36                           258,795.4               

2036 ‐                               ‐                               ‐                               ‐                               5,535.8                     62,760.8                   ‐                               1,716.1                     1,716.1                     579.5                         0.34                           259,375.0               

2037 ‐                               ‐                               ‐                               ‐                               5,093.0                     57,613.9                   ‐                               1,578.8                     1,578.8                     503.6                         0.32                           259,878.5               

2038 ‐                               ‐                               ‐                               ‐                               4,685.5                     52,878.7                   ‐                               1,452.5                     1,452.5                     437.6                         0.30                           260,316.1               

2039 ‐                               ‐                               ‐                               ‐                               4,310.7                     48,522.3                   ‐                               1,336.3                     1,336.3                     380.2                         0.28                           260,696.3               

2040 ‐                               ‐                               ‐                               ‐                               3,965.8                     44,514.5                   ‐                               1,229.4                     1,229.4                     330.4                         0.27                           261,026.6               

2041 ‐                               ‐                               ‐                               ‐                               3,648.6                     40,827.2                   ‐                               1,131.1                     1,131.1                     287.0                         0.25                           261,313.7               

2042 ‐                               ‐                               ‐                               ‐                               3,356.7                     37,435.0                   ‐                               1,040.6                     1,040.6                     249.4                         0.24                           261,563.1               

2043 ‐                               ‐                               ‐                               ‐                               3,088.2                     34,314.1                   ‐                               957.3                         957.3                         216.7                         0.23                           261,779.8               

2044 ‐                               ‐                               ‐                               ‐                               2,841.1                     31,442.9                   ‐                               880.7                         880.7                         188.3                         0.21                           261,968.1               

2045 ‐                               ‐                               ‐                               ‐                               2,613.8                     28,801.4                   ‐                               810.3                         810.3                         163.6                         0.20                           262,131.7               

2046 ‐                               ‐                               ‐                               ‐                               2,404.7                     26,371.2                   ‐                               745.5                         745.5                         142.2                         0.19                           262,273.9               

2047 ‐                               ‐                               ‐                               ‐                               2,212.3                     24,135.4                   ‐                               685.8                         685.8                         123.5                         0.18                           262,397.4               

2048 ‐                               ‐                               ‐                               ‐                               2,035.3                     22,078.5                   ‐                               631.0                         631.0                         107.3                         0.17                           262,504.8               

2049 ‐                               ‐                               ‐                               ‐                               1,872.5                     20,186.1                   ‐                               580.5                         580.5                         93.3                           0.16                           262,598.1               

2050 ‐                               ‐                               ‐                               ‐                               1,722.7                     18,445.2                   ‐                               534.0                         534.0                         81.0                           0.15                           262,679.1               

2051 ‐                               ‐                               ‐                               ‐                               1,584.9                     16,843.5                   ‐                               491.3                         491.3                         70.4                           0.14                           262,749.5               

2052 ‐                               ‐                               ‐                               ‐                               1,458.1                     15,369.9                   ‐                               452.0                         452.0                         61.2                           0.14                           262,810.7               

2053 ‐                               ‐                               ‐                               ‐                               1,341.5                     14,014.2                   ‐                               415.9                         415.9                         53.2                           0.13                           262,863.9               

2054 ‐                               ‐                               ‐                               ‐                               1,234.1                     12,767.0                   ‐                               382.6                         382.6                         46.2                           0.12                           262,910.1               

2055 ‐                               ‐                               ‐                               ‐                               1,135.4                     11,619.6                   ‐                               352.0                         352.0                         40.1                           0.11                           262,950.2               

2056 ‐                               ‐                               ‐                               ‐                               1,044.6                     10,563.9                   ‐                               323.8                         323.8                         34.9                           0.11                           262,985.1               

2057 ‐                               ‐                               ‐                               ‐                               961.0                         9,592.7                     ‐                               297.9                         297.9                         30.3                           0.10                           263,015.4               
Total ‐                               ‐                               1,051,134.2             (297,460.9)               286,409.2                753,673.3                (237,064.7)               516,608.6                263,015.4               
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 1

 
 
             
May 11th 2017 
 
 
Nova Scotia Power 
Lingan Generating station 
2599 Hunchey Ave. 
Lingan, NS  
 
Attention : Blair Finlayson   
 
Reference:   Fiber scope inspection of Nash vacuum pumps on Condensers 
  
Inspection Date: March 28th 2017 
 
Blair, 
 
The following report is based on my findings from a Fiberscope inspection of your Nash Condenser 
exhaust vacuum pumps.  This inspection was performed with the motors locked out utilizing a digital 
Fiber scope to visually inspect all critical dimensions of the vacuum pumps, and record the digital 
photographs displayed in this report. 
 
Observations and recommendations: As you will notice with the pictures below, three (3) pumps 
show signs of wear. I strongly believe this is due to a combination of factors; cavitation, seal 
water temperature and possibly sea water contamination from the heat exchangers. The rotors 
are severely worn beyond repair. Cone edges have some wear as well but could possibly be 
salvaged by means of stainless steel cladding. Some of the units have advanced pitting on the 
heads and body areas. I strongly recommend investigating the quality of the seal water. (IE: 
temperatures, PH, possible contamination, etc.) As well, I would review the start-up procedure 
since I believe on some occasions the pumps are started-up slightly flooded and some units 
need a constant make up (garden hose for seal water!!!) since the solenoid valves are not 
functioning properly. I would inspect/ repair these as well and add them to a preventive 
maintenance program and furthermore, shorten the timeline for the internal videoscope 
inspections in order to detect any operational issues.  
 
 
 
Sincerely, 
 
 

Eric Sabourin 
Nash Field Service Technician 
C-450.370.2586 
@-Eric.Sabourin@gardnerdenver.com 
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 2

Pump # Pump Size Test/Serial 
Number 

Equipment Number Service/ Application Pump RPM  Estimated 
Capacity 

Motor 
HP 

1 
 

AT-2004 E 82U0485 #1 A Condenser Exhauster 
Vacuum Pump 

500 85-90% 100 

      
 
   
                                                      
  
 
 
 
 
 
 
 
 
 
 
 
 
                             
 
 
 
 
 
 
 
 
  
 
 
 
      
 
 
 
 
      
 
 

Idle end: close-up axial view of a 
rotor blade on first stage end. Tight 
clearance at the cone. 
 

Idle end: pitted head shroud. 
 

Idle end: surface corrosion on all 
internal surfaces. Clearances 
between the head shroud and rotor 
shroud is widening with time & age. 

 

2nd stage: good measurement 
between the cone and rotor, 
considerable rust on all surfaces. 

 

2nd stage: rotor is in good condition. 
 

Was only able to inspect idle end 
since the drive end plug was 
seized and broken.  
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 3

Pump # Pump Size Test/Serial 
Number 

Equipment Number Service/ Application Pump RPM  Estimated 
Capacity 

Motor 
HP 

2 
 

AT-2004 E 78U3097 #1 B Condenser Exhauster 
Vacuum Pump 

500 75-80% 100 

      
 
   
                                                      
  
 
 
 
 
 
 
 
 
 
 
 
 
                             
 
 
 
 
 
 
 
 
  
 
 
 
      
 
 
 
 
      
 

Idle end: start of wear (cavitation?) 
on backside of rotor blade. To 
monitor on next inspection. 
 

Idle end: clearance is widening 
between both shrouds, reduced 
capacity due to this wear. 
 

Idle end: surfaces are somewhat 
acceptable, light corrosion but not 
reducing pump output. 
 

 

2nd stage: scaling on all surfaces. 
 

 

2nd stage: rotor is grooved but tight 
clearance at the cone. 
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 4

Pump # Pump Size Test/Serial 
Number 

Equipment Number Service/ Application Pump RPM  Estimated 
Capacity 

Motor 
HP 

3 
 

AT-2006 132320807 
Repaired 2/ 13

#2 B Condenser Exhauster 
Vacuum Pump 

500 90% 100 

      
 
   
                                                      
  
 
 
 
 
 
 
 
 
 
 
 
 
                             
 
 
 
 
 
 
 
 
  
 
 
 
      
 
 
 
 
      
 

  

This unit is in near new condition. 
No wear to report and surfaces 
are clean and smooth. 
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 5

Pump # Pump Size Test/Serial 
Number 

Equipment Number Service/ Application Pump RPM  Estimated 
Capacity 

Motor 
HP 

4 
 

AT-2004 E 79U1285 #3 A Condenser Exhauster 
Vacuum Pump 

500 80% 100 

      
 
   
                                                      
  
 
 
 
 
 
 
 
 
 
 
 
 
                             
 
 
 
 
 
 
 
 
  
 
 
 
      
 
 
 
 
      

Center shroud clearance s tight. Rotor diameter and shroud 
measurements have reduced from 
wear. We will monitor on next 
inspection. 

Rotor blades are in acceptable 
condition. Some pitting and 
corrosion on the surface but, not 
greatly reducing performance for 
now. 

 

Pitting has started on the backside of 
the rotor on the 1st stage. Not 
alarming for now. 

 

Axial view between two rotor blades 
in the 1nd stage idle end.. All is 
good. 

Was not able to inspect the 2nd 
stage since the inspection plug is 
broken.  
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 6

Pump # Pump Size Test/Serial 
Number 

Equipment Number Service/ Application Pump RPM  Estimated 
Capacity 

Motor 
HP 

5 
 

AT-2006 122205768 
Repaired 7/ 12

#4 B Condenser Exhauster 
Vacuum Pump 

500 Below 50% 100 

      
 
   
                                                      
  
 
 
 
 
 
 
 
 
 
 
 
 
                             
 
 
 
 
 
 
 
 
  
 
 
 
      
 
 
 
 
      

3 blades are shown here at the taper 
area. Advanced wear on all blades. 

From another angle, blades are 
completely worn at the tapers. 

Severe cavitation wear on all rotor 
blades. 

 

Axial view of worn blades due to 
cavitation. 

 

Idle end wear on rotor. 

 

2nd stage rotor has rounded blade tips 
as well.!! 
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 7

Pump # Pump Size Test/Serial Number Equipment 
Number 

Service/ Application Pump RPM  Estimated 
Capacity 

Motor 
HP 

6 
 

AT-2006 15K059102001001 
Repaired 2015 

#3 B Condenser Exhauster 
Vacuum Pump 

500 50-60% 100 

      
 
   
                                                      
  
 
 
 
 
 
 
 
 
 
 
 
 
                             
 
 
 
 
 
 
 
 
  
 
 
 
      
 
 
 
 
      
 

Close-up view of wear on tapers. Backside of rotor blades are worn 
from cavitation. 

2nd stage rotor is still in near new 
condition. 

 

Pitted surfaces on the heads and 
body area. Not severe at this point. 
Surfaces still have the primmer..!!  

 

Worn blades from cavitation. 

 

Close-up view of jagged edges on 
rotor blades to the left of the picture. 
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 8

Pump # Pump Size Test/Serial 
Number 

Equipment Number Service/ Application Pump RPM  Estimated 
Capacity 

Motor 
HP 

7 
 

AT-2004 E 82U3903 #4 A Condenser Exhauster 
Vacuum Pump 

500 50-60% 100 

      
 
   
                                                      
  
 
 
 
 
 
 
 
 
 
 
 
 
                             
 
 
 
 
 
 
 
 
  
 
 
 
      
 
 
 
 
      

Pitted tip and rounded edges on all 
rotor blades. 

Severely pitted blade at the hub 
location. 

Worn and pitted rotor blade tip on 
the OD 

 

An actual piece missing from the 
blade taper. Worn from cavitation 
and/ or water quality or Sea water 
contamination. 

 

2nd stage is severely corroded. Seen 
here at the shroud of the head. 

 

2nd stage rotor has some wear on the 
taper.  
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CI Number: 51860 
 
Title:  TRE5 Pulverizer Fuel Line Refurbishment 
 
Start Date: 2018/06 
In-Service Date: 2018/07 
Final Cost Date: 2019/01 
Function: Steam  
Forecast Amount: $258,761 
 
DESCRIPTION: 
 
This project will reline the eroded pulverizer fuel (PF) line elbows on Trenton Unit 5, which will improve the level 
of safety in the mill bay and burner front areas. 
 
Trenton Unit 5 relies on coal as a fuel source.  Coal arrives at the plant in a state that requires processing prior to 
entry into the boiler.  Trenton Unit 5 has four solid fuel pulverizers, which supply pulverized fuel (PF) to the boiler 
burners.  Each pulverizer supplies fuel to the four corners of the boiler at one burner level, giving a total of four PF 
lines per mill, or 16 PF lines per unit.  Due to continual exposure to abrasive PF, the interior surfaces of these lines 
(notably the elbows) have eroded, resulting in reduced wall thickness in areas.  When excessive erosion occurs, a 
hole develops in the pipe.  The result is a continuous "spray" of coal dust.  This dust can ignite if a source of 
excessive heat or open flame is present.  The dust is also an air contaminant.  To avoid the risk of PF leaks, these 
lines need to be refurbished.  
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Health and Safety  
 
Why do this project? 
 
Due to continual exposure to abrasive PF, the interior surfaces of these lines have become eroded, resulting in 
reduced wall thickness in areas.  If the lines are not refurbished, the plant risks frequent PF leaks as holes develop in 
eroded sections of PF lines.  Holes in the PF lines results in a "spray" of pulverized coal within the plant.  Excessive 
dust is a lung irritant, as well as an ignition source if excessive heat or open flame is present.  The PF line 
refurbishment will improve the level of safety in the mill bay and burner front areas. 
 
Why do this project now? 
 
The internal erosion in many areas of the PF lines has reached the point where refurbishment is required due to 
increasing risk of PF leaks.  Routine maintenance has been carried out in the past to extend their useful lives but 
refurbishment is now recommended. 
 
Why do this project this way? 
 
The plant proposes to refurbish the lines by replacing deteriorated sections of PF line.  Refurbishment through selective 
replacement of components is a more cost effective solution than replacing the entire line. 
 

_
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: -CI Number 51860 TRE5 Pulverizer Fuel Line Refurbishment Project Number 51860

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1165 1165 Trenton Unit 5; Commissioned 1969, 160 Mwh 

1800 - SGP - Fuel Hndlg.Coal 227,274Additions

1800 - SGP - Fuel Hndlg.Coal 31,487Retirements

Total Cost:

Original Cost:

258,761

34,390

Total Cost:Original Cost:

_
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Capital Project Detailed Estimate

51860

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 20 358$                 7,153$                 
PD 2 383$                 765$                    
PD 25 235$                 5,887$                 

Sub-Total 13,805$                

PD 4 715$                 2,861$                 
PD 2 471$                 942$                    

Sub-Total 3,803$                 

PD 150 358$                 53,645$                CI 47875
PD 120 235$                 28,171$                CI 47875

Sub-Total 81,816$                

Lot 1 100,000$           100,000$              CI 47875
Lot 1 5,000$              5,000$                 

Sub-Total 105,000$              

Lot 1 10,000$             10,000$                

Sub-Total 10,000$                

Lot 1 500$                 500$                    

Sub-Total 500$                    

% 10% 214,424$           21,442$                

Sub-Total 21,442$                

21,424$                
971$                    

Sub-Total 22,395$                

236,366$              
258,761$              

Original Cost
34,390$                

Labor AO
Contract AO

Administrative Overhead

OT Meals

Location:
CI# :
Title:

Maintenance Trades

Utility worker

Regular Labor

Description

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Meals

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

OT Labor

Term Labor

Power Engineer

Maintenance Trades
Utility worker

TRE5 Pulverizer Fuel Line Refurbishment

Contingency

Supervision
 Contracts

PF Line Replacement Pipe
Materials

Trenton Generating Station

Maintenance Trades
Utility worker

Other Goods & Services

Misc. Consumables and Materials

_
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CI Number:  52143 
 
Title:  LM6000 - 191-332 Hot Section Engine Refurbishment 
 
Start Date: 2018/04 
In-Service Date: 2018/05 
Final Cost Date: 2018/11 
Function: Gas Turbine  
Forecast Amount: $1,776,275 
 
DESCRIPTION: 
 
This project includes the hot section refurbishment, through component replacement, of Engine 191-332 from the 
LM6000 Combustion Turbine Units. Engine 191-332 was first installed in the Tufts Cove Unit 4 enclosure in July 
2003. 
 
The hot section refurbishment includes replacements of the following components: 
 
High Pressure Turbine Assembly: 
 Stage 1 and 2 disks equipped with blades 
 Stage 1 and 2 nozzle assemblies 
 Shaft assembly 
 Seal assemblies 
 Combustor assembly 
 
In addition to the hot section, as the engine is disassembled, components other than the hot section specific materials 
will be exposed.  These will be inspected against OEM and industry experts limits and tolerances to determine if 
additional refurbishment activities are required. 
 
An LM6000 engine is made up of a hot section (Low Pressure Turbine, High Pressure Turbine and Combuster end of the 
engine), and a cold section (High Pressure Compressor, Low Pressure Compressor and inlet end of the engine). 
 
A hot section refurbishment was last completed on this engine in 2010.  An engine refurbishment completed on 191-332 
in 2015 (CI 46713 TUC5 LM6000 – Engine 191-332 Refurbishment, approved by the UARB on April 27, 2015) did not 
include refurbishment on the components included in this project. 
 
The costs associated with this project have been reduced by  as a result of commercial negotiations 
related to CI 47331 LM6000 – 191-253 Engine Refurbishment.  NS Power has worked with the OEM to understand 
Engine 191-253 previous reliability concerns and consequently has reached settlement on a cost reduction for the 
purchase of hot section components for two LM6000 engines.  The two purchases are being completed as part of 
this project, and as part of CI 52008 LM6000 Engine 191-253 Refurbishment P&A, intended to be filed with the 
UARB in Q4 2017.  Please refer to Confidential Attachment 1 for details on the settlement agreement. 
 
NS Power, along with its third party experts, has experience with the expected costs of most goods and services that are 
required on the LM6000 units, and is confident that the “unreduced” price, as quoted, was representative of market 
value.  This experience has been gained through prior capital projects on these units, where NS Power has purchased 
similar engine components.  Additionally, NS Power received information from another vendor on the cost of similar 
components, which provided further confidence that the unreduced price was fair. 
 
Summary of Related CIs +/- 2 years: 
2017 CI 52008 LM6000 Engine 191-253 Hot Section Engine Refurbishment P&A $2,291,984 
 
Depreciation Class:  Gas Turbines – Tufts Cove CT Unit 4 
 
Estimated Life of the Asset:  8-10 years 
  

_
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JUSTIFICATION:  
 
Justification Criteria:  Thermal 
 
Why do this project? 
 
The hot section refurbishment will be completed at this time based on the current equipment condition, forecast unit 
utilization, and OEM prescribed reinvestment intervals. 
 
The hot section is among the higher stressed areas of the engine due to the temperatures, pressures, and rotational 
forces to which these components are subjected during operation.  As a result of these stresses, the hot section 
requires refurbishment at shorter intervals than other engine components.  This project needs to be completed in 
order to ensure the engine is in serviceable condition for operation through the next major reinvestment interval. 
 
Why do this project now? 
 
Based on the condition of Engine 191-332, forecast unit utilization, and OEM prescribed reinvestment intervals, NS 
Power considers this refurbishment to be required in 2018.  Additionally, by completing this project in 2018, NS 
Power is able to take advantage of cost reductions as detailed in the proceeding for CI 47331 and Attachment 1. 
 
Why do this project this way? 
 
Refurbishment of this engine through component replacement is the most cost-effective alternative, as a full engine 
replacement is significantly more costly and not considered to be required at this time.  

_
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: -CI Number 52143 LM6000 - 191-332 Hot Section Engine Refurbishment Project Number 52143

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1174 1174 Tufts Cove 4 LM6000, 47 Mwh

3000 - GTG - Gas Turbine Engines 1,769,692Additions

3000 - GTG - Gas Turbine Engines 6,583Retirements

Total Cost:

Original Cost:

1,776,275

907,273

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52143

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 12 405$                  4,864$                  
PD 15 358$                  5,374$                  

Sub-Total 10,238$                

PD 5 716$                  3,580$                  

Sub-Total 3,580$                  

PD 11 358$                  3,938$                  

Sub-Total 3,938$                  

Lot 1 5,000$               5,000$                  

Sub-Total 5,000$                  

Lot 1 Cost Support #1
% 22%
Lot 1 Cost Support #2 - Item 1
% 22%
Lot 1 Cost Support #2 - Item 5
% 22%
Lot 1 Cost Support #2 - Item 6
% 22%

Sub-Total 1,485,350$           

Lot 1 12,000$             12,000$                
Lot 1 5,000$               5,000$                  
Lot 1 15,000$             15,000$                

Sub-Total 32,000$                

Lot 5 15$                    75$                       

Sub-Total 75$                       

Lot 1 32,300$             32,300$                
Lot 1 2,000$               2,000$                  

Sub-Total 34,300$                

Lot 1 15,000$             15,000$                
% 22% 15,000$             3,300$                  
Lot 1 15,000$             15,000$                

Sub-Total 33,300$                

Lot 1 1,000$               1,000$                  

Sub-Total 1,000$                  

% 10% 1,608,781$        160,878$              

Sub-Total 160,878$              

3,507$                  
3,108$                  

Sub-Total 6,616$                  

1,769,659$           
1,776,275$           

Original Cost
907,273$              

Transporting Engine

Travel Expense
Travel Expense

Gas Turbine Operators Term

Materials

US to CDN Exchange

Gas Turbine Operators OT 

US to CDN Exchange

GT Disassembly and Reassembly
US to CDN Exchange

Scaffolding 

Loading and unloading engine
Contracts

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Load Testing Lifting Gear

Meals

Shop Supervision
US to CDN Exchange

TOTAL (AO, AFUDC included)

Freight 

Gas Turbine Operator OT Meals

SUB-TOTAL (no AO, AFUDC)

Meals & Entertainment

Location:
CI# :
Title:

Gas Turbine Operators

Regular Labour

Description

Contracts AO

Administrative Overhead

Consulting

Acuren

GE Supply Hot Section

Gas Turbine

Engineering

LM6000 - 191-332  Hot Section Engine Refurbishment

Engine Storage

Term Labour

OT Labour

Labour AO

US to CDN Exchange
Engine Test

Other Goods & Services
Contingency

Transportation of Hot Section

OT Meals
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A Joint Venture Company owned equally by TransCanada Corporation and Wood Group 

 
 
 
 
 
 
 

 
  

Nova Scotia Power  
 

LPT Repairs Engine SN 191-253 
 

Proposal Number: RFQ-17-0116 
 

LM6000PC 
 

 
 
 

 
 

Submitted by: TransCanada Turbines 
Date: July 27, 2017

TransCanada Turbines Ltd. 
998 Hamilton Boulevard N.E. 
Airdrie, Alberta, Canada 
T4A 0K8 
Telephone: (403) 420-4200 
Fax: (403) 420-4300 
Toll Free: 1-877-219-5800
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Proprietary Information 
 

This Proposal is issued ‘without prejudice’ and is the property of TransCanada Turbines.  This Proposal contains 
information that is confidential, privileged, and/or proprietary.  This Proposal is intended only for the person or 
persons who are explicitly addressed below. The Proposal may not be copied or used for any purpose other than that 
for which it is supplied, in whole or in part, without the express written permission of TransCanada Turbines. 
 

 
July 27, 2017 

 
Nova Scotia Power 
2 Vidito Drive 
Dartmouth, NS, Canada, B3B 1P9 
 
To: Mr. Dean Webb      CC: Sharmilla Tymchen  
         Frank Henry 
         Marcus Nichols  
Subject: LPT Repairs Engine SN 191-253 
Proposal: RFQ-17-0116 
 
TransCanada Turbines Ltd. . (TCT) is pleased to provide Nova Scotia Power Inc.(Customer), with this proposal for  
Depot Work consisting of  LPT repairs on Engine SN 191-253 on  (1) LM6000 gas turbine..  
 
This proposal has been prepared in good faith, and TransCanada Turbines requests that Nova Scotia Power Inc. hold 
the contents of this and all supporting documentation confidential.  TransCanada Turbines looks forward to working 
with Nova Scotia Power Inc. Should you have any questions concerning the proposal or the scope of the project, 
please contact me at the information listed below. 
 
This proposal, RFQ-17-0116 dated July 27, 2017 is valid for 30 days from the date of issuance. 
 
 
Sincerely, 
 

 
Ron Inzana 
Regional Sales Manager Eastern US & Eastern Canada 
Email:  ron_inzana@tcturbines.com  
Phone / Cell:     518-796-0588 
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History of Project 
 
Nova Scotia Power Inc. has just completed SL6000-11-01-R1 and has found the LPT S5 blades on engine S/N 191-
253 to be out of limits, which has rendered the engine unserviceable. 
 
Work Scope 
 

1. GT Disassembly and Reassembly 
2. Replace hot section with Customer Owned Property (COP)   
3. LPT Module  Disassembly 
4. Rotable Exchange Set of LPT Stage 5 Blades     
5. Engine Test                                                                                                                                               
6. Engine Storage (Option) 

                                  
Project Schedule 
 
Turnaround Time (TAT) using in stock rotables would be thirty (30) days from induction.   
 
Scope of Supply & Pricing 

 

Item               Qty           Description                                                                                                          Price 

1                    1             GT Disassembly and Reassembly                                                                        

~ Induct engine into depot and take photos of as-received condition 
~ Complete incoming borescope inspection 
~ Disassemble GT as required to replace HPT and combustor 
~ Includes labor and consumables for GT disassembly and reassembly 
~ Work performed per Industrial Repair Manual (IRM) GEK 98492 
~ Check balance LPC  

Item               Qty           Description                                                                                                          Price 

2                    1             LPT Module                                                                                                      

~ Remove TRF  
~ Remove stage 5 disk assembly 
~ Replace LPT stage 5 blades with rotable set provided by TCT 
~ Rebuild LPT and balance 
~ Includes labor and consumables for LPT module reassembly 

Item               Qty           Description                                                                                                          Price 

3                    1             Rotable Exchange Set of LPT Stage 5 Blades                                                  

~ TCT will provide rotable set of stage 5 LPT blades in exchange for removed set 
~ Rotable set is SB 295 compliant 
~ SB 295 – Redesigned LPT Rotor Stage 5 Blade with Improved Durability 
~ TCT to retain ownership of removed blades   
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Item               Qty           Description                                                                                                            Price 

5                    1             Engine Test                                                                                                        

~ Engine performance test completed at TCT LM6000 test cell 
~ Record test results and analyze with TCT engineering 
~ Complete post-test borescope inspection 
~ Prepare engine for shipment back to site 
~ Price includes labor and fuel 

Item               Qty           Description                                                                                                            Price 

6                    1             Engine Storage ($2,500.00 per/month)                                       

~ Monthly storage fee at TCT Depot 
~ Include storage and preservation per WP 3011 

Price Items 1, 2, 3, 4 and 5 (Does not include storage Item 6)                  

Additional Notes 
 

Note 1: Availability 
All required parts, technicians and tooling are subject to availability.  Availability must be confirmed by 
Customer with TCT, prior to the issuance of a purchase order. 

 
Note 2: Currency 

All quoted amounts are in United States Dollars (USD).  
 
Note 3: Scrap 

All parts from Customer’s engine which are replaced and declared as scrap, will be disposed of by TCT.  
If Customer wishes to retain any parts declared as scrap, Customer is required to inform TCT prior to 
the commencement of services.  Customer will be responsible for all costs associated with the 
preservation, crating, shipment and/or storage of these items. 

 
Note 4: Terms of Payment 

Payment for the Services quote per this Proposal shall be in accordance with Article 5.3 of the pending 
Master Service Agreement.  
 

Note 5: Labor Costs 
The labor totals contained within this proposal are estimates only.  The actual labor time and cost may 
be greater or less than the estimated time, based on the condition of the gas turbine. 

 
Note 6: Taxes and Duties 

All federal, municipal, provincial, state, sales and use tax charges will be the responsibility of the 
Customer, unless a Tax Exemption Certificate is provided to TCT.  

Note 7: Service Rates for Extra Work  
Any work outside the above listed work scope will be deemed as “extra work” and will be charged  per 
the 2017 Services rates as set forth in Schedule B of the Master Service Agreement. 
  

Note 8: Reporting 
TCT will assign a project manager at the time of Purchase Order issue.  TCT will provide weekly status 
updates to Customer, including digital photos.  An interim report will be delivered to customer 
approximately 15 days after induction.  Interim report will include inspection findings, workscope 
revisions (as required) and any revisions to the estimated invoice total.  Customer will be informed of 
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any required or recommended workscope revisions.  During the weeks when TCT is awaiting material 
from subcontractors or building the engine, an e-mail providing status updates will be issued.  All of the 
above will be included in the “Final Report” which TCT will submit to Customer several weeks 
following the completion of the work and return of the engine.  Additionally, TCT can comply with any 
special reporting requirements of Customer 

 
 

Note 9: General Terms and Conditions of Sale 
All works performed pursuant to this Proposal RFQ-17-0116, shall be subject to the terms and 
conditions set forth in Master Service Agreement pending execution by the parties. In the event of any 
conflict between the terms and conditions set forth in this proposal, and the Master Service Agreement, 
the terms in this proposal shall take precedence.    

 
 
 
Validity  
 
This proposal is valid for 30 days from July 27, 2017. 
 
 

 
 

Attachments: 
 

A) Master Service Agreement  
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CI Number:  51969 
 
Title:  2018 Transmission Right-of-Way Widening 69kV 
 
Start Date: 2018/01 
In-Service Date: 2018/01 
Final Cost Date: 2019/06 
Function Class: Transmission 
Forecast Amount: $5,487,686 
 
DESCRIPTION: 
 
This project will widen rights-of-way to reduce the occurrence of edge and off right-of-way tree contacts by 
increasing the separation between trees and transmission lines.  The vegetation management practices performed 
under NS Power’s maintenance program target vegetation within the rights-of-way and maintain existing, 
sustainable rights-of-way.  These activities prevent tree growth from causing outages, but do not address edge or off 
right-of-way trees.   
 
This is year three of the eight year 69 kV Transmission Right-of-Way Widening Plan accepted by the UARB 
through the Post Tropical Storm Arthur review process.  Increasing the right-of-way width for 69 kV transmission 
lines to 30-40 meters where possible will significantly reduce the risk of trees contacting power lines during storms.  
Approximately 240 km of transmission right-of-way is targeted for widening in 2018. 
 
The 69 kV transmission lines and the length of line currently planned for widening in 2018 are shown in the table 
below.  The transmission lines completed can be expected to vary as further inspections, and changes in 
prioritization occur throughout 2018. 
 

Line # Length of Line to be 
Widened (km) 

L-5017 26.2 
L-5534 12.4 
L-5572 16.8 
L-5573 19.8 
L-5022 22.2 
L-5019 6.2 
L-5028 30.3 
L-5532 28.0 
L-5535 35.0 
L-5015 31.8 
L-5016 11.2 

TOTAL 240.0 
*Costs in table above do not include Labor, Travel & Admin. Overheads 
 
Summary of Related CIs +/- 2 years: 
2016 T010 Provincial Transmission Right of Way Widening - $5,999,956 
2017 CI 49992 - 2017 Transmission Right of Way Widening 69kV - $5,400,855 
2019 CI TBD - 2019 Transmission Right of Way Widening 69kV - $TBD 
2020 CI TBD - 2020 Transmission Right of Way Widening 69kV - $TBD 
 
JUSTIFICATION:  
 
Justification Criteria:  Transmission Plant 
 
Depreciation Class: –Transmission Plant- Land Rights- Easements 
 
 _
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Why do this project? 
 
NS Power’s standard right-of-way width for a 69 kV transmission line was 20 meters.  Given the power line 
structure is usually in the centre of the right-of-way, this resulted in a cleared area of 10m on each side of the centre 
line.  The distance between the forest edge and conductor varies, depending on structure type.  While this distance 
provides ample clearance for the safe maintenance and operation of all types of structures, it is not wide enough to 
prevent many tree species that are tall enough to span the entire right-of-way width from making contact with the 
power lines when they fall.  Increasing the right-of-way width to 30-40 meters, where possible, for 69 kV 
transmission lines, will significantly reduce the risk of trees contacting the power lines during storms. 
 
Why do this project now? 
 
This is year three of the eight year 69 kV Transmission Right-of-Way Widening Plan.  The transmission lines 
targeted for widening in 2018 are based on the prioritization outlined in the Widening Plan. 
 
This project is deemed in-service when the first transmission right-of-way is widened (January 2018), therefore the 
Final Cost date (June 2019) is six months after the last right-of-way is completed on this project (December 2018). 
 
Why do this project this way? 
 
Prioritizing the widening of the 69 kV transmission rights-of-way based on customer count and redundancy will 
provide the largest reliability benefit. 

_
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: -CI Number 51969 2018 Transmission Right-of-Way Widening 69kV Project Number 51969

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0200 - TP - Land Rights 5,487,686Additions

Total Cost:

Original Cost:

5,487,686

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51969
2018 Transmission Right-of-Way Widening 69kV

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 206 389$                 80,000$               

Sub-Total 80,000$               

1 10,000.00$       10,000$               

Sub-Total 10,000$               

Lot 1 4,449,670$       4,449,670$          

Sub-Total 4,449,670$          

32,693$               
Sub-Total 32,693$               

71,042$               
844,280$             

Sub-Total 915,323$             

4,539,670$          
5,487,686$           

Original Cost

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead

Contract AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Labor AO

Location:
CI# / FP#:

Title:

T&D Labor - Site Supervision

Transmission

Regular Labor

Description

Vehicle Allocated Costs

Contracts

Vehicle Overhead

Tree Trimming

Travel Expense
Travel
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CI Number: 51975 

Title:  5P Mobile Substation Replacement 

Start Date: 2018/01 
In-Service Date: 2019/06 
Final Cost Date: 2019/12 
Function: Transmission 
Forecast Amount: $4,829,458 

DESCRIPTION: 

The scope of this project is to purchase a new 25 MVA (Mega Volt-ampere) mobile substation to replace the 5P 
mobile substation currently in the NS Power mobile fleet.  This type of mobile substation is used for maintenance, 
capital projects, reactive reliability response and as a back up to the 6P mobile substation.  A mobile substation is a 
trailer mounted transformer with associated equipment that can be deployed on short notice for maintenance or 
power restoration purposes. 

Summary of Related CIs +/- 2 years: 
2016 CI 48061 New Mobile Substation 7.5MVA $2,390,744 
2017 CI 51956 6P Mobile Substation Rewind $1,516,121 

Depreciation Class: Transmission Plant – Station Equipment 

Estimated Life of the Asset: 40 Years 

JUSTIFICATION: 

Justification Criteria:  Transmission Plant 

Sub Criteria: Equipment Replacement 

Why do this project? 

NS Power has two 25MVA mobile substations in its mobile fleet (5P and 6P), and it is NS Power’s practice to 
always have one available for reactive deployment.  The 5P mobile substation was purchased in 1979 and is nearing 
the end of its expected useful life.  This mobile substation has been increasingly unavailable for periods of time 
because of trailer repairs, oil leaks and transformer failures.  When the 5P mobile is unavailable for use, the 6P 
mobile substation has to be kept available for reactive reliability response, which can result in the delay of planned 
capital or maintenance work. 

Why do this project now? 

This project needs to be completed now to better facilitate maintenance and capital programs as the existing 5P 
mobile substation is experiencing reliability issues, and to mitigate the risk of a mobile not being available for 
reactive reliability response. 

Why do this project this way? 

Purchasing a new mobile substation to replace the 5P mobile is the best option given the age and condition of the 
existing unit.  An alternative to purchasing a new mobile substation to replace 5P would be to rewind the 5P mobile 
substation transformer.  The rewind would be approximately half of the cost of a new mobile substation; however it 
would only result in a new transformer.  All of the many other physical components of the mobile substation would still 
be near the end of the expected useful life, including the trailer itself. 
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: -CI Number 51975 5P Mobile Substation Replacement Project Number 51975

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

4400 - TP - Substn.Transf. 4,805,514Additions

4400 - TP - Substn.Transf. 23,945Retirements

Total Cost:

Original Cost:

4,829,458

1,459,193

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51975

Execution Year: 2018-2019
Unit Quantity Unit Estimate Total Estimate Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 25 372$                 9,141$                 
PD 30 386$                 11,660$                
PD 1 4,860$              4,860$                 
PD 41 372$                 15,356$                

Sub-Total 41,017$                

Lot 1 4,050,000$        4,050,000$           

Sub-Total 4,050,000$           

Lot 1 2,480$              2,480$                 

Sub-Total 2,480$                 

Lot 1 40,000$             40,000$                

Sub-Total 40,000$                

% 10% 4,133,497$        413,350$              

Sub-Total 413,350$              

16,762$                
-                       

Sub-Total 16,762                 

228,955$              

Sub-Total 228,955$              

36,424$                
471$                    

Sub-Total 36,895$                

4,546,847$           
4,829,458$           

Original Cost
1,459,193$           

5P Mobile Substation Replacement

Materials

Contract AO

Contingency

Labour AO

Inspection and Witnessing of Tests

Vehicle Overhead
Vehicle AO

Consulting

AFUDC

Location:

CI# :
Title:

T&D Labour - Design

Regular Labour

Old Transformer and Oil Transport

Transmission 

Description

T&D Labour - PLT

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Other Goods & Services

Administrative Overhead

Procurement / Financial Support
T&D Labour - Commissioning

Contracts

25MVA Mobile Substation c/w RTU and
On- Line Gas Monitoring
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CI Number: 52258 

Title: 2018/2019 Isolated Transmission Structure Replacements 

Start Date: 2018/06 
In-Service Date: 2018/08 
Final Cost Date: 2020/03 
Function Class: Transmission 
Forecast Amount: $4,818,521 

DESCRIPTION: 

This is a multi-year project with work planned to be completed in 2018 and 2019.  This program is designed to use 
helicopters to conduct maintenance work on transmission structures located in isolated or environmentally sensitive areas 
that are very difficult to access using traditional construction methods.  Utilizing helicopters to complete this work will 
reduce environmental impact and permitting times, reduce equipment and material mobilization challenges, lessen the 
costs of site access, reduce the planned outage time required to complete maintenance work, and reduce land access 
challenges.  Completion of the maintenance work on these isolated structures using traditional construction methods 
would require significant resources to build bridges and lay environmental matting to access the structures, adding to 
project time and costs. 

The project scope includes: 

L5530B – 36W Green Harbour to 46W Broad River (73 structures): 
• Structure Replacements:   10 structures 
• Timber/Arm & Insulator Replacements:  57 structures
• Insulator Replacement: 4 structures 
• Other Deteriorated Assets: 2 structures 

L5549 – 30N Maccan to 19N Hickman Street (21 structures): 
• Structure Replacements:  21 structures 

L6020 – 30W Souriquois to 50W Milton (49 structures): 
• Structure Replacements:  30 structures 
• Timber/Arm & Insulator Replacements:  19 structures

L6531 – 50W Milton to 99W Bridgewater (8 structures): 
• Structure Replacements:  3 structures 
• Timber/Arm Replacements:  5 structures 

Summary of Related CIs +/- 2 years: 
2017 CI 49948 2017/2018 Isolated Structure Replacements $3,822,487 
2019 CI TBD 2019/2020 Isolated Structure Replacements $TBD 
2020 CI TBD 2020/2021 Isolated Structure Replacements $TBD 

Depreciation Class: Transmission Plant- Poles and Fixtures 
Transmission Plant- Overhead Conductors and Devices 

Estimated Life of Asset: 45 years 

JUSTIFICATION:  

Justification Criteria:  Transmission Plant 

Why do this project? 

The transmission inspection program identified deteriorated assets that require replacement to avoid transmission 
interruptions.  Not completing this project would compromise the reliable operation of these lines. 

Why do this project now? 
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This work has been prioritized based on transmission inspection results and is required to mitigate the risks to the 
reliable operation of these transmission lines.  Access to these isolated structures is very difficult and the cost to 
build the required environmental bridges and lay environmental matting for site access is prohibitive.  Therefore, 
past work has been completed using only small off-road vehicles.  As a result, it has not been possible to use 
standard materials and equipment to complete the repairs, and, as such, temporary repairs have been completed on 
multiple structures in these areas.  The temporary repairs that have been made must be replaced with permanent 
standard construction structures. 
 
This project is forecast to be in-service once the first structure is replaced (August 2018), therefore the forecast Final 
Cost date (March 2020) is six months after the last structure is forecasted to be replaced (September 2019). 
 
Why do this project this way? 
 
This program targets isolated structure refurbishment and replacements on L5530B, L5549, L6020 and L6531.  These 
lines require a large quantity of environmental matting and bridges for structure access by land.  The cost of over-
land access methods exceeds the cost of completing the work by helicopter.  The following table compares the 
contract costs for performing the work with a helicopter and using traditional methods. 
 

Line 
(# Structures) 

Contract Cost Comparison ($000s) 
 

Helicopter  
Costs 

Traditional Methods  
Environmental Matting 

Costs 
Variance 

L5530B 
(73 structures) $411 $900 $(489) 

L5549 
(21 structures) $459 $600 $(141) 

L6020 
(49 structures ) $866 $1,000 $(134) 

L6531 
(8 structures) $143 $220 $(77) 

TOTAL $1,880 $2,720 $(840) 
 
This comparison demonstrates the cost benefit of using helicopters to complete the maintenance work on the 
isolated structures.  In addition, once this program is established, the method of conducting work by helicopter will 
be available for use for reactive outage restoration, resulting in decreased outage times. 
 
Replacing the existing deteriorated assets is more cost effective than rebuilding the entire line.  Gaining access and 
completing the work from a helicopter for the identified structures on L5530B, L5549, L6020 and L6531 will result in 
lower costs than traditional work methods and will reduce permitting times, reduce equipment and material mobilization 
challenges, lessen the costs of site access, allow for faster completion of the work, and reduce land access challenges. 
 
The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 
designed to optimize the allocation and execution of PLT resources among work requirements. 
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: -CI Number 52258 2018/2019 Isolated Transmission Structure Replacements Project Number 52258

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

3500 - TP - Wood Poles 3,910,485Additions

3800 - TP - Insulators 133,469Additions

3900 - TP - O/H Cond. 549,776Additions

3500 - TP - Wood Poles 168,465Retirements

3800 - TP - Insulators 56,326Retirements

Total Cost:

Original Cost:

4,818,521

796,473

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52258
2018/2019 Isolated Transmission Structure Replacements

Execution Year: 2018-2019

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 10 366$                  3,759$                  
PD 146 389$                  56,983$                
Lot 1 6,458$               6,458$                  

Sub-Total 67,200$                

Lot 1 296 310$           296 310$              
Lot 1 26 210$             26 210$                
Lot 1 399$                  399$                     

Sub-Total 322 918$              

Hrs 1 417 761             
Lot 1 14 000               14 000                  
Lot 1 32 400               32 400                  
Lot 1 15,000               15,000                  
Lot 1 410,947             410,947                
Lot 1 459,320             459,320                
Lot 1 865,920             865,920                
Lot 1 143,392             143,392                
Lot 1 5,000                 5,000                    

Sub-Total 3,363,740$           

% 10% 3,363,740$        336,374$              
Sub-Total 336,374$              

27,462$                
Sub-Total 27,462$                

59,676$                
638,236$              

Sub-Total 697,912$              

2 915$                  
Sub-Total 2,915$                  

4 090 232$           
4,818,521$           

Original Cost
796,473$              

Helicopter Services - L6531

Contracts

Procurement / Financial Support

Poles
Materials

Helicopter Services - L5549
Helicopter Services - L6020

Contingency

Survey

Insulators
Conductor

Waste Disposal

Vehicle Allocated Costs

Other Goods & Services

Helicopter Services - L5530B

Pole Haulage

 Vehicle Overhead

Contract Line Work
Flagging

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead

Contract AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Interest Capitalized
AFUDC

Labour AO

Location:
CI# / FP#:

Title:

T&D Labour - Site Supervision
T&D Labour - Electrician/Technician

Transmission

Regular Labour

Description
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CI Number:  51403 

Title: 2018/2019 Substation Polychlorinated Biphenyl (PCB) Equipment Removal 

Start Date: 2018/03 
In-Service Date: 2018/03 
Final Cost Date: 2020/05 
Function Class: Transmission 
Amount: $4,402,342 

DESCRIPTION: 

This project will replace substation devices that have polychlorinated biphenyl (PCB) levels of 50 mg/kg or more to 
comply with 2008 Federal Environmental PCB Regulations.  PCB sampling of all accessible substation equipment 
was completed in previous year projects and the focus is now on equipment removal. 

A portion of the capital costs associated with this capital item will contribute toward settling the Company’s Asset 
Retirement Obligation for PCB contaminated oil. 

Summary of Related CIs +/- 2 years: 
2016 CI 48066 2016/2017 Substation PCB Equipment Removal $3,500,427 
2017 CI 49838 2017/2018 Substation PCB Equipment Removal $4,127,023 
2019 CI TBD 2019/2020 Substation PCB Equipment Removal $TBD 
2020 CI TBD 2020/2021 Substation PCB Equipment Removal $TBD 

Depreciation Class: Transmission Plant – Overhead Conductors and Devices 
  Transmission Plant – Station equipment 

Estimated Useful Life:  40 Years 

JUSTIFICATION: 

Justification Criteria: Environmental 

Why do this project? 

This project is required to enable NS Power to comply with the revised 2008 PCB Regulations as set by the Federal 
Government, which includes a deadline of 2025 for the elimination of all equipment containing PCBs in concentrations 
at or above 50 mg/kg. 

Why do this project now? 

This project must be completed to comply with the replacement of all applicable PCB contaminated substation 
equipment before the 2025 deadline. 

This project is deemed in-service when the first device is removed (March 2018), and the Final Cost Date (May 
2020) is listed as six months after the last device is removed (November 2019).  

Why do this project this way? 

The replacement of equipment containing greater than 50 mg/kg concentration of PCBs must be planned over a period 
of several years to manage outages effectively and comply with the 2008 Federal PCB Regulations. 
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: -CI Number 51403 2018/2019 Substation  Polychlorinated Biphenyl (PCB) Equipment Removal Project Number 51403

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0300 - TP - Bldg.,Struct.Grnd. 135,503Additions

2200 - TP - Elec Contr.Equip. 298,043Additions

3900 - TP - O/H Cond. 140,313Additions

4300 - TP - Substn Dev. 2,319,631Additions

4400 - TP - Substn.Transf. 1,338,302Additions

4300 - TP - Substn Dev. 170,549Retirements

Total Cost:

Original Cost:

4,402,342

785,476

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51403
2018/2019 Substation  Polychlorinated Biphenyl (PCB) Equipment Removal 

Execution Year: 2018-2019

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 620 366$                  226,691$              
PD 23 389$                  8,966$                  
PD 628 386$                  242,408$              
PD 453 284$                  128,652$              

Sub-Total 606,717$              

Lot 1 500$                  500$                     

Sub-Total 500$                     

Lot 1 15,035$             15,035$                
Lot 1 60,180$             60,180$                
Ea. 5 93,445$             467,225$              
Ea. 3 9,000$               27,000$                
Ea. 7 68,073$             476,508$              
Ea. 6 1,200$               7,201$                  
Ea. 80 10,000$             800,000$              

Sub-Total 1,853,148$           

Lot 1 81,000$             81,000$                
PD 53 800$                  42,000$                
hr. 4500 100$                  450,000$              
hr. 72 250$                  18,000$                
Lot 6 1,000$               6,000$                  
hr. 210 100$                  21,000$                
hr. 870 100$                  87,000$                

Sub-Total 705,000$              

% 10% 3,164,865$        316,486.50$         
\

Sub-Total 316,486$              

247,941$              

Sub-Total 247,941$              

538,783$              
133,767$              

Sub-Total 672,550$              

SUB-TOTAL (no AO, AFUDC) 3,481,851$           
TOTAL (AO, AFUDC included) 4,402,342$           

Original Cost
785,476$              

Location:
CI# / FP#:

Title:

T&D Labor - Site Supervision
T&D Labor - Engineering Design

T&D Labor - Electrician/Technician

Transmission

Regular Labor

Description

Contingency

69 kV Surge Arrester

Mobile Transport

Labor - Commissioning

Contracts

Labor - Conductors

Boom/Crane Rental
Labor (138 kV and 69kV Circuit Breaker)

HV Bushings

T&D Drafting Labor

Civil Contracts - Foundations, Conduit, etc.
Labor (Overhead Conductors/Equipment)

Materials

Travel Expense
Miscellaneous Travel

Connectors, Ground Connectors, Nuts, Jumpers, etc.
Control Cables, Junction Boxes

138 kV Circuit Breakers

69 kV Circuit Breakers
138 kV Surge Arrester

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Vehicle Overhead

Administrative Overheads
 Labor AO

 Contract AO

Other Goods & Services

Vehicle AO
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CI Number: 51402 

Title: 2018/2019 Sacrificial Anode Installation Program 

Start Date: 2018/01 
In-Service Date: 2018/01 
Final Cost Date: 2020/06 
Function Class: Transmission 
Amount: $3,023,668 

DESCRIPTION: 

This project will systematically install sacrificial anodes, highly active metals used for cathodic protection, on steel 
transmission structures and key tower anchors which have been identified as corroding or at a high risk for 
corrosion.  This program, along with the inspection of transmission steel towers and the steel tower refurbishment, 
will identify and address corrosion issues on steel assets throughout the province. 

Summary of Related CIs +/- 2 years: 
2016 CI 48116 2016 Sacrificial Anode Installation Program $970,909 
2017 CI 49813 2017 Sacrificial Anode Installation Program $1,532,340 
2020 CI TBD 2020/2021 Sacrificial Anode Installation Program $TBD 

Depreciation Class: Transmission Plant – Towers and Fixtures 

Estimated Useful Life: 15-20 years 

JUSTIFICATION: 

Justification Criteria: Transmission Plant 

Why do this project? 

Based on transmission line inspections, the age of NS Power infrastructure and the corrosion rate of steel once 
galvanization is breached, sacrificial anodes, which have proven effective in other jurisdictions to protect steel 
transmission structure assets and slow the rate of corrosion, have been recommended as a corrosion solution by NS 
Power’s Transmission & Distribution engineering group. 

Why do this project now? 

Based on the age of NS Power’s steel transmission structure assets, the galvanization is at or near the end of its 
anticipated life.  Cathodic protection, provided by the installation of sacrificial anodes, will extend the life of the 
steel structure. 

This project is deemed in-service when the first anode is installed (January 2018), therefore the Final Cost Date 
(June 2020) is listed as six months after the last anode is installed (December 2019). 

Why do this project this way? 

The installation of sacrificial anodes protects the existing assets once the galvanization is ineffective, deferring costly 
replacement. 

The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model, which is 
designed to optimize the allocation and execution of PLT resources among work requirements. 
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: -CI Number 51402-T969 2018/2019 Sacrificial Anode Installation Program Project Number 51402-T969

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

3700 - TP - Steel Towers 3,023,668Additions

Total Cost:

Original Cost:

3,023,668

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51402
2018/2019 Sacrificial Anode Installation Program

Execution Year: 2018/2019

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 128 385$                  49,280$                
Lot 1 2,866$               2,866$                  

-$                      
Sub-Total 52,146$                

EA 950 151$                  143,450$              
-$                      

Sub-Total 143,450$              

EA 1 2,000,000$        2,000,000$           
EA 1 100,000$           100,000$              

-$                      
Sub-Total 2,100,000$           

Lot 1 50,000$             50,000$                
-$                      

Sub-Total 50,000$                

Lot 1 2,000$               2,000$                  
-$                      

Sub-Total 2,000$                  

% 10% 2,100,000$        210,000$              
-$                      

Sub-Total 210,000$              

21,310$                

Sub-Total 21,310$                

46,308$                
398,454$              

Sub-Total 444,762$              

2,557,596$           
3,023,668$           

Original Cost
-$                      

Vehicle AO

Other Goods & Services

Location:
CI# / FP#:

Title:

T&D Labor - Site Supervision

Transmission

Regular Labor

Description

Contract Supervision

Consulting

Procurement / Financial Support

 Meals & Entertainment

Contracts

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Meals

Administrative Overhead
Labor AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

Contingency

Vehicle Overhead

Contract Line Work

External Program Consulting

Materials
Anodes & Test Stations

ACE 2018 CI 51402 Page 3 of 3

Date Filed:  November 22, 2017          Page 1922 of 2371          REDACTED



CI Number:  C0001900 
 
Title:  Mount Hope 69-25kV Substation 
 
Start Date: 2018/01 
In-Service Date: 2019/11 
Final Cost Date: 2020/05 
Function: Transmission 
Forecast Amount: $2,982,338 
 
DESCRIPTION: 
 
This project includes the construction of a new 69-25kV substation in the Mount Hope area.  As outlined in planning 
study report # 57-2016-TSMG (please refer to Attachment 1), capacity for contingency conditions are nearing limits 
at the 113H Dartmouth East substation.  It is recommended that a 69-25kV pad-mount substation with a single 25kV 
feeder be constructed in the Mount Hope area.  This new substation will provide necessary load relief to two of the 
most heavily loaded Dartmouth East feeders 113H-434 and 113H-443. 
  
Summary of Related CIs +/- 2 years: 
No other projects in 2016,2017,2018,2019 and 2020 
 
Depreciation Class: Transmission Plant- Station Equipment 

Transmission Plant- Underground Conductors and Devices 
Transmission Plant- Poles and Fixtures 
Transmission Plant- Overhead Conductors and Devices 

 
Estimated Life of the Asset:  40 Years 
 
JUSTIFICATION:  
 
Justification Criteria:  Transmission Plant 
 
Why do this project? 
 
Installation of a new 12MVA, 69-25kV pad-mount substation near the junction of 69kV lines L-5011 and L-5012 is 
needed to provide load relief on Dartmouth East feeders 113H-434 and 113H-443.  Failure to complete this project 
will result in continuing loading violations that exceed the normal operating limit of 325A on these Dartmouth East 
feeders.  This overloading would have a direct impact on customer reliability during contingency situations that 
require load transfer to adjoining substations. 
 
Why do this project now? 
 
Dartmouth East feeders 113H-434 and 113H-443 are presently experiencing load violations that exceed the normal 
operating limit.  Without a new pad-mount substation, these customers are at risk of experiencing extended outages 
during peak load due to the restricted ability to transfer load to adjoining substations. 
 
Why do this project this way? 
 
Installation of a new pad-mount substation in the Mount Hope area as recommended in the Planning Study is an 
alternative to the construction of a new substation at Harbour East.  This option is recommended due to its lower 
development cost (approximately $10 million less expensive), smaller footprint, compatibility of its appearance 
amongst local development and fast implementation.  Due to the low site development cost, a pad-mount substation 
could easily be expanded or relocated to meet future load growth. 
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: -CI Number C0001900 Mount Hope 69-25kV Substation Project Number C0001900

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0300 - TP - Bldg.,Struct.Grnd. 229,431Additions

0700 - TP - Environmental 45,780Additions

2200 - TP - Elec Contr.Equip. 53,427Additions

2300 - TP - Power Equip.-Station S 12,632Additions

3500 - TP - Wood Poles 60,205Additions

3900 - TP - O/H Cond. 34,232Additions

4300 - TP - Substn Dev. 37,911Additions

4400 - TP - Substn.Transf. 2,393,044Additions

4600 - TP - U/G Conductor 41,482Additions

6100 - TP - Switched Telecomm. Sys 74,194Additions

Total Cost:

Original Cost:

2,982,338

Total Cost:Original Cost:
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Capital Project Detailed Estimate

C0001900

Execution Year: 2018-2019

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 25 372$                 9,152$                 
PD 72 366$                 26,325$               
PD 9 389$                 3,501$                 
PD 231 386$                 88,973$               
PD 13 389$                 5,106$                 
PD 56 284$                 15,904$               

Sub-Total 148,961$              

PD 15 731$                 11,081$               

Sub-Total 11,081$               

PD 261 386$                 100,875$              

Sub-Total 100,875$              

Lot 1 2,208$              2,208$                 

Sub-Total 2,208$                 

Lot 1 9,505$              9,505$                 
Lot 1 11,700$            11,700$               
Lot 1 21,700$            21,700$               
Lot 1 5,850$              5,850$                 
Lot 1 32,000$            32,000$               
Lot 1 18,380$            18,380$               
Lot 1 1,300,000$        1,300,000$           
Lot 1 23,150$            23,150$               
Lot 1 40,000$            40,000$               

Sub-Total 1,462,285$           

Lot 1 146,731$           146,731$              
Lot 1 3,850$              3,850$                 
Lot 1 80,400$            80,400$               
Lot 1 10,000$            10,000$               
Lot 1 15,000$            15,000$               
Lot 1 185,000$           185,000$              

-$                     
-$                     

Sub-Total 440,981$              

Lot 1 20,000$            20,000$               
-$                     

Sub-Total 20,000$               

Lot 1 700$                 700$                    
Lot -$                     

Sub-Total 700$                    

10% 2,063,308$        206,342$              

Sub-Total 206,342$              

104,362$              

Sub-Total 104,362$              

174,090$              

Sub-Total 174,090$              

226,781$              
83,672$               

Sub-Total 310,453$              

2,393,432$           
2,982,338$           

Original Cost
-$                     

Labour AO

Other Goods & Services

Contract AO

Administrative Overhead

Location:
CI# :

Title:

T&D Labour - Site Supervision

T&D Labour - Site Supervision
T&D Labour - Design

T&D Labour - Electrician/Technician
T&D Labour - PLT

Regular Labour

Description

Transmission

Mount Hope 69-25kV Substation

Materials

Substation Devices

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Transformer (Transport/Offload/Assembly)

Meals

Padmount Substation FAT

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Survey, Mapping, Land Acquisition

Communication Equipment

Environmental

Contracts

Buildings, Structures and Grounds

Control Equipment Assembly
Overhead 25kV Line Extension

Civil

Control Equipment
Station Service

Wood Poles

T&D Labour - Drafting

Travel Expense
Travel

T&D Labour - Electrician/Technician

T&D Labour - Design
Term Labour

OT Labour

AFUDC

Contingency

Padmount Substation
Underground Conductors

Civil Field Supervision

Meals & Entertainment

Consulting

Vehicle Overhead
Vehicle AO
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Harbour East Substation - Review of Requirements and Options 

Executive Summary 

This study revisits the question of whether a new Harbour East substation located in the Eastern 
passage area is needed within the next 10 year planning horizon - either for reasons of off
loading the 69 kV Dartmouth Loop or to meet load capacity requirements in the east Dartmouth 
and Eastern Passage areas - and if not needed what capacity requirements are needed. 

The conclusion of this study is that within the 10 year time horizon studied there is sufficient 
capacity available on the Daiimouth 69 kV loop and on feeders supplying the Eastern passage 
area to meet forecast requirements. Fmiher, growth requiring the construction of Harbour East 
substation to provide additional transformation capacity in the Eastern Passage area has not 
materialized nor is it expected to appear within the planning horizon of this study. The reasons 
for this are complex and are explored in depth in this repmi. The findings of this load 
investigation may have more broad application across the NS Power system. 

Capacity for contingency conditions is neai'ing limits at the 113H Dartmouth East substation. It 
is recommended that a 69-26.4 kV padmount power transformer substation with a single 25 kV 
feeder be constructed in the Mount Hope area. With minor feeder reconfigurations this new 
substation and feeder would provide necessary load relief to two of the most heavily loaded 
Daiimouth East feeders: 113H-434 and 113H-443, one of which (l 13H-434) serves load in the 
Eastern Passage area. With the low load growth forecast for the area this substation will provide 
the required capacity to meet the cunently forecasted load growth. 
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1.0 Introduction 

1.1 Scope 
This study was initiated to review the findings of the original study that recommended 
Harbour East substation and the subsequent addendums to it and reconsider potential 
solutions in light of higher than originally estimated project costs and changing load 
growth patterns. Additionally, the study will review loading on the Dartmouth 69 kV 
Loop, exploring options to extend its capacity. 

1.2 History 
The requirement for the construction of a new Harbour East substation to serve the 
growing load of Eastern passage had its earliest roots in two studies conducted in the 
1990s. The first, Report # 171-0194-H27 "Distribution Planning Repmt, Dartmouth 
District" by Kevin Kilfoil published in 1994, rated the construction of a new substation in 
Eastern Passage as a close second-best option to installing a second transformer at Albro 
Lake substation to serve the growing Da1tmouth load (this option was actually pursued). 

The second, Repmt # 198-0799-H35 "Cole Harbour/Eastern Passage Load Growth 
Repmt" by Larry 0 'Keefe published in 1999 also considered a new substation in Eastern 
Passage as an option but concluded that express feeders from East Da1tmouth were the 
most economically favorable option for supplying the area. 

In 2006, Report# 232-1105-H38 - "Sub-Transmission and Distribution Planning Study, 
Da1tmouth 25 kV System" was prepared by John Charlton. In the report' s discussion of 
issues it is stated that: 

"It becomes evident as load is scaled over the 15 year time frame of this rep01t 
that express feeders into the Eastern Passage area from the Dartmouth East 
substation will eventually become impractical due to the parasitic load each 
feeder has to supply before reaching the load centre in Eastern Passage, and due 
to the limited number of access routes between the two areas. It is likely, 
therefore, that NSPI will need to establish a new substation within Eastern 
Passage at some point shmtly after 2020/21 ." 

The report also stated that: 
"The future of the 69kV sub-transmission system within Daitmouth was beyond 
the scope of this report. As such, a Transmission System study of the Loop is 
recommended within the next 5 years to address this issue. The long lead time is 
required to allow time to develop a strategy for upgrading this loop, or for 
developing an alternate right of way for new transmission assets to replace the 
loop." 

Acting on this recommendation the Dartmouth 69 kV Loop Planning Study (Report # 
255-087-H41) was initiated and completed by Joy Brake in 2007. That study forecast 
capacity violations on the Daitmouth 69 kV Loop as eai·ly as the 2012/13 peak and on the 
Dartmouth East substation feeders as early as the 2011/12 peak. The study recommended: 

1 
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"• 2008 - Develop an express feeder from 113H-Dartmouth East to relieve 
loading on the 58H-Imperial Oil transfo1mer 58H-T3 
• 2008 to 2010 - Acquire ROW for a 138kV H-frame construction transmission 
corridor from 113H-Daitmouth East to Eastern Passage. Acquire land for a 
substation in Eastern Passage. 
• 2011 - Constrnct a 138kV transmission line from l 13H-Dartmouth East to the 
Eastern Passage substation site. 
• 2011 - Construct a 138/25kV substation with 4 feeder exits in Eastern Passage 
• 2011 - Reconfigure SSH-Imperial Oil and l 13H-Dartmouth East feeder circuits 
as necessary to develop feeders from the new substation." 

The estimated cost in 2007 of the recommended work was $9. 7 Million. 

The study also looked to the future oppo1tunity to develop a transmission connection 
from Eastern Passage to Water Street so it fuither recommended: 

"• Use double circuit monopole constrnction instead of H-frame for the new 
transmission line from 1l3H-Dartmouth East to the Eastern Passage substation. 
• Acquire ROW from the Eastern Passage substation to the Halifax Harbour to 
facilitate a future Halifax/Daitmouth 138kV loop." 

The additional cost of these items was estimated in 2007 $ at $6.6 Million, bringing the 
total for implementing all recommendations to 2007 $16.3 Million. 

Work on implementing these recommendations began almost immediately. Consultations 
were initiated in 2009 with HRM staff in regard to the routing of a transmission line 
through lands that included pai·kland and other land owned by the municipality. Design 
work for the transmission line and substation was initiated under preliminary work order 
T731 and acquisition of ROW and a substation site proceeded under a preliminary work 
order against 2011 capital budget item CI # 38849. The development of the 
recommended express feeder along Bissett Road to relieve load on 58H-T3 was 
completed in 2010 under Distribution CI# 34602. 

Following a community consultation process initiated in 2010, a great deal of public 
malcontent with the originally-planned cross country transmission route from East 
Dartmouth to Eastern Passage surfaced. In response, NS Power together with HRM 
established a Public Advisory Committee co-chaired by Teny Toner to explore viable 
options to that route. In November 2011 the Committee produced a repo1t that 
recommended a roadside route that followed Main Street, Forest Hills Parkway, Cole 
Hai·bour Road and Bissett Road to a takeoff location where it then crosses forested land 
to a new substation site on Caldwell Road south of Hines Rd. The line design would be 
single circuit rather than the original plan for a double circuit. 

Budget items were included in the 2012 Capital Budget for the transmission line ROW 
and substation site ($179,680), construction of a transmission line ($7,859,669), 
termination of the line at East Dartmouth ($788,149) and constrnction of the Harbour 
East substation ($3,490,007). 

Since the 2007 study a number of addendums to the study were completed in 2012, 2013, 
2015 and 2016. Other than the broader scopes of the two updates undertaken in 2012, all 
subsequent updates explored only the timing of the constrnction of the new substation at 
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Harbour East or opportunities for expenditures that would defer the in-service date of that 
substation. 

With the recommendation by HRM Planning to HRM council in early March 2012 to 
accept the transmission line route proposed by the Public Advis01y Committee: 
(https://www.halifax.ca/boardscom/swrac/documents/HarbourEastTransmissionLineUpd 
ate.pd!), an update in March 2012 by Joy Brake of her original 2007 study was prepared 
to confom the project timing. This update concluded that with the voltage conversion and 
transfer of load to 113H Dartmouth East and 139H Dartmouth Crossing, loading on the 
Daitmouth Loop was no longer an issue. However, due to continued forecasted loading 
criteria violations at l 13H Dartmouth East and on the Dartmouth Crossing feeder 139H-
414 across Lake Charles (which backfeeds toward Dartmouth East), the study re
confirmed the need for the Hai·bour East option with an in-service date of 2012/13 load 
peak. Design and ROW acquisition activities for the new line and substation proceeded 
and the preparation of revised estimates for the transmission line were initiated based on 
the approved route. 

In May 2012, after the official approval for the new transmission line route was secured 
from HRM, Imperial Oil issued an announcement that they would seek a purchaser for 
their Eastern Passage refinery or would consider a reduction in operations to a tank farm. 
Following that announcement a follow-up review of the original study was undertaken by 
James MacQueen with a report issued in September 2012. The review assumed that with 
the refinery shutdown there would be a 15 MV A reduction in peak load on the Dartmouth 
Loop but also assumed offsetting load increases due to new loads in the Eastern Passage 
area (Shearwater and a new sewage treatment plant). The study evaluated alternatives 
that would have added new transformer capacity at East Dartmouth and Imperial Oil but 
concluded that the construction of Hai·bour East was the best option. 

A year later on June 19 2013 Imperial Oil announced the closure of refining operations at 
its Eastern passage refinery to be implemented later that yeai·, converting its operations to 
a terminal facility. The closure would result in a reduction of peak load from 
approximately 25 MV A to approximately 2.5 MV A with the loss of jobs. This change 
freed up approximately 23 MV A of capacity on the Dartmouth Loop thereby eliminating 
immediate contingency capacity concerns and allowing the possibility of supplying more 
distribution load from existing substations. 

With the more ce1iain future load forecast for the refinery operations another addendum 
to the original study was unde1iaken by James MacQueen and a rep01i released in August 
2013. The study was unde1iaken to determine what actions could be taken to defer the in
service date of the Harbour East substation until the 2015/16 winter peak. The repmi 
recommended changing out the 58H-T3 transformer from 15/20.8 MVA to a spare 
15/20/25 MV A unit available from 22C Cleveland substation and the addition of a spare 
7.5/10/12.5 MVA 25 kV transfmmer at 40H Woodlawn. The result of these changes, 
implemented under U&U Work Orders, revised the in-service date for Harbour East to be 
prior to the 2017/2018 winter peak. 

Two additional study addendums were produced. The first addendum in 2015 by 
Brendon Henderson was prompted in pait by delays in obtaining the desired Right-of-
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Way due to land parcel ownership challenges. It reported that the growth rate for East 
Dartmouth had dropped from 1.8% to 1.5% and even though higher losses would be 
experienced in the interim, economics favoured a further defenal of Harbour East to an 
in-service of prior to the 2018/2019 peak. Among the report recommendations it is stated 
that: 

"Transmission line construction begins in 2016, allowing 2 years for completion. 
This will be double circuit monopole construction as per original study. There 
will be flexibility to use this line as a 25kV express feeder from 113H-Dartmouth 
East, if required before the substation is in service." 

It is observed that although the original J. Brake repmt and the 2015 addendum both 
recommended a double circuit line, the agreement that came out of the community 
consultation process in 2012 was for the construction of a single circuit line. The 
rationale for a single circuit was that the 138 kV transmission circuit would eventually 
looped through Water Street via an underwater cable. This would satisfy the looping 
criteria as Harbour East load grew without needing a second circuit from Dartmouth East. 
Reviewing the transmission line cost estimates it is noted that the most recent estimates 
were prepared for a single circuit line. 

The cost of a double circuit transmission line along the original route was estimated at 
$7.15 Million. Adopting the new route recommended by the Public Advisory Committee 
and adjusting for the additional design and construction restrictions imposed by HRM 
caused the line cost to increase. In the discussion of the HRM Planning recommendation 
in March 2012 it was reported that: 

"As a final comment, Nova Scotia Power estimates the cost of this transmission 
project to be approximately $12.0 million. The estimate for the original 
transmission line, as proposed 18 months ago, was $20.0 million. Assuming that 
these figures represent similar scope of work, the end result is a project which has 
supp01t from the community and a 40% savings." 

The most recent cost estimate as of July 2016 is $16.8 Million for a single circuit line -
well above the original estimate. The transmission estimate figures are also very much 
different from the assumptions contained in the HRM staff repo1t. 

The most recent addendum, produced in 2016, was also by Brendon Henderson. That 
update was prompted by a very significant increase in the estimated cost of the new 
transmission line from East Dartmouth to supply the new Harbour East substation. The 
update explored the possibility of deferring Harbour East by one additional year in order 
to unde1take a new study that would examine the many changes in transmission and 
distribution systems and customer load growth since Harbour East was initially approved 
and recommend what capacity options should be followed. The update identified that 
there had been a break in the upward trend of load growth in East Daitmouth and as a 
result violation of contingency capacity on the Dartmouth 25 kV system would not be 
expected till the winter of 2021, providing enough time to complete a new study. The 
results of that new study are what are reported in this document. 
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1.3 Findings of Preliminary Investigations 
Other planners have identified a shift away from historical growth rates that used to fit an 
exponential model and a move more recently towards growth rates that are noticeably 
linear in character. Even more recent load patterns display little or no load growth at all, 
and in some instances a decline in load. These finding suggest that there are entirely new 
drivers of electrical demand and energy consumption at play in the community. This area 
will require close assessment of load forecasts to ensure capacity expansions are made 
with the best interests of customers and with the appropriate timing. Considerations 
should include opportunities to plan targeted programs like DSM, battery storage, solar 
power, etc. that could potentially offer more cost-effective alternatives. 

As far back as 1994 general load growth was being estimated at 3.9% with a low and 
high range of 1.9% and 6%. By 1999 the growth rate for the Eastern Passage area was 
estimated to be lower at 2.7% with growth in the Colby area at 2.5%. The 1999 forecast 
employed estimates of population increase, growth in the number of dwellings and 
amount of land available for development together with average demand per customer as 
a means of improving both load forecast accuracy with respect to demand and where the 
demand would be located. 

In his 2006 study J. Charlton broke down load forecasts into greater detail based on an 
analysis of a 10 year load history from 1995 to 2004. The same growth rates were 
reported by J Brake in her 2007 study. Reported growth rates were as follows: 

Station/System 

58H 25 kV 

113H 

Dartmouth 25 kV 

Dartmouth 12 kV 

69 kV Loop 

2004 Peak MVA 

23 
80 

140 
88 

107 
* 1.3% from 1998 to 2004 

1995-04 Growth % 

3.18 

2.49 

3.05 
0.47* 

1.80 

Table 1 Load Growth Rates from Charlton and Brake Studies 

With adjustments for the reduction of load at Imperial Oil and assumptions about load 
increases at Shearwater and a new sewage tTeatment plant in Eastern Passage the first two 
Joy Brake repo1i addendums employed the same load growth projections, stating: 

"The current loading on the 25kV dish·ibution system in Daiimouth is continuing 
to grow, with new developments planned for the foreseeable future. These new 
developments will increase loading throughout the extent of the cmrent 25kV 
distribution system." 

In Addendum #3 prepai·ed in 2015 by Brendon Henderson, all area load data was updated 
to the 2014-15 peak and a revised linear growth rate was calculated to be 1.5%, down 
from 1.8%. In forecasting the peak requirements for Eastern Passage an increased load 
was projected for 12 Wing Shearwater using the same estimate of approximately 5 MVA 
as had been included in eai·lier studies. In preparing this cmTent study 12 Wing 
Shearwater was contacted and they confirmed that development at the Base, to date, 
implements all planned development for the foreseeable future. Halifax Water 
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Commission has indicated they do not have any plans to increase the capacity of the 
sewage treatment plant in Eastern Passage beyond what was put in place with the $64 
Million upgrade completed in 2014 or to construct a new plant in the area. HRM's area 
plan limits new developments to those that will either have on-site disposal or will be in 
designated serviced lot areas that do not result in an increase in the existing treatment 
plant capacity. Therefore, no further load increases for 12 Wing or for a sewage treatment 
plant will be included in this report's forecast for the Eastern Passage load. 

For Addendum #4 prepared in 2016, Brendon Henderson performed a great deal of 
analysis of substation transformer and feeder loads. Peak load data for all 25 kV load in 
Dartmouth was temperature normalized and the resulting plot of peak loads from 2009 to 
2016 revealed no growth in peak load whatsoever despite increases in the number of 
customers throughout the period. The report observed: 

"it is clear that anticipated growth has not materialized in East Daitmouth. Since 
customer base has grown, it can be assumed that the way existing customers use 
electricity has changed. That is, energy consumers have become more efficient or 
have taken measures that reduce their contribution to peak. This could be 
explained by several things: 
- Efficiency One's DSM effo1ts 
- Conversions to oil or natural gas heating 
- Technology shift to energy efficient devices 
- Uptake of time-of-day rates 
- Major changes by large customer(s)" 

The repo1t also undertook to adjust the forecast load of the Dartmouth 25 kV system. The 
adjustment accounts for the DSM savings forecast estimates provided by Efficiency One 
and for an estimate of the impact of heat pump installations under a new NS Power 
program "Heat Pumps Set You Free" (http://heatpumpssetyoufree.ca/ ). However, despite 
the observation of changed customer usage patterns, the forecast in the report continued 
to project load using the historical growth rate of 1.5%, adjusting the forecasted load by 
the amount of load impact estimated for the heat pump and DSM programs. 

This study agrees with the observation that the way customers use electricity has 
changed. Fmther investigation is recommended to determine the broad range of factors 
underlying customer electrical load in general and the influence these factors will have on 
future growth. 

1.4 Equipment Loading Assumptions 
This study is perfo1med using the following equipment loading assumptions: 

• Distribution Circuits - Normal operating limit of 325 Amps (as per Section 17.9 
of the Capital Expenditure Justification Criteria); up to the equipment rating 
(typically 450 to 600 Amps) under contingency conditions. 

• Transmission Circuits - Summer ratings calculated at +30 C with 2 ft/s wind; 
Winter rating calculated at +5 C with 2 ft/s wind as set forth in IEEE Standard for 
Calculation the Current-Temperature of Bare Overhead Conductors, IEEE 738™-
2006. In addition to conductor ampacity and line operating temperature design 
considerations, circuit capacity may also be limited by line switch rating or line 
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metering limitations. Capacities of 69 kV lines in the Dartmouth area are 
summarized in Appendix A. 

• Substation Transformers - 133% of top nameplate rating during winter peak 
under no1mal daily loading cycle. 

• Mobile Transformers - 100% of top nameplate rating. 

2.0 Investigations of Factors Affecting Load 

Consideration was given to factors that influence future load growth on the system, many 
of which are interrelated in a number of ways. The changes over time that result in load 
growth trends arise both within the base of existing customers and with the addition of 
new customers. It can be stated that 99% of the customers that we will be supplying on 
the system next year are cmTently supplied by the system today. Even a small reduction 
in useage by the existing customer base could entirely overcome any growth from the 
addition of new customers. Consequently much can be achieved for improving load 
forecasts through understanding factors and trends affecting all customers, existing and 
new, but patticularly focusing on factors affecting the existing customer base. 

The following lists items that will be investigated and commented on in some level of 
detail: 

• New customer growth 
• Population demographics 
• Commercial and industrial developments 
• Demand Side Management - organic (naturally-occun'ing) and 

programmatic 
• Building standards 
• N atmal Gas 
• Solar - thermal and electric 
• Heatpumps 
• Electro-The1mal Storage and Time-of-Use 
• Energy retrofits 
• Electric vehicles 
• Battery energy storage 
• Distributed generation 
• Conservation Voltage Reduction 
• Environment - cai·bon pricing 
• Global waiming 

2.1 New Customer Growth 
Past studies contained inf01mation on population growth estimates and customer counts. 
The 1999 rep01t by LaiTy O'Keefe showed a cmTent residential dwelling growth rate for 
Eastern Passage of2.7% with a population growth rate of2.58%. The difference between 
the two growth rates indicates a trend of fewer residents per dwelling, a fact that over 
time has implications in regard to average electrical use per residential dwelling. 
Forecasts of future load that are based on a constant average load per dwelling will 
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overestimate demand. There are other factors that alter the average use per dwelling to 
consider as well. These will be discussed in greater detail in following sections of this 
report. 

Population Growth Rate, Canada, Provinces and Territories, 
The most recent 
census statistics 
document continued 
slow growth in the 
Nova Scotia 
population. Statistics 
from the 2016 
Census reveal that 
the Nova Scotia 
population growth 
over the past 5 years 
was the second 
lowest in Canada. 
From 2006 to 2011 
growth was 0.9% 
and from 2011 to 
2016 it was only 
0.2%. 

2006 to 2011and2011to2016, % 
2006 to 2011 2011to2016 

Canada 5.9 5 
Newfoundland and Labrador 1.8 1.0 
Prince Edward Island 3.2 1.9 
Nova Scotia 0.9 0.2 
New Brunswick 2.9 -0.5 
Quebec 4.7 3.3 
Ontario 5.7 4.6 
Manitoba 5.2 5.8 
Saskatchewan 6.7 6.3 
Alberta 10.8 11.6 
British Columbia 7.0 5.6 
Yukon 11.6 5.8 
Northwest Territories 0.0 0.8 
Nunavut 8.3 12.7 
Table 2 Canadian Population Growth 2016 Stats Canada 
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Population by County - July l, 2015 

Figure 2 Population by County 2015 

the expense of population loss in other 
areas of the province due to a migration of 
the population to the urban area and 
surrounds. This needs to be taken into 
account when using population growth 
rates to estimate load growth. 

8 

Statistics Canada projects future population 
levels under a number of scenarios and most 
of those scenarios show only minimal 
growth or even a decline in the population. 
Within the province there is a great 
disparity of population levels. In recent 
years Halifax County has grown largely at 
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Across the province the low and declining population growth rate has also been observed 
as a decrease in the number of new customers added to the system each year. In the 

Change In #of Domestic Customers, Month over Month 
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Fi2ure 3 NS Power Customer Counts 1998 to 2013 

period January 199 8 to November 2014 the average count of domestic customers being 
added to the system declined approximately 5 customers per month each year. This 
decline can be anticipated to level off some number of years in the future, a projection 
that will be better understood after some fmther investigation of the population 
demographics which will be covered in the following section. 

residential subdivision developments in 
Dartmouth, for example developments 
like Colby Village or Portland Hills. One 
of the largest of the recent localized 

In recent years the majority of the growth in 
HRM has been outside the study area, 
mostly in the Rockingham and Kearney 
Lake areas. Aside from some localized 
developments, there have been no large scale 

Figure 5 Russell Lake West: October 13, 2010 -----------===============--= 
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developments has been Russell Lake West in the area of Baker Drive and Mount Hope to 
the northwest of the Imperial Oil and 12 Wing Shearwater lands. Development had begun 
in late 2005 and continues to date. 

The before and after satellite images above show the scale of the development, including 
a new exit from the 111 Circumferential Highway and the largely vacant adjacent lands 
owned by Imperial Oil and DND. The development consists of a mix of residential 

Figure 6 Planned Route of Mt Hope to Caldwell Road Connector 

housing, apartment buildings and commercial space. Highway alignments for future 
developments are apparent in the images. 

With past plans to close 12 Wing Shearwater airbase there had been plans to build a 
connector road from the new Mount Hope intersection off the Circumferential Highway 
111 to Caldwell Road, south ofM01ris Lake. That plan was put temporarily on hold 
following a change in plans for 12 Wing Shearwater. The base will remain open as a 
training and maintenance base for the new fleet of Cormorant helicopters (replacing the 
Sea Kings). No further developments beyond what are already in place have been 
announced for the base so HRM is still pursuing a possible agreement with the military 
for approval of a highway route through the DND lands: 
(http ://www.halifax.ca/ council/agendasc/ documents/ 160405ca 1413. pdf) . Should the 
highway alignment gain approval and proceed the additional traffic capacity into Eastern 
Passage could offer a stimulus for development 

Although statistics for the 2016 census are not yet available, data from the 2011 Census 
indicates a large difference between Nova Scotia and Canadian averages with respect to 
certain types of housing. Nova Scotia has higher propo1tions of single detached houses 
and lower propo1tions of multi-unit row houses and apartments. There are indications that 
this differential is changing, as is reflected in recent housing market statistics. 

10 
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Structural Type of Dwelling Nova Scotia Canada 
(Stats Canada 2011 Census) Number % Number % 
Total - Structural type of dwelling 390,280 100.0 13,320,615 100.0 
Single-detached house 260,435 66.7 7,329,150 55.0 
Semi-detached house 19,450 5.0 646,240 4.9 
Row house 9,175 2.4 791,600 5.9 
Apartment, building that has five or more stories 17,880 4.6 1,234,770 9.3 
Apaitment, building that has fewer than five stories 56,485 14.5 2,397,555 18.0 
Apartment, duplex 11 ,970 3.1 704,485 5.3 
Other single-attached house 705 0.2 33,310 0.3 
Movable dwelling 14,175 3.6 183,5 10 1.4 
Table 3 Canadian and Nova Scotia Dwelling Type from Stats Canada 

Statistics from Canada Mo1tgage and Housing show a pattern of change in the housing 
market in the Halifax 

New Construction by Type 
by Year, Halifax CMA 

3.500 ..--------------------~ 
• Ap.trtment & Condo 

3.000 

2,500 

2,000 

1.500 

1.000 

500 

0 

2007 2008 2009 20 10 2011 2012 2013 2014 2015(f) 2016(f) 

Source and Forecast: CMHC 

Figure 8 Halifax Home Construction Dwelling Type 2007 to 16 

area over the past 8 
years. In 2007 the 
majority of the homes 
constructed were single 
detached or semi
detached and row 
housing. By 2014 this 
had transitioned over to 
the majority of new 
housing units being 
apartments and 
condominiums. The same 
trend can also be 
observed in HRM 
building permit 
approvals. These trends 

will continue to move the housing types closer to that of the national average. It is a trend 
that can be expected to continue into the future . The reasons for this expectation will be 

Annual Living Space for HRM Building Permits 1,2,3,4 Unit Dwellings 
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better understood 
after considering 
the demographics 
oftheNova 
Scotia 
population. 

This shift in 
dwelling type is 
relevant to load 
forecasting. 
Energy useage 
per dwelling is 
very dependent 
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on the type of dwelling as well as its heating source. 

It is fortunate that as a legacy of past times when NS Power had different electrical rates 
for all-electric and non-all-electric customers, coding for the two sub-groups of customers 
exists in the Customer Inf01mation System (CIS). Therefore, electrical consumption data 
for these sub-groups can be separately extracted from the CIS. The results of an analysis 
of the observed consumption patterns will be presented and discussed later in the rep01i 
in Section 3 - Analysis of Load Data. 

Caution in employing some CIS data is warranted as there is no general process by which 
changes to the customer' s installed heating system is accurately tracked and the 
corresponding rate code updated in CIS. Some rate category changes are captured when 
customers participate in certain NS Power programs like the Electro-The1mal Storage 
(ETS) or other time-of-use metered programs or they install heat pumps (financed by NS 
Power) or gain approval for interconnection of solar electric panels or other generation 

Statistical Profile of Annual Energy Consumption Rate 02 Non-All-Electric 
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Figure 9 Non-All-Electric Premise kWh Consumption Ranges 

sources. However, 
should the customer 
have made their 
own changes away 
from electric heat, 
for instance to 
natural gas, or 
installing electric 
heating systems like 
heat pumps, they 
may still be coded 
with their original 
rate category. 

The potential for 
that situation to exist in any given sample of customers could be best exemplified in the 
Figure 9 above. This shows that over the past 10 years the majority of premise annual 
energy consumption levels fall in the range of 3,000 to 12,500 kWh per year with the 
greatest concentration around the 6,000 to 7,000 kWh range. In most years around 950 
homes on average have consumption levels that exceed 18,000 kWh, a level typically 
considered to be that of an all-electric premise. As a consequence, the average electrical 
energy consumption of Rate 02 homes, rather than being around the 6,500 kWh range 
calculates to be in the 8,750 range. 

New customer growth is guided by municipal development plans and bylaws that restrict 
what development can take place. An investigation into the impact of new customer 
growth on electrical load employing spatial load forecasting techniques was to have been 
pati of the overall review of the area, guiding both this subtransmission review and a 
distribution feeder planning study for the area. The spatial load forecast and the 
distribution feeder planning study remain to be completed. 

As a consequence, the approach to completing this study was modified to accommodate 
the loss of that valuable input. One of the outcomes of modifying the approach is that 
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there will be more emphasis on qualitative findings rather than quantitative findings 
guiding the report recommendations. 

2.2 Population Demographics 
The demographics of the Nova Scotia population have contributed to the pattern of 
electrical load in the province. Statistics from the 2016 Census reveal that the Nova 
Scotia population growth over the past 5 years was the second lowest in Canada. From 
2006 to 2011 growth was 0.9% and from 2011 to 2016 it was only 0.2%. Declining 
population was recognized by the Ivany Report "Now or Never: An Urgent Call to 
Action for Nova Scotians" as a significant factor in declining economic activity in the 
province. The demographic structure of that population over time is also significant. 

Chart 2: Changing Age Profile - Nova Scotia 
2010 to 2035 

Projected Population Change 2009 to 2034 

by Region and Age Group 
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Figure 10 Nova Scotia's Changing Age Profile and Projections 

Statistics Canada projects future population levels under a number of scenarios. Most of 
those scenarios indicate minimal growth or potentially a decline in the Nova Scotia 
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Figure 11 Stats Canada NS Population Projection Model Scenarios 
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population. 
Further, all 
scenarios show an 
mcrease m the 
average 
Nova 

age of 
Scotians. 

Increased average 
age of the 
population is 
another feature of 

demographics 
impmiant to load 
forecasting. 

As the "Baby 
Boom" generation 
moves through the 
var10us age 
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groups they contributed to consumer spending, employment growth and new residential 
development. Cunently the peak of the Baby Boomers is around age 55 to 59 years old. 
The leading edge of that generation, however, is around 65 to 69 years old and that point 
brings into play a number of factors to consider in respect to electricity useage. 

I 
l---·· 

Distribution of Population by Sex and Age for Nova Scotia 
2011 Stats 
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Figure 12 NS Population Pyramid - Figures from Stats Canada 

MM.ales 

Baby Boomers are in the 
midst of accelerating 
retirement numbers. 
Retirees are at home a 
greater p01tion of their 
time where they tend to 
seek warmth and comfort 
in their home. They are 
less likely to use daytime 
setbacks for their 
the1mometers (or even to 
have automated setback 
the1mostats) and are 
more likely to keep their 
home temperatures 
higher and consistent 
throughout the day. Both 
of these choices increase 

energy consumption. On the other hand, reaching retirement age generally means that 
children are usually no longer living in the same household. Rather, they have likely 
taken up new residences of their own thereby reducing the home energy consumption. It 
cannot easily be dete1mined which of these factors might have the greater impact. 

This Baby Boom generation is the wealthiest in Canadian history. In retirement their 
lifestyles will most certainly be quite different from the generation preceding them. Much 

of the wealth of 
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Figure 13 NS Natural Population Change 1971-2016, Births and Deaths 

remaining healthy years. Another incentive for this action is 
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this generation is 
locked up in the 
value of their 
homes - typically 
single detached 
homes. To access 
that wealth many 
in this generation 
would have a 
tendency, as they 
age, to sell those 
homes and 
downsize to an 
apartment or 
condominium to 
live out their 

that it enables the 
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oppmtunity to travel, as selling their home provides the income to afford travel as well as 
the ability to leave their residence behind with fewer challenges to secure, maintain and 
insure it while they are away. 

The increased nwnbers of single detached dwellings available on the market will likely 
depress new housing starts in this housing category while increasing further the demand 
for and constrnction of apartments and condominiums. This trend is aheady apparent in 
the shift in the types of housing being constrncted in the Halifax area and this shift has 
been recognized in HRM's Municipal Planning Strategy 
(http://www.halifax.ca/regionalplanning/documents/RegionalMunicipalPlanningStrategy.pdf Pg. 
15). The province' birth rate is now lower than the death rate, setting the stage for 
accelerated change in this area. 

2.3 Commercial and Industrial Development 
The largest amount of commercial development taking place in the region is the 
constrnction of apaitment buildings. This construction is mostly concentrated on the 
Halifax Peninsula and west Bedford with a smaller nwnber in central Dartmouth. Only a 
single development with two apartment buildings for Eastern Passage and one additional 

Figure 14 New Apartment Buildings Proposed for the Halifax Metro Area 

in general projected for the area by developers. 

RED (Red) - Proposed/Planned 
ORANGE (Orange) - Approved/In Sales/Site Prep/Recently Approved 
GREEN (Green) - Under Construction (Foundation to First Occupancy) 

development 
with two 
apartment 
buildings 
adjacent to 
Lake Loon 
have been 
proposed for 
the Dartmouth 
- Eastern 
Passage ai·ea. 
This is 
reflective of 
the low 
demand for 
new housing 
and overall 
low growth 
expectations 

BLUE (Blue) - Recently Completed (Stays in this category for six months following 
completion of construction) 
PURPLE (Purple) - Rejected/Abandoned/Outdated/Expired (Stays in this category for 
six months following announcement date) 
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Active land use 
planning 
applications 
before HRM staff 
for discretional 
approval also tell 
a similar story of 
negligible 
amounts of 
development in 
the Eastern 
Passage and Cole 
Harbour areas. 

With low 

Figure 15 HRM Active Land Use Planning Applications Awaiting Approval expectations for 
new housing 

growth in Eastern Passage there is little incentive for commercial development. HRM 
planning is directed towards increased densification of housing and is aimed at the area 
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Fhrure 16 HRM Active Land Use Plannine: Applications 

inside the 
Circumferential 
Highway. This 
type of 
development is 
afready 
occunfag in 
such areas as 
Kings Wharf in 
downtown 
Dartmouth and 
is fmiher 
anticipated to 
occur in the 
Wyse Road 
area near the 
MacDonald 
Bridge. This is 
an area 

identified in HRM' s Draft Centre Plan for development (http://centreplan.ca/ ). 

An additional factor affecting the Eastern passage area is accessibility. There is only one 
main artery road (Pleasant St.) and only two secondary routes (Caldwell Rd. and Bissett 
Rd./Cow Bay Rd.) into the area. That may change if HRM gains approval for a new 
connector road from Mount Hope, but it is not seen to be a growth factor within the ten 
year horizon of this planning review, pruticularly considering that Eastern Passage is not 
identified as a significant mban growth centre in HRM's new Regional Plan 
(http://www.halifax.ca/regionalplanning/FinalRegPlan.php ). 
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Similarly, access is an impmtant consideration for industrial development. The pmt 
facilities in the Eastern Passage area are mostly for automobile impmts and petroleum 
product storage. Together with a functioning military airbase (12 Wing Shearwater) they 
provide valuable economic activity. There are no announced plans for any futther 
industrial development in the area; new industrial developments are focused on areas like 
Burnside Industrial Park and to a lesser degree the Woodside Industrial park. However, a 
study is under way by the Halifax Pott Authority charting out the strategic direction for 
the pmt and consideration of moving one or both container terminals to the Daitmouth 
ai·ea is one alternative under review. Any plan to do this would not be within the 
timeframe of this study so no allowance is being made in any load forecasts. 

2.4 Demand Side Management (DSM) 
One definition for Demand Side Management (DSM) is that it is the modification of 
consumer demand for energy through various methods such as financial incentives and 
behavioral change through education. DSM initiatives can become clouded by the 
actions and results of govern,ment programs and policies that modify the marketplace. As 
such they may become encompassed in what is thought of as DSM. 

In its 2015 Decision for approval of the first Supply Agreement for electricity efficiency 
and conservation activities between EfficiencyOne and Nova Scotia Power, the NS 
Utility and Review Board (NSUARB or the Board) referenced the 2014 Electricity 
Efficiency and Conservation Restrncturing Act. The 2014 Act provided for significant 
changes to DSM programming by amending the Public Utilities Act and repealing the 
2009 Electricity Nova Scotia Corporation Act. The revised Public Utilities Act now states 
that electricity efficiency and conservation activities ai·e defined in the following way: 

"79A In this Section and Sections 79B to 79V, 
(b) 'electricity efficiency and conservation activities" means activities, programs 
or plans relating to 

(i) the efficient use of electricity, 
(ii) the conservation of electricity, 
(iii) the alteration of the consumption pattern of an end-user of electricity 
that has the effect of reducing demand during Nova Scotia Power 
Jncorporated's periods of highest demand, 
(iv) the utilization or management by Nova Scotia Power Incorporated 
of its electrical system in a more cost-effective manner, 
(v) the delivety of a reduction in the amount of electrical energy or 
capacity that Nova Scotia Power Incorporated would otherwise be 
required to supply to its customers, or 
(vi) any other prescribed activities, plans or programs;" 

The Boai·d in its Decision futther went on to state that "The Board uses the terms DSM 
and electricity efficiency and conservation activities interchangeably in this Decision." 
This terminology continues to cloud the definition of DSM. 

A useful way to view the world of savings in respect to consumer demand for energy is to 
think of it in te1ms of "organic" (or all-natural) DSM and programmatic (targeted or 
directed) DSM. The organic pmtion of DSM is the portion of energy saving that is 
accomplished without specific intent through consumers' purchases of new or 
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replacement electrical devices that are inherently more energy efficient - either as a result 
of efficiency standards mandated by government decrees (e.g. phase out of incandescent 

Average Annual Energy Consumption of New Major Appliances (in 
kWh/yr) 

Refrigerators (467.3-521.1 L (16.5-18.4 cu. ft.]) 

Standard top-mounted 

ENERGY STAR aualified 

Freezers 

Standard chest 

Cooking appliances Ranges (76 cm (30-in.]) 

Self-cleaning 

Non-self-clean i na 

Dishwashers 

Standard 

ENERGY STAR qualified 

Clothes washers 

Standard (top-loadina) 

ENERGY STAR aualified 

Clothes dryers 

Standard 

Table 4 New EE Appliance Annual Energy Consumption 
Source: National Energy Use Database, NRCan 

1990 1997 2001 

1044 664 572 

- - 440 

658 342 337 

727 759 741 

786 780 786 

1026 649 634 

- - 534 

1218 930 905 

- - 304 

1103 887 916 

lighting or regulation of minimum appliance efficiency standards) or by way of 
technological shifts (e.g. LED/LCD vs CRT TVs). As can be seen in Tables 4 and 5, 
purchases of efficient appliances have a major effect on the intensity of energy 
consumption in the home. 

Table S Power Consumption Comparison between LED, LCD, CRT & Plasma: 

Screen Size LED LCD CRT Plasma 

15inches 15 18 65 

17inches 18 20 75 

19inches 20 22 80 

20inches 24 26 90 

21inches 26 30 100 

22 inches 30 40 110 

24 inches 40 50 120 

30inches 50 60 150 

32 inches 55 70 160 

37inches 60 80 180 

42 inches 80 120 220 

50 inches 100 150 300 

2010 

427 

369 

2951 

530 

499 

310 

309 

319 

148 

928 

* Results may vary significantly; results assume displays are calibrated for energy saving performance. 
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The technological developments in digital electronics and video displays enabled a shift 
from CRT televisions to LED/LCD televisions and this has created significant energy 
saving improvements for these video entetiainment devices. However, cost 
improvements have meant that increased numbers of such devices in the home. 

In its repo1i Energy Efficiency Tends in Canada, 1990 to 2009 
(http://oee.mcan.gc.ca/publications/statistics/trendsl 1/chapter3.cfm ), NR Canada stated 
"in contrast to trends for major appliances, energy use for smaller appliances such as 
televisions, VCRs, DVDs, stereo systems and personal computers more than doubled 
(+ 158 percent). This increase more than outweighed the energy use reduction from 
major appliances. One example of the rapid growth in minor appliances is the increased 
penetration of personal computers. Jn 1990, computers were present in less than one out 
of six households but by 2009 they were present in more than four out of five households 
in Canada. Furthermore, the rapid penetration of digital TVs, DVDs and digital cable 
boxes also contributed to the increase." That repo1i, however, indicated that in 2009 
appliance energy use constituted 14% of household energy use. By 2013, though, 
appliance useage had decreased to 12% of overall energy useage. This reduction was 
likely due to a decrease in the level of new home constrnction, saturation of the market 
for minor appliances and continued replacement of older, lower efficiency appliances 

ENS Claimed and Forecast DSM 
Savings for Dartmouth - System 

Coincident Peak Demand 

YEAR Cumulative MW 
2011 3.01 

2012 5.86 

2013 9.88 
2014 12.38 

2015 15.32 

2016 17.52 

2017 19.72 
2018 21.92 

2019 24.12 

2020 26.33 
2021 28.53 

2022 30.73 

2023 29.92 
2024 32.12 

2025 31.47 
2026 29.65 

2027 29.35 
2028 28.62 

2029 30.82 

2030 33.02 

with newer even more energy efficient models. 

• Space heating 63% 

• Water heating 19% 
D Appliances 12% 
D Lighting 4% 

• Space cooling 1 % 

Figure 17 Distribution of Residential Energy Use 
Source: Distribution of residential energy use in Canada 
2013, Natural Resources Canada. 

In 2009, under the Efficiency Nova Scotia 
Corporation Act, the provincial government 
established the crown corporation Efficiency Nova 
Scotia Corporation to manage electricity Demand 
Side Management or DSM initiatives within Nova 
Scotia. These initiatives were funded by a DSM 
charge on electricity bills. In 2014, legislative 
changes under the Electricity Efficiency and 
Conservation Restructuring Act required DSM 
initiatives to be provided by a franchise holder. The 
franchise holder, now known as EfficiencyOne, has 
the exclusive right to supply Nova Scotia Power 
with reasonably available, cost-effective efficiency 

Table 6 Dartmouth Area Forecast and conservation activities for a ten-year term. The 
Cumulative DSM Saving MW business called "Efficiency Nova Scotia (ENS)" is 

the actual franchise operation that was created by 
the province and which is held by EfficiencyOne. ENS continues all the business 
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obligations formerly carried on by Efficiency Nova Scotia Corporation. It is a public 
utility regulated by the NSUARB. 

The Board approves agreements between Nova Scotia Power and the franchisee 
EfficiencyOne on the level of DSM activity. The cost of these activities is included in 
electricity rates. The 2014 Electricity Efficiency act requires that energy and demand 
savings of the ENS programs be estimated through an audit process which in 2015 was 
undertaken by Econoler for ENS. The evaluations were conducted for the full cross 
section of ENS programs, which include: 

• Appliance retirement incentive program 
• Instant savings rebate programs 
• LED holiday light exchange 
• Home energy assessments plus rebate and financing 
• Green heat - heat pump rebate and financing program for all-electric homes 
• Residential direct install of energy efficient devices 
• Rental properties and condos direct install of energy efficient devices 
• New home construction incentives to exceed efficiency standards 
• Horne energy audits aimed at energy use behavioral modification 
• Business energy efficient product rebate program 
• Custom technical support, rebate and financing assistance program to assist 

business, non-profit and institutional customers with saving energy 
• Energy management info1mation system rebate and no cost financing program for 

medium and large industrial customers 
• Small business energy saving measure cost rebate program 

These estimates by Econoler form the basis for the ENS forecasts of savings from these 
programs. In addition to the ENS programs, Econoler estimated the amount of additional 
energy efficiency savings from new building codes and standards recently implemented 
in Nova Scotia. 

Due to the difficulty in measuring with any great certainty by way of an audit process the 
specific savings achieved, there remains uncertainty around the actual impact of DSM 
programs already implemented. This continues to be a challenge for developing greater 
confidence in the forecasted impact of future DSM programs. The achievements of DSM 
in various areas will be commented on throughout the analysis of load data in Section 3 
of this rep mi. 

2.5 Building Standards 
The National building Code is periodically updated. The most recent update was issued in 
2010 and was adopted by the province in 2011 (http ://www.halifax.ca/building
renovating/BuildingCodeandRegulatmylnformation.php). The standard contains, in section 9, 
new prescriptive requirements for energy efficiency that applies to the building envelope, 
heating, ventilating and air conditioning equipment and to service water heating. 
Estimates of the impact of these new requirements suggest a 5% overall energy 
consumption reduction for housing built to the new standard. 
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Performance lmprovcm~nt of NECB 2011 Over MNECB 1997 by Bulldlng 
Type 

l t-).\.0', 

l) (r, 
~ ' 

!l.tHu utl .u v.:.1 111 1111 r.-tiil-Rh,.. l\4t h•lX ,,Ill t' 
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Perfor1nance hnprovement or NECB 2011 over MNECB 1997 by building type: 

• Large office 31.9°/o 

• Secondary sch ool 28.3°/o 
• Mld-rlse apartment 16.9°/o 
• warehouse 33. 3C/o 

• B ig box store 3 0.5 °/o 
• Strip mall lB.7°/o 

Figure 18 Performance Improvements of New National Energy Code 

In 2011 Natural 
Resources Canada 
(NRC) published 
the New National 
Energy Code of 
Canada for 
Buildings and this 
was fully adopted 
by the province Jan 
1, 2015. The code is 
aimed at offices, 
stores, warehouses, 
hotels, arenas, 
hospitals and 
schools and replaces 
the Model National 
Energy Code for 
Buildings 1997 
(MNECB). The new 
National Energy 
Code is estimated to 

improve the energy efficiency of buildings by 25% over the MNEBC. The 2015 National 
Building Code has yet to be adopted by the Province; however, that is expected to take 
place effective April 1, 2017. 

While not yet incorporated into Standards, NRC has recognized the growing interest in 
and demand for solar installations. In response to this growth in interest NRC has 
produced a Solar Ready Guideline for the installation of solar domestic hot water and 
photovoltaic systems in residential buildings: 
(https://www.nrcan.gc.ca/sites/www.mcan.gc.ca/files/canmetenergy/files/pubs/SolarRead 
yGuidelines en.pd!) . These guidelines are being promoted on HRM's Solar City Halifax 
webpage: https://halifax.ca/solarcity/Residents/Public.php . 

In addition to requirements of the National Building Code (2010) and the National 
Energy code (2011 ), some building developers have adopted the Leadership in Energy 
and Environmental Design (LEED) building certification program. LEED is one of the 
most popular green building certification programs used worldwide. LEED ce1tification -
available for both housing and commercial buildings - provides independent, third-paity 
verification that a building, home or community was designed and built using strategies 
aimed at achieving high perfo1mance in key ai·eas of human and environmental health: 
sustainable site development, water savings, energy efficiency, materials selection 
and indoor environmental quality. A number of buildings in the local area were either 
built or renovated according to this ce1tification program, including NS Power's head 
office in the renovated Water St generating station. 

New housing and commercial buildings will use less energy than their predecessors due 
to the adoption of these new codes and measures. Forecasting future distribution system 
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load using past housing consumption levels as a gauge of futme levels will produce 
overestimates of consumption. 

2.6 Natural Gas 
Natural gas distribution rights in Nova Scotia are held by Heritage Gas, a subsidiary of 
AltaGas. The company has been gradually expanding its distribution network in the area 

-., .:.:.:'~ ,. - '\ ", with the first priority being 
~ to service larger customers 

and then to expand into 
higher density 

\ 

H I ..-1 ' ..• • .• r .1 

.. , .. ,. ... 

.. _J 

Figure 19 Heritage Gas Existing Distribution Network 

neighborhoods with high 
penetrations of oil heating . 
An area of new 
construction in which 
Heritage Gas has achieved 
significant market 
peneh·ation is Russell lake 
West. In that area many 
homes have ducted heat 
pump systems that employ 
natural gas as the backup 
heat source. These systems 
minimize contributions to 

the system peak when outside temperatures fall below the minimum temperature at which 
the heat pump can operate. 

Because natural gas is displacing primarily oil heating in its service areas the expansion 
of the system poses little change on existing electrical loads. Customers who already heat 
electrically are more inclined to install heat pumps to save on heating costs than they are 
to install a gas furnace as the conversion costs are far lower and heat pumps offer the 
added benefit of summer air conditioning. 

It is for these reasons that natural gas system expansion is not expected to impact the load 
forecast for the Cole Harbour or Eastern Passage areas. 

2. 7 Solar - Thermal and Electric 
Halifax is located at a latitude just south of the 45111 parallel, in between the latitudes of 
Germany (with a latitude extending from around the south coast of Newfoundland to 200 
km north of Happy Valley/ Goose Bay) and Spain (with a latitude extending from South 
Carolina to the southern tip of Nova Scotia). Both Germany and Spain are countries that 
have extensive solar installations. While the efficiency of solar to electric conversion has 
been improving it is the cost effectiveness of the technology that has made the largest 
gams. 

China has become the world's largest producer of solar modules which they ship to panel 
manufacturers worldwide. Their market insight was that by focusing on the most cost 
effective solar module production rather than modules with the highest efficiency they 
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could have the lowest cost per kW product. Interestingly, the third largest manufacturer 
in the world of solar modules and panels is Canadian Solar, with production facilities in 
Canada, China and Vietnam. 

90 
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60 
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Figure 20 Price History of Silicon Photovoltaic Cells 

The cost of photovoltaic solar 
cells, modules and panels has 
been declining and has reached 
a point where large 
installations are competitive 
with conventional generation 
sources or utility retail costs. 
With a rate of decline in cost 
around 10% per year, 
economics continue to 
improve as shown in Figure 20 
(from Rfassbind - based on 
Hanjin's 2013-version (in 
Spanish), amended with 
average sales prices for 2014 
and 2015. Original source data 
1977-2013: Bloomberg, New 
Energy Finance). Solar module 
cost in 2015 is approximately 
US$0.16/W higher. Panel 

prices to solar companies in early 2016 were as low as US$0.75 per watt and 
homeowners could purchase individual panels at prices in the range ofUS$0.85 to $1.25. 
Typical 5 kW solar systems installed in US residential homes in 2016 averaged US$3.57, 
including a Federal income tax credit that reduces costs by about 30%. The added costs 
above the base panel cost are for inverters, solar batteries, additional equipment and 
permits etc. plus design and installation labor to implement a complete solar system. 

Green Power Labs of Dartmouth, in responding to a request from Emera to estimate 
future solar power costs, has indicated that solar power in Nova Scotia will reach grid 
parity around 2019. The meaning of that statement is a consumer making a choice 
between either purchasing their electrical power for the subsequent 25 years from NS 
power, or installing a solar power system in their home would be faced with an equal cost 
choice. After 2019 solar would become the less expensive choice. An excellent 
assessment of breakeven costs for solar in the US is available at 
http://www.nrel.gov/docs/fy 1 Oosti/46909 .pdf 

Reaching breakeven does not foretell that customers will immediately abandon NS Power 
in favor of solar electric power installations as there are many other considerations: the 
ability to finance a solar installation; suitability of the customer's site; the customer's 
interest in being, or their ability to be, an operator of their facility; support infrastructure 
for installation and service; reliability of supply; etc. Aside from early adopters the 
transition is likely to take many years, but it is certain to happen. Today there are 
increasing amounts of solar photovoltaic installations both in specialized applications like 
highway signalling lights, remote telecommunications sites and off-grid recreational 
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properties where solar supplies all the requirements and in more conventional 
applications such as residential homes and commercial buildings where solar 
supplements their consumption from NS Power. 
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Figure 21 Comparison of Levelized Cost of Energy: Conventional and Alternative Energy 

Ikea's new retail store under constrnction in the Dartmouth Crossing business park will 
have one of the largest solar installations in Nova Scotia. According to Ikea, the building 
will have 600 kW of solar panels on the roof, LED lighting throughout the store and a 
ground source heat pump for heating/cooling requirements. Although special concessions 
were made to Ikea to enable a PV installation larger than 100 kW, it might be expected 
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Figure 22 Solar Generation in Germany 
https://www.energy-charts.de/power.htm 
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that as other commercial and industrial developers consider how they will represent 
themselves as being environmentally conscientious, there will be other developments that 
will follow this lead. 

The interest in solar installations is growing around the world (and in HRM). In 
Germany, solar generation is already feeding into the grid and occasionally supplies over 
60% of the conventional generation on the grid. Beginning five years ago HRM initiated 
a Solar City pilot program under which they completed 388 solar thermal installations. 
Monitoring on 200 of those systems provided data that enabled the city to calculate 
annual returns on investment of approximately 5% from the energy cost savings. 
Following the success of the pilot program, in 2015 HRM approved a full three year 
program under which they anticipate installing 400 systems per year. The program was 
expanded to include solar photovoltaic systems in addition to the solar thermal hot water 
and hot air systems that were included in the pilot. Interest in the program has been high. 

Solar 
photovoltaic 
installations 
approved 
under the 
HRM 
program 
require that 
the applicant 
anange for 
an 
interconnect 
ion 

agreement 
with NS 
Power. A 
number of Figure 23 Locations of Distributed Generation in Dartmouth Area (Black Crosses) 
such sites 

are already in operation in the Daiimouth area ahead of the HRM program. They are 
coded in the CIS with a Rate Code 09. For those customers, electrical meters registering 
both energy consumption and delivery are installed. During periods when the customer' s 
solai· generation exceeds their need the excess is delivered into the NS Power system. The 
number of solar electric installations connected to the NS Power system at this time 
remains small as can be seen in Figure 23 where the locations in the Daiimouth area ai·e 
marked with a black cross. 

The 2015 Electricity Review Report 
(http://energy.novascotia.ca/sites/default/files/Electricity%20System%20Review Report. 
pdf Pg. 33) prepared in response to the 2013 Electricity Reform Act contained a report 
from Solar Nova Scotia that stated "installed solar photovoltaic capacity grew at an 
annual average rate of 80% in the previous 5 years. Future growth of a modest 30% 
annually could result in 32 MW of installed capacity by 2030". It is anticipated that 
within the 10 yeai· horizon of this plan, solai· will begin to have a small impact on the 
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customer total energy consumption. However, due to the timing of the solar electrical 
generation - both daily and seasonal - there will probably be little to no impact on system 
peak electrical demand. 

The ability to impact peak demand can be accomplished if electrical energy storage is 
added to the system in conjunction with solar or wind generation. Until such time as on
site battery storage costs become more economic (see 2.12 Battery Energy Storage), 
utility-scale battery storage would be a more cost effective and a real option in the right 
circumstances to reduce demand on circuits and equipment that is approaching capacity 
limits. 

.. 
~ 
N ... 
~ 

Annual Energy Cost Saving - Flat Plate Collector 
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Solar thermal presents opportunities that 
are different from solar photovoltaic. 
The1mal energy can be stored less 
expensively than electric energy making 
it possible to move water heating load 
off the system peak as water can be 
heated during the day and be available 
through the peak period. The option to 
this form of storage, however, is time
of-use electricity rate incentives that 
motivate customers to install relatively 
inexpensive relay switches that can 
move electric water heating load off the 
system peak. 

Solar the1mal should probably be 
viewed as an opportunity to reduce 

generated electric energy with accompanying reductions in environmental emissions 
rather than an opp01tunity to reduce load peaks. 

• Gas liJElectridty u Oll 

Figure 24 Solar Thermal Energy Cost Saving 

2.8 Heat Pumps 
Heat pumps provide space heating and cooling by employing a refrigerant, compressor 

Annual Number of New HP Installations In NS and heat exchangers to move heat from 
2s.000 r- -·--·- ·- -----·------ ---···-· · one side of the building envelope to the 

I other. For most temperature conditions 
20,000 t . • ·-··--- . ___ -····- this is a much more efficient method of 

~ · providing space heating than creating the 

1.:.~ , .. 000 H. I ..... needed heat from the combustion of a 
~ r 117 fuel or via electrical resistance heating 
~ J elements. 
] ••.ooo 

1
20.428 

! "-L _ __._~_.__
13

_··
00

_,__~-"-·'oo_,__~~'·'00 n.200 Due to an interest by NS Power in 
••

000 I managing its system load and limiting 
environmental impact from its 

• generation, the company is offering its 
Pie 2012 2012 2013 2014 2015 

customers the opportunity to finance heat l of Homes lnstalllng HP w/o NSP nnanclng n # or Homes lnstallfnJ HP w NSP Ananctna: 

Fi2ure 25 Heat Pumo Installations in NS pump installations. Together, with the 
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customers who have installed heat pumps without NS Power financing, it is believed that 
at the end of2015 there are approximately 81,000 heat pump installations throughout the 
province. This results in approximately 11 % of Nova Scotia homes indicating a heat 
pump as their primary heating source. It was also estimated at the end of 2015 that heat 
pumps were installed in approximately 18% of Nova Scotia premises, providing some or 
all heating requirements. It is further estimated that the penetration into the home heating 
market will reach 35% by 2022. 

Replacing Oil Furnace (83~. eff.) with Air-to-Air Heat Pump 

$1,929 

annual 
saving 

61% 

reduction 
in energy 

$1,978 
annual 
saving 

65% 

reduction 
in energy 

The impact of heat pump installation on 
system peak load varies according to the 
type of heat pump and the original heating 
source. Non-all-electric customers who 
install an air-source heat pump and who 
retain a non-electric system for backup 
will have little impact at all on peak load. 
The experience of the NS Power heat 
pump financing program is that 37% of 
customers are converting from oil to heat 
pumps and 42% are converting from 
electric heat to heat pumps. This is 
probably reflective of the somewhat better 
economics of conversion from electric 
heat than from oil heat in Nova Scotia. It 
could be proposed that many conversions 

Toronto Halifax from oil heat result in the old heating 
• Existing • A2A system being retired and removed . .Little 

Figure 26 Cost Saving Oil to Heat Pump conversion information exists on customers' practices 
for backup heating needs during very cold 

weather. Anecdotal evidence suggests that there is a tendency for customers to tolerate 
cooler home temperatures during such temperature dips rather than activate backup 
heating systems, provided this does not extend over a prolonged period. 

If customers depend on electric heating as a backup they will add substantially to the 
system peak as such peaks occur during the coldest weather when most types of heat 
pumps switch over to a backup system. From a peaking standpoint, the coincident peak 
load of all-electric customers who install a heat pump for their primary heating needs 
changes little during system peaks. However the nature of the load levels they create over 
time does change. 

Heat pumps produce more heat energy output than the amount of electrical energy input; 
however, the output performance declines as temperature decreases. Two effects come 
into play: a) there is a greater coincidence rate that heat pumps will be operating 
simultaneously to supply the needed energy. This is similar to electric heat albeit at a 
lower overall electrical demand because of their efficiency; and b) at some outside 
temperature at which the heat pump is still providing more energy output than input 
(typically in the -10 C to -25 C range, depending on the manufacturer's model) the unit 
switches over to the backup heating system. From the supply standpoint this switchover 
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creates a step increase in load for that customer if that backup is electrical and the 
customer continues to demand the same indoor temperature. 

These two considerations taken together create a relatively smooth transition in the rate 
of load increase as temperature falls. While the heating load diversity for heat pumps is 
lost with falling temperatures, the variation of the low temperature cut-out among models 
together with the variation in time at which the switchover temperature is reached at each 
installation site creates a smooth transition in the load increase as seen by the system. 

Economics will continue to favor conversions from both oil and electric heating to heat 
pumps (https://www.cmhc-schl.gc.ca/en/inpr/su/sufepr/sufepr 001.cfm ) driving higher 
penetration levels over time. 

In the Eastern Passage area 
approximately 49% of customers 
heat electrically and 43% heat with 
oil as indicated by CIS Rate codes. 
Of the approximately 5,600 
customers in the area there are, as 
of August 2016, only 85 who have 
accessed the NS Power heat pump 
program to install a system at their 
location. Using ratios of financed 
HP systems to estimated HP 
penetration levels across the 
province it could be estimated that 
there are about 1,000 HP 

Replacing Baseboard Electric with Heat Pump (A2A) 
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Figure 27 Cost Saving Electric Baseboard to Heat Pump 

installations in Eastern Passage, leaving substantial room to increase the installation 
numbers. As a result, it could be expected that heat pump conversions in the area may 
increase peak demand during cold weather events, particularly if natural gas is not 
extended into the area. This is a matter that invites ongoing monitoring of the load growth 
and peak load characteristics. 

2.9 Electro-Thermal Storage and Time-of-Use 
The incentive for NS Power to promote electro the1mal energy storage derives primarily 
from the cost differentials that exist between peak and off-peak energy generation costs 
but also in part from the avoidance of the need to acquire new generating capacity. These 
factors can be costed and time-of-use rates developed to incent adoption of technologies 
that shift electrical useage to more advantageous time periods. 

Approximately 1,000 of 43,000 homes and businesses in the Daiimouth area ai·e on time
of-use billing- just over 2.3% penetration. There remain over 12,000 electric heat 
customers in the area to whom ETS and TOU can be marketed. The market interest in 
ETS has not reached the same levels as for heat pumps so it remains a marketing 
challenge to further increase penetration levels. The barriers that exist for growing ETS 
and TOU penetration will need to be well understood and overcome to make this a useful 
tool for shifting peak load. 
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2. 10 Energy Retrofits 
The largest energy consumption in any household is for space heating. The Canadian 
average is 63% of home energy consumption devoted to space heating. For many home 
owners an energy retrofit is the most cost effective way to reduce their home heating 
costs. In doing so they reduce electrical consumption related to electric heat and the 
operation of other heating equipment. Because the coincidence factor for the system load 
peak is near 100% it will have a c01Tesponding beneficial impact on generation and 
system capacity needs. 

Efficiency Nova Scotia operates a Home Energy Assessment program that provides help 
with rebates or financing. Econoler in its audit report found relatively small savings 
across the province from this program and a relatively high free ridership level of 31 % 
for the program, which is an indication of the challenges involved in motivating 
households to unde1iake retrofits. 

For these reasons it is anticipated that energy retrofits, while they have the potential to 
reduce electrical consumption, are unlikely to have a noticeable impact on load in the 
east Daitmouth or Eastern Passage areas. 

2. 11 Electric Vehicles 
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Figure 28 Total Canadian EV Fleet (http://www.fleetcarma.com/ev-sales-
canada-2016-half-year/) 

Power has begun to promote electric vehicles on its website 
http://www.nspower.ca/en/home/community/electric-vehicles/default.aspx . 

Electric vehicles 
continue to make 
inroads into the 
new vehicle 
market. While most 
electric vehicles on 
Nova Scotia roads 
are hybrid vehicles, 
there are increasing 
numbers of models 
of plug-in hybrid 
and battery electric 
vehicles being 
brought to the 
market by 
manufacturers and 
being purchased in 
Nova Scotia. NS 

For a period of time NNS Power had operated a prograin called ShareReady from which 
it had leained a great deal about the operation of EV s. The availability of EV recharging 
stations was found to be one of the most significant factors holding back their more 
general adoption. Although the AC charging network with Level 2 chargers now spans 
from Yarmouth to Sydney and there were plans to have as many as 50 stations installed 
in Nova Scotia by the end of 2015 charging stations are still not widely available for 
public use. As of this date there are only two high capacity Level 3 DC charging stations 
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in the province - one near downtown 
Halifax and another at the Truro 
Power Centre. There are no publicly 
accessible EV charging stations in the 
Eastern passage area. 

-
I 

\ 

A quick check of the information 
given for the charging stations shown 
on the PlugShare website 

Figure 29 Location ofEV Charging Stations - PlugShare (http://www.plugshare.com[,) reveals 
that many of the stations are unavailable for use by the general public, continuing to limit 
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Figure 30 Monthly EV Sales in Canada 
(http://www.fleetcarma.com/ev-sales-canada-2016-half-year/) 

opportunities for 
deploying electric 
vehicles. 

There are strong and . . 
growmg econormc 
incentives to attract 
vehicle purchasers to 
consider EVs. While 
the initial purchase cost 
of an EV is higher than 
that of an equivalent 
gasoline vehicle, their 
operating cost over the 
vehicle life is up to 30% 
lower. Trends in EV 
battery costs are 
showing a 10% annual 

decline which is expected to put EV purchase prices on par with gasoline vehicles by the 
mid to late 2020s adding further to the vehicle economics. 

With improving performance and cost 
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Figure 31 Ten Year Cost of EV Ownership 
(http://www.nspower.ca/site/media/Parent/ShareRe 
ady%20v4.pdf) 

although it is difficult to predict by 
how much. Owners of EV s will almost 
certainly install charging stations for 
their vehicles at their residences and 
look to utilize charging infrastructure 
as it develops 

High penetrations of vehicle charging 
stations could increase system peak 
loading; however, there are 

opportunities to manage much of the load through time-of-use incentives. There may be 
less opportunity with DC Fast Charge stations as they will most likely be in use during 
the day. The largest amount of charging, though, is likely to take place overnight at home 
making the load more compatible with the system capability. 
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Electric vehicle energy useage ranges from approximately 16 kWh/I 00 km to 25 
kWh/100 km depending on the car model, which equates to fuel economy levels of 
approximately 1.7 to 2.8 L/100 km. Given typical annual driving distances of20-30,000 
km/year would put most cars in the energy consumption range of 4,000 to 6,000 kWh per 
year. This amount of electrical energy is in the range of half the annual consumption of a 
typical non-all-electric residential customer. 

Table 7 EV Charging Time and Power (https://en.wikipedia.org/wiki/Charging_station) 

Charging time for Power supply Power Voltage Max. current 
100 km of BEV range 

6--8 hours Single phase 3.3kW 230 V AC 16A 
3-4 hours Single phase 7.4 kW 230 V AC 32A 
2-3 hours Three phase IO kW 400V AC 16 A 
1-2 hours Three phase 22 kW 400V AC 32A 

20-30 minutes Three phase 43 kW 400V AC 63 A 
20- 30 minutes Direct current 50kW 400-500VDC 100- 125 A 

10 minutes Direct current 120 kW 300-500 V DC 300-350 A 

Given the cun-ent low level of penetration of electric vehicles in Nova Scotia it is not 
expected that their electricity consumption will contribute significantly to load on the 
Dartmouth and Eastern Passage areas within the 10 year time horizon of this study but 
could grow substantially beyond that timeframe should EV adoption increase as per some 
forecasts . 

2. 12 Battery Energy Storage 
Battery energy storage used in a peak shaving mode has great potential for deferring 
capacity additions at substations. When installed on a feeder that is also at its capacity 
limit it has the potential to resolve both of the overload conditions at once. Costs of 
battery storage continue to decline. 

The battery capturing the greatest amount of notice in the residential marketplace is the 
Tesla PowerWall battery. In the utility and business market Tesla PowerPack batteries 
are being installed or considered for such applications as backup, peak shaving, 
renewable energy storage, etc. With the completion of their new battery production 
facility in Nevada, Tesla will be scaling production upward to meet a growing market. 
While their product is relatively expensive for many applications, it is one of the most 
competitively priced battery energy storage systems in the marketplace. 

Battery electricity storage opens up opportunities to develop distributed dispatchable 
power and energy on the distribution system. Many challenges need to be overcome 
before this becomes a reality. Those challenges are not anticipated to be overcome at the 
customer level within the ten year timeframe of this study. Utility scale installations 
could be considered under the right circumstances, but appear to not be required for the 
Eastern Passage area at this time. This recommendation should be revisited should the 
increasing penetration of heat pumps affect load peaks under cold weather conditions. 
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2. 13 Distributed Generation 
The installation of distributed generation (DG) affects the peak load on a feeder as 
measured at the substation. A challenge in computing the actual feeder loading is 
obtaining data on the instantaneous quantity of generation on the feeder. The effect of 
this is illustrated well at the 137H Hammonds Plains substation where 10 MW of wind 
generation at Pockwock on feeder 137H-413 is connected. In this instance load data from 

137H Hammonds Plains T61138-25 kV Load MVA 

40 . 

- 137H T61 load MVA 

- 137H T61 Capacity 

25 
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10 

Figure 32 Impact of Distributed Generation on Metered Substation Load 

the wind 
generation 1s 
available, which 
enables the feeder 
load to be 
calculated. 

However, many 
distributed 
generation 

installations today 
do not provide 
their data to the 
NS Power Control 
Centre. Under 
such conditions it 
is possible for 
peak load 
conditions that 
exceed the feeder 

or even the substation transformer capacity to exist without being evident to operators 
and planners. As NS Power is accountable for maintaining the reliability of supply to 
customers on the feeder and as DG output may only randomly offset load levels, and it is 
not able to be dispatched to address overloads, the potential exists for unexpected 
overloading to occur. While this shortcoming is gradually being addressed through 
increased communication requirements for larger sites it remains a challenge for small 
distributed installations. 

As is the similar case with distributed battery storage, a smart grid communication system 
is an enabling technology that would facilitate the transmitting of distributed generation 
data to the control centre. The same communication system could also be used for 
monitoring the voltage profiles on the feeder under all loading and generating conditions. 

The ultimate solution for ensuring that peak load reductions are able to be achieved is the 
availability of dispatchable capacity on the feeder. Dispatchability is not a normal feature 
of wind or solar generation. Matching wind and solar with energy storage can achieve 
that objective. The opportunity exists to incent the DG developer to install storage 
capacity. Delivering dispatchable power from storage offers an additional revenue stream 
for the developer and perhaps a cost-effective means for the utility to address overloading 
conditions without needing to expand equipment capacities. 
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Past concerns existed in regards to not exceeding the amount of distributed generation 
capacity allowable on the system - that is distributed generation capacity that does not 
have an inertia component for assisting with stability. Those concerns are now subsiding 
with the emergence of new types of power inverters. The Virtual Oscillator Control 
(VOC) inverter makes it possible to control grid stability under a broad range of 
operating conditions. The greater level of DG that with such conh·ols would then be 
allowable on the system opens up possibilities for a micro grid concept for distribution 
system operation. This provides a strategic opportunity for building distribution system 
resiliency and reliability. 

HRM has provided in its zoning plans for both Eastern Passage and Cole Harbour, zoned 
areas that could accommodate wind generation. However, there are no active applications 
for approval of any generator installations. An earlier proposal for generation near the 
Lake Major water tr·eatment plant has been abandoned by the developer. The COMFIT 
program is now closed and NS Power has not issued any calls for generation capacity so 
there is little incentive for a developer to install any significant capacity in the area. As a 
result of regulations proclaimed by government in December 2015, individual 
interconnected generation installations are limited to the lessor of a capacity matched to 
the customer load or 100 kW. Of course, both of these resh·ictive conditions are subject to 
change at the will of government. However, should policy changes occur, the lead times 
to build any new generation developments that might impact the area should leave 
sufficient time to develop any needed supply capacity for the area. 

2.14 Conservation Voltage Reduction 
Conservation voltage reduction (CVR) is the deliberate reduction of voltage at the 
substation or down line regulation points aimed at reducing the downstream electrical 
demand. At one time this was more loosely referred to as a brown-out, so named in 
respect to the reduced light output from incandescent bulbs as their supply voltage was 
reduced. Load reductions in this way are only possible if load decreases with voltage. 
Growing numbers of home devices with internally regulated voltage supplies results in a 
load characteristic that may show little change with changes in the service voltage. As 
such, this will make a CVR approach to load reduction less viable over time. 

NS Power is obligated to supply service voltages within standards that are set by the 
Canadian Standards Association CAN3-C235-83 (C2010). Fully avoiding supply voltage 
levels that extend below CSA standards at all customer locations would require that real 
time voltage measurements from across the feeder be available to the Conh·ol Centre. 
That voltage data can be used to establish the minimum voltage that needs to be sustained 
at the points of feeder voltage regulation. It is anticipated that this communication 
capacity will not exist until such time as Smart Grid is deployed on a widespread basis. 
That is not expected to occur in the Eastern Passage area within the timeframe being 
studied so CVR is not seen to be a viable option at this time to reduce peak loading on 
feeders supplying the area. 

2.15 Environment - Carbon Pricing 
Government policy on carbon reduction creates some uncertainty in regard to its impact 
on electrical useage. Should carbon tax rates be imposed on home heating fuel, it could 
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potentially drive homeowners and businesses to consider conversion away from oil heat. 
Likely alternative choices include heat pumps, possibly with electric back-up, and natural 
gas if it is available. This would accelerate some of the trends already existing in the 
market. 

Nova Scotia has reached an agreement-in-principle with the Federal Government in 
respect to carbon pricing that will see the province implement a cap and trade system 
within the province by 2018. The agreement will also enable NS Power to continue to 
operate its coal generation plants to beyond 2030 as it transitions over to lower carbon 
options. The specifics of what type of cap and trade system will be implemented outside 
the electricity sector - for instance, whether it will apply to home heating fuel - are not 
yet known. Until the design of the government regulations are more clearly known it is 
impossible to predict the effects on customer electrical load. This is an area that will need 
further investigation for its long te1m effect on load. 

2.15 Environment - Global Warming 
The specific impacts of global warming on NS Power's electrical system load remain 
uncertain. Recent climate observations continue to supp01t predictions of warmer average 
temperatures and also of more severe weather events. However, the matter of human 
caused global warming remains a controversial subject as there are many factors that are 
yet fully understood and it is not yet widely agreed that this is a real issue. 

Should average temperatures continue to increase as they have been this will further 
increase the interest in and economics of heat pump installations. It may have other as yet 
unknown impacts on the electrical system - for example on the environmental conditions 
under which device capacities are established - so this should continue to be an area of 
study and review as knowledge in this area develops. An associated concern is that along 
with warming global temperatures comes more severe weather. The nature of the effects 
that this might have on the local distribution system remains uncertain. 
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3.0 Analysis of Electrical Load Data 

Extracts from CIS of 10 years of consumption history for all customers in the Dartmouth, 
Cole Harbour and Eastern Passage area were analyzed for insights into electrical useage. 
This involved analyzing and aggregating close to 4 million records of data. Some 
highlights from that analysis are presented below. 

3.1 Details of Analysis - Non-All-Electric 

Rate 02 Non-All-Electric 10 Year Energy Consumption by Vintage of Home - 20,424 Premises 
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Figure 33 Non-All-Electric 10 Year Energy Consumption by Vintage of Home 

Figure 33 above illustrntes a summary of consumption records for over 20,000 Rate 02 
Non-All-Electric customers in the Dartmouth, Cole Harbour and Eastern Passage area. 
The graphs show a 10 year consumption history, organized by the vintage of the premise 
(which is infetTed from the CIS data employing the lessor of the Initial Service Date and 
the Connected at Premise Date). Premise vintage dates extend over the timeframe from 
the early 1960s to the current year. 

The limited capability of Excel to f01mat the horizontal axis of the graph prompts some 
explanation to facilitate interpretation. The upper set of numbers attempts to show the 
individual years 2006 to 2016 for each vintage of premise. The lower set of numbers 
attempts to show the vintage year for each group of premises of that vintage. The 
vintages extend from 1963 to 2016. The periodic appearance of the graph is showing a 
repetitive pattern of 10 year periods of data - one 10 year period for each vintage of 
premises. 

The periodic deep inflections in the consumption curves are due to partial year 
consumption figures for the 2016 year, as the data was extracted from the CIS in July 
2016. Within the last IO years of premise vintages from 2006 to 2016, the first year of the 
consumption history for each premise is a partial year of consumption, an indeterminable 
amount that is dependent on when during the year service was first connected to the 
premise and the first readings of metered consumption taken. 
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It is observed that the pattern of the count of premises by vintage varies over time with a 
cresting peak in 1992 (ignoring the anomalous peak in 1978 which is said to be due to a 
change-over in the billing system). It is to be expected that there will be some variation in 
non-all-electric premise count over time, paiticularly considering the population 
demographics and more so in regard to a transition to the construction of a higher 
prop01tion of all-electric homes that began in the 1980s. Those changes, however, do not 
seem to fully explain the peak in the count which occurs in 1992. This suggests some 
discrepancy in the meanings and interpretations of Initial Service Date and Connected at 
Premise Date that occurs as part of CIS data entry procedures. Regardless of the precision 
of the vintage yeai· infeITed from the CIS data, the annual average consumption figures on 
the whole are still reasonably reflective of the patterns of use over time. 

Within each vintage year there is seen, over the 10 yeai· cons'umption period, a slight 
decline in the premise count. This can entirely be explained by conversions over to all
electric homes, perhaps because of ageing fuel-fired heating system replacement or 
perhaps choices related to environment, convenience, controllability or cost. Some rate 
category conversions, however, are driven by an NS Power stipulation that the premise 
be re-designated to an all-electric home if the non-all-electric homeowner finances a heat 
pump installation through NS Power. 

A number of useful insights into electrical energy use can be interpreted from this data. 
First, it can be seen that there has been a general increase in overall electrical energy 
useage in newer vintage premises versus older vintage premises. The average annual use 
of a premise has risen from around the 7,500 kWh/Yr level in 1970s premises to the 
11,000 kWh/Yr level in 1990s premises. A number of explanations could be posited for 
this increase; however it is typically the case that newer homes are larger and, in recent 
years, builders and owners have added more electricity-consuming features such as heat 
recovery ventilation, more electricity consuming devices (e.g. televisions, computers, 
electric fireplaces, space heaters, etc.) and perhaps a hot tub or pool. As well, newer 
homes tend to be occupied by younger families that would be more likely to have 
children at home - a significant factor in higher electricity useage. 

The 10 year consumption trend for electricity useage in premises older than the 1980 
vintage has remained relatively flat or perhaps has increased slightly over the period. A 
possible explanation is that older homes ai·e more likely to be occupied by older residents 
who perhaps would be less inclined to upgrade to more efficient appliances over time. 
Possibly as well they would be increasingly inclined to be at home due to retirement; and 
as the residents get older, there might be an increased amount of heating loads such as 
supplemental electric heaters. Options such as increased attic insulation and higher 
efficiency windows ai·e opportunities in older, non-all-electric houses to save home 
heating energy cost. But, because most of the saving is in fuel consumption, this would 
have only a small effect on electricity use. 

Premises newer than 1980 vintage were generally built to higher insulation standards 
(e.g. 6" studs vs 4" studs, sealed vapour barriers, and better attic insulation standards). 
The electrical energy consumption pattern for newer premises shows a slight annual 
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decline in electricity energy use over the past 10 years across almost all vintages of 
premises up till about 2012. There are many factors that could explain this decline. 

Premises of these vintages would more likely to be occupied by a demographic that has 
an interest in achieving energy savings, together with the financial means to do so. The 
premises are also of a vintage where it would be expected that older appliances (which 
have lifespans of 11-15 years) are being replaced with newer more energy efficient 
appliances. Families who would have had children at home would, over that time period, 
see some or all of those children moving out. This results in less cooking, dish washing, 
laundry, hot water use and lighting. Additionally, there has been a large scale 
replacement of older CRT televisions with newer LED and LCD flat screen televisions 
Sum ol Ann"~ 1111. .. that have lower electricity 

Dartmouth Area Rate 02 Energy Consumption 2006 to 2015 
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Figure 34 Dartmouth Rate 02 Energy Consumption kWh 2006 to 2015 newer homes. Beginning 

with homes of vintage 2013 and newer there has been a dramatic drop-off in average 
annual energy useage. The reason for this observed pattern in the data is not well 
understood and can only be speculated. A small portion is likely due to new homes being 
built to the new higher energy efficiency standards. Also, when home owners first move 
into their new home they may not immediately have all the electricity consuming 
appliances that they will acquire later. Another factor is that many new homeowners are 
couples who start families in the first few years after moving into their home, something 
that increases energy useage for such things as laundry, bathing, cooking, etc. 

Without a full coverage of revenue meters that provide 15 minute interval readings, the 
demand for electricity in individual rate categories cannot be accurately measured and 
repmted. However, to the degree that consumption patterns have remained relatively 
constant, the change in annual peak demand can be inferred from the change in annual 
energy consumption. Examining the past 10 years of energy consumption it is seen that 
there was a general decline over that period, paralleling what is seen for most vintages of 
homes. In years 2006 to 2010 energy consumption declined 2.64% annually followed by 
a period from 2011to2015 over which consumption increased 0.32% annually. This 
latter period is the same period over which Efficiency NS operated its DSM programs. 
Those programs, however, focused largely on energy saving in all-electric homes. 
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The increase in total Rate 02 
energy consumption also 
c01Tesponds with an increase 
in the number of non-all
electric homes being 
constructed in areas where 
natural gas is available. In 
Datimouth this includes ai·eas 
such as Russell Lake West 
and Portland Hills. It is also 
known that many customers 
in these areas installed ducted 
heat pumps with natural gas 

Figure 35 Consumption by Housing Type Dartmouth Area backup which results in 
electrical energy consumption levels higher than typical non-all-electric but negligible 
impact on system peak loads as backup heating is being provided by natural gas. 

3.2 Details of Analysis - All-Electric 
Similar patterns ai·e seen in electrical useage for Rate 03 All-Electric customers. In the 
following figure a similar pattern of premise counts can be seen with an anomalous peak 
in 1978 and a cresting peak in 1992, as was the case for non-all-electric promises. 

It can also be seen that the average annual electrical energy consumption across almost 
all vintages of homes from the early 1970s till 2010 (except for the mid-1990s) has been 
relatively uniform at a level of approximately 18,000 kWh/Yr. After 2010 the annual 
consumption of newer vintage homes drops off dramatically. As with Rate 02 homes, the 
reason for this is not well understood but similar speculation for why this pattern exists 
can be made. What is also not known is the degree to which the annual energy 
consumption of these new homes may recover over time to what is the historical pattern 
of use in older vintage homes. 

,..,,;,,.,~,..,_,.,. • .....,...,_._,,. • ......,..,, Rate 03All-Electric10 Vear Annual Energy Consumption by Vintage of Home -14,086 Premises 

Figure 36 All-Electric 10 Year Energy Consumption by Vintage of Home 
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Figure 38 Residential All Dartmouth Area Non-Apartment/Condo Consumption by Premise Vintage 

The periodic inflections in the consumption curves are due to the inclusion of the 2016 
partial year consumption data, which was done intentionally to highlight the breaks 
between vintage year data and is not reflective of a sudden overall decrease in 
consumption. It was investigated and found that the count of all-electric premises 
increases in most vintage years is almost entirely reflective of conversions to all-electric 
from non-all-electric. 

Within each home vintage year from the early 1970s to 2007 there is a trend of declining 
average energy useage over the 10 year period 2006 to 2015. The amount of decline is a 
lower percentage of annual consumption than is seen in the pattern observed for non-all
electric premises - about 0.9 % versus 1.2%, but the absolute amount ofreduction is 
greater- about 1,550 kWh versus 1,100. The reasons for this decline over the ten year 
period include factors like the increasing penetration of heat pumps across all vintages of 
homes which, in comparison with non-all-electric homes, decrease electrical use. 

Other factors within the home, like replacement of older appliances with more efficient 
new appliances, do not have the same consumption-reducing effect. This is due to their 
energy losses contributing to satisfying the heating requirement within the building 
envelope, thereby offsetting space heating consumption. An exception to this would be 
electric water heating energy reduction resulting from new, higher efficiency dishwashers 
and clothes washers. 

There would also be the same demographic effects in all-electric homes as non-all
electric, including an ageing home-owner and children moving out to their own premises. 

Again, there is no ability to directly measure the demand of this group of customers; 
however, using the assumption of a relatively constant relation between demand and 
energy use it can be seen that there has been growth in the total annual energy 
consumption of this class of customers over the past ten years. The amount of that growth 
has declined after 2009 and this corresponds with a trend towards the construction of 
apartments versus detached and semi-detached homes. 

39 

ACE 2018 C0001900 Attachment 1 Page 46 of 59

Date Filed:  November 22, 2017          Page 1971 of 2371          REDACTED



Harbour East Substation - Review of Requirements and Options 

Because of the movement of customers from Rate 02 to Rate 03 a clearer picture of 
residential energy consumption for detached and semi-detached homes can be gained by 
combining their consumption data. When that is done new patterns in the data can be 
observed. 

The transition over from the predominance of non-all-electric homes to all-electric homes 
that occuned in the early 1980s is more evident. A possible explanation for the sudden 
increase in average energy consumption, beginning in 2005 vintage homes up to 2009 
vintage homes has yet to be proposed. 

Tot•I Dorl mouth At•• R•le02 & OJ Non·Ap•t1men1/Cond0Annu•I (n.,cy Con1ump1lon 

Annu1I lnt-t&Y Growth "•tt 0.91X 
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Figure 39 Dartmouth All Rate 02 and Rate 03 Non-Apt. kWh 

efficiency and Demand Side Management savings. 

The combined growth rate of 
the two rate categories 
remained relatively constant 
throughout the 2006 to 2015 
period (at 0.9% annually). 
This reflects that there 
remains an ongoing level of 
new, detached and semi
detached home construction; 
the results of which causes 
energy consumption increases 
that outpace all energy 

3.3 Details of Analysis - Apartments & Condos 
Energy use of customers in apartments and condominiums was analyzed separately from 
detached and semi-detached housing. As there is no marker in the CIS data that 
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Figure 40 Dartmouth Apartments & Condos Annual kWh by Vintage 
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distinguishes a residence as being in an apartment or condominium building this breakout 
of the data was accomplished by looking for Rate 02 and 03 customers that contained 
"Apt" or "Unit" in the service address. 
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All Dartmouth Residential- Total Annual kWh Consumption 
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There is a great deal of variation across 
the vintages of apartments in the 
average annual use, probably reflective 
of the design of individual apaitment 
or condominium developments. 
However, what is significant to note is 
that the average annual consumption of 
an apartment or condo is 
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Figure 41 Dartmouth Area Residential Consumption kWh 

This is less than half the consumption 
of a non-all-electric home and about a 
quarter of that of an all-electric home. 

It is this fact that is of significance in regard to the shift from detached home construction 
to apaitment construction. As a consequence, there will be incrementally lower load 
increases with growing customer count. 
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When examined in total there remains a 
small amount of growth in residential 
load in the Daitmouth area of 
approximately 0.94% per year. As has 
been covered above, the lai·gest portion 
of the energy consumption is in the all
electric home category. This has out
paced the consumption of non-all
electric homes and now dominates in 
terms of the total annual amount of 

Figure 42 Categories of Residential Growth Dartmouth electrical energy consumption and the 
number of new homes being 

constructed. The attraction of heat pumps for heating will almost certainly keep this trend 
going till it may be overtaken by growth in apaitments. 

3.4 Details of Analysis - Commercial 
In the Large General Rate 12 category there are only two customers in the Dartmouth 
ai·ea: the Bedford Institute of Oceanography (BIO) and the Dartmouth General Hospital. 
BIO experienced growth from 2006 during a building expansion program but has 
remained relatively constant since then. The Daitmouth General Hospital has shown a 
reduction in consumption of approximately 15% from 2006 to 2015; however, an 
expansion announced in 2016 that will double the number of operating rooms and 
increase beds by 48, will result in some electricity consumption increases over the next 
couple of years. 

The remainder of the Commercial load growth was analyzed in two categories: Rates 10 
General and Rate 11 General Demand were analyzed together due to the movement of 
customers back and fmth between the two categories. Energy growth patterns by vintage 
over the past ten years show less regularity than in the residential class due to the non
uniformity of the individual types of customers in these Rate classes. An attempt to 
understand trends within the Commercial group by analyzing the various types of load 
employing the Standard Industrial Classification (SIC) code was foiled by the fact that 
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the SIC coding of customers within the CIS has not been maintained for many years now. 
Due to the problem with accuracy and the fact that many customers lack any SIC coding 
information at all, no useful breakout was believed to be possible. Both the US and 
Canadian governments had in 1987 moved from SIC coding to the North American 
Industry Classification System (NAICS) coding system for businesses to report the nature 
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Figure 43 Dartmouth Area Rate 10 and 11 kWh Consumption by Vintage of Premise 

of their business operations to government. The value of this inf01mation to the NS 
Power for such purposes as marketing, load forecasting and analysis should be explored 
and the information in CIS updated accordingly. 

Examining the vintaged data for the Rate 10 and 11 aggregated group, only small 
discemable consumption patterns are apparent. The average consumption varies greatly 
from one vintage year to another and this would be expected considering the iITegular 
nature of commercial businesses and developments. For many of the vintage years there 
is a significant tail-off of total energy consumption, which coITesponds to a small decline 
in customer counts for each vintage of customer. Besides the overall decline, there is for 
each vintage an overall small drop in average consumption over the past ten years. This 
could be due to some amount ofreduced business activity, but could also be due to active 
efforts by the customer to reduce electricity consumption through efficiency 
improvements or demand side management programs. 

In the monthly consumption history for the past 10 years (Figure 44 below) there is a 
saw-toothed appearance that results from a mix of monthly and bi-monthly billing cycles 
within the two rate classes. The consumption trends over the 10 year period, however, 
indicate that there has been an annual decline of 0.63% in average annual energy 
consumption. In contrast, the number of commercial customers in the Dartmouth area has 
been continuing to grow at a steady rate that has averaged 1.39% annually from 2006 to 
2015, which results in an overall energy growth averaging 0.67% annually for the rate 10 
and 11 aggregated group of customers. 
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Dartmouth Arca Rate 10 & 11 (Sm./Med. General/Commcrclal) Monthly Energy Use 2006 to 2016 
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Figure 44 Combined Rate 10 and 11 Annual kWh Growth 2006 to 2016 

Going forward, the new building efficiency standards (adopted in 2015) for commercial 
buildings, in combination with "green" initiatives such as solar power or LEED 
certification, will lead to lowered energy intensity and lower growth from new customers 
in these rate categories. With efficiency improvements from implementing the new 
standard estimated to be in the 15 to 30% range, the effect could be very significant. This 
is a matter wo1thy of further investigation, once construction projects that incorporate the 
standards have been in service for sufficient time to analyze their consumption. 

In regard to the Eastern Passage area there have been no significant commercial 
developments announced and the low growth in residential development will likely mean 
a low probability of such development. Hence, commercial growth in the area is not 
anticipated to be a driver of electrical load increases. 

3.5 Details of Analysis - Industrial 
The industrial loads in the Daitmouth Area are all within Rate categories 21 - Small 
Industrial and 22 - Medium Industrial. The number of customers in the Daitmouth ai·ea in 
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Figure 45 Dartmouth Area Rate 21 Consumption 2006 to 2016 

the Rate 21 category has remained relatively constant over the past 10 year period. 
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Energy consumption by the total group has declined 0.75% annually and the average 
consumption by customers in the group has declined 1.05% annually. This could be the 
resulting effect of a small amount of energy conservation or it could be due to a decline 
in industrial activity over the period. 

Similar patterns are seen in the Rate 22 Medium Industrial category. There has been a 
decline in customer count in this category over the 10 year period and a conesponding 

decline in electrical 
Dartmouth Area Rate 22 Medium Industrial Electricity Consumption 2006 to 2015 
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Figure 46 Dartmouth Area Rate 22 kWh Consumption 

energy consumption 2.45 
% annually. 

There have been no 
announcements of 
industrial expansions in 
the near future so 
industrial load growth is 
not anticipated to play a 
role m future load 
growth in the area over 
the forecast period. 

3.6 Demand Load on Substations and Feeders 
As ce1iain assumptions about coincident demand load have been made from energy 
consumption trends over the past ten years it is worthwhile examining measured demand 
in relation to energy at locations where that information is available. Most substations in 
the area have metering for transmission lines, substation transf01mers' and feeder 
reclosers that provide some mix of Watt, Volt-Ampere and feeder Ampere 
measurements. The historical readings are recorded in a PI database at the Ragged Lake 
Energy Control Centre where they are available for electronic access. 

Some challenges are presented in using the PI data. At some locations there is no 
metering. At others there have been failures in the metering that have created gaps in the 
historical data record. At others still there are departures from conventional signage for in 
and out flows. There are also examples of saturation of readings that give a false 
indication of a lower than actual peak. On some substation feeders there is distributed 
generation for which no metering exists making it impossible to distinguish the actual 
level of distribution load. Under some circumstances spurious readings were generated 
and are recorded in the PI data. There are instances of load transfers between substations 
or feeders and of cold load pick-up that can easily be mistaken for normal load peaks. 
Most but not all of these issues are present within the Dartmouth area. What is an issue 
everywhere is a gap in the PI data that results from the loss of a PI data storage drive that 
had not been backed up. Therefore, no PI data records exist from November 9 2013 at 
17:00 to October 31, 2014 at 22:00. 
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Figure 48 113H Dartmouth East Total Substation Load 

The peak load at 113H Dartmouth East substation has declined in the period from Jan 
2011 to Jan 2017 and it remains within the contingency capacity for the substation. What 
is instructive to exanline in addition to the peak load is the summer minimum load. The 
minimum load level is a general indicator of the underlying base of connected load on the 
distribution system. As its useage pattern is minimally affected by temperature variations, 
trends in the connected load are more readily apparent. A small decline in the minimum 
load of 113H throughout the 6 year period can be observed, although some variations in 
that minimum due to temporary load transfers is also present. The overall decline may be 
due to energy efficiency, as it is known that the customer count continued to grow 
throughout the period. However, there may also be some effect as well from the 
conversion of load such as electric water heating to natural gas. 
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Figure 47 Dartmouth East Feeders Serving Eastern Passage 
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The three Dartmouth East feeders that supply load in the Eastern Passage area are 113H-
431 via Baker Drive, 113H-432 via the Bissett Road and 113H-434 via Caldwell Road. 
Load data for these feeders (Figure 4 7) shows that they occasionally exceed their 325 
Amp planning limit. Another feature seen in the data is the growing summer peak which 
is most noticeable on the Baker Drive feeder. A possible explanation for this is the 
growing number of heat pumps in the Russell Lake West area that have natural gas 
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backup. While they do not add to winter peak, their use during the summer is affecting 
the annual load shape by creating a growing summer peak load. 

Dartmouth loop MVA Flow 2011 to 2017 as Measured at Tufts Cove and Farrell St 

Figure 50 MV A Load Supplied on the Dartmouth 69 kV Loop 

Loading on the Dartmouth Loop is no longer a concern from a capacity standpoint. The 
winter capacity of the loop is 115 MV A and with the closing of the Imperial Oil Refinery 
the peak load in December 2016 was only 7 5 MV A, leaving 40 MV A of room for load 
growth in substations fed off the loop - 40H Woodlawn, 48H Penhom, 54H Maple St and 
58H Imperial Oil. This also presents an opportunity to connect additional transfo1mation 
capacity to the loop to deal with feeder loading at Daiimouth East. 
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Figure 49 Total Dartmouth Distribution Load Without Imperial Oil Enterprises Ltd. 

Total Dartmouth load, even when the effect of the loss of the Imperial Oil Refinery is 
taken into account, has shown only minimal growth from 2011 to 2017. There is a 
noticeable increase in summer load and this shift can be anticipated to continue as the 
penetration of heat pumps in the market grows. 

This trend towards increased summertime peaks, while of only minimal concern to field 
operations in Dartmouth today, will begin to have an impact as the trend continues. The 
degree of impact is perhaps illustrated most dramatically by the load of the Halifax 
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peninsula. The summer peak of 2015 was only 8 MVA lower than the winter peak of 
201 5-16. In 

HalifaK Peninsula load - Sum of l·6014 & l -6033, Adjusted for Cap Bank Switching the 
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Figure 51 Halifax Peninsula Distribution Load 

reflective 
of some 
loss of base 

distribution load. Again, this could be due in part to energy efficiency, but could also be 
due to conversions to natural gas. 

4.0 Conclusions and Recommendations 

4.1 Summary of Analysis 
In summary, the analysis of customer load and the driving factors behind it reveals that 
there has recently been very little load growth in the Dartmouth and Eastern passage 
areas and little reason to expect any significant degree of growth in the near future. 
Factors such as population demographics, trends in housing, shifting technology for 
space heating (heat pumps), and potential future offsets from solar electric generation 
appear to largely override factors that might otherwise grow load. Without any 
announcements of major developments in the area and with municipal land use bylaws 
pushing for limited development in Eastern Passage so as to maintain its largely rural 
character, it appears that the load growth factors that drove the decision for a Harbour 
East substation are no longer factors that continue to suppmt that decision. 

\ · .. 
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Figure 52 Housing Vintages Eastern Passage 
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I . ~"· Looking at the potential 
factors that could shift 
energy use within the 
existing customer base and 
affect the above conclusion 
it is useful to consider the 
housing mix in the area. 

The adjacent Figure 52 
shows housing older than 
1980 (pre-dates building 
standards with 6" studs) in 
red symbols, from 1990 to 
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2000 (many homes built to R2000 standards) in yellow symbols and housing from 2000 
to present (showing the most recent new subdivision developments) in green symbols. 
This highlights the areas of older housing in the Eastern Passage area which tend to be 
aligned along the main routes through the area. 

Areas of non-all-electric housing shown in red in Figure 53 below) align with older 
' ;,. housing in the area. Those 
\~> , j homes would be candidates 
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Figure 53 All-Electric and Non-All-Electric Premises in Eastern Passage 

beyond what they are today. 

for conversion to natural 
gas as the gas distribution 
network extends further into 
the area. Conversions from 
oil to gas would not add to 
the system load peak. Areas 
of all-electric housing 
(shown in green below) are 
candidates for heat pump 
installations. They will 
reduce overall energy 
consumption without 
increasing peak loads 

As pointed out earlier, the existing load on some Dartmouth East feeders already exceeds 
the no1mal operating limit of 325A under winter loading conditions. In the circumstances 
of the peak on Friday December 16, 2016, being a period of -15 to -17 C temperatures 
and windchills below -30 C, the over limit lasted 4 hours from 5 pm to 9 pm. Heavy 
loading on these feeders places Dartmouth East substation at risk of exceeding its 
contingency limit for failure of one of the two transformers as it restricts the ability to 
transfer load to adjoining substations. 

Dartmouth East Substation Feeder Amps - 2016 System Peak 
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Figure 54 Dartmouth East Feeder Amps December 2016 
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The feeder configurations for the area place the four most heavily loaded Da1imouth East 
feeders adjacent to each other in the Portland Hills and Caldwell Road area. A new 

Figure 55 Dartmouth East Feeders in Portland Hills/Caldwell Rd. Area 
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The substation at Imperial Oil is built on a very restricted site making the addition of a 
second transfo1mer or any additional feeders there problematic. The area in Mount Hope 
to the south side of the Russell Lake West development is a location where transmission 
lines L-5011 and L-5012 merge on to a single right-of-way. There appears to be 
sufficient undeveloped land at that location to constrnct a padmount power transformer 
substation. 

This type of substation would be new to NS Power; however, it offers a number of 
advantages suited to the site. First it can be installed on a smaller footprint than a 
traditional design - approximately half the space. Second, it is visually less obtrusive as it 
does not require a fenced compound. This can facilitate the process of gaining approval 
for a site. Fmiher, it can be constructed quickly - in under a year after the site has been 
acquired. Finally, it can be put in service at a cost that is approximately half that of a 
traditional substation. 

It would n01mally be that case that a spare padmount power transformer would need to be 
acquired at the same time as the first padmount transformer is acquired. However, this 
location is ideal from the standpoint that there is sufficient feeder interconnectivity with 
sufficient contingency capacity in the early years to enable load to be transferred to 
adjacent substations. This can defer purchase of a spare till after other substations of this 
type are built and the spare can then be justified on providing suppo1i for multiple in
service units. 
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Harbour East Substation - Review of Requirements and Options 

4.2 Recommendations 
It is recommended to not proceed with construction of the Harbour East substation at this 
time. Following a detailed investigation of factors affecting customer load, there is no 
indication that the capacity is needed to supply load in the area within the ten year 
planning horizon ofthis study. There are long term factors that may ultimately set up the 
opp01tunity for growth in the area so it is recommended that the investment that NS 
Power has made in obtaining right-of-way and substation siting be protected for that 
eventuality. 

In the sh01ter te1m only such factors as the announcement of a major new development in 
the Eastern Passage area, or the completion of the Mount Hope to Caldwell Road 
connector in conjunction with amore development-friendly land zoning regime coupled 
with additional water and sewer servicing could substantially affect this recommendation. 
If such were to occur then this recommendation will need to be revisited. 

Besides serving Eastern Passage load growth, part of the previous justification for 
Harbour East substation was the capacity and flexibility to deal with overloading of 
Dartmouth East substation feeders adjacent to and serving area. With that option being 
removed, there remain two Da1tmouth East feeders that cwTently exceed their operating 
limits. Much of the load responsible for that is in the P01tland Hills and Colby Village 
area and a solution local to that area was explored in support of deferring Harbour East. 

An option is presented that will relieve existing design criteria loading violations on the 
two Dartmouth East feeders that supply load in the Portland Hills and Colby village to 
Eastern Passage areas. The solution will provide additional operational load transfer 
capability between Daitmouth East and the Imperial Oil Substation. The recommendation 
is for the construction of a new substation to be installed in the Mount Hope area near the 
conjunction of 69 kV lines L-5011 and L-5012. 

The recommended substation would be a 69-25 kV padmount power transfo1mer 
substation with a capacity of 10 to 12 MV A with a single 25 kV feeder. The in-service 
date should be tai·geted in advance of the 2018 winter peak so as to limit the further 
amount of time that loading violations are sustained on the Daitmouth East feeders. 
Estimated cost for the substation is in the range of $2.3 Million. 

The padmount style of substation is recommended due to its lower development cost 
(about half that of a regular substation), smaller footprint, compatibility of its appearance 
in the midst of local residential and commercial developments and fast implementation 
time (under one year following site acquisition). Fwther advantages, due to the low site 
development cost, are that a padmount power transformer station could easily be 
expanded, or removed and relocated at a later date should future load growth require it. 

After this new supply is in place, reconfiguration of feeders l BH-443 and l BH-434, the 
two most heavily loaded Daitmouth East feeders, would be required to relieve load on 
l 13H -443 and reduce the level of parasitic load on the Caldwell Road feeder 1 BH-434 
that passes through the area to serve load in Eastern Passage. This would allow feeder 
l BH-434 to pick up additional Eastern passage load if necessai·y and provides needed 
load transfer flexibility with 58H Imperial Oil feeders. 
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Harbour East Substation - Review of Requirements and Options 

It is recommended that a distribution feeder planning study be undertaken to facilitate the 
needed feeder reconfigurations associated with the development of a new Mount Hope 
substation. Besides relieving overload on two East Dartmouth feeders, additional benefits 
arise from the reduction of losses on those feeders. The estimated amount of those loss 
savings can only be determined from feeder load flow simulations that would be 
conducted as part of such a study. The scope of the study should also include an 
economic analysis of a padmount power transformer substation versus a conventional 
substation, considering such factors as the amount of initial loading and load growth that 
would weigh in favour of one alternative versus the other. 
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Harbour East Substation - Review of Requirements and Options 

Appendix A: Transmission Line Ratings Summary 

Last Updated: 201 6-10-06 

LINE NUMBER SUMMER WINTER 

L-5003a 90H Sackville to 124H Akerley Blvd. 
-

L-5003b 124H Akerley Blvd. to 99H Farrell St. 

L-5004a 90H Sackville to 23H ~ockingham -- -
L-5004b 23H Rockingham to 34H - Geizer Hill 

L-5010 58H Imperial Oil to 111 H Imperial Oil 

L-5011a 99H Farrell St. to 40H Woodlawn 
-

L-5011 b 40H Woodlawn to 58H Imperial Oil 

L-5012a 91 H Tufts Cove to 54H Maple St. 
--

L-5012b 54H Maple St. to 48H Penhorn 

L-5012c 48H Penhorn to 58H Imperial Oil 
1 Limited by full scale metering. Conductor rating is 82 MV A. 
2 Limited by full scale metering. Conductor rating is 120 MV A. 
3 Limited by full scale metering. Conductor rating is 140 MV A. 
4 Limited by line switch. Conductor rating is 106MV A. 
5 Limited by line switch. Conductor rating is 120MV A. 
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CI Number:  52314 
 
Title: 1C-GT1 and 1C-UT1 Transformer Replacement 
 
Start Date: 2018/01 
In-Service Date: 2019/12 
Final Cost Date: 2020/06 
Function: Transmission 
Forecast Amount: $2,032,393 
 
DESCRIPTION: 
 
The scope of this project is to install a new station service transformer to replace two transformers (1C-
GT1 and 1C-UT1) that are presently being used as backup station service transformers at 1C Point 
Tupper.  The 1C station service transformer (1C-ST1) failed several years ago and at that time 1C-GT1 
and 1C-UT1 were re-purposed for station service as a temporary measure for backup station service 
supply to transformer 1C-ST2.  This project also includes the removal and retirement of three 
transformers (GT1, UT1 and the failed ST1). 
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
Depreciation Class: Transmission System - Transformer 
 
Estimated Life of the Asset: 45 Years 
 
JUSTIFICATION:  
 
Justification Criteria:  Transmission Plant- Station Equipment 
    Transmission Plant- Underground Conductors and Devices 
    Transmission Plant- Poles and Fixtures 
 
Sub Criteria: Equipment Replacement 
 
Why do this project? 
 
The station service transformer 1C-ST1 failed several years ago and 1C-GT1 and 1C-UT1 (originally 
installed in 1968) were re-purposed at that time to be used for temporary station service until 1C-ST1 
could be replaced.  1C-GT1 and 1C-UT1 are now experiencing oil weeps and are in need of radiator and 
bushing replacement.  If the transformers are not replaced, there is a risk of failure which will result in no 
back up station service for transformer 1C-ST2.  If 1C-ST2 were to fail without back up station service, 
generation at the Pt. Tupper plant would be lost. 
 
In addition, in order to get the 4.16kV station service voltage, GT1 first steps 138kV down to 13.2kV, and 
then UT1 steps 13.2kV down to 4.16kV, resulting in the operation of two transformers.  This can be 
eliminated with the installation of a single station service transformer that is 138kV:4.16kV.   
 
Why do this project now? 
 
Due to the oil weeps and need for radiator and bushing replacement in 1C-UT1 and 1C-GT1, the risk of a 
failure continues to increase.  Completing this project at this time will mitigate the risk of Point Tupper 
Generating Station going offline in the event that station service transformer 1C-ST2 fails. 
 

_
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Why do this project this way? 
 
Replacement of 1C-GT1 and 1C-UT1 with a proper station service transformer similar to 1C-ST2 is the 
only option for permanent back-up station service.  
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: -CI Number 52314 1C-GT1 and 1C-UT1 Transformer Replacement Project Number 52314

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0300 - TP - Bldg.,Struct.Grnd. 56,597Additions

0700 - TP - Environmental 264,222Additions

2200 - TP - Elec Contr.Equip. 18,185Additions

3500 - TP - Wood Poles 6,984Additions

4300 - TP - Substn Dev. 5,332Additions

4400 - TP - Substn.Transf. 1,047,869Additions

4600 - TP - U/G Conductor 12,781Additions

3900 - TP - O/H Cond. 12,360Retirements

4400 - TP - Substn.Transf. 608,064Retirements

Total Cost:

Original Cost:

2,032,393

554,685

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52314

Execution Year: 2018-2019
Unit Quantity Unit Estimate Total Estimate Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 41 386$                  15,914$                
PD 5 284$                  1,420$                  
PD 17 284$                  4,909$                  
PD 109 366$                  39,799$                
Lot 1 17,826$             17,826$                

Sub-Total 79,868$                

PD 8 731$                  5,850$                  
-$                      

Sub-Total 5,850$                  

Lot 1 2,244$               2,244$                  
-$                      

Sub-Total 2,244$                  

ea. 1 700,000$           700,000$              
ea. 1 150,000$           150,000$              
ea. 1 10,000$             10,000$                
ea. 1 5,000$               5,000$                  
ea. 1 3,500$               3,500$                  
Lot 1 22,820$             22,820$                

-$                      
Sub-Total 891,320$              

Lot 1 16,000$             16,000$                
Lot 1 10,000$             10,000$                
Lot 1 45,000$             45,000$                
Lot 1 350,000$           350,000$              
Lot 1 50,000$             50,000$                
Lot 1 106,858$           106,858$              

Sub-Total 577,858$              

Lot 1 12,000$             12,000$                
Lot 1 2,000$               2,000$                  

-$                      
Sub-Total 14,000$                

Lot 1 2,060$               2,060$                  
-$                      

Sub-Total 2,060$                  

% 10% 1,554,896$        155,490$              
-$                      

Sub-Total 155,490$              

33,834$                

Sub-Total 33,834$                

86,703$                
-$                      

Sub-Total 86,703$                

73,523                  
109,643                

Sub-Total 183,165$              

1,728,690$           
2,032,393$           

536800 Original Cost
554,685$              

Civil Demolition
Site Remediation

Engineering
Labor Technologist

Administrative Overhead

Consulting

Vehicle Overhead
Vehicle AO

SUB-TOTAL (no AO, AFUDC)

Location:
CI# :
Title:

Regular Labor

Description

Transmission

Labor AO

Procurement/Financial Support

Contract AO

OT Labor

Transformer (138-25kV)

New HV Bushings

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 

Interest Capitalized

Meals

Transformer Inspections and Witnessing of Tests

TOTAL (AO, AFUDC included)

AFUDC

Other Goods & Services

1C-GT1 and 1C-UT1 Transformer Replacement                                                   

Materials

OT Labor

CADD Group
Electricians

Oil / Water Separator Tank Installation
Concrete Foundations

Contingency

Ground Resistance Measurement

Meals 

Other contracts

Travel Expense

Contracts

Other materials

Oil / Water Separator Tank
Motorized Ball Valve

Transformer Transport, Off Loading & Placement

Travel Expense

Deluge System
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CI Number: 51398  
 

Title: 2018/2019 Steel Tower Refurbishment  
 

Start Date: 2018/01 

In-Service Date: 2018/02 

Final Cost Date: 2020/06 

Function Class: Transmission 

Amount: $1,992,692 

 

DESCRIPTION: 

 

This project is required to replace deteriorated steel tower components.  NS Power has approximately 2,000 steel 

towers installed on the transmission system.  These deteriorated steel tower components are identified through the 

NS Power transmission inspection program.  Components that will be replaced include hardware, guy wires, tower 

legs and grillages, footings and steel members.  The age profile of the steel tower fleet is illustrated in the table 

below. 

 

Age Range Kilometers of Steel Structures % of Steel Structures 

0-10 0 0% 

11-20 5 1% 

21-30 339 47% 

31-40 122 17% 

41-50 125 17% 

51-55 6 1% 

55+ 120 17% 

 

Summary of Related CIs +/- 2 years: 

2016 CI 48113 2016 Steel Tower Refurbishment $1,699,991 

2017 CI 49815 2017/2018 Steel Tower Refurbishment $2,003,317 

2019 CI TBD 2019/2020 Steel Tower Refurbishment $TBD 

2020 CI TBD 2020/2021 Steel Tower Refurbishment $TBD 

 

Depreciation Class: Transmission Plant - Towers and Fixtures 

 

Estimated Useful Life: 50-55 Years 

 

JUSTIFICATION:  

 

Justification Criteria:  Transmission  

 

Sub-Criteria: Equipment Replacement / Refurbishment 

 

Why do this project? 

 

NS Power’s transmission inspection program has identified deteriorated assets on steel towers that require 

replacement.  These lines are critical to the reliable operation of the transmission system.  Work on these 

deficiencies will be prioritized based on inspection results and engineering assessments, consistent with how work 

has been completed under this program in the past.  The exact towers that will be refurbished will be determined 

throughout the prioritization process.  
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Why do this project now? 

 

This work will be prioritized based on transmission inspection results.  Many of these steel tower components have 

reached the end of their expected service lives and if replacements are not completed, the reliability of the lines will 

be compromised. 

 

This project is forecasted to be in-service when the refurbishment of the first tower is completed (February 2018).  

Therefore, the Final Cost Date (June 2020) is listed as six months after the last tower is forecasted to be completed 

(December 2019).  

 

Why do this project this way? 

 

Replacing the existing deteriorated steel tower components is more cost effective than replacement of the entire steel 

towers. 

 

The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 

Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 

designed to optimize the allocation and execution of PLT resources among work requirements. 

_
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: -CI Number 51398 2018 / 2019 Steel Tower Refurbishment                                     Project Number 51398

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

3700 - TP - Steel Towers 1,922,806Additions

3700 - TP - Steel Towers 69,885Retirements

Total Cost:

Original Cost:

1,992,692

220,505

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51398
2018/2019 Steel Tower Refurbishment

Execution Year: 2018-2019

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 127 385$                  48 891$                
Lot 1 2 400$               2 400$                   

-$                      
Sub-Total 51,291$                

Lot 1 120 000$           120 000$              
-$                      

Sub-Total 120,000$              

Hrs. 1,174,800$           
Lot 1 75,000$             75,000$                
Lot 1 100,000$           100,000$              

Sub-Total 1,349,800$           

Lot 1 2,000$               2,000$                   

Sub-Total 2,000$                   

% 10% 1,469,800$        146,980$              

Sub-Total 146,980$              

20,961$                

Sub-Total 20,961$                

45,548$                
256 111$              

Sub-Total 301,659$              

1,670,071$           
1,992,692$           

Original Cost
220,505$              

Procurement / Financial Support

Meals & Entertainment

Contracts
Contract Line Work

Materials
Steel Tower Components

External Supervision
External Civil Design

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Meals

Administrative Overhead
Labor AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

Contingency

Vehicle Overhead
Vehicle AO

Other Goods & Services

Location:
CI# / FP#:

Title:

T&D Labor - Site Supervision

Transmission

Regular Labor

Description
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CI Number: 52320 

Title: L6549 Replacements and Upgrades 

Start Date: 2018/09 
In-Service Date: 2018/10 
Final Cost Date: 2019/10 
Function Class: Transmission 
Forecast Amount: $1,406,535 

DESCRIPTION: 

L6549 is a 45 kilometer (205 Structures) 138kV transmission line, built in 1977, that connects the 5S Glen Tosh and 
85S Wreck Cove substations.  This project is required to replace deteriorated assets that have been identified 
through NS Power’s transmission inspection program.  This project includes the replacement of deteriorated assets 
on approximately 197 structures. 

The project scope includes: 

• Structure Replacements: 24 Structures 
• Pole and Insulator Replacements: 5 Structures 
• Timber and Insulator Replacements:   110 Structures
• Insulator Replacements: 57 Structures 
• Other Deteriorated Assets: 1 Structure 

Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 or 2020 

Depreciation Class: Transmission Plant- Poles and Fixtures 
      Transmission Plant- Overhead Conductors and Devices 
      Transmission Plant- Station Equipment 

Estimated Life of the Asset: 45 years 

JUSTIFICATION: 

Justification Criteria: Transmission Plant 

Sub Criteria: Equipment Replacement 

Why do this project? 

The transmission inspection program identified deteriorated assets that require replacement to avoid transmission 
interruptions.  Failure to complete this project would compromise the reliable operation of this line. 

Why do this project now? 

This work has been prioritized based on transmission inspection results.  This project is required to support the 
reliable operation of the transmission line. 

Why do this project this way? 

Replacing the existing deteriorated assets is more cost effective than rebuilding the entire line. 

The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 
designed to optimize the allocation and execution of PLT resources among work requirements.  
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: -CI Number 52320 L6549 Replacements & Upgrades Project Number 52320

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 L6549 Municipality of the County of Victoria

0700 - TP - Environmental 69,686Additions

3500 - TP - Wood Poles 614,593Additions

3800 - TP - Insulators 256,991Additions

3900 - TP - O/H Cond. 334,853Additions

3500 - TP - Wood Poles 65,588Retirements

3800 - TP - Insulators 64,824Retirements

Total Cost:

Original Cost:

1,406,535

346,737

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52320
L6549 - Replacements and Upgrades

Execution Year: 2018-2019

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 4 366$                  1,307$                  
PD 73 389$                  28,314$                
Lot 1 3,219$               3,219$                  

Sub-Total 32,840$                

Lot 1 112 920$           112 920$              
Lot 1 42 964$             42 964$                
Lot 1 80$                    80$                       

Sub-Total 155,963$              

Hrs. 738 658$              
Lot 1 5 000$               5 000$                  
Lot 1 14,000$             14,000$                
Lot 1 6,400$               6,400$                  
Lot 1 5,000$               5,000$                  
Lot 1 85,000$             85,000$                
Lot 1 5,000$               5,000$                  
Lot 1 52,093$             52,093$                

Sub-Total 911,152$              

% 10% 911,152$           91,115$                

Sub-Total 91,115$                

13 420$                

Sub-Total 13,420$                

29,163$                
172,882$              

Sub-Total 202,045$              

1,191,070$           
1,406,535$           

Original Cost
346,737$              

Contracts
Contract Line Work

Flagging

Waste Disposal
Helicopter services

Lidar survey
Environmental services

Contingency

Vehicle AO
Vehicle Overhead

Poles

Contracts AO

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead
Labor AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Insulators
Conductors

Rock Breaking
Pole Haulage

Materials

Other Goods & Services

Procurement / Financial Support

Location:
CI# / FP#:

Title:

T&D Labor - Site Supervision
T&D Labor - Electrician/Technician

Transmission

Regular Labor

Description
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CI Number: 51406 
 
Title: 2018/2019 Transmission Switch & Breaker Replacement 
 
Start Date: 2018/03 
In-Service Date: 2018/03 
Final Cost Date: 2019/06 
Function Class: Transmission 
Amount:  $1,405,891 
 
 
DESCRIPTION: 
 
This project provides for the replacement of deteriorated substation circuit breakers and transmission switches on the 
NS Power transmission system.  The project estimate includes the retirement and replacement of three 69kV 
breakers, one 138 kV breaker, four 69kV switches and four 138kV switches.  The breakers being replaced are 
prioritized based on the  maintenance history, age, number of operations, electrical test results, design or 
manufacturing issues, inspection results, customers supplied, system redundancy, and safety and environmental 
issues. 
  
NS Power anticipates that a portion of the capital costs associated with this capital item will contribute toward settling 
the Company’s Asset Retirement Obligation for PCB contaminated oil. 
  
Summary of Related CIs +/- 2 years: 
CI 48059 - 2016/2017 Transmission Switch & Breaker Replacement - $980,999 
CI 49818 - 2017/2018 Transmission Switch & Breaker Replacement - $1,074,472 
CI TBD - 2019/2020 Transmission Switch & Breaker Replacement - $TBD 
CI TBD - 2020/2021 Transmission Switch & Breaker Replacement - $TBD 
 
JUSTIFICATION:  
 
Justification Criteria: Transmission Plant 
 
Sub Criteria: Equipment Replacement 
 
Depreciation Class: Transmission Plant – Station Equipment 

Transmission Plant – Overhead Conductors and Devices 
 
Estimated Useful Life: 40 Years 
 
Why do this project? 
 
This project will replace deteriorated substation circuit breakers and transmission switches.  Completing this project 
will mitigate transmission supply interruptions and maintain reliable operation of the transmission system for 
customers.  
 
This project is being done primarily to replace end-of-life assets, and secondly to reduce environmental risks by 
removing oil filled equipment. 
 
Why do this project now? 
 
The circuit breakers being replaced are, on average, 56 years old.  The expected useful life of a circuit breaker is 40 
years.  Switches have an expected useful life of 40 years and the switches being evaluated for replacement are 
approaching or past this expected useful life. 
 
This project is deemed in-service when the first switch or breaker is replaced (March 2018), therefore the Final Cost 
Date (December 2019) is listed as six months after the switch or breaker is completed (June 2019). 
 

_
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Why do this project this way? 
 
Due to the age of the devices, spare parts are no longer available for the majority of the circuit breakers that are being 
replaced.  The breakers being replaced are often oil filled so this project also serves to remove oil filled equipment from 
the fleet, reducing the environmental liability. 
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: -CI Number 51406 2018/2019 Transmission Switch & Breaker Replacement Project Number 51406

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0300 - TP - Bldg.,Struct.Grnd. 108,403Additions

2200 - TP - Elec Contr.Equip. 92,570Additions

4000 - TP - O/H Cond.Devices 1,142,328Additions

4300 - TP - Substn Dev. 62,590Retirements

Total Cost:

Original Cost:

1,405,891

153,089

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51406
2018/2019 Transmission Switch and Breaker Replacement

Execution Year: 2018-2019

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 155 366$                  56,627$                
PD 5 389$                  1,949$                  
PD 499 386$                  192,793$              

Sub-Total 251,369$              CI 49818

m 2000 10$                    20,000$                
each 2 1,000$               2,000$                  
Lot 1 500$                  500$                     

each 4 12,850$             51,400$                
each 6 3,000$               18,000$                
each 4 1,500$               6,000$                  
each 2 5,000$               10,000$                
each 36 450$                  16,200$                
each 1 9,000$               9,000$                  
Lot 1 1,260$               1,260$                  

each 4 10,000$             40,000$                
each 4 1,500$               6,000$                  
each 6 3,000$               18,000$                
each 6 1,200$               7,200$                  
Lot 1 3,840$               3,840$                  

each 1 71,518$             71,518$                
each 3 52,770$             158,310$              
Lot 1 4,000$               4,000$                  

each 2 15,000$             30,000$                
Sub-Total 473,228$              CI 49818

Lot 1 12,660$             12,660$                
Lot 1 206,036$           206,036$              
Lot 1 640$                  640$                     

Sub-Total 219,336$              CI 49818

% 10% 943,933$           94,393$                

Sub-Total 94,393$                

102,724$              

Sub-Total 102,724$              

223,223$              
41,617$                

Sub-Total 264,840$              

1,038,326$           
1,405,891$           

Original Cost 153,089$              

138kV A&B Steel Switch Support

69kV Switch
69kV High Velocity Whips

69kV Surge Arrestors

69kV Circuit Breaker
Grounding Attachments, Mats, Assemblies, etc.

69kV Vacuum Bottles

69kV Connectors, Jumpers, Etc.
138kV Circuit Breaker

138kV High Velocity Whips
138kV Motor Operator

138kV Insulators
138kV Surge Arrestors

138kV Connectors, Jumpers, etc.

Project Support - Engineering Design

138kV Vacuum Bottles

Materials
Control Cable
Misc. J-Boxes

Misc. Conduit and Connectors
138kV Switch

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 

Administrative Overheads
Labor AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

Vehicle AO
Vehicle Overhead

Concrete Foundations, Conduit, and Civil works

Boom Truck Rental

Other Goods & Services
Contingency

Labor for install/remove Circuit Breakers

Contracts

Location:
CI# / FP#:

Title:

T&D Labor - Site Supervision
T&D Labor - Electrician/Technician

Transmission

Regular Labor

Description
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CI Number:  51405 

Title:  2018/2019 Wood Pole Retreatment Program 

Start Date: 2018/05 
In-Service Date: 2018/05 
Final Cost Date: 2020/02 
Function Class: Transmission 
Amount: $1,361,076 

DESCRIPTION: 

This project provides for the retreatment of approximately 4,874 transmission poles in both 2018 and 2019.  This 
project is the second CI of a multi-year program that will continue beyond 2019. 

NS Power carries out a pole retreatment program on transmission class poles.  Wood poles originally treated with 
pentachlorophenol and creosote preservatives are retreated with wood preservatives to reinforce the preservative 
retention levels in the ground line area to maintain protection against fungal and insect damage. 

Summary of Related CIs +/- 2 years: 
2017 CI 2017 Wood Pole Retreatment Program $841,821 
2020 CI TBD 2020 Wood Pole Retreatment Program $TBD 

Depreciation Class: Transmission Plant- Poles and Fixtures 

Estimated Useful Life: 55 years 

JUSTIFICATION: 

Justification Criteria:  Pole Retreatment 

Why do this project? 

This project is being completed in order to extend the expected life of 9,748 transmission poles from 35 years to 55 
years, delaying the replacement of these poles by approximately 20 years. 

Why do this project now? 

This project should be completed now to contribute to the reliable operation of the transmission system. 

This project is forecasted to be in-service when the first pole is forecasted to be completed (May 2018), therefore the 
Final Cost Date (February 2020) is listed as six months after the last pole is forecasted to be completed (August 
2019). 

Why do this project this way? 

Pole retreatment is a proven and accepted cost effective approach to extend the life of the pole.  The average cost of 
a pole installation is $4,500 and a retreatment costs approximately $175.  Four retreatments (at 15, 25, 35 and 45 
years of service) extend the expected life of the pole from 35 years to 55 years at a total cost of $700 (4 treatments at 
$175 each).  The average cost per year of service for a pole without retreatment is $129 ($4,500 / 35 years); with a 
retreatment program the average cost per year for the 20 additional years of service is $35 ($700 / 20 years). 
Completing pole retreatment in this manner is a cost effective way to extend the life of treated wood poles and to defer 
the replacement of the pole by approximately 20 years. 
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: -CI Number 51405 2018/2019 Wood Pole Retreatment Program Project Number 51405

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

3500 - TP - Wood Poles 1,361,076Additions

Total Cost:

Original Cost:

1,361,076

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51405
2018/2019 Wood Pole Retreatment Program

Execution Year: 2018-2019

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 90 385$                  34,650$                
Lot 1 5,000$               5,000$                  
PD 10 382$                  3,820$                  

Sub-Total 43,470$                

Lot 1 2,000$               2,000$                  
Sub-Total 2,000$                  

EA 9748 100$                  974,800$              
Sub-Total 974,800$              

Lot 1 2,000$               2,000$                  
Sub-Total 2,000$                  

% 10% 974,800$           97,480$                
Sub-Total 97,480$                

17,764$                

Sub-Total 17,764$                

38,603$                
184,959$              

-$                      
Sub-Total 223,561$              

1,119,750$           
1,361,076$           

-$                      

Location:
CI# / FP#:

Title:

T&D Labour - Site Supervision

Transmission

Regular Labour

Description

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Meals - Site Supervisor

Administrative Overhead
Labour AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

Vehicle Overhead

Travel Expense
Travel - Site Supervisor

Procurement / Financial Support
Engineering Design

Contracts

Original Cost

Vehicle AO

Other Goods & Services
Contingency

Pole Retreatment

Meals & Entertainment
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CI Number:  48131 
 
Title:  48H-T1 Transformer Replacement   
 
Start Date: 2017/10 
In-Service Date: 2018/12 
Final Cost Date: 2019/06 
Function Class: Transmission 
Amount: $1,281,449 
 
DESCRIPTION: 
 
The scope of this project is to replace the existing transformer at 48H Penhorn substation with a functionally 
equivalent new model.  This transformer, 48H-T1 provides electric service to approximately 4,400 customers in the 
Dartmouth area.  The replacement transformer will be placed in the same position and connected to the existing high 
voltage wiring.  A loading study will be done prior to purchasing the replacement transformer, in order to determine 
the appropriate size transformer, accounting for existing loading and potential load growth. Also, the replacement 
transformer will have a new tap changer that will mitigate the risk of oil leakage. 
 
Summary of Related CIs +/- 2 Years: 
No other projects in 2016, 2017, 2018, 2019 and 2020  
 
Depreciation Class:  Transmission Plant- Station Equipment 
 
Estimated Useful Life:  45 Years 
 
JUSTIFICATION:  
 
Justification Criteria:  Transmission Plant 
 
Sub Criteria:  Equipment Replacement 
 
Why do this project? 
 
The existing transformer at the 48H substation is 45 years old and is a Ferranti Packard model with a known defect 
that causes the internal varnish to dissolve in the oil.  This has been known to cause premature and sudden failure of 
transformers.  Also, the existing tap changer has caused bolts to loosen upon operation, resulting in various oil leaks. 
If the existing transformer were to fail, a lengthy customer outage would be experienced until a mobile transformer 
and/or distribution switching could be completed to re-energize the 48H feeders.   
 
Why do this project now? 
 
The 48H-T1 transformer is at the end of its expected service life, there is a known defect with this transformer 
model, and the tap changer has experienced oil leaks.  Therefore, the best course of action is to replace the 
transformer prior to a failure to avoid a large customer outage. 
 
Why do this project this way? 
 
Refurbishment of this transformer is not recommended due to its age and known defects, therefore replacement is 
the only alternative in order to minimize unplanned customer outages and mitigate oil leaks. 
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: -CI Number 48131 48H-T1 Transformer Replacement   Project Number 48131

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0300 - TP - Bldg.,Struct.Grnd. 17,499Additions

0700 - TP - Environmental 43,524Additions

2200 - TP - Elec Contr.Equip. 3,091Additions

4300 - TP - Substn Dev. 32,217Additions

4400 - TP - Substn.Transf. 1,131,686Additions

4400 - TP - Substn.Transf. 53,432Retirements

Total Cost:

Original Cost:

1,281,449

208,412

Total Cost:Original Cost:
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Capital Project Detailed Estimate

48131

Execution Year: 2018
Unit Quantity Unit Estimate Total Estimate Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 50 386$                  19,300$                
PD 9 284$                  2,434$                  
PD 18 284$                  5,031$                  
PD 122 366$                  44,698$                
Lot 1 14,498$             14,498$                

Sub-Total 85,961$                

PD 20 731$                  14,625$                

Sub-Total 14,625$                

Lot 1 956$                  956$                     

Sub-Total 956$                     

ea 1 700,000$           700,000$              
Lot 1 24,885$             24,885$                

Sub-Total 724,885$              

Lot 1 12,640$             12,640$                
Lot 1 18,000$             18,000$                

Lot 1 120,360$           120,360$              

Lot 1 1,280$               1,280$                  

Sub-Total 152,280$              

Lot 1 20,000$             20,000$                
-$                      

Sub-Total 20,000$                

Lot 1 400$                  400$                     
-$                      

Sub-Total 400$                     

% 10% 977,751$           97,775$                
-$                      

Sub-Total 97,775$                

38,982$                

Sub-Total 38,982$                

34,661$                

Sub-Total 34,661$                

81,841$                
29,083$                

Sub-Total 110,925$              

1,096,882$           
1,281,449$           

536800 Original Cost
208,412$              

Travel Expense

Transformer

SUB-TOTAL (no AO, AFUDC)
TOTAL (AO, AFUDC included)

Labour AO 

Location:
CI# :
Title:

Regular Labour

Description

Materials

Contract AO

Procurement/Financial Support

Contracts

Other materials

Administrative Overhead

Consulting

Vehicle Overhead
Vehicle AO

Transmission

Transformer Transport, Offload, Assembly & Oil 
Transport

Boom Truck Rental

48H-T1 Transformer Replacement                                                                     

Engineering
Labour Technologist

OT Labour

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Meals

Oil Containment Foundation & Oil/Water Separator 
Tank Installation

AFUDC

Other Goods & Services

Concrete Foundations

Transformer Inspections and Witnessing of Tests

CADD Group
Electricians

Contingency

Meals & Entertainment

Travel Expense

OT Labour
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CI Number: 52328 
 
Title:  56N-T1 Transformer Upgrade 
 
Start Date: 2018/01 
In-Service Date: 2019/03 
Final Cost Date: 2019/09 
Function: Transmission 
Forecast Amount: $1,279,271 

 
DESCRIPTION: 
 
This project is for the capacity upgrade of the 56N-T1 transformer to 25MVA at the 56N Haliburton substation.  
Distribution Planning Study 367-0216-E31 (please refer to Attachment 1) was conducted for the Pictou area and 
identified the Haliburton substation (56N) for a transformer capacity increase to meet customer needs.  The 
substation load will increase when the existing 4.16kV supplies, within the Town of Pictou, have been changed to 
the 25kV system.  
  
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
Depreciation Class: Transmission Plant – Station Equipment 
        Transmission Plant – Underground Conduit 
        Transmission Plant – Overhead Conductors and Devices 
 
Estimated Life of the Asset:  45 Years 
 
JUSTIFICATION:  
 
Justification Criteria:  Transmission Plant 
 
Why do this project? 
 
The upgrade from 56N-T1 to 25MVA must be completed as outlined in the attached Distribution Study to address 
the pending increase in substation load when the distribution voltage conversion and new 25kV feeder addition is 
completed in 2019. 
 
Why do this project now? 
 
Conversion of the 4.16kV supply, in the town of Pictou, to 25kV will increase the load on the existing 11.2MVA 
transformer beyond its nameplate rating.  The load on 56N-T1 peaked at over 14MVA in 2015.  Failure to upgrade 
the capacity of 56N-T1 prior to the voltage conversion will push the transformer above its 133 percent overload 
rating during periods of peak demand. 
 
Why do this project this way? 
 
Two alternatives were evaluated as part of the planning study (please refer to Attachment 1) to determine the most 
economical solution.  Alternative 1 consisted of the replacement of the existing 11.2MVA transformer with a 25MVA 
unit.  Alternative 2 explored the installation of a second 14MVA transformer.  The economic analysis provided in 
Appendix C of the planning study shows that Alternative 1 is the best solution. 
 

_
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: -CI Number 52328 56N-T1 Transformer Upgrade Project Number 52328

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0300 - TP - Bldg.,Struct.Grnd. 20,940Additions

0700 - TP - Environmental 34,932Additions

2200 - TP - Elec Contr.Equip. 1,068Additions

2300 - TP - Power Equip.-Station S 2,497Additions

3900 - TP - O/H Cond. 257Additions

4300 - TP - Substn Dev. 7,632Additions

4400 - TP - Substn.Transf. 1,180,833Additions

4500 - TP - U/G Conduit 5,663Additions

4400 - TP - Substn.Transf. 25,448Retirements

Total Cost:

Original Cost:

1,279,271

217,975

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52328
56N-T1 Transformer Upgrade

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 35 366$                  12,875$                
PD 12 389$                  4,813$                  
PD 40.6 386$                  15,654$                
Lot 1 16,399$             16,399$                

Sub-Total 49,741$                

PD 8 731$                  5,762$                  
Sub-Total 5,762$                  

Lot 1 3,422$               3,422$                  
Sub-Total 3,422$                  

Lot 1 11,700$             11,700$                
Lot 1 800$                  800$                     
Lot 1 2,000$               2,000$                  
Lot 1 5,440$               5,440$                  
Lot 1 800,000$           800,000$              

Sub-Total 819,940$              

Lot 1 38,000$             38,000$                
Lot 1 86,780$             86,780$                
Lot 1 20,720$             20,720$                

Sub-Total 145,500$              

Lot 1 20,000$             20,000$                
Sub-Total 20,000$                

Lot 1 750$                  750$                     
Sub-Total 750$                     

Lot 1 750$                  750$                     
Sub-Total 750$                     

$ 10% 1,020,943$        102,094$              
Sub-Total 102,094$              

21,504$                
Sub-Total 21,504$                

46,730$                
27,607$                

Sub-Total 74,337$                

35,470$                
Sub-Total 35,470$                

1,147,959$           
1,279,271$           

Original Cost
$217,975

Location:
CI# / FP#:

Title:

T&D Labor - Site Supervision
T&D Labor - Design

T&D Labor - Electrician/Technician

Transmission

Regular Labor

Description

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Administrative Overhead

Contract AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

AFUDC

Labor AO

Materials

Travel Expense
Travel

Procurement / Financial Support

OT Labor
T&D Labor - Electrician/Technician

Environmental
Control & Grounding

Power

Consulting 
Transformer FAT

Substation Devices

Civil
Transformer (Transport/Offload/Assembly)

Transformer

Retired Transformer (Transport & Offload)

Contracts

Overtime Meals
Site Visits & Meal Chits

Site Visits & Meal Chits

Vehicle Allocated Costs

Other Goods & Services

Meals

Contingency

Vehicle Overhead

_
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EXECUTIVE SUMMARY 
 

This study was initiated by the Eastern Territory to determine solutions for the overloaded 
substation transformer 56N-T1 (7.5/10//11.2 MVA, 69-25kV) at Haliburton Substation (See Figure 
1), to plan for the future of substation 55N (5/6.7//7.5 MVA, 69-4.16kV) at Pictou Town (See 
Figure 2) as well as identify and propose solutions to the distribution system supplied from these 
substations over a 15 year planning horizon.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1-Haliburton Substation (56N) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-Pictou Town Substation (55N) 
 
The service area of these substations is north of the Abercrombie Point causeway on Hwy #106 
including Pictou and surrounding communities of Caribou, Braeshore; west along the Sunrise trail 
including Three Brooks, Caribou River, Waterside, Caribou Island, Toney River, Seafoam; west 
along Hwy#256 including Lyons Brook, Hardwood Hill, Scotsburn, Heathbell as far as river John; 
along Hwy #376 to Durham, Sylvester; and south along the Alma Road to interconnect with feeder 
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62N-414 from Stellarton Substation.  (See Figure 3) Customers to the west of this area are supplied 
from Tatamagouche substation 4N in Central Territory  

 
Figure 3-Study Area supplied by Substations 55N & 56N 

 
The distribution system supplied from these two substations was modelled on CYME software 
(Version 7.2r01) from an equipment extract from OneGIS in Jan 2016 and load information from 
monthly load checks, PI data, annual clip on load measurements, CIS billing demands, dump from 
electronic controls of substation reclosers and wind turbine generation data.  An adjacent feeder 
from Bridge Avenue substation 62N-414 was also modelled to examine the possibility of load 
relief for the service area under study.  By curve fitting previous years load values a growth rate 
was determined which was applied to the CYME model to predict future problems on the system. 
(See Appendix B)  By applying this growth rate to the CYME model it was possible to predict 
overloaded equipment as well as voltage levels to customers outside CSA limits.  Each of these 
problems was solved by identifying solutions and selecting the solution with the least present 
worth cost without compromising customer service reliability.  The economic analysis includes not 
only the capital costs but the operating costs resulting from line losses obtained from the CYME 
model.  This study provides least cost solutions for the distribution system supply to the customers 
in this service area for the next 15 years (horizon year 2031).  The timing of the load related capital 
items recommended by this report should be reviewed annually after peak load checks have been 
taken. 
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Recommendations from this study have been assessed based on these three basic questions for 
capital expenditures: 
(1) Why Do This at All? Section 4.0 JUSTIFICATION FOR EXPENDITURE (CEJC) 
(2) Why Do This Now? Section 4.0 JUSTIFICATION FOR EXPENDITURE (Violation Year) 
(3) Why Do It This Way?  Section 5.0 EVALUATION AND SOLUTIONS (Economic Analysis) 
 
The recommendations are as follows: 

1. 2016-The activation or replacement of the present communications system at Haliburton 
Road Substation to enable the hourly time stamped values from PI for the three distribution 
feeders is critical to determine the actual loading on this station due to the interconnection 
of Wind Turbine generators on feeder 56N-414 at Fitzpatrick’s Mountain. This should be 
done as soon as possible.  Either the current communication system and RTU should be 
reactivated or a new system installed via radio link to provide PI data as well as remote 
indication and control of 25kV reclosers. (Note from Brad Fiander in 2016 about the 
communication system) - This is a DART RTU and the recloser currents are wired directly 
to RTU inputs.  Long before we replaced the reclosers, we added a third recloser and even 
at that time we could not get the metering for the third recloser to work correctly.  This 
also ‘broke’ the SCADA transformer metering since the transformer metering is the sum of 
the three feeders.  We couldn’t see why it wouldn’t work and decided to live without 
it.  When the reclosers were replaced, things went from bad to worse.  I think the CTs are 
wired into the DART, but none of the feeders is metered correctly (at least before we had 
two feeders showing correct amps).  By this time we had even less expertise to solve the 
problem, so we let it go, hoping for a new RTU.  This work needs to be designed and 
constructed by the Communications Group at Ragged Lake. Power Transformer 56N-T1 
rated 7.5//11.2 MVA, 69-25kV at Haliburton Substation is forecast to be overloaded at the 
2016/17 peak. 

2. 2016-Temporarily reduce load on Haliburton Road power transformer 56N-T1 before the 
2016-17 peak by transferring approximately 1MVA of load to Bridge Avenue feeder 62N-
414 by repairing/replacing and closing switch L451-063 on Alma Road near Highway#4 
and opening switch D451-062 on Riverview Drive. (See Figures 4 & 5 below.) 

Figure 4-Defective N.O. switch L451-063 on Alma Road near Highway #4 
 

Replace, relocate 
and close switch 
L451-063 
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Figure 5-N.C. switches D451-062 at Alma Road & Riverview Dr. 

 
3. 2017-Replace overloaded and deteriorated (weeping oil) 333kVA stepdown transformer 

512N-T1 at Toney River substation built in 1956 with a 500KVA, 14.4-7.2 unit with HV 
tap set on 100%.  Because the existing transformer bank is connected delta to wye this will 
necessitate the other two step-downs 512N-T2, T3 also be replaced with new 500KVA 
units and connected wye-wye. Since they are all the same age 60 years old and all weeping 
oil around tap changer they need to be replaced anyway before they suffer oil leaks and or 
failure.  Since these units have been operating at a fixed 3.9% boost and to maintain 
customer voltage levels within the CSA criteria range in the area at light and peak load 
periods, replacement of these transformers should be accompanied with addition of three 
100 amp 7.2kV regulators.  If the existing substation is retained a new substation design is 
required to accommodate the transformers, regulators and reclosers including replacing the 
existing creosote timbers with concrete pads.  An alternative arrangement may be to install 
the new step downs on a platform structure and pole-mount the regulators. (See Figure 6.)  

 

 
 

Figure 6-Toney River Stepdowns 512N-T1, T2, T3 
 

4. 2017-Install single phase 100 amp 7.2kV regulator on feeder 62N-414 just past West River 
recloser 639N-321 to solve low voltage issues. (See figure 7) 

  

Open switches 
D451-062 
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Figure 7-Addition of 1 phase regulator at West River 

 
5. 2017-Reconductor 0.92 km of feeder 56N-414 from #4 Cu to 336ASC on the Scotsburn 

Road (Hwy#256) from Durham Rd to Condon Road. (See figure 8) 
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Figure 8-Reconductor 0.92 km of #4 Cu with 336ASC Scotsburn 

 
6. 2018-Replace overloaded Haliburton Road power transformer 56N-T1with a unit rated 69-

26.4kV, 15/20/25MVA and add a 25kV circuit to offload: (1) 56N-414, (2) stepdowns at 
512N Toney River and (3) 4kV load converted from Pictou 4kV.  The existing 7.5/10/11.2 
MVA, 69-25kV transformer is needed as a system spare since the spare was utilized at 
20V-T1 in Hantsport in 2016 to replace a failed transformer. 

7. 2018- In conjunction with the 56N-T1 transformer replacement construct a new three phase 
25kV feeder using 336ASC primary from Haliburton Substation on opposite side of the 
road from 56N-414 along the Haliburton Road (or double circuit) to Hwy #376 and west 
along Hwy #376 to Harris Road.  Convert the single phase line on the Harris Road to three 
phase 336ASC conductor.  Convert the single phase line on Highway #6 (Sunrise Trail) to 
Caribou River from single phase to three phase 336ASC.  Construct a 3 phase 336 ASC tap 
on Hwy #376 eastward to Pine Tree Road and behind Pictou town along Division Road to 
interconnect with 56N-401 and pick up 4kV load.  Add three stepdown transformers to off 
load 512N Toney River by supplying customers as far as Meadowville Station Road. (See 
figures 9&10) 

8. 2019-2025-Manage the 4kV load on the Pictou Substation transformer 55N-T1 to the 
mobile transformer 3P rating of 6MVA by connecting new customers where possible to 
Haliburton 25kV substation feeder 56N-401 and the proposed new feeder from 56N. Due 
to the age of the substation a gradual conversion of the voltage from 4kV to 25kV should 
be undertaken in Pictou town approximately 625 KVA demand or 1250 KVA connected 
per year to allow for removal and retirement of 55N substation and the section of 69kV 
transmission line L5506 between 56N and 55N. 
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Figure 9-Proposed New 25kV Feeder from 56N Haliburton Rd Substation 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10-Proposed New 25kV Feeder from 56N Haliburton Rd Substation-1st Section  
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1.0 SCOPE 
 
This study was initiated by the Eastern Territory to determine solutions for the 
overloaded power transformer 56N-T1 (7.5/10//11.2 MVA, 69-25kV) at Haliburton 
Substation and to plan for the future of substation 55N (5/6.7//7.5 MVA, 69-4.16kV) in 
Pictou Town as well as the distribution system supplied from these substations.  A 
coordinated plan to supply existing and future customers is required for this service area 
north of the Abercrombie Point causeway on Hwy #106 including Pictou and 
surrounding communities of Caribou, Braeshore; west along the Sunrise trail including 
Three Brooks, Caribou River, Waterside, Caribou Island, Toney River, Seafoam; west 
along Hwy#256 including Lyons Brook, Hardwood Hill, Scotsburn, Heathbell as far as 
river John; along Hwy #376 to Durham, Sylvester; and south along the Alma Road to 
interconnect with feeder 62N-414 from Bridge Avenue Substation.  Customers to the 
west of this area are supplied from Tatamagouche substation 4N in Central Region. The 
scope of this study provides least cost solutions for the distribution system supply to the 
customers in this service area for the next 15 years (horizon year 2031). 
 

2.0 EXISTING SYSTEMS 

2.1 Transmission (See Figure 11)  
The 50N-Trenton substation serves as the connection point for Trenton Thermal 
Generating Station and is along the route of a major transmission corridor spanning from 
Cape Breton to the hub in Onslow. The 230kV transmission lines L7003 and L7004 pass 
by this station whereas the 138kV system supplies sub-transmission in the area via lines: 
L-6503, L-6507, L-6508 and L-6511. The transmission system is outside the scope of 
this study. 

2.2 Sub-Transmission (See Figure 11) 
The sub-transmission system operates at 69kV.  It is supplied by two 138-69kV, auto-
transformers 50N-T8 and T12 each with a top rating of 93.3 MVA located at 50N 
Trenton substation. From there, a 69kV N.O. loop is made with 62N Bridge Ave (L-
5500 and L-5501) as well as a radial feed (L-5502) to 54N Abercrombie supplying 
Northern Pulp (53N) and on radially via L5506 across the Abercrombie causeway to our 
service area substations 55N Pictou, 56N Haliburton.  From 62N Bridge Ave another 
radial 69kV line (L5510) goes to 89H Trafalgar, Upper Musquodoboit 88H and to Sheet 
Harbour 95H, 96H, 97H. The sub-transmission system is not within the scope of this 
study however it should be pointed out that the 69kV load supplied from Trenton 
Substation is such that for the contingency of the loss of one of the autotransformers 
50N-T8 or 50N-T12 the remaining transformer would exceed its rating of 93.3MVA 
depending on the generation at Northern Pulp, distribution wind turbines and the hydro 
generation on the Sheet Harbour system. (This issue was identified to Dave Stanford via 
an Email on Jan 28, 2016 and investigated further by John Charlton, Email to Dave 
Stanford on Jan 29, 2016).  
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Figure 11-Trenton, Stellarton, and Pictou Area Transmission and Sub-transmission 

2.3 56N-Haliburton Distribution (25kV) 
The 56N-Haliburton substation has one Westinghouse 69-25kV, 7.5/10//11.2MVA 
power transformer T1 with a low side on-load tap changer (OLTC) with a ±15% range, 
built in 1973 and a Beckwith M2067B control. Transformer T1 supplies three feeders 
56N-401, 402, 414 with new G&W Viper electronic reclosers which cover a large area 
including north of the Abercrombie Point causeway on Hwy#106 part of Pictou and 
surrounding communities of Caribou, Braeshore; west along the Sunrise trail including 
Three Brooks, Caribou River, Waterside, Caribou Island, Toney River, Seafoam; west 
along Hwy#256 including Lyons Brook, Hardwood Hill, Scotsburn, Heathbell as far as 
river John; along Hwy #376 to Durham, Sylvester; and south along the Alma Road to 
interconnect with feeder 62N-414 from Stellarton Substation.  The system operating 
diagram is shown in Appendix A. 
 
The largest single customer supplied by this substation is Scotsburn Lumber connected 
to 56N-414, CS451-032, premise #’s 291642, 389294, 468693 on Condon Rd (billing 
demand of 2920 KVA) which accounts for nearly 1/2 of the load on feeder 56N-414. 
The second largest customer is the Pictou Advocate Newspaper plant connected to 56N-
402, CS451-115, premise #431448 on Brown’s Point Road (billing demand of 935KVA) 
which accounts for most of the load on this feeder.  Regional staff indicated that the 
Pictou Advocate paid for extension of circuit 56N-402 from Haliburton Substation to 
their site to improve their reliability and thus it is not available to be extended to off load 
feeder 56N-414 in the future. The feeder exit for 56N-402 is shown below in figure 12 
behind the substation fence. 
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Figure 12-56N-402 Feeder exit to Pictou Advocate 

2.4 55N-Pictou Distribution (4kV) 
The 55N-Pictou substation in Pictou has one Westinghouse 69kV-4.16kV, 5//5.6MVA 
power transformer T1 with a low side OLTC with a ±15% range built in 1968. 
Transformer T1 supplies four feeders 56N-201, 202, 203, 204 from metal clad 
switchgear in a small geographical area limited to the Town of Pictou.  The metal clad 
switchgear was built by Canadian Allis-Chalmers Ltd. of LaChine, Quebec.  It consists 
of 4-1200 amp, 250MVA, horizontal draw out, Type MA 250B air circuit breakers.  
The 4kV distribution system is the original system supplying the down town core. Some 
equipment is deteriorating with the regional staff indicating that the wooden cross-arm 
pins and arms have rotted. Since the system is a relatively low voltage and the feeder 
lengths are short the reliability has been good but line losses and older distribution 
transformer losses are high.  The system operating diagram is shown in Appendix A.
  

2.5 Distributed Generation 
There are currently three distributed generation sites in service interconnected to the 
Haliburton Substation, all on 25kV distribution circuit 56N-414. 
 
Table 1  Haliburton Distributed Generation 

IR# Site# Name Feeder Size In Service Date 

IR#76 85N Fitzpatrick’s Mountain 56N-414 0.8MW May 2006 

IR#77 85N Fitzpatrick’s Mountain 56N-414 0.8MW May 2006 

IR#334 720N Fitzpatrick’s Mountain 56N-414 1.4MW September 2015 

 
The coincident distributed generation output has not been accounted for in this study as 
the PI points from the reclosers are inactive and therefore there is no time stamped data 
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available for the transformer to be compared with the generation at peak. Stellarton 
system maintenance were able to dump the load data for Jan and Feb 2016 from the 3 
recloser controls in Feb 2016 but unfortunately the warmer temperatures in 2016 didn’t 
result in a peak and the peak 2015-01 data was overwritten due to limited storage in 
recloser controls.  The generation data isn’t readily available from PI data but it can be 
extracted from the billing data, obtained from the Interconnection customer or 
approximated by applying the percentage of hourly output to full output from the 
adjacent Dalhousie Mountain wind farm (91N) which has PI data.  Since the new Wind 
Turbine Generator 720N at Fitzpatrick’s Mountain wasn’t in service for the 2015-01 
peak it has no impact on the load. The actual load on 56N-T1 at the 2015-01 peak may 
be greater than load check monthly demand readings by up to 1.6MW due to the wind 
generation at 85N Fitzpatrick’s Mountain.     
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3.0 LOAD HISTORY AND FORECAST 
The 25kV distribution is comprised of long rural feeders and small towns and a large 
number of summer cottages along the north shore bordering the Gulf of St Lawrence.  
The Gulf waters in the late summer are warm as compared to the Atlantic and Bay of 
Fundy coasts of Nova Scotia and thus make it a popular swimming and cottage area. 
Most of the coastal area is supplied at a distribution voltage of 12.47kV via stepdown 
transformers off the 25kV circuits.  The reason for leaving the distribution voltage level 
at 12.47kV rather than supplying the area at 25kV is to prevent insulation tracking and 
subsequent customer outages caused by salt contamination from the Gulf by prevailing 
northwest winds.  Since NSPI purchases standard insulators and other primary 
equipment with leakage distances suitable for the 25kV system, this provides an extra 
margin for salt contamination when operated at 12.47kV.   
The 4kV distribution under study is mostly residential with a number of commercial 
customers in downtown Pictou. As illustrated in the load history for these feeders, 
Appendix B, the feeders being studied have had a larger winter peak than summer peak 
except for the step-down transformers at Toney River that supply cottage country along 
the north shore whose summer peak and winter peaks are very similar.  Historical load 
data for the feeders and transformers being studied was collected from monthly load 
checks, PI data, annual clip on load measurements, CIS billing demands and wind 
turbine generation data. 15 years of historical data was used to determine a load growth 
rate and used to forecast future peak loads.  Peak loads were compared to rated loads to 
determine when remedial action is required according to the Capital Expenditure 
Justification Criteria (CEJC). 

3.1 Load Forecast 55N Pictou Town 
Customer load growth has been slightly negative (-0.12%) in downtown Pictou on the 
4kV system, probably because the load has been contained by 25kV feeder, 56N-401.  
The growth rates indicated in table 2 below were determined through examination of the 
peak load check data over the past 15 years. The forecasted load growth was then 
calculated using the 90th percentile of a linear fit.  In Table 2 below bold are actual 
recorded values, future values have been estimated from extrapolation of historical data. 
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Table 2 90th Percentile Load Forecast 55N 
Year / Peak MVA / Amps 55N-T1   55N-201 55N-202 55N-203 55N-204 

Rating/CEJC 6.67/6 MVA   325 325 325 325 
Current Customers        

Load Growth -0.12%   -0.48% 0.59% 0.63% -0.26% 
2015 4.22   116 146 176 195 
2016 4.97   137 171 204 237 
2017 4.97   136 172 206 237 
2018 4.96   135 173 207 236 
2019 4.96   134 174 209 236 
2020 4.95   133 175 211 235 
2021 4.94   133 176 212 234 
2022 4.94   132 177 214 234 
2023 4.93   131 178 216 233 
2024 4.93   130 179 217 233 
2025 4.92   129 180 219 232 
2026 4.92   128 181 221 231 
2027 4.91   127 182 222 231 
2028 4.90   127 184 224 230 
2029 4.90   126 185 226 230 
2030 4.89   125 186 227 229 
2031 4.89   124 187 229 228 

 
55N-T1 rated for 6.67 MVA (6MVA is its maximum capacity since its failure 
contingency is customer supply from the 6MVA, 3P mobile transformer) was loaded to 
4.22 MVA at 2015 peak.  The 2016 maximum temperature was less than 2015 so no 
new peak was reached.  As long as the 4kV load is contained no transformer or feeder 
overloads will occur within the study period. 
 

3.2 Load Forecast 56N Haliburton 
Customer load growth has been modest (2.07%) on the Haliburton Sub 25kV system. 
The growth rates indicated in table 3 below were determined through examination of the 
peak load check data over the past 15 years. This growth probably includes the growth 
in the Pictou Town area as well. The forecasted load growth was calculated using the 
90th percentile of a linear fit. In Table 3 below bold are actual recorded values, other 
values have been estimated from historical data.   
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Table 3 90th Percentile Load Forecast 56N 
Year / Peak MVA / Amps 56N-T1   56N-401 56N-402 56N-414 

Rating/CEJC 11.2/14.93 MVA   325 325 325 
Current Customers       

Load Growth 2.07%   1.91% 2.94% 1.34% 
2015 14.40   97 26 211 
2016 15.73*   101 27 239 
2017 16.11   103 28 243 
2018 16.49   106 29 246 
2019 16.86   108 30 250 
2020 17.24   110 31 253 
2021 17.61   112 32 257 
2022 17.99   114 33 260 
2023 18.37   117 34 264 
2024 18.74   119 35 268 
2025 19.12   121 36 271** 
2026 19.50   123 37 275 
2027 19.87   126 38 278 
2028 20.25   128 39 282 
2029 20.62   130 40 285 
2030 21.00   132 41 289 
2031 21.38   134 42 292 

*   Exceeds Overload Criteria-2016  
** Exceeds #2/0 ACSR Feeder Conductor Rating (270amps)-2025 
56N-T1 rated for 14.93 MVA was measured at a load of 14.4 MVA at the January 2015 
peak.  There is also between 0 and 1.6MW of wind generation from 85N-G1, G2 which 
was interconnected in 2006, which means that the real load may be higher. The PI data 
points on 56N are disabled so there is no time stamped data available to compare with 
time stamped data from the wind turbines billing interval meter to determine how much 
load at peak was being supplied by the two wind turbines at 85N Fitzpatrick’s Mountain. 
The new 1.4 MW wind turbine at Fitzpatrick’s Mountain 720N-G1 was put in service in 
September 2015 after the peak load of January 2015 was measured.  The maximum 
temperature for 2016 was less than 2015 so no new peak was reached this year.  Based 
on the load forecast this transformer could reach a peak load of 15.73MVA at the 
2016/17 peak with a 90th percentile probability. 
The activation of the communications system to enable the hourly time stamped values 
from PI for at least the three distribution feeders and preferably the transformer itself is 
critical to determine the future loading on this station. 
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4.0 JUSTIFICATION FOR EXPENDITURE 
The following section identifies issues that warrant correction based on NSPI’s Capital 
Expenditure Justification Criteria (CEJC).  Violation of the criteria provides the answer 
to the question: Why do this at all?  The year that the criteria violation occurs provides 
the answer to the question:  Why do it now? 

4.1 Overloads  
1. Power Transformer 56N-T1 rated 7.5//11.2 MVA, 69-25kV at Haliburton 

Substation is forecast to be overloaded at the 2016/17 peak reaching 
15.73MVA. CEJC for winter overload is 133% of top nameplate rating or 
133% x 11.2MVA=14.93MVA.  

2. Stepdown transformer 512N-T1 rated 333KVA, 24-7.2 kV at Toney River 
Substation was overloaded as determined by field measurements on Aug 29, 
2015 at 5:30PM of 59 amps (59 x 7.2kV=425KVA) resulting in overheating 
and oil weeping. CEJC for summer overload is top name plate rating of 
333kVA. 

3. Stepdown transformer 509N-T1 rated 167KVA, 14.4-7.2 kV at Carson’s 
Corner was overloaded as determined by field measurements on Jan 13, 2015 
at 4:00PM of 38 amps (38 amps x 7.2kV=273KVA).  CEJC for winter 
overload is 133% x 167KVA=223KVA. 

4. Stepdown transformer 512N-T2 rated 333KVA, 24-7.2 kV at Toney River 
Substation is forecast to be overloaded in 8 years at the 2024/25 peak. Field 
measurement on Oct 3, 2015 at 7:00PM of 32.7 amps (32.7 amps x 
7.2kV=235KVA).  CEJC for summer overload is top name plate rating of 
333kVA. 

5. Feeder 56N-414, #2/0ACSR primary conductor on Haliburton Road for three 
spans one on either side of switch D451-057 in front of the substation will be 
overloaded in 9 years by 2025.  Load forecast is 271 amps whereas conductor 
rating is 270 amps.  

  

4.2 Low Voltage (See Figure 13)  
1. All customers supplied from stepdown transformer 509N-T1 (301) Carson’s 

Corner (Hwy #256) have voltage below CSA Standard CAN3-C235-83 
(C2010) limits at peak feeder load in 2016 per CYME computer model. 

2. All customers supplied from stepdown transformer 512N-T1(311) Toney 
River (Seafoam) have voltage below CSA Standard CAN3-C235-83 (C2010) 
limits at peak feeder load in 2016 per CYME computer model. 

3. Customers from Shore Road to Caribou Island supplied from stepdown 
transformer 500N-T1(301) Caribou Island have voltage below CSA Standard 
CAN3-C235-83 (C2010) limits at peak feeder load in 2016 per CYME 
computer model. 

4. Customers supplied from 55N-203 Pictou 4kV on Hwy #6 north of Hwy#106 
at the Traffic Circle have voltage below CSA Standard CAN3-C235-83 
(C2010) limits at peak feeder load in 2016 per CYME computer model. 
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Figure 13-Low Voltage in Study Area 2016 (red) 

 

4.3 Deteriorated Plant 
1. The 333KVA stepdown transformers at Toney River built in 1956, 512N-T1, 

T2, T3 are deteriorated (weeping oil) and are now 60 years old. The probable 
life based on Iowa state survivor curve right modal R2 average life of 38 
years is 165.95% x 38=63 years.  Statistical probable remaining life is 3 
years. 

2. The low voltage metal clad switch gear at 55N is 48 years old and again 
based on the probable life from Iowa state survivor curve right modal R2 
average life of 38.5 years is 142.53% x 38.5=55 years.  Statistical probable 
remaining life is 7 years.  A catastrophic failure within this enclosed 
switchgear could render it all out of service and result in a long outage while 
temporary reclosers are installed.  (A failure of an incoming cable to metal 
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clad switch gear at Penhorn Substation (48H) in Dartmouth in 1998 caused a 
long outage, fortunately in that case there was transfer capability available 
from adjacent substations dissimilar to Pictou.) 

3. The majority of 4kV distribution plant in Pictou Town is greater than 50 
years old. Regional staff indicated that wood cross-arms and insulator pins 
are deteriorated and beginning to fail. (See figure 14). The 69kV bus pipe on 
the center phase at 55N is separated. (See figure 15). The 4kV voltage level 
is no longer one of the standard voltages for distribution at NSPI – in service 
and spare equipment will be phased out when possible. 

 

Figure 14-Rotten arm and broken wooden pins 55N-201 St Andrews St. Pictou 
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Figure 15-69kV Copper Bus Center Phase Separated 55N-Pictou Town Sub. 

4.4 Reliability 
The outage statistics for the feeders supplied by Haliburton Substation and Pictou Town 
Substation averaged over the past 5 years are as follows: 
 

Table 4 Reliability Statistics 55N, 56N 
Circuit Year Customers CI CHI SAIFI SAIDI CAIDI SAIFI X SAIDI 

55N-201 2010-2015 300 1322 3799 4.40 12.65 2.87 55.68 
55N-202 2010-2015 318 88 2827 0.28 8.90 32.13 2.46 
55N-203 2010-2015 363 50 934 0.14 2.58 18.55 0.36 
55N-204 2010-2015 539 595 823 1.10 1.53 1.38 1.68 
56N-401 2010-2015 852 2701 15180 3.17 17.81 5.62 56.45 
56N-402 2010-2015 7 N/A N/A N/A N/A N/A N/A 
56N-414 2010-2015 2867 12213 49952 4.26 17.42 4.09 74.22 

 
The reliability of the 4kV system is inherently better than the 25kV system because of 
the short length of the radial feeders and thus line exposure.  The insulation level 
required is also much less and consequently tree contacts are less likely to cause an 
outage.  This is offset somewhat by the age of the 4kV system as it was the initial 
voltage introduced into the urban areas when initial electrification of NS was 
undertaken.  
The outage statistics above show that feeder 56N-414 has the poorest reliability (SAIFI 
x SAIDI=74.22) in the study area which is not surprising given the length of the feeder 
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is 416 km including branch lines and step-downs.  This feeder also supplies 2867 
customers, more than the other 6 feeders combined 2379. The reliability of feeder 56N-
401(SAIFI x SAIDI=56.45) and 55N-201(SAIFI x SAIDI=55.68) are surprisingly high 
given the shorter length of the feeders; 56N-401 is 75 km including branch lines and 
step-downs and 55N-201 is only 3.4 km including branch lines. 
Methods of improving the reliability to feeder 56N-414 will be explored. 
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5.0 EVALUATION AND SOLUTIONS  
Solutions to the problems identified in Section 4 will be evaluated in this section and 
will answer the third CEJC question:  Why do it this way? 

5.1 Overloads  
1. The activation or replacement of the present communications system at 

Haliburton Road Substation to enable the hourly time stamped values from PI for 
the three distribution feeders is critical to determine the actual loading on this 
station due to the interconnection of Wind Turbine generators on feeder 56N-414 
at Fitzpatrick’s Mountain. This should be done as soon as possible.  Either the 
current communication system and RTU should be reactivated or a new system 
installed via radio link to provide PI data as well as remote indication and control 
of 25kV reclosers. (Note from Brad Fiander in 2016 about the communication 
system) - This is a DART RTU and the recloser currents are wired directly to 
RTU inputs.  Long before we replaced the reclosers, we added a third recloser 
and even at that time we could not get the metering for the third recloser to work 
correctly.  This also ‘broke’ the SCADA transformer metering since the 
transformer metering is the sum of the three feeders.  We couldn’t see why it 
wouldn’t work and decided to live without it.  When the reclosers were replaced, 
things went from bad to worse.  I think the CTs are wired into the DART, but 
none of the feeders is metered correctly (at least before we had two feeders 
showing correct amps).  By this time we had even less expertise to solve the 
problem, so we let it go, hoping for a new RTU.  This work needs to be designed 
and constructed by the Communications Group at Ragged Lake. Power 
Transformer 56N-T1 rated 7.5//11.2 MVA, 69-25kV at Haliburton Substation is 
forecast to be overloaded at the 2016/17 peak. 

2. Power Transformer 56N-T1 rated 7.5//11.2 MVA, 69-25kV at Haliburton 
Substation is forecast to be overloaded at the 2016/17 peak. To provide 
immediate temporary relief it is possible to transfer approximately 1MVA of 
load to Bridge Avenue Substation in Stellarton via feeder 62N-414 on the Alma 
Road.  This can be accomplished by replacing and closing switch L451-063 on 
Alma Road near Highway#4 and opening switch D451-062 on Riverview Drive. 
See figures 4&5.  This will allow time for the permanent solution of increased 
transformer capacity to be planned and scheduled before the 2017/18 peak load 
occurs.  Two alternatives were evaluated economically Alt A-Replace 56N-T1 
with a 15/20/25MVA unit or Alt B Add an additional 7.5/10/12.5 unit at 56N.  
The economic analysis of these two alternatives favors Alt A-Replace 56N-T1 
with a 15/20/25MVA transformer with a present value of revenue requirement of 
$1,141,363 as compared to Alt B-Add a 7.5/10/12.5 transformer at 56N which 
has a present value of revenue requirement of $1,242,658.  Alt A is favourable 
by $101,295 over Alt B.  See Appendix C for Economic Analysis.   

3. Stepdown transformer 512N-T1 rated 333KVA, 24-7.2 kV at Toney River 
Substation was overloaded at the 2015 summer peak.  Since this step-down 
substation contains three stepdown transformers 512N-T1, T2, T3 and is 
connected delta wye with non-standard 24kV high voltage windings it is not 
possible to replace only transformer T1 with a larger unit.  The transformer tanks 
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are rusting and oil is weeping, they were built in 1956 so are now 60 years old.  
All three transformers will have to be replaced with 500KVA, 14.4kV-7.2KV 
units and connected wye-wye which will also solve both the overload and 
deteriorated plant problem.  Since the existing transformers have a fixed 3.9% 
boost due to the 24kV windings the new stepdown transformers will require 
voltage regulators be installed on the 12.47kV system.  Rather than a fixed boost 
this will allow the voltage to be controlled as the load cycles from light to peak 
load and solve the voltage problems identified on 512N-311.  The alternatives to 
this solution are to convert the system voltage beyond the step-downs from 
7.2kV to 14.4kV which is not desirable from a reliability point of view due to the 
exposure to salt contamination from the Strait.  A solution to the voltage issues 
would be to extend the three phase portion of the 12.47 circuit towards Seafoam 
which would still require the Toney River step-downs to be replaced and voltage 
regulators added which would obviously be more expensive since it includes all 
the costs from the recommended alternative and more. 

4. Stepdown transformer 509N-T1 rated 167KVA, 14.4-7.2 kV at Carson’s Corner 
was overloaded at the 2015 winter peak.  This transformer is scheduled to be 
replaced with a 500KVA unit in the Eastern Capital plan in 2016. 

5. Stepdown transformer 512N-T2 rated 333KVA, 24-7.2 kV at Toney River 
Substation is forecast to be overloaded at the 2024/25 peak.  This transformer 
will be replaced in 2017 when T1 is replaced see Solution in section 3 above. 

6. Feeder 56N-414, #2/0ACSR primary conductor on Haliburton Road for three 
spans in front of the substation will be overloaded by 2025.  By adding an 
additional circuit, in addition to offloading feeder 56N-414, will serve to improve 
the reliability to customers supplied by 56N-414, improve low voltage to 
customers on Caribou Island, and allow for planned voltage conversion of Pictou 
4kV system with minimal customer outages.    

 

5.2 Low Voltage  
1. All customers supplied from stepdown transformer 509N-T1 Carson’s Corner 

(Hwy #276) have voltage below CSA standards at peak load. This transformer is 
scheduled to be replaced with a 500KVA unit in the Eastern Capital plan in 2016 
and in conjunction with the reconductoring in Scotsburn from Durham Road to 
Condon Road (See Overloads Section 5.1,#4 and Deteriorated Plant Section 5.3, 
#4) will improve the voltage on this single phase branch line. 

2. All customers supplied from stepdown transformer 512N-T1 (311) Toney River 
(Seafoam) have voltage below CSA standards at peak load.  This transformer 
will be replaced in 2017 due to overload along with the other two transformers 
T2, T3.  At this time the new transformers should be placed on 100% tap 
requiring three single phase 100 amp, 7.2kV regulators be purchased and 
installed as well which will also solve the low voltage issue.(See Overloads 
Section 5.1, #3) 

3. Some customers supplied from stepdown transformer 500N-T1 Harris Road 
(Caribou Island) have voltage below CSA standards at peak load.  Install a 100 
amp, 7.2kV voltage regulator just after the Caribou Island stepdown 500N-T1 to 
solve the voltage problems.  This in addition to adding a new feeder from 56N 
(See Overloads Section 5.1, #will improve voltage levels. 
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4. Customers supplied from 55N-203 Pictou 4kV on Hwy #6 north of Hwy#106 at 
the Traffic Circle have voltage below CSA standards at peak load.  Fill in the gap 
and convert from 2.4kV to14.4kV the section of line on Hwy #6 to the traffic 
circle. This will be required anyway as part of adding the new feeder from 56N 
to Pine Tree Road and Division Road.  

 

5.3 Deteriorated Plant 
1. The 333KVA stepdown transformers at Toney River built in 1956, 512N-T1, T2, 

T3 are deteriorated (weeping oil) and are now 60 years old.  The probable life 
based on Iowa state survivor curve right modal R2 average life of 38 years is 
165.94590% x 38=63 years leaving 3 years remaining.  These will be replaced 
for overload and voltage criteria violations as noted above. 

2. Low voltage metal clad switch gear at 55N is 48 years old and again based on the 
probable life from Iowa state survivor curve right modal R2 average life of 38.5 
years is 142.53% x 38.5=55 years leaving 7 years remaining. Since 4kV is no 
longer a standard voltage level for NSPI replacement of the switchgear is not an 
option.  A plan for the 4kV system will be discussed in section 3.  

3. The majority of 4kV distribution plant in Pictou Town is greater than 50 years 
old. Regional staff indicated that wood cross-arms and insulator pins are 
deteriorated and beginning to fail. (See figure 14). The 4kV voltage level is no 
longer one of the standard voltages for distribution at NSPI – in service and spare 
equipment will be phased out when possible.  With the increase in capacity 
proposed for 56N substation, the 4kV system in Pictou Town can be gradually 
converted to 25kV and supplied from 56N.  Any large new loads in the service 
area should be supplied from the 25kV system to avoid conversion costs later.  
Although there is no immediate cause other than some low voltage and 
deteriorated plant to convert the voltage I would propose that a new circuit from 
Haliburton Substation to the north of the town on Division Road be constructed 
as well as existing circuit 56N-401 be used to allow conversion of the side streets 
to occur towards 55N with minimum customer outages.  This new feeder would 
also allow off-loading of feeder 56N-414.  With this plan for the future, voltage 
conversions and conductor replacements can be undertaken in a more 
coordinated manner.  If the 4kV load is reduced from 4 to 1.5MVA then a major 
failure of switchgear could be resolved by installation of 3x500kVA step down 
transformers.  Map for proposed new feeder is shown as Figure 13&14 and I 
would recommend any conductor additions or replacements on this route use 
336ASC primary conductor.   The exact routing from 56N to Division Road 
should be explored in more detail by scoper.  A route from Harris Road across 
Murray Road and Mill Dam Road would have heavy expensive tree trimming 
and require permits to cross Hwy #106.  The route outlined in Figure 9 and 10 
would require crossing under 69kV line L5506 on Pine Tree Road      

4. The #4Cu conductor on Scotsburn Road from Durham Road to Campbell Hill 
Road was constructed in the mid 1950’s and is reaching the end of its useful life.  
In addition the load on this conductor is high particularly due to the Scotsburn 
Lumber Mill on the Condon Road.  Based on Iowa State survivor curves for 
distribution system overhead conductor using curve S-2 with average life of 35 
years from NSPI depreciation study the probable remaining life of this conductor 
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is 3 years.  An economic analysis was undertaken to see if the savings in line 
losses by reconductoring would offset the interest savings on borrowing for the 
capital project early.  The results were that since the Scotsburn Saw Mill on the 
Condon Road accounted for most of the load and thus losses that is was only 
economical to replace the #4Cu conductor from the Durham Road to the Condon 
Road early, a distance of 0.92km in 2017.  Two alternatives were evaluated 
economically Alt A-Replace 0.92km of #4Cu with 336ASC in 2017 or Alt B-
Replace 0.92km of #4Cu with 336ASC in 2019 at end of life.  The economic 
analysis of these two alternatives favors Alt A-Replace 0.92km of #4Cu with 
336ASC in 2017 with a present value of revenue requirement of $86,752 as 
compared to Alt B- Replace 0.92km of #4Cu with 336ASC in 2019 at end of life 
which has a present value of revenue requirement of $97,803.  Alt A is 
favourable by $11,051 over Alt B.  See Appendix C for Economic Analysis. 

5.4 Reliability 
An analysis of the reliability data for this area reveals that the main causes of 
outages have been tree contacts so that capital expenditures to improve reliability 
are not warranted.   
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6.0 RECOMMENDATIONS 
The recommendations are as follows: 

1. 2016-The activation or replacement of the present communications system at 
Haliburton Road Substation to enable the hourly time stamped values from PI for 
the three distribution feeders is critical to determine the actual loading on this 
station due to the interconnection of Wind Turbine generators on feeder 56N-414 
at Fitzpatrick’s Mountain. This should be done as soon as possible.  Either the 
current communication system and RTU should be reactivated or a new system 
installed via radio link to provide PI data as well as remote indication and control 
of 25kV reclosers. (Note from Brad Fiander in 2016 about the communication 
system) - This is a DART RTU and the recloser currents are wired directly to 
RTU inputs.  Long before we replaced the reclosers, we added a third recloser 
and even at that time we could not get the metering for the third recloser to work 
correctly.  This also ‘broke’ the SCADA transformer metering since the 
transformer metering is the sum of the three feeders.  We couldn’t see why it 
wouldn’t work and decided to live without it.  When the reclosers were replaced, 
things went from bad to worse.  I think the CTs are wired into the DART, but 
none of the feeders is metered correctly (at least before we had two feeders 
showing correct amps).  By this time we had even less expertise to solve the 
problem, so we let it go, hoping for a new RTU.  This work needs to be designed 
and constructed by the Communications Group at Ragged Lake. Power 
Transformer 56N-T1 rated 7.5//11.2 MVA, 69-25kV at Haliburton Substation is 
forecast to be overloaded at the 2016/17 peak.  

2. 2016-Temporarily reduce load on Haliburton Road power transformer 56N-T1 
before the 2016-17 peak by transferring approximately 1MVA of load to Bridge 
Avenue feeder 62N-414 by repairing/replacing and closing switch L451-063 on 
Alma Road near Highway#4 and opening switch D451-062 on Riverview Drive. 
(See Figures 4 & 5) 

3. 2017-Replace overloaded and deteriorated (weeping oil) 333kVA stepdown 
transformer 512N-T1 at Toney River substation built in 1956 with a 500KVA, 
14.4-7.2 unit with HV tap set on 100%.  Because the existing transformer bank is 
connected delta to wye this will necessitate the other two step-downs 512N-T2, 
T3 also be replaced with new 500KVA units and connected wye-wye. Since they 
are all the same age 60 years old and all weeping oil around tap changer they 
need to be replaced anyway before they suffer oil leaks and or failure.  Since 
these units have been operating at a fixed 3.9% boost and to maintain customer 
voltage levels within the CSA criteria range in the area at light and peak load 
periods, replacement of these transformers should be accompanied with addition 
of three 100 amp 7.2kV regulators.  If the existing substation is retained a new 
substation design is required to accommodate the transformers, regulators and 
reclosers including replacing the existing creosote timbers with concrete pads.  
An alternative arrangement may be to install the new step downs on a platform 
structure and pole-mount the regulators. (See Figure 6.)  

4. 2017-Install single phase 100 amp 7.2kV regulator on feeder 62N-414 just past 
West River recloser 639N-321 to solve low voltage issues. (See figure 7) 

5. 2017-Reconductor 0.9 km of feeder 56N-414 from #4 Cu to 336ASC on the 
Scotsburn Road (Hwy#256) from Durham Rd to Condon Road. (See figure 8) 
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6. 2018-Replace overloaded Haliburton Road power transformer 56N-T1with a unit 
rated 69-26.4kV, 15/20/25MVA and add a 25kV circuit to offload: (1) 56N-414, 
(2) stepdowns at 512N Toney River and (3) 4kV load converted from Pictou 
4kV.  The existing 7.5/10/11.2 MVA, 69-25kV transformer is needed as a system 
spare since the spare was utilized at 20V-T1 in Hantsport in 2016 to replace a 
failed transformer. 

7. 2018- In conjunction with the 56N-T1 transformer replacement construct a new 
three phase 25kV feeder using 336ASC primary from Haliburton Substation on 
opposite side of the road from 56N-414 along the Haliburton Road (or double 
circuit) to Hwy #376 and west along Hwy #376 to Harris Road.  Convert the 
single phase line on the Harris Road to three phase 336ASC conductor.  Convert 
the single phase line on Highway #6 (Sunrise Trail) to Caribou River from single 
phase to three phase 336ASC.  Construct a 3 phase 336 ASC tap on Hwy #376 
eastward to Pine Tree Road and behind Pictou town along Division Road to 
interconnect with 56N-401 and pick up 4kV load.  Add three stepdown 
transformers to off load 512N Toney River by supplying customers as far as 
Meadowville Station Road. (See figures 9&10) 

8. 2019-2025-Manage the 4kV load on the Pictou Substation transformer 55N-T1 
to the mobile transformer 3P rating of 6MVA by connecting new customers 
where possible to Haliburton 25kV substation feeder 56N-401 and the proposed 
new feeder from 56N. Due to the age of the substation a gradual conversion of 
the voltage from 4kV to 25kV should be undertaken in Pictou town 
approximately 625 KVA demand or 1250 KVA connected per year to allow for 
removal and retirement of 55N substation and the section of 69kV transmission 
line L5506 between 56N and 55N.
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Figure 16-55N-T1 Load History 
 
 
 

 
 

Figure 17-55N-201 Load Forecast 
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Figure 18-55N-201 Load History 

 

 
 

Figure 19-55N-201 Load Forecast 
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Figure 20-55N-202 Load History 

 
 

 
Figure 21-55N-202 Load Forecast 
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Figure 22-55N-203 Load History 

 
 

 
Figure 23-55N-203 Load Forecast 

 
 
 
 
 

0

50

100

150

200

250

01-0201-0301-0401-0501-0601-0701-0801-0901-1001-1101-1201-1301-1401-1501-1601-17

AM
PS

 
55N-203 

Monthly Load Check Data

0

50

100

150

200

250

300

350

2000 2010 2020 2030

AM
PS

 

Load Forecast 55N-203 

Load Check Data

90% Percentile

Overload Criteria

Linear (Load Check Data)

REDACTED ACE 2018 CI 52328 Attachment 1 Page 37 of 57

Date Filed:  November 22, 2017          Page 2045 of 2371          REDACTED



Appendix B: Load History and Forecast 

Report 283-0212-E27-Rev. G  
37 

 
 
 
 

 
Figure 24-55N-204 Load History 

 

 
Figure 25-55N-204 Load Forecast 
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Figure 26-56N-T1 Load History 

 
 

 
Figure 27-56N-T1 Load Forecast 
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Figure 28-56N-401 Load History 

 

 
Figure 29-56N-401 Load Forecast 
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Figure 30-56N-402 Load History 

 

 
Figure 31-56N-402 Load Forecast 
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Figure 32-56N-414 Load History 

 
 
 
 

 
 

Figure 33-56N-414 Load Forecast 
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Economic Analysis of Alternatives for Replacing Overloaded Transformer 56N-T1 
 
Substation Design Overviews Darryl Babin, Dave Downey 
 
Haliburton Substation (56N) Transformer Capacity Increase 

Introduction 

The Haliburton Substation resides in Pictou County with a 7.5/10//11.2 MVA, 69kV (Delta) – 25kV (Wye) transformer 
(56N-T1).  The transformer secondary has a ±15% tap changer in 32 steps and an impedance of %Z = 6.75.  The 69kV 
source was tapped from line L-5506 with an overhead span entering the substation yard.  Fused cut-outs (SMD-1A 
100E Slow) provide the main protection for 56N-T1.  Three 25 kV feeders originate from this substation: 56N-401, 
56N-402 and 56N-414.  Each 25kV feeder has a recloser for protection and a connection to the dead bus for recloser 
maintenance. 

Purpose 

Distribution planning has been conducting a study for the Pictou area and identified the Haliburton Substation (56N) 
for a transformer capacity increase to meet customer needs. The substation load will increase when the existing 
4.16kV supplies, within the town of Pictou, have been changed to the 25kV system.  Additionally, the load on feeder 
56N-414 approaches the maximum capacity. 

To assist distribution planning, the following estimate has been prepared to demonstrate the cost associate with 
increasing the transformer capacity in the Haliburton Substation (56N). 

Options 

Distribution planning proposed the following alternatives: 

Alternative 1: 

Replace the existing transformer with a 15/20/25 MVA, 69 (Delta) – 26.4kV ±10% (Wye) transformer and 
add a 25kV feeder. 

Alternative 2: 

Install a second transformer rated 8.4/11.2//14 MVA, 69kV (Delta) – 26.4kV ±10% (Wye) and add a 25kV 
feeder. 

Design Basis 

The following provides a high-level scope of work for each alternative. 

Alternative 1: 

Removal 
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- Transformer 7.5/10//11.2, 69 – 25kV 
- Concrete Pad 
- Existing ground grid (around transformer) 
- Existing RTU SCADA communication system 

 
Replace 

- Concrete pad 
- Relocate communication pole 
- Extension of ground grid (transformer and additional 25kV structures) 
- 69kV, 200E Fuses (replace fuse link within cut-outs) 

o May need to change fuse cut-outs to a SMD-2B as 200E would be the maximum 
fuse size for an SMD-1A 

New 
- Transformer with 15/20/25 MVA, 69 – 26.4kV ±10% 
- Oil containment (Polyurethane or Concrete) 
- 25kV Busbar and wooden structure 
- 25kV Recloser and isolation switches (3) 
- RTU SCADA communication system 

Alternative 2: 
New 

- 69kV Switch 
- 69kV Fuse Cut-outs 
- 69kV Busbar, insulators and supports 
- Transformer with 8.4/11.2//14 MVA, 69 – 26.4kV ±10% 
- Concrete pad 
- Oil containment (Polyurethane or Concrete) 
- New ground grid (transformer and additional 25kV structures) and connection to existing 

grid 
- 25kV Busbar and wooden structure 
- 25kV Transformer Secondary disconnect switch and wooden structure 
- 25kV Recloser and isolation switches (3) 
- 25kV Switch between main 25kV buses 

Replace/Relocate 
- Relocate communication pole 

 
 
Not Included in either Alternative 
Fencing modifications or grounding associate with fencing. 
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Economic Analysis of Alternatives for Replacing 0.92km of #4Cu Conductor Scotsburn 
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APPENDIX D 

Cost of Losses 4kv to 25kV Pictou Town Conversion 
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D1. Distribution Transformer Losses 
The difference in losses between existing 4kV and new 25kV distribution transformers was determined. 
This information was obtained from the document ‘Historical Losses of Standard Design’ and ‘2015 NSPI 
CARTE Transformers Data’, both available on the Distribution Planning SharePoint site under COST 
ESTIMATES. In the tables below, ‘New’ refers to the CARTE 25kV transformers we would buy today and 
‘Old’ refers to 4kV transformers bought circa 1960.  
 
Table 5 Distribution Transformer Loss Data 

Dist. Transformer Test Data 
  Size (kVA) LL (W) NLL (W) 
New 25 368 56 
  50 569 94.5 
Old 25 505 130 
  50 819 187 

 

D2. The Cost of Losses 
Alternative A was used as the baseline for losses in the EAM. The additional losses that would result from 
selecting Alternative B were determined in kilowatts. These values were converted to dollars using the 
tables found in ‘2015 Cost of Losses’, available on the Distribution Planning SharePoint site under COST 
ESTIMATES. The future cost of losses at 31% loss factor was used for primary conductor losses.  For 
background information, see report ‘254-0807-A48 Cost of NSPI Distribution System Losses’. 
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Table 6 Future Cost of Distribution Losses – 31% Loss Factor  

 
 
 
 

Demand $/kW Energy $/kW Total Demand $/kW Energy $/kW Total
2015 $32.09 $173.80 $205.88 $38.37 $560.64 $599.01
2016 $32.73 $162.94 $195.66 $39.14 $525.60 $564.74
2017 $33.38 $160.22 $193.60 $39.92 $516.84 $556.76
2018 $34.05 $152.07 $186.12 $40.72 $490.56 $531.28
2019 $384.25 $152.07 $536.32 $459.54 $490.56 $950.10
2020 $199.31 $162.94 $362.25 $238.37 $525.60 $763.97
2021 $185.81 $165.65 $351.46 $222.21 $534.36 $756.57
2022 $195.73 $247.12 $442.85 $234.08 $797.16 $1,031.24
2023 $210.68 $244.40 $455.08 $251.96 $788.40 $1,040.36
2024 $206.42 $247.12 $453.54 $246.86 $797.16 $1,044.02
2025 $218.89 $252.55 $471.44 $261.78 $814.68 $1,076.46
2026 $208.80 $257.98 $466.78 $249.71 $832.20 $1,081.91
2027 $206.25 $268.84 $475.10 $246.67 $867.24 $1,113.91
2028 $204.56 $282.42 $486.98 $244.64 $911.04 $1,155.68
2029 $205.39 $287.85 $493.24 $245.63 $928.56 $1,174.19
2030 $204.56 $301.43 $506.00 $244.64 $972.36 $1,217.00
2031 $202.08 $317.73 $519.81 $241.68 $1,024.92 $1,266.60
2032 $186.24 $342.17 $528.41 $222.73 $1,103.76 $1,326.49
2033 $195.50 $312.29 $507.79 $233.81 $1,007.40 $1,241.21
2034 $196.42 $372.04 $568.45 $234.90 $1,200.12 $1,435.02
2035 $196.52 $412.77 $609.29 $235.02 $1,331.52 $1,566.54
2036 $198.31 $434.50 $632.80 $237.16 $1,401.60 $1,638.76
2037 $203.46 $450.79 $654.25 $243.32 $1,454.16 $1,697.48
2038 $207.53 $459.81 $667.33 $248.19 $1,483.24 $1,731.43
2039 $211.68 $469.00 $680.68 $253.15 $1,512.91 $1,766.06
2040 $215.91 $478.38 $694.29 $258.22 $1,543.17 $1,801.38
2041 $220.23 $487.95 $708.18 $263.38 $1,574.03 $1,837.41
2042 $224.64 $497.71 $722.34 $268.65 $1,605.51 $1,874.16
2043 $229.13 $507.66 $736.79 $274.02 $1,637.62 $1,911.64
2044 $233.71 $517.82 $751.53 $279.50 $1,670.37 $1,949.87
2045 $238.39 $528.17 $766.56 $285.09 $1,703.78 $1,988.87
2046 $243.15 $538.74 $781.89 $290.79 $1,737.86 $2,028.65
2047 $248.02 $549.51 $797.53 $296.61 $1,772.61 $2,069.22
2048 $252.98 $560.50 $813.48 $302.54 $1,808.07 $2,110.61
2049 $258.04 $571.71 $829.75 $308.59 $1,844.23 $2,152.82
2050 $263.20 $583.14 $846.34 $314.76 $1,881.11 $2,195.88
2051 $268.46 $594.81 $863.27 $321.06 $1,918.73 $2,239.79

Future Cost of Distribution Losses - 31%

YEAR
Load Losses No Load Losses
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Table 7 Reliability Statistics 
 

55N-201:STE             
 Year Customers CI CHI SAIFI SAIDI CAIDI 
 2010 326 80 2,343 0.25 7.19 29.29 
 2011 340 1,566 3,403 4.61 10.01 2.17 
 2012 341 1,549 16,471 4.54 48.30 10.63 
 2013 308 4,697 482 15.25 1.57 0.10 
 2014 244 39 91 0.16 0.37 2.33 
 2015 243 1 2 0.00 0.01 2.00 
         

 
  

     
        55N-202:STE           

  Year Customers CI CHI SAIFI SAIDI CAIDI 
 2010 322 449 16,831 1.39 52.27 37.49 
 2011 310 4 9 0.01 0.03 2.29 
 2012 307 46 47 0.15 0.15 1.02 
 2013 321 23 44 0.07 0.14 1.92 
 2014 323 3 18 0.01 0.06 6.09 
 2015 324 3 14 0.01 0.04 4.56 
         

        
        55N-203:STE           

 
S x S 

Year Customers CI CHI SAIFI SAIDI CAIDI 
 2010 363 13 146 0.04 0.40 11.20 
 2011 359 32 231 0.09 0.64 7.22 
 2012 358 34 51 0.09 0.14 1.50 
 2013 368 90 200 0.24 0.54 2.22 
 2014 364 131 4,973 0.36 13.66 37.96 
 2015 364 2 3 0.01 0.01 1.44 
         

        
        55N-204:STE           

  Year Customers CI CHI SAIFI SAIDI CAIDI 
 2010 544 169 1,562 0.31 2.87 9.24 
 2011 546 32 84 0.06 0.15 2.62 
 2012 542 1,109 1,117 2.05 2.06 1.01 
 2013 535 542 386 1.01 0.72 0.71 
 2014 534 45 393 0.08 0.74 8.73 
 2015 534 1,670 1,395 3.13 2.61 0.84 
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        56N-401:STE           
  Year Customers CI CHI SAIFI SAIDI CAIDI 

 2010 807 2,302 8,345 2.85 10.34 3.63 
 2011 826 5,712 12,541 6.92 15.18 2.20 
 2012 837 4,244 39,328 5.07 46.99 9.27 
 2013 838 642 2,790 0.77 3.33 4.35 
 2014 904 2,197 26,241 2.43 29.03 11.94 
 2015 901 1,106 1,836 1.23 2.04 1.66 
         

        
        56N-402:STE           

  Year Customers CI CHI SAIFI SAIDI CAIDI 
 2010 8 0 0 0.00 0.00 #DIV/0! 
 2011 7 0 0 0.00 0.00 #DIV/0! 
 2012 6 5,714 9,339 952.33 1556.56 1.63 
 2013 7 1 2 0.14 0.26 1.83 
 2014 7 4 146 0.57 20.79 36.39 
 2015 7 0 0 0.00 0.00 #DIV/0! 
         

        

        56N-414:STE           
  Year Customers CI CHI SAIFI SAIDI CAIDI 

 2010 2811 19,195 103,165 6.83 36.70 5.37 
 2011 2798 8,314 9,103 2.97 3.25 1.09 
 2012 2841 6,842 17,853 2.41 6.28 2.61 
 2013 2904 11,363 18,801 3.91 6.47 1.65 
 2014 2920 16,747 115,464 5.74 39.54 6.89 
 2015 2927 10,814 35,324 3.69 12.07 3.27 
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CI Number:  49779 
 

Title:  L6537 Replacements and Upgrades Phase 2 

 

Start Date: 2018/09 

In-Service Date: 2018/10 

Final Cost Date: 2019/10 

Function Class: Transmission 

Forecast Amount: $1,255,220 

 

DESCRIPTION: 

 

L-6537 is a 91 kilometer (431 structures) 138kV transmission line that connects 2C Port Hastings and 5S Glentosh 

substations.  This line was built in 1971.  This work is on the section of line between 9C Aberdeen Tap and 5S Glen 

Tosh (37 kilometer section).  Phase 1 was the replacement of deteriorated assets on the 54km section from 2C Port 

Hastings to 9C Aberdeen Tap (CI 47914).  This project is required to replace deteriorated assets and address ground 

clearance violations (as per CSA Standard 22.3) on 106 structures that have been identified through Nova Scotia 

Power’s inspection program. 

 

The estimated project scope includes: 

 

 Structure Replacements:  11 Structures 

 Timber Arm Replacements:  1 Structure 

 Timber Arm and Insulator Replacements: 23 Structures 

 Pole Replacements:  5 Structures 

 Pole and Insulator Replacements:  7 Structures 

 Insulator Replacements:  45 Structures 

 Other Deteriorated Assets:  14 Structures 

 

Summary of Related CIs +/- 2 years: 

2016 CI 47914 L6537 Replacements and Upgrades $1,382,705 

 

JUSTIFICATION:  

 

Justification Criteria: Transmission Plant- Poles and Fixtures 

   Transmission Plant- Station Equipment 

   Transmission Plant- Overhead Conductors and Devices 

 

Sub Criteria:  Equipment Replacement 

 

Depreciation Class:  Transmission Plant 

 

Estimated Life of the Asset:  45 years 

 

Why do this project? 

 

The transmission inspection program identified deteriorated assets that require replacement to avoid transmission 

interruptions.  Not completing this project would compromise the reliable operation of this line. 

 

Why do this project now? 

 

This work has been prioritized based on transmission inspection results.  This project is required to support the 

reliable operation of the transmission line. 

 

This project is considered in-service when the first phase of component replacement / upgrades are complete 

(October 2018), therefore the forecasted final cost date (October 2019) is six months after the last replacement / 

upgrade is completed (April 2019). 

 

_
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Why do this project this way? 

 

Replacing the existing deteriorated assets is more cost effective than rebuilding the entire line. 

 

The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 

Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 

designed to optimize the allocation and execution of PLT resources among work requirements. 

_
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: -CI Number 49779 L-6537 Replacements and Upgrades Phase 2 Project Number 49779

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0700 - TP - Environmental 227,148Additions

3500 - TP - Wood Poles 433,672Additions

3800 - TP - Insulators 193,715Additions

3900 - TP - O/H Cond. 305,192Additions

3500 - TP - Wood Poles 47,151Retirements

3800 - TP - Insulators 48,210Retirements

3900 - TP - O/H Cond. 132Retirements

Total Cost:

Original Cost:

1,255,220

151,268

Total Cost:Original Cost:
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Capital Project Detailed Estimate

49779
L6537 Replacements and Upgrades Phase 2

Execution Year: 2018-2019

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 3 360$                  1,017$                  
PD 75 385$                  28,937$                
Lot 1 2,677$               2,677$                  

-$                      
Sub-Total 32,631$                

Lot 1 99,593$             99,593$                
Lot 1 34,085$             34,085$                
Lot 1 148$                  148$                     

Sub-Total 133,826$              

Hrs 591,555$              
Lot 1 169,411$           169,411$              
Lot 1 5,000$               5,000$                  
Lot 1 7,400$               7,400$                  
Lot 1 30,000$             30,000$                
Lot 1 7,000$               7,000$                  
Lot 1 1,000$               1,000$                  

Sub-Total 811,366$              

% 10% 811,366$           81,137$                
-$                      

Sub-Total 81,137$                

13,335$                

Sub-Total 13,335$                

28,977$                
153,948$              

-$                      
Sub-Total 182,926$              

1,058,959$           
1,255,220$           

151,268$              

Location:
CI# / FP#:

Title:

T&D Labour - Site Supervision
T&D Labour - Electrician/Technician

Transmission

Regular Labour

Description

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead
Labour AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

Original Cost

Contingency

Vehicle Admin. Overhead

Pole-Haulage
Rockbreaking

Survey

Vehicle Overhead

Other Goods & Services

Procurement / Financial Support

Conductor
Insulators

Poles, Anchors, and Guys

Contracts

Materials

Contract Line Work
Environmental Bridges and Mats

Flagging

Waste Disposal

REDACTED ACE 2018 CI 49779 Page 4 of 4

Date Filed:  November 22, 2017          Page 2069 of 2371          REDACTED



CI Number:  49777  
 
Title:  L7002 Replacements and Upgrades  
 
Start Date:  2018/04 
In-Service Date:  2018/06 
Final Cost Date:  2019/09  
Function Class:  Transmission 
Forecast Amount:  $926,777 
 
DESCRIPTION: 
 
L-7002 is a 75 kilometer (338 structures) 230kV transmission line that connects 67N Onslow to 120H Brushy Hill 
substations.  This line was built in 1970.  This project is required to replace deteriorated assets and address ground 
clearance violations (as per CSA Standard 22.3) on approximately 39 structures that have been identified through 
Nova Scotia Power’s transmission inspection program. 
 
The project scope includes: 
 
 Structure Replacements:  19 Structures 
 Timber Arm Replacements:  10 Structures 
 Pole Replacements:  4 Structures 
 Pole and Insulator Replacements: 1 Structure 
 Other Deteriorated Assets:  5 Structures  
 
Summary of Related CIs +/- 2 years 
No other projects in 2016, 2017, 2019 and 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Transmission Plant 
 
Sub Criteria:  Equipment Replacement 
 
Why do this project? 
 
The transmission inspection program identified ground clearance issues and deteriorated assets that require 
replacement to avoid transmission interruptions.  Not completing this project would compromise the reliable 
operation and thermal rating of this line. 
 
Why do this project now? 
 
This work has been prioritized based on transmission inspection results.  This project is required to support the 
reliable operation of the transmission line. 
 
This project is considered in-service when the first phase of component replacement / upgrades are complete (June 
2018), therefore the forecasted final cost date (September 2019) is six months after the last replacement / upgrade is 
completed (March 2019). 
 
Why do this project this way? 
 
Replacing the existing deteriorated assets is more cost effective than rebuilding the entire line.  
 
The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 
designed to optimize the allocation and execution of PLT resources among work requirements. 
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: -CI Number 49777 L7002 Replacements and Upgrades Project Number 49777

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0700 - TP - Environmental 106,642Additions

3500 - TP - Wood Poles 547,316Additions

3800 - TP - Insulators 54,121Additions

3900 - TP - O/H Cond. 111,728Additions

3500 - TP - Wood Poles 104,324Retirements

3800 - TP - Insulators 2,507Retirements

3900 - TP - O/H Cond. 139Retirements

Total Cost:

Original Cost:

926,777

112,483

Total Cost:Original Cost:
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Capital Project Detailed Estimate

49777
L7002 Replacements and Upgrades 

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 2 360$                  643$                     
PD 57 385$                  22,137$                
Lot 1 2,956$               2,956$                  

Sub-Total 25,735$                

Lot 1 145,166$           145,166$              
Lot 1 2,410$               2,410$                  
Lot 1 213$                  213$                     

Sub-Total 147,789$              

Hrs 452,531$              
Lot 1 79,260$             79,260$                
Lot 1 5,000$               5,000$                  
Lot 1 6,600$               6,600$                  
Lot 1 7,400$               7,400$                  
Lot 1 5,000$               5,000$                  

Sub-Total 555,791$              

% 10% 555,791$           55,579$                
Sub-Total 55,579$                

3,058$                  
Sub-Total 3,058$                  

10,516$                

Sub-Total 10,516$                

22,853$                
105,456$              

-$                      
Sub-Total 128,309$              

784,895$              
926,777$              

112,483$              

Location:
CI# / FP#:

Title:

T&D Labour - Site Supervision
T&D Labour - Electrician/Technician

Transmission

 Regular Labour

Description

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Administrative Overhead
Labour AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contracts AO

Original Cost

Vehicle AO

Contingency

AFUDC

Vehicle Overhead

Other Goods & Services

Procurement / Financial Support

Poles, Anchors, and Guys

Waste Disposal
Survey

Conductor

Environmental Bridges and Mats
Flagging

Pole-Haulage

Contracts
Contract Line Work

Materials

Insulators
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CI Number:  52241 

Title:  16V-T2 Weymouth Hydro Transformer Replacement 

Start Date: 2018/01 
In-Service Date: 2018/12 
Final Cost Date: 2019/06 
Function: Transmission 
Forecast Amount: $889,253 

DESCRIPTION: 

The scope of this project includes the replacement of the existing 16V-T2 generator step-up transformer (GSU) at 
the 16V Weymouth substation as it is at the end of its useful life. 

Summary of Related CIs (+/- 2 years): 
No other projects in 2016, 2017, 2018, 2019 or 2020 

JUSTIFICATION: 

Justification Criteria:  Transmission Plant 

Sub Criteria:  Equipment Replacement 

Why do this project? 

The existing transformer is 59 years old and fluid analysis test results show a high concentration of furan, which is 
an indicator that the transformer is nearing end of life.  Therefore, the replacement of the transformer is required to 
mitigate the risk of the failure of the T2 transformer.  In the case of a failure of 16V-T2, generation at the Weymouth 
Hydro Plant would have to be curtailed because 16V-T3 is not rated to support the full load operation of both 
generators.  Both 16V-T2 and 16V-T3 must be operational to allow full hydro generation output. 

Why do this project now? 

The 16V-T2 transformer is 59 years old (estimated useful life is 45 years) and is exhibiting high levels of furan in 
insulating oil, indicating degradation of paper insulation and signifying that the transformer is nearing end of life. 
This indicates potential reliability issues with the 16V-T2 generator step up transformer.  Proactive replacement will 
avoid the loss of generation in the event of an equipment failure. 

Why do this project this way? 

Due to the age of the transformer, full replacement is the best option.  16V-T2 is one of two generator transformers at 
the Weymouth HydroStation.  The only way to transfer energy from the generator to the system is through a generator 
step up transformer. 
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: -CI Number 52241 16V-T2 Weymouth Hydro Transformer Replacement Project Number 52241

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0300 - TP - Bldg.,Struct.Grnd. 20,256Additions

0700 - TP - Environmental 37,253Additions

2200 - TP - Elec Contr.Equip. 6,077Additions

4300 - TP - Substn Dev. 38,507Additions

4400 - TP - Substn.Transf. 772,022Additions

4400 - TP - Substn.Transf. 15,138Retirements

Total Cost:

Original Cost:

889,253

89,309

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52241

Execution Year: 2018
Unit Quantity Unit Estimate Total Estimate Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 45 360$                  16,372$                
Lot 1 10,018$             10,018$                
PD 29 386$                  11,194$                
PD 14 284$                  3,976$                  

Sub-Total 41,560$                

Lot 1 185$                  185$                     

Sub-Total 185$                     

Lot 1 460,000$           460,000$              
Lot 1 26,250$             26,250$                
Lot 1 11,700$             11,700$                
Lot 1 2,970$               2,970$                  

Sub-Total 500,920$              

Lot 1 100,000$           100,000$              
Lot 1 12,000$             12,000$                
Lot 1 10,000$             10,000$                
Lot 1 12,460$             12,460$                

Sub-Total 134,460$              

Lot 1 40,000$             40,000$                

Sub-Total 40,000$                

% 10% 676,940$           67,694$                

Sub-Total 67,694$                

16,984$                

Sub-Total 16,984$                

25,033$                
-$                      

Sub-Total 25,033$                

36,906$                
25,512$                

Sub-Total 62,418$                

784,819$              
889,253$              

Original Cost- 536800
89,309$                

Transmission

Transformer Transport, Placement & Assembly

16V-T2 Weymouth Hydro Transformer Replacement

Other Materials

Description

T&D Labor - Electrician/Technician
Procurement / Financial Support

Substation Devices

Concrete Foundations

Travel Expense

SUB-TOTAL (no AO, AFUDC)

Materials

Regular Labor

Oil / Water Separator Tank Installation

Consulting

Location:

CI# :
Title:

Engineering
Drafting

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

 Interest Capitalized

Contract AO

TOTAL (AO, AFUDC included)

Travel

Environmental Equipment

Contracts

Labor AO

Other Contracts

AFUDC

Other Goods & Services
Contingency

Administrative Overhead

Vehicle Overhead
Vehicle AO

Substation Transformers

Transformer Inspections and Witnessing of Tests

ACE 2018 CI 52241 Page 3 of 3

Date Filed:  November 22, 2017          Page 2075 of 2371          REDACTED



CI Number: 52102 

Title: L5014 Replacements and Upgrades 

Start Date: 2018/08 
In-Service Date: 2018/10 
Final Cost Date: 2019/04 
Function Class: Transmission 
Forecast Amount: $849,700 

DESCRIPTION: 

This project will replace deteriorated assets on 97 structures on L5014, a 10.6 kilometer (138 structures) 69 kV 
transmission line, built in 1951, that connects the 17V St. Croix and 18V Upper Burlington substations.  This project 
is required to replace deteriorated assets that have been identified through NS Power’s transmission inspection 
program. 

The project scope includes: 
• Timber Replacement: 1 Structure 
• Insulator Replacement: 96 Structures 

Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 or 2020 

JUSTIFICATION: 

Justification Criteria:  Transmission Plant 

Sub Criteria:  Equipment Replacement 

Why do this project? 

The transmission inspection program identified deteriorated assets that require replacement to avoid transmission 
interruptions.  Failure to complete this project would compromise the reliable operation of the line, which is a radial 
transmission supply to the 18V Upper Burlington substation which serves 3,000 customers.  Asset failures on a 
radial transmission supply such as this line would result in extended power outages as there are no other sources of 
energy available while repairs are made. 

Why do this project now? 

This work has been prioritized based on transmission inspection results.  This project is required to support the 
reliable operation of the transmission line. 

Why do this project this way? 

Replacing the existing deteriorated assets is more cost effective than rebuilding the entire line. 

The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 
designed to optimize the allocation and execution of PLT resources among work requirements. 
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: -CI Number 52102 L5014 Replacements and Upgrades Project Number 52102

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 L5014 Municipality of the District of West Hants

0700 - TP - Environmental 20,458Additions

3500 - TP - Wood Poles 12,890Additions

3800 - TP - Insulators 252,980Additions

3900 - TP - O/H Cond. 521,210Additions

3500 - TP - Wood Poles 678Retirements

3800 - TP - Insulators 41,484Retirements

Total Cost:

Original Cost:

849,700

84,439

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52102
L5014 Replacements and Upgrades

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 4 360$                  1,526$                  
PD 50 385$                  19,347$                
Lot 1 1,366$               1,366$                  

Sub-Total 22,239$                

Lot 1 707$                  707$                     
Lot 1 64,766$             64,766$                
Lot 1 2,828$               2,828$                  

Sub-Total 68,301$                

Hrs. 540,518$              
Lot 1 31 008$             15 126$                
Lot 1 10 000$             5 000$                  
Lot 1 2,000$               2,000$                  

Sub-Total 562,644$              

% 10% 562,644$           56,264$                

Sub-Total 56,264$                

4,659$                  
-$                      

Sub-Total 4,659$                  

9 088$                  

Sub-Total 9,088$                  

19,749$                
106,756$              

Sub-Total 126,505$              

709,448$              
849,700$              

84,439$                

Other Goods & Services
Contingency

AFUDC

Procurement / Financial Support

Contracts

Waste Disposal

Materials
Poles

Conductor
Insulators

Contract Line Work
Environmental Bridges and Mats

Flagging

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Administrative Overhead
Labor AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

Vehicle Overhead

Original Cost

Vehicle AO

Location:
CI# / FP#:

Title:

T&D Labor - Site Supervision
T&D Labor - Electrician/Technician

Transmission

Regular Labor

Description
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CI Number:  49788 
 
Title:  L5564 Replacements and Upgrades 
 
Start Date:  2018/10 
In-Service Date:  2018/12 
Final Cost Date:  2019/06  
Function Class:  Transmission 
Forecast Amount:  $738,853 
 
DESCRIPTION: 
 
L-5564 is an 18 kilometer (89 structures) 69kV transmission line built in 1966, that connects 2S Victoria Junction to 
11S Keltic Drive substations.  This project is required to replace deteriorated assets and address ground clearance 
violations (as per CSA Standard 22.3) on approximately 75 structures that have been identified through Nova Scotia 
Power’s transmission inspection program. 
 
The project scope includes: 
 
 Structure Replacements:   12 Structures 
 Timber Arm Replacements:   1 Structure 
 Timber Arm and Insulator Replacements:  34 Structures 
 Pole and Insulator Replacements:   2 Structures 
 Insulator Replacements:   24 Structures 
 Other Deteriorated Assets:   2 Structures 
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Transmission Plant 
 
Sub Criteria:  Equipment Replacement 
 
Why do this project? 
 
The transmission inspection program identified deteriorated assets that require replacement to avoid transmission 
interruptions.  Not completing this project would compromise the reliable operation of this line. 
 
Why do this project now? 
 
This work has been prioritized based on transmission inspection results.  This project is required to support the 
reliable operation and thermal rating of the transmission line. 
 
Why do this project this way? 
 
Replacing the existing deteriorated assets is more cost effective than rebuilding the entire line. 
 
The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 
designed to optimize the allocation and execution of PLT resources among work requirements. 
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: -CI Number 49788 L5564 Replacements and Upgrades Project Number 49788

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0700 - TP - Environmental 58,584Additions

3500 - TP - Wood Poles 270,222Additions

3800 - TP - Insulators 127,442Additions

3900 - TP - O/H Cond. 207,480Additions

3500 - TP - Wood Poles 42,192Retirements

3800 - TP - Insulators 32,933Retirements

Total Cost:

Original Cost:

738,853

83,422

Total Cost:Original Cost:
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Capital Project Detailed Estimate

49788
L5564 Replacements and Upgrades

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 3 360$                  1,030$                  
PD 53 385$                  20,330$                
Lot 1 1,392$               1,392$                  

-$                      
Sub-Total 22,752$                

Lot 1 53,667$             53,667$                
Lot 1 15,927$             15,927$                

-$                      
Sub-Total 69,594$                

Hrs 415,607$              
Lot 1 42,353$             42,353$                
Lot 1 5,000$               5,000$                  
Lot 1 5,400$               5,400$                  
Lot 1 4,000$               4,000$                  
Lot 1 2,000$               2,000$                  

-$                      
Sub-Total 474,360$              

% 10% 474,360$           47,436$                
-$                      

Sub-Total 47,436$                

5,204$                  
-$                      

Sub-Total 5,204$                  

9,298$                  

Sub-Total 9,298$                  

20,205$                
90,005$                

Sub-Total 110,210$              

614,142$              
738,853$              

83,422$                

Location:
CI# / FP#:

Title:

T&D Labour - Site Supervision
T&D Labour - Electrician/Technician

Transmission

Regular Labour

Description

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Administrative Overhead
Labour AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

Original Cost

Vehicle AO

Procurement / Financial Support

Contracts
Contract Line Work

Insulators

Materials
Poles, Anchors and Guys

Environmental Bridges and Mats
Flagging

Waste Disposal
Pole-Haulage

Survey

Other Goods & Services
Contingency

AFUDC

Vehicle Overhead
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CI Number:  52059 
 
Title:  L5039 2018 Replacements and Upgrades 
 
Start Date: 2018/03 
In-Service Date: 2018/05 
Final Cost Date: 2019/06 
Function Class: Transmission 
Forecast Amount: $719,825 
 
DESCRIPTION: 
 
This project will replace deteriorated assets on approximately 30 structures on L5039, a 9.5 kilometer (77 Structure) 
69 kV transmission line, built in 1972, that connects the 103H Lakeside and 20H Spryfield substations.  These 
deteriorated assets that have been identified for replacement through NS Power’s transmission inspection program. 
 
The project scope includes: 
 
 Structure Replacements:    7 Structures 
 Timber and Insulator Replacements:  6 Structures 
 Insulator Replacement:    16 Structures 
 Other Deteriorated Assets:   1 Structure 
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 or 2020 
 
JUSTIFICATION: 
 
Justification Criteria:  Transmission Plant 
 
Sub Criteria:  Equipment Replacement  
 
Why do this project? 
 
The transmission inspection program identified deteriorated assets that require replacement to avoid transmission 
interruptions.  Not completing this project would compromise the reliable operation of this line.  Asset failures on 
this transmission line, a radial feed to 13,000 customers, could result in extended power outages. 
 
Why do this project now? 
 
This work has been prioritized based on transmission inspection results and is required to support the reliable 
operation of the transmission line. 
 
This project is deemed in-service when the first portion of the work is complete (May 2018), therefore the Final 
Cost Date (June 2019) is listed as six months after the final work is completed (December 2018). 
 
Why do this project this way? 
 
Replacing the existing deteriorated assets is more cost effective than rebuilding the entire line. 
 
The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 
designed to optimize the allocation and execution of PLT resources among work requirements. 
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: -CI Number 52059 L5039 - 2018 Replacements and Upgrades Project Number 52059

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 L5039 Halifax Regional Municipality

0700 - TP - Environmental 41,853Additions

3500 - TP - Wood Poles 213,199Additions

3800 - TP - Insulators 88,068Additions

3900 - TP - O/H Cond. 297,040Additions

3500 - TP - Wood Poles 19,773Retirements

3800 - TP - Insulators 24,199Retirements

3900 - TP - O/H Cond. 35,692Retirements

Total Cost:

Original Cost:

719,825

105,784

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52059
L5039 2018 Replacements and Upgrades

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 3 360$                  1,071$                  
PD 35 385$                  13,362$                
Lot 1 910$                  910$                     

Sub-Total 15,343$                

Lot 1 32,443$             32,443$                
Lot 1 13,048$             13,048$                

Sub-Total 45,491$                

Hrs. 399,671$              
Lot 1 31,008$             31,008$                
Lot 1 10,000$             10,000$                
Lot 1 6,000$               6,000$                  
Lot 1 4,000$               4,000$                  
Lot 1 8,000$               8,000$                  
Lot 1 36,000$             36,000$                

Sub-Total 494,679$              

% 10% 494,679$           49,468$                
-$                      

Sub-Total 49,468$                

1,089$                  

Sub-Total 1,089$                  

6,270$                  

Sub-Total 6,270$                  

13,625$                
93,860$                

Sub-Total 107,485$              

604,981$              
719,825$              

105,784$              

Rock break

Misc.

Vehicle AO

 Other Goods & Services
Contingency

AFUDC

Procurement / Financial Support

Contracts

Insulators

 Materials
Poles

Contract Line Work
Environmental Bridges and Mats

Flagging

Waste Disposal

Pole-Haulage

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

 Interest Capitalized

Contract AO

 Administrative Overhead
Labor AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

 Vehicle Overhead

Original Cost

Location:
CI# / FP#:

Title:

T&D Labor - Site Supervision
T&D Labor - Electrician/Technician

Transmission

Regular Labor

Description
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CI Number:  49783 
 
Title:  L5027A Replacements and Upgrades  
 
Start Date: 2018/01 
In-Service Date: 2018/03 
Final Cost Date: 2018/09 
Function Class: Transmission 
Forecast Amount: $648,292 
 
DESCRIPTION: 
 
L-5027A is a 50 kilometer section of  L-5027 (a 69 kV transmission line), built in 1980.  It runs from 9W Tusket to 
21W Lower Woods Harbour substations.  This project is required to replace deteriorated assets on approximately 55 
structures, as identified through Nova Scotia Power’s transmission inspection program. 
 
The project scope includes: 
 
 Structure Replacements:   9 Structures 
 Timber Arm Replacements:   22 Structures 
 Timber Arm and Insulator Replacements: 1 Structure 
 Pole Replacement:   1 Structure 
 Pole and Timber Arm Replacements:   12 Structures 
 Insulator Replacements:   1 Structure 
 Other Deteriorated Assets:   9 Structures 
 
Summary of Related CIs +/- 2 years: 
2017 CI 49782 L5027B Replacements and Upgrades $1,093,542 
2017 CI 49922 Western Switching Upgrades $378,843 
 
JUSTIFICATION:  
 
Justification Criteria:  Transmission Plant 
 
Sub Criteria:  Equipment Replacement 
 
Why do this project? 
 
The transmission inspection program identified deteriorated assets that require replacement to avoid transmission 
interruptions.  Not completing this project would compromise the reliable operation of this line. 
 
Why do this project now? 
 
This work has been prioritized based on transmission inspection results.  This project is required to support the 
reliable operation of the transmission line. 
 
Why do this project this way? 
 
Replacing the existing deteriorated assets is more cost effective than rebuilding the entire line. 
 
The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 
designed to optimize the allocation and execution of PLT resources among work requirements. 
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: -CI Number 49783 L5027A Replacements and Upgrades Project Number 49783

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0700 - TP - Environmental 125,182Additions

3500 - TP - Wood Poles 283,510Additions

3800 - TP - Insulators 50,489Additions

3900 - TP - O/H Cond. 140,569Additions

3500 - TP - Wood Poles 48,054Retirements

3800 - TP - Insulators 209Retirements

3900 - TP - O/H Cond. 279Retirements

Total Cost:

Original Cost:

648,292

161,443

Total Cost:Original Cost:
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Capital Project Detailed Estimate

49783
L5027A Replacements and Upgrades

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 2 360$                  857$                     
PD 36 385$                  13,836$                
Lot 1 1,966$               1,966$                  

-$                      
Sub-Total 16,659$                

Lot 1 98,126$             98,126$                
Lot 1 195$                  195$                     

-$                      
Sub-Total 98,322$                

Hrs 282,841$              
Lot 1 94,386$             94,386$                
Lot 1 5,000$               5,000$                  
Lot 1 6,600$               6,600$                  
Lot 1 5,000$               5,000$                  

-$                      
Sub-Total 393,827$              

% 10% 393,827$           39,383$                
-$                      

Sub-Total 39,383$                

3,774$                  

Sub-Total 3,774$                  

6,808$                  

Sub-Total 6,808$                  

14,794$                
74,725$                

-$                      
Sub-Total 89,519$                

548,191$              
648,292$              

161,443$              

Other Goods & Services
Contingency

AFUDC

 Vehicle Overhead

Procurement / Financial Support

Contracts
Contract Line Work

Materials
Poles, Anchors and Guys

Insulators

Environmental Bridges and Mats
Flagging

Waste Disposal
Pole-Haulage

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Administrative Overhead
Labour AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

Original Cost

Vehicle AO

Location:
CI# / FP#:

Title:

T&D Labour - Site Supervision
T&D Labour - Electrician/Technician

Transmission

Regular Labour

Description
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CI Number: 52119 

Title: L5054 2018 Replacements and Upgrades 

Start Date: 2018/10 
In-Service Date: 2018/11 
Final Cost Date: 2019/05 
Function Class: Transmission 
Forecast Amount: $560,143 

DESCRIPTION: 

L5054 is a 23 kilometer (86 Structure) 69kV transmission line, built in 1982, that connects the 16V Weymouth and 
93V Saulnierville substations.  This project is required to replace deteriorated assets that have been identified 
through NS Power’s transmission inspection program.  This will include the replacement of deteriorated assets on 
approximately 29 structures. 

The project scope includes: 

• Structure Replacements: 9 Structures 
• Pole and Insulator Replacements: 2 Structures 
• Timber and Insulator Replacements:  10 Structures
• Other Deteriorated Assets: 8 Structures 

Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 or 2020 

JUSTIFICATION: 

Justification Criteria:  Transmission Plant 

Sub Criteria:  Equipment Replacement 

Why do this project? 

The transmission inspection program identified deteriorated assets that require replacement to avoid transmission 
interruptions.  Not completing this project would compromise the reliable operation of this line.  This transmission 
line is a radial feed to 4,300 customers.  Asset failures on this line would result in extended power outages. 

Why do this project now? 

This work has been prioritized based on transmission inspection results.  This project is required to support the 
reliable operation of the transmission line. 

Why do this project this way? 

Replacing the existing deteriorated assets is more cost effective than rebuilding the entire line. 

The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 
designed to optimize the allocation and execution of PLT resources among work requirements. 
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: -CI Number 52119 L5054 2018 Replacements and Upgrades Project Number 52119

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0700 - TP - Environmental 22,647Additions

3500 - TP - Wood Poles 193,177Additions

3800 - TP - Insulators 52,874Additions

3900 - TP - O/H Cond. 256,031Additions

3500 - TP - Wood Poles 22,243Retirements

3800 - TP - Insulators 13,170Retirements

Total Cost:

Original Cost:

560,143

160,515

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52119
L5054 2018 Replacements and Upgrades

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 2 366$                  817$                     
PD 30 389$                  11,785$                
Lot 1 1,017$               1,017$                  

Sub-Total 13,619$                

Lot 1 43 027$             43 027$                
Lot 1 7 819$               7 819$                  

Sub-Total 50 846$                

Hrs. 345 539$              
Lot 1 2 250$               2 250$                  
Lot 1 4 400$               4 400$                  
Lot 1 1,500$               1,500$                  
Lot 1 16,941$             16,941$                

Sub-Total 370,631$              

% 10% 370,631$           37,063$                

Sub-Total 37,063$                

5,566$                  
Sub-Total 5,566$                  

12,094$                
70,323$                

Sub-Total 82,418$                

472 159$              
560,143$              

Original Cost
160 515$              

Procurement / Financial Support

Materials

Vehicle Allocated Costs

Insulator
Poles

Vehicle Overhead

Other Goods & Services
Contingency

Pole Haulage
Waste Disposal

Location:
CI# / FP#:

Title:

T&D Labor - Site Supervision
T&D Labor - Electrician/Technician

Transmission

Regular Labor

Description

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead
Labor AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

Environmental Services

Contracts
Contract Line Work

Flagging
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CI Number:  52238 

Title: 2018/2019 Capacitor Bank Breaker Replacements 

Start Date: 2018/01 
In-Service Date: 2019/01 
Final Cost Date: 2019/10 
Function Class:  Transmission 
Amount: $433,719 

DESCRIPTION: 

This project will retire and replace three capacitor bank breakers: 

• 103H-439 Lakeside: 37 years old
• 104H-419 Kempt Road: 37 years old
• 101H-461 Cobequid Rd.: 46 years old

Capacitor bank breakers are used by system operators to control voltage on the transmission system. Breaker 
replacements are prioritized based on age, number of operations, maintenance history and criticality to the 
transmission system. Engineering, design and procurement will occur throughout 2018, with replacement scheduled 
for 2019. 

Summary of Related CIs +/- 2 years: 
2016 CI 48063 2016/2017 Capacitor Bank Breaker Replacements $385,850 
2017 CI 49798 2017/2018 Capacitor Bank Breaker Replacements $ 378,150 
2019 CI TBD 2019/2020 Capacitor Bank Breaker Replacements $ TBD 
2020 CI TBD 2020/2021 Capacitor Bank Breaker Replacements $ TBD 

JUSTIFICATION: 

Justification Criteria: Transmission Plant 

Why do this project? 

There are currently 28 capacitor bank breakers on the transmission system.  These breakers are critical to the 
operation of the transmission system as they are used to control the system voltage.  These breakers are operated 
frequently and, as a result, see higher duty cycles compared to line breakers.  This higher duty cycle increases the 
probability of failure in these devices. Issues on capacitor bank breakers in the Halifax area were discovered as a 
result of NS Power’s preventative maintenance inspection program.  This project decreases the probability of failure 
by replacing those most at risk. 

Why do this project now? 

To ensure the reliable operation of the transmission system, a capacitor bank breaker replacement program is 
required. 

In 2014, issues on capacitor bank breakers in the Halifax area were discovered as a result of NS Power’s 
preventative maintenance inspection program.  In these instances, high contact resistance was identified and 
subsequent thermal imaging showed elevated temperatures on the affected poles.  As these breakers can be operated 
multiple times per day, replacing three breakers at this time is the prudent decision to reduce the risk of failure. 
Failure of these devices could result in voltage issues on the transmission system. 

This project is deemed in-service when the first breaker is replaced (January 2019), therefore the Final Cost Date 
(October 2019) is listed as six months after the last pole top transformer is installed under this project (April 2018). 

Why do this project this way? 

Due to the age of the breakers refurbishment is not an option.  Accordingly, replacement is the recommended option. 
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: -CI Number 52238 2018/2019 Capacitor Bank Breaker Replacements Project Number 52238

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0300 - TP - Bldg.,Struct.Grnd. 47,543Additions

2200 - TP - Elec Contr.Equip. 61,642Additions

3900 - TP - O/H Cond. 9,921Additions

4300 - TP - Substn Dev. 299,975Additions

4300 - TP - Substn Dev. 14,638Retirements

Total Cost:

Original Cost:

433,719

123,379

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52238
2018/2019 Capacitor Bank Breaker Replacements

Execution Year: 2018-2019

Unit Quantity  Unit Estimate  Total Estimate 
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 70 366$                  25,594$                
Lot 1 3,056$               3,056$                  
PD 110 386$                  42,267$                
Lot 1 2,027$               2,027$                  

Sub-Total 72,944$                

Lot 1 185$                  185$                     

Sub-Total 185$                     

Lot 2 210$                  420$                     
Meter 800 10$                    8,000$                  

Lot 1 90$                    90$                       
Lot 1 10,000$             10,000$                
ea. 2 1,000$               2,000$                  
Lot 1 5,080$               5,080$                  
ea. 3 41,350$             124,050$              
ea. 6 2,000$               12,000$                
ea.

Sub-Total 161,640$              

ea. 3 5,000$               15,000$                
Hour 230 100$                  23,000$                
Lot 1 10,650$             10,650$                
Lot 1 3,600$               3,600$                  
Lot 1 3,475$               3,475$                  

Sub-Total 55,725$                

% 10% 290,494$           29,049$                

Sub-Total 29,049$                

29,809$                
Sub-Total 29,809$                

9,016$                  
Sub-Total 9,016$                  

64,777$                
10,573$                

Sub-Total 75,350$                

319,544$              
433,719$              

Original Cost
123,379$              

Materials

Location: Transmission
CI# / FP#:

Title:

Description

Regular Labor
T&D Labor - Electrician/Technician
Procurement / Financial Support

Engineering Design
Field Supervision Civil Contracts

Travel
Travel

Ground Connectors
Control Cables

Misc. Conduit/ Connectors
Control Panel Mod's

JBOX
Conductor and misc. Connectors

Circuit Breaker and Breaker Trip Coils
Surge Arrestors

Vehicle AO

Contracts
Concrete Foundations
Installation of Breaker

Civil Conduit, Grounding, Backfill 
EUS Conductor Labor
Boom Truck Services

Contingency
Contingency

Vehicle Overhead

SUB-TOTAL (no AO, AFUDC)
TOTAL (AO, AFUDC included)

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead
Labor AO

Contract AO

Interest Capitalized
AFUFC
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CI Number:  43268 
 
Title:  9W-B53 Tusket Support Structure Replacement 
 
Start Date: 2018/02 
In-Service Date: 2018/11 
Final Cost Date: 2019/05 
Function: Transmission 
Forecast Amount: $375,523 
 
DESCRIPTION: 
 
The scope of this project is to replace the six wood poles and associated wooden cross arms which make up the 
support structure for the 9W-B53 69kV bus at the 9W Tusket substation. 
 
Summary of Related CIs (+ / - 2 years): 
No other projects in 2016, 2017, 2018, 2019 or 2020 
 
JUSTIFICATION:  
 
Justification Criteria:  Transmission Plant 
 
Sub Criteria:  Pole Strength 
 
Why do this project? 
 
This project is necessary because the existing wood support structure for 9W-B53 is in a deteriorated state.  The 
9W-B53 structure is constructed of wood poles and cross arms that support switches and take-offs for transmission 
lines L5534, L5535 and L5027 located in the western part of the province.  Also connected to this structure is the 
69kV supply to bus B53 from transformer 9W-T63 and capacitor bank 9W-C52.  These wood poles and cross arms 
were originally installed in 1966 and are now over 50 years old.  Failure of this structure would impact the reliability 
of the transmission system by limiting switching capability. 
 
Why do this project now? 
 
The wooden support structure has reached the end of its useful life and further delay in replacement may jeopardize 
the ability of the structure to support the associated buswork.  This project is required to support the reliable 
operation of the transmission system. 
 
Why do this project this way? 
 
Replacement of the support structure with ‘like for like’ wooden material is more cost effective than replacement with 
steel structures. 
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: -CI Number 43268 9W-B53 Tusket Support Structure Replacement Project Number 43268

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

3500 - TP - Wood Poles 253,323Additions

4300 - TP - Substn Dev. 52,881Additions

3500 - TP - Wood Poles 69,318Retirements

Total Cost:

Original Cost:

375,523

41,245

Total Cost:Original Cost:
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Capital Project Detailed Estimate

43268
9W-B53 Tusket Support Structure Replacement

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 210 372$                  78,166$                
PD 36 366$                  13,163$                
PD 26 386$                  9,843$                  
Lot 1 1,246$               1,246$                  

-$                      
Sub-Total 102,418$              

PD 42 744$                  31,269$                
Sub-Total 31,269$                

Lot 1 222$                  222$                     
Sub-Total 222$                     

Lot 1 46,800$             46,800$                
Lot 1 14,265$             14,265$                

Sub-Total 61,065$                

Lot 1 6,240$               6,240$                  
Sub-Total 6,240$                  

% 10% 169,723$           16,972$                
Sub-Total 16,972$                

48,243$                
Sub-Total 48,243$                

104,834$              
1,184$                  

Sub-Total 106,018$              

3,075$                  
Sub-Total 3,075$                  

218,186$              
375,523$              

Original Cost
$41,245

Vehicle Overhead

Poles
Materials

Procurement / Financial Support

T&D Labour - PLT
OT Labour

Travel Expense
Travel

Contingency

Vehicle Allocated Costs

Substation Devices

Other Goods & Services

Poles
Contracts

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead

Contracts AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Interest Capitalized
Interest

Labour AO

Location:
CI# / FP#:

Title:

T&D Labour - Design
T&D Labour - Electrician/Technician

Transmission

 Regular Labour

Description

T&D Labour - PLT
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CI Number: 51797 

Title: 2018 Oil Containment Program 

Start Date: 2018/05 
In-Service Date: 2018/12 
Final Cost Date: 2019/06 
Function: Transmission 
Forecast Amount: $331,507 

DESCRIPTION: 

The Oil Containment Program began in 2016 to mitigate the risk of oil from substation transformers being released 
to the local environment.  NS Power completed a survey of the main power transformers without an oil containment 
system.  The sites were also reviewed to determine their proximity to sensitive environmental sites, such as 
watercourses and wetlands, along with the presence of pathways for contaminants to reach the receptors.  From 
these environmental risk assessments, a prioritized list of substation sites has been developed for retrofitting oil 
containment systems, thereby reducing the environmental risk.  The 2018 project includes the installation of six oil 
containment systems at four substation main power transformer sites.  The overall program is planned for 
completion in 2021. 

In 2013, Nova Scotia Environment released the Contaminated Sites Regulations which outlines new cleanup criteria for 
spills, increasing cleanup and assessment costs.  Cleanups and ongoing assessment costs for oil releases from substation 
transformers can account for a significant cost to NS Power.  These regulations can be found at the following 
link:https://www.novascotia.ca/just/regulations/regs/envcontsite.htm. 

Summary of Related CIs +/- 2 years: 
2016 CI 48067 2016 Oil Containment Program $468,963 
2017 CI 49833 2017 Oil Containment Program $432,518 
2019 CI TBD 2019 Oil Containment Program $TBD 
2020 CI TBD 2020 Oil Containment Program $TBD 

JUSTIFICATION: 

Justification Criteria:  Environment 

Why do this project? 

NS Power has identified that there is risk of oil from substation transformers being released to nearby sensitive 
environmental areas at locations that currently do not have oil containment systems.  Installation of oil containment 
systems will reduce the risk to the environment and public safety surrounding these substations. 

This project is primarily justified under environment, and secondarily justified under safety. 

Why do this project now? 

Proactively adding oil containment systems to the highest environmental risk sites will mitigate the risk of costs 
associated with oil spill cleanups and will protect these adjacent areas from possible contamination. 

Why do this project this way? 

A total of 303 sites were evaluated for this project.  Approximately 76 of these have known environmentally 
sensitive areas in the immediate vicinity that are at risk for possible contamination should an oil release occur.  NS 
Power then identified the 30 sites which had the highest risk of pathways to be created between the potential 
contamination and the receptors. These are the sites to be addressed in this program. 

Installation of oil containment was completed at five sites in the 2016 Oil Containment Program (CI #48067) and 
will be completed at four sites in the 2017 Oil Containment Program (CI #49833).  The 2018 project includes the 
installation of six oil containment systems at four substation main power transformer sites. The overall program is 
planned for completion in 2021.  Installing oil containment in these highest risk sites, using a prioritized approach, 
will reduce the risk of oil being released from NS Power’s substations to nearby sensitive areas. 
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: -CI Number 51797 2018 Oil Containment Program Project Number 51797

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

0700 - TP - Environmental 331,507Additions

Total Cost:

Original Cost:

331,507

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51797
2018 Oil Containment Program

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 44 382$                  16,863$                
Lot 1 1,937$               1,937$                  

Sub-Total 18,800$                

Lot 1 96,841$             96,841$                
Sub-Total 96,841$                

Lot 1 96,841$             96,841$                
hr. 480 82$                    39,360$                

Sub-Total 136,201$              

% 10% 233,042$           23,304$                
Sub-Total 23,304$                

6,141$                  
Sub-Total 6,141$                  

7,683$                  
-$                      

Sub-Total 7,683$                  

16,695$                
25,843$                

-$                      
Sub-Total 42,538$                

275,146$              
331,507$              

Original Cost
-$                      

Vehicle AO

Other Goods & Services

Materials

Procurement / Financial Support

Contracts
Polyvinyl Oil Containment Installation

Polyvinyl Oil Containment Materials

Field Supervision (Civil)

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Administrative Overhead
Labor AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

Contingency

AFUDC

Vehicle Overhead

Location:
CI# / FP#:

Title:

T&D Labor - Design

Transmission

Regular Labor

Description
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CI Number:  52305 

Title: 2018 Substation Insulator Replacement Program 

Start Date: 2018/02 
In-Service Date: 2018/02 
Final Cost Date: 2019/05 
Function: Transmission 
Forecast Amount: $316,348 

DESCRIPTION: 

The aim of this project is to identify the remaining installations of Canadian Porcelain and Canadian Ohio Brass 
insulators at substations, and remove them from service, replacing them with new insulators.  This budget is based 
on replacing 603 substation insulators, identified through scoping activities completed to date. 

Summary of Related CIs +/- 2 years: 
2016 CI 48151 2016 Substation Insulator Replacement Program $244,828 
2017 CI 49878 2017 Substation Insulator Replacement Program $508,893 
2019 CI TBD 2019 Substation Insulator Replacement Program $TBD 
2020 CI TBD 2020 Substation Insulator Replacement Program $TBD 

JUSTIFICATION: 

Justification Criteria:  Transmission Plant 

Why do this project? 

In past years, NS Power has experienced reliability issues with strain insulators manufactured by Canadian Porcelain 
and Canadian Ohio Brass.  These insulators are vulnerable to cement growth, an issue in which the cement used to 
seal the insulator begins to absorb moisture and swell, eventually leading to electrical and mechanical failure.  These 
insulators can be found inside substations and on transmission lines, where failure can lead to lines being dropped to 
the ground, or on energized equipment, potentially leading to extensive outages and/or damage to equipment.  These 
insulators are well known in the industry for being prone to failure.  Replacing them proactively will prevent 
unnecessary outages and damage to equipment. 

Why do this project now? 

These insulators have been known to be an issue within the utility industry for several years.  Installations of this 
type of insulator at substations have been identified and they should be replaced as soon as possible to avoid 
unnecessary outages. 

This project is forecast to be in-service once the first insulator is replaced (February 2018), therefore the forecast 
Final Cost date (May 2019) is six months after the last structure is forecast to be replaced (November 2018). 

Why do this project this way? 

Replacing the existing defective insulators with the new insulators is the only option. 

The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which 
is designed to optimize the allocation and execution of PLT resources among work requirements. 
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: -CI Number 52305 2018 Substation Insulator Replacement Program Project Number 52305

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

3800 - TP - Insulators 246,629Additions

3800 - TP - Insulators 69,718Retirements

Total Cost:

Original Cost:

316,348

31,919

Total Cost:Original Cost:
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CI Number: 51863 

Title:  2018 Tap Changer Replacements/Refurbishments 

Start Date: 2018/05 
In-Service Date: 2018/06 
Final Cost Date: 2018/12 
Function: Transmission 
Forecast Amount: $306,102 

DESCRIPTION: 

This project is the second year of a multiple year program to refurbish aging tap changers at substations throughout 
the province.  The scope of the 2018 project is to refurbish the tap changers on the following six transformers: 
113H-T63 (Dartmouth East), 43V-T61 (Canaan Road), 91H-T62 (Tufts Cove), 131H-T62 (Lucasville), 79N-T81 
(Hopewell) and 120H-T72 (Brushy Hill).  The transformers completed under this project may vary due to changing 
priorities. This program is expected to be complete in 2020. 

Summary of Related CIs +/- 2 years: 
2017 CI 49929 2017 Tap Changer Replacements $318,236 

JUSTIFICATION: 

Justification Criteria:  Transmission Plant 

Sub Criteria:  Equipment Replacement 

Why do this project? 

Tap changers are critical pieces of equipment to the NS Power transmission system.  Tap changers are required to 
match transformer voltages to the system voltage and refurbishment of these devices is required to support the 
reliable operation of the transmission system.  A tap changer failure could lead to outages or power quality issues for 
customers. 

NS Power, in consultation with the tap changer manufacturer, developed a plan for tap changer refurbishment based 
on the number of operations (i.e. the number of times the tap changer has operated to match the transformer voltage 
to the system voltage), age of unit, available outage windows, type of tap changer, and long term replacement plans 
for transformers.  Details on the tap changers planned for 2018 are given below (data as of May 2017): 

Asset Description Location Manu. 
Year 

Ops 
Count 

Serial # 

101064 TAPCHANGER, 138, M 113H-T63 1989 89,177 184874 
104452 TAPCHANGER, 69, 400, D1-400 43V-T61 1969 Manual 46128 
109178 TAPCHANGER, 138, 500, M111D500-11OC 91H-T62 1981 5,699 86951 
101630 TAPCHANGER, 138, 350, M111D350 131H-T62 1989 47,812 184875 
107488 TAPCHANGER, 345, , M1-802-150/B 79N-T81 1991 13,034 184755 
101411 TAPCHANGER, 230, , MI1200 120H-T72 1978 41,164 83868 

Why do this project now? 

The six targeted tap changers are due for refurbishment based on the number of operations (i.e. the number of times 
the tap changer has operated to match the transformer voltage to the system voltage), age of unit, maintenance 
schedules, available outage windows, type of tap changer, and long term replacement plan for transformers.   

Why do this project this way? 

The refurbishment of the tap changers under this project are being completed per the OEM’s recommendation.  
Technicians from the tap changer manufacturer will complete the refurbishment of several components with the 
assistance of NS Power technicians/electricians.  The project requires experience and knowledge of rebuilding these 
complex assets and therefore it is most efficient to engage the manufacturer to complete the work. 
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: -CI Number 51863 2018 Tap Changer Replacements/Refurbishments Project Number 51863

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1455 1455 Transmission Plant General

4400 - TP - Substn.Transf. 306,102Additions

Total Cost:

Original Cost:

306,102

132,148

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51863

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 155 358$                 55,534$                

Sub-Total 55,534$                

ea. 6 5,036$              30,216$                
Lot 1 12,000$             12,000$                

Sub-Total 42,216$                

Lot 1 6,000$              6,000$                 
ea. 6 16,073$             96,439$                

Sub-Total 102,439$              

% 10% 144,655$           14,466$                
Sub-Total 14,466$                

22,695$                

Sub-Total 22,695$                

49,316$                
19,437$                

Sub-Total 68,753$                

214,655$              
306,102$              

Original Cost
132,148$              

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Tap Changer Overhaul (Manufacturer)

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

Oil & Shop Supplies

Contracts

Tap Changers

Contingency

2018 Tap Changer Replacements/Refurbishments

Boom Rental

Location:
CI# :
Title:

Regular Labor

Description

T&D Labor - Electrician / Technician

Transmission

Other Goods & Services

Labor AO
Administrative Overhead

Vehicle Overhead
Vehicle AO

Materials
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CI Number: C0001950 
 
Title: New Distribution Rights-of-Way Phase 3 
 
Start Date: 2018/03 
In-Service Date: 2018/03 
Final Cost Date: 2019/12 
Function Class: Distribution 
Amount: $9,822,493 
 
DESCRIPTION 
 
This project is to establish new rights-of-way for distribution feeders where none have previously existed on 
targeted circuits, and where current vegetation management maintenance practices have limited impact on 
preventing off right-of-way tree contacts.  The new rights-of-way will primarily be established adjacent to the road 
right-of-way edge, where the majority of distribution feeders are currently located and bordered by vegetation. 
 
The total New Distribution Rights-of-Way program is estimated to be between $80 million and $97 million. NS 
Power anticipates the 10 year program will cost approximately $8 million to $10 million annually to complete.  
 
The targeted circuits expected to be included in this project, subject to change based on factors such as feeder 
performance, permissions, and easements, are: 
 
   
11S-301 - Barrachois/Balls Creek 1N-405 - Valley 4C-424 - Antigonish/North Grant 
30N-412 - River Herbert 12V-304 - Lequille 62N-413 - Brookville/Thorburn 
50N-410 - Stellerton 15N-403 - Hilden 62N-414 - Alma/Greenhill 
56N-401 - Pictou/Bayview  1N-402 - Pleasant Valley/Urbania 62N-416 - Union Center 
57C-422 - Giants Lake 23W-302 - Clyde River 96H-411 - Sheet Harbour 
57S-401 - Albert Bridge/Catalone 25W-301 - Ohio 78C-311 - Guysborough Intervale 
59C-402 - St Peters 4C-430 - Salt Springs/West River 88H-401 - Musquodboit 
67C-411 -Mabou/Miramichi 4N-311 - Malagash 88H-402 - Moose River 
7N-301 - Pugwash 4N-312 - Tatamagouche 92W-302 - Kemptville 
85S-402 - Tarbot 62N-415 - Eureka/Stellerton  
 
Summary of Related CIs +/- 2 years: 
2016 CI 49611 New Distribution Rights-of-Way Phase 1 $2,215,397 
2017 CI 50796 New Distribution Rights-of-Way Phase 2 $3,353,445 
2019 CI TBD New Distribution Rights-of-Way Phase 4 $TBD 
2010 CI TBD New Distribution Rights-of-Way Phase 5 $TBD 
 
Depreciation Class: –Distribution Plant- Land Rights- Easements, Surveys and Clearing 
 
JUSTIFICATION:  
 
Justification Criteria: Distribution System 
 
Sub Criteria:  Outage Performance 
 
Why do this project? 
 
Tree contacts are the leading cause of outages, both during non-storm and storm events.  Over the last five years, 
tree contacts have caused over 15,300 outage events, 1.54 million customer interruptions and 8.45 million customer 
hours of interruption, which represents 27 percent, 23 percent and 38 percent of their totals, respectively. 
Approximately 80 percent of these tree contacts are caused by fallen trees from outside the right-of-way.  The 
vegetation management practices performed under NS Power’s maintenance program target vegetation within the 
rights-of-way and maintain existing, sustainable rights-of-way.  These activities prevent tree growth from causing 
outages, but do not address edge or off right-of-way trees.  Establishing new rights-of-way will reduce the 
occurrence of edge and off right-of-way tree contacts by increasing the separation between trees and distribution 
feeders. 

_
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Why do this project now? 
 
During the Post-Tropical Storm Arthur Review (M06321), the Board’s consultant, Liberty Consulting Group 
(Liberty) recommended NS Power accelerate the Distribution Right-of-Way sustainability efforts in order to achieve 
additional reliability benefits during major storm events.  As set out in NS Power’s February 13, 2015 Stakeholder 
Consultation Report, there was general stakeholder support for accelerating the sustainability program. 
 
A focus on removing trees within and along the edge of the NSTIR rights-of-way will result in more immediate 
improvements in reliability and require less reactive maintenance going forward.  Proactive establishment of new 
distribution rights-of-way will further improve customer reliability during major and extreme weather events. 
 
This project is forecast to be in-service when the first right of way is widened (March 2018), therefore the Final Cost 
date (December 2019) is six months after the last new right of way is forecast to be established (June 2019).  
 
Although CI 50796 - New Distribution Rights-of-Way Phase 2 – P&A was advanced due to the effective date of the 
Performance Standards of January 1, 2017, this project, and the broader capital program going forward, are not 
driven primarily by a need to achieve the reliability metrics under the Performance Standards, they are primarily 
driven by the findings of the Post-Tropical Storm Arthur Review as noted above, and general continuous 
improvements to customer reliability. 
 
Why do this project this way? 
 
Liberty’s report on its review of NS Power’s response to Post‐Tropical Storm Arthur included the recommendation 
that, for distribution rights-of-way, NS Power should “develop a comprehensive plan for reclaiming and/or widening 
the overgrown ROW corridors”. 1 
 
The distribution vegetation management program will be carried-out under three broad initiatives:  
 
(1) Operating activities for distribution vegetation management 
(2) Capital Routine D010 - Distribution Right‐of‐Way Widening 
(3) New Distribution Right-of-Ways individual capital projects (i.e. CI 49611, CI 50796, and CI C0001950) 
 
Taken together, these initiatives will address the findings of the Post‐Tropical Storm Arthur proceeding.  The scope of 
work to be completed under this CI and subsequent phases is to establish new rights-of-way where none have 
previously existed.  The new rights-of-way will primarily be established adjacent to the road right-of-way edge, where 
the majority of distribution feeders are currently located and bordered by vegetation. 

                                                      
1 Review of Nova Scotia Power Inc.'s (NSPI) state of preparedness and response to Post‐Tropical Storm Arthur, 
M06321, Liberty Consulting Group, Comments on Review of NS Power's Storm Response, Exhibit A‐4, September 
9, 2014, page 7. 

_
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: -CI Number C0001950 New Distribution Rights-of-Way Phase 3 Project Number C0001950

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

0200 - DP - Land Rights 9,822,493Additions

Total Cost:

Original Cost:

9,822,493

Total Cost:Original Cost:
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Capital Project Detailed Estimate

C0001950
New Distribution Rights-of-Way Phase 3

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

km 15 20,142$             302,130$              
km 5 20,142$             100,710$              
km 5 20,142$             100,710$              
km 25 20,142$             503,550$              
km 30 20,142$             604,260$              
km 15 20,142$             302,130$              
km 5 20,142$             100,710$              
km 10 20,142$             201,420$              
km 10 20,142$             201,420$              
km 4 20,142$             80,568$                
km 5 20,142$             100,710$              
km 10 20,142$             201,420$              
km 10 20,142$             201,420$              
km 20 20,142$             402,840$              
km 15 20,142$             302,130$              
km 25 20,142$             503,550$              
km 25 20,142$             503,550$              
km 15 20,142$             302,130$              
km 20 20,142$             402,840$              
km 10 20,142$             201,420$              
km 10 20,142$             201,420$              
km 15 20,142$             302,130$              
km 5 20,142$             100,710$              
km 20 20,142$             402,840$              
km 10 20,142$             201,420$              
km 10 20,142$             201,420$              
km 11 20,142$             219,342$              
km 10 20,142$             201,420$              
km 40 20,142$             805,680$              

Sub-Total 8,256,000$           

1,566,493$           
-$                      

Sub-Total 1,566,493$           

8,256,000$           
9,822,493$           

Original Cost
-$                      

Location:
CI# / FP#:

Title:

Distribution

Description

Contracts

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

11S-301
30N-412
50N-410
56N-401
57C-422
57S-401
59C-402
67C-411
7N-301
85S-402
1N-405
12V-304
15N-403
1N-402

23W-302
25W-301
4C-430
4N-311
4N-312
62N-415
4C-424

88H-401
88H-402
92W-302

62N-413
62N-414
62N-416
96H-411
78C-311
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CI Number: 52271 
 
Title:  2018 Padmount Replacement  
 
Start Date: 2018/01 
In-Service Date: 2018/01 
Final Cost Date: 2019/06 
Function Class: Distribution  
Forecast Amount: $1,657,205 
 
DESCRIPTION: 
 
This project will replace 80 padmount transformers identified through the padmount inspection program as at or 
near end of expected useful life.  NS Power has 4,205 padmount transformers across its fleet which are inspected 
annually.  The expected useful life of these assets is between 35-45 years.  This will be an ongoing program as part 
of lifecycle and condition management of the in-service distribution padmount transformer inventory. 
 
NS Power anticipates that a portion of the costs associated with this capital item will contribute toward settling the 
Company’s Asset Retirement Obligation for Polychlorinated Biphenyls (PCB) contaminated oil. 
 
Summary of Related CIs +/- 2 years: 
2016 CI 48093 2016 Padmount Replacement Program $1,911,470 
2017 CI 49806 2017 Padmount Replacement Program $1,703,774 
2019 CI TBD 2019 Padmount Replacement Program $TBD 
2020 CI TBD 2020 Padmount Replacement Program $TBD 
 
Depreciation Class: Distribution Plant- Line Transformers 
 
Estimated Useful Life: 40 years 
 
JUSTIFICATION:  
 
Justification Criteria: Distribution System 
 
Why do this project? 
 
Padmount transformer inspections have identified transformers that need to be replaced due to deterioration.  
Proactive, planned replacement of end of expected useful life padmount transformers mitigates the potential for 
prolonged, unplanned customer outages from transformer failure. 
 
This project will also aide in the prevention of environmental incidents, as padmount transformer failures can result 
in significant oil release, which is prohibited by environmental regulations and would result in remediation costs. 
 
Why do this project now? 
 
At or near end of expected useful life padmount transformers were identified through the padmount inspection 
process, and prioritized for replacement.  They will be replaced in a planned manner as part of NS Power's 
environmental due diligence. 
 
This project is deemed in-service when the first transformer is completed (January 2018), therefore the Final Cost 
Date (June 2019) is listed as six months after the last transformer is completed (December 2018). 
 
Why do this project this way? 
 
Padmount transformers are typically associated with commercial customers.  Planned replacement of end of expected 
useful life padmount transformers is conducted during an outage coordinated at the convenience of the customer.  The 
replacement of these transformers will minimize unplanned customer outages and mitigate potential environmental 
impact. 
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: -CI Number 52271 2018 Padmount Replacement Project Number 52271

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

4800 - DP - U/G Line Transf. 1,592,115Additions

4800 - DP - U/G Line Transf. 65,090Retirements

Total Cost:

Original Cost:

1,657,205

865,763

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52271
2018 Padmount Replacement

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 310 366$                  113,363$              
Lot 1 4,199$               4,199$                  

Sub-Total 117,562$              

Lot 80 14,300$             1,144,000$           
-$                      
-$                      

Sub-Total 1,144,000$           

Lot 1 80,000$             80,000$                
Lot 1 10,752$             10,752$                

-$                      
Sub-Total 90,752$                

% 10% 1,352,314$        135,231$              
-$                      

Sub-Total 135,231$              

48,043$                
Sub-Total 48,043$                

104,398$              
17,219$                

Sub-Total 121,617$              

1,487,545$           
1,657,205$           

Original Cost 865,763$              

Other Goods & Services

Vehicle Overhead

Contracts
Transformer deliveries

Flaggers

Materials
Padmount Transformers

Procurement / Financial Support

Contract AO

Contingency

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Labor AO

Vehicle Allocated Costs

Location:
CI# / FP#:

Title:

T&D Labor - Electrician/Technician

Distribution

Regular Labor

Description
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CI Number: 51493 

Title: 2018 PCB Pole Top Transformer Replacements 

Start Date: 2017/06 
In-Service Date: 2018/02 
Final Cost Date: 2019/06 
Function Class: Distribution 
Amount: $1,360,354 

DESCRIPTION: 

This project provides for the systematic removal of equipment containing polychlorinated biphenyl (PCB) materials 
in accordance with federal guidelines.  Regulations state that all pole top equipment containing PCBs in a 
concentration greater than 50 mg/kg must be removed from service by December 31, 2025.  In 2018, NS Power will 
replace approximately 250 of the known road-side transformers that exceed these limits.  This project includes the 
destruction of materials, as required. 

A portion of the capital costs associated with this capital item will contribute toward settling the Company’s Asset 
Retirement Obligation for PCB contaminated oil. 

Summary of Related CIs +/- 2 years: 
2016 CI 47721 – 2016 PCB Phase-out for Pole Top Transformers $4,409,579 
2017 CI 49919 – 2017 PCB Pole Top Transformer Replacement $2,446,051 
2019 CI TBD – 2019 PCB Pole Top Transformer Replacements $TBD 
2020 CI TBD – 2020 PCB Pole Top Transformer Replacements $TBD 
TBD CI TBD – Off-road/Rear-lot PCB Pole Top Transformer Replacements $TBD 

JUSTIFICATION: 

Justification Criteria: Environment 

Depreciation Class: Distribution Plant – Poles, Towers and Fixtures 
   Distribution Plant – Line Transformers 

Estimated Useful Life: 25-30 years 

Why do this project? 

The Canadian Council of Ministers of the Environment (CCME) has committed to a policy of phasing out the use of 
all PCBs in Canada.  In support of this policy, NS Power will be focusing on eliminating all pole top electrical 
transformers and related pole top auxiliary electrical equipment containing PCBs in a concentration of 50 mg/kg or 
more before December 31, 2025. 

Why do this project now? 

Proceeding with this work over a multi-year timeframe will allow the work to be incorporated into NS Power’s 
existing work plan and resources. 

This project is deemed in-service when the first pole top transformer is replaced (February 2018), therefore the Final 
Cost Date (June 2019) is listed as six months after the last pole top transformer is installed under this project 
(December 2018). 

Why do this project this way? 

An inventory of pole top assets was completed to identify the location and number of potentially contaminated 
transformers.  All units that test greater than the 50 mg/kg limit will be replaced.  Based on pole top transformer 
disposal data from 2004 to 2013, approximately 5 percent of the pole-top transformers replaced contained PCB 
concentration equal to or above 50 mg/kg.  Based on that percentage, NS Power anticipates 3,825 transformers of 
the 45,000 in-service will be replaced throughout the multiple annual projects.  The 2018 project is focused on 
continuing to replace known PCB transformers.  
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: -CI Number 51493-D861 2018 PCB Pole Top Transformer Replacements Project Number 51493-D861

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

3500 - DP - Wood Poles 83,966Additions

4100 - DP - O/H Line Transf. 1,108,983Additions

4100 - DP - O/H Line Transf. 167,405Retirements

Total Cost:

Original Cost:

1,360,354

288,388

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51493
2018 PCB Pole Top Transformer Replacement

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate Cost Support Reference
Completed Similar 

Projects (FP#'s)

PD 398 372$                  148,144$              
PD 96 386$                  36,975$                

Sub-Total 185,118$              

PD 13 744$                  9,339$                   

Sub-Total 9,339$                   

Lot 2 991$                  991$                      

Sub-Total 991$                      

ea. 379 1,900$               720,220$              
Lot 1 25,000$             25,000$                

Sub-Total 745,220$              

Lot 1 61,887$             61,887$                
-$                      

Sub-Total 61,887$                

Lot 1 571$                  571$                      
-$                      

Sub-Total 571$                      

% 10% 1,003,127$        100,313$              
-$                      

Sub-Total 100,313$              

84,163$                
-$                      

Sub-Total 84,163$                

161,483$              
11,269$                

Sub-Total 172,752$              

1,103,440$           
1,360,354$           

Original Cost
288,388$              

Location:
CI# / FP#:

Title:

T&D Labor - Design

Distribution

Regular Labor

Description

T&D Labor - PLT

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

OT Meals

 Administrative Overhead
COPS T&D Labor AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

COPS Contracts AO

Vehicle AO
Vehicle Overhead

 Materials

OT Labor
T&D Labor - PLT

Travel Expense
Travel

Pole Top Transformers

Contingency

Flaggers

Other Goods & Services

Miscellaneous overhead materials

Contracts

Meals
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CI Number:  52184 
 
Title: 37N-412 Glooscap Trail Rebuild Phase 2 
 
Start Date:  2018/01 
In-Service Date:  2018/04 
Final Cost Date:  2018/10 
Function Class:  Distribution 
Forecast Amount:  $858,046 
 
DESCRIPTION: 
 
This project provides for the replacement of deteriorated poles, conductor and insulators on the 607N-301G step-
down feeder section from 37N-412 along the Glooscap Trail near Spencer’s Island.  Approximately 96 poles will be 
replaced and upgraded as per current NS Power standards.  In addition, 5.5 kilometres of the existing #4 three-phase 
primary and #6 and #4 neutral conductor will be replaced with 2/0 AASC primary conductor and neutral.  
Additional replacements include approximately 250 insulators and 3 transformers. 
 
This project also provides for rebuilding of a 1.2 kilometre three-phase section of the off-road line on 37N-412 along 
Parrsboro Shore Road to the roadside.  The new line construction will require installation of 1.3 kilometres of 2/0 
AASC primary and neutral, approximately 90 insulators and 5 transformers.  The new line will primarily be 
constructed on Bell Aliant poles, however approximately 12 new NS Power poles will be installed.  The new line 
will be built along the road side and the existing line will be removed. 
 
Summary of Related CIs +/- 2 years: 
2017 CI 50772- 37N-412 Glooscap Trail Rebuild Phase 1 $771,476 
2019 CI TBD 37N-412 Glooscap Trail Phase 3 $TBD 
 
JUSTIFICATION:  
 
Justification Criteria: Distribution System 
 
Sub Criteria: Pole Strength 
 
Why do this project? 
 
The existing conductor and poles in both targeted areas are deteriorated and at risk of failure due to their age and 
condition, and the existing conductor cannot be worked on under live conditions.  In addition, the targeted section of 
line along Parrsboro Shore Road is currently located off-road.  Rebuilding the new line to roadside will improve 
accessibility for maintenance and outage restoration, and improve reliability for customers by reducing exposure to 
tree contacts. 
 
Why do this project now? 
 
The existing poles and conductor are over 55 years old and have reached the end of their expected service life.  
Inspections of the targeted devices and assessment based on age, condition and risk of failure have determined that 
replacements are required. 
 
Why do this project this way? 
 
There is no alternative source of supply for the customers in the targeted areas.  Building the new line along the road 
side will improve accessibility for outage response.  Poles will be upgraded in accordance with current NS Power 
standards. 
 
The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 
designed to optimize the allocation and execution of PLT resources among work requirements. 

_
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1. Rebuild approximately 5.5 kilometers of line along 607N-301G  
 
 
 
 
 
 
 

_
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1. Build new 1.3 kilometer 3-phase line along Parrsboro Shore Rd on 37N-412 
2. Remove existing off-road line 

 
 
 
 

 
 

_
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: -CI Number 52184 37N-412 Glooscap Trail Rebuild Phase 2 Project Number 52184

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

3500 - DP - Wood Poles 381,491Additions

3900 - DP - O/H Cond. 274,560Additions

4100 - DP - O/H Line Transf. 88,031Additions

5200 - DP - Services 12,541Additions

3500 - DP - Wood Poles 33,249Retirements

3900 - DP - O/H Cond. 24,711Retirements

4000 - DP - O/H Cond.Devices 9,942Retirements

4100 - DP - O/H Line Transf. 12,711Retirements

5000 - DP - Street Lights 9,942Retirements

5200 - DP - Services 10,865Retirements

Total Cost:

Original Cost:

858,046

67,917

Total Cost:Original Cost:

_
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Capital Project Detailed Estimate

52184
37N-412 Glooscap Trail Rebuild Phase 2

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 354 367$                  129,981$              
Lot 1 18,089$             18,089$                

-                        
Sub-Total 148,070$              

Lot 1 63,354$             63,354$                
Lot 1 46,792$             46,792$                
Lot 1 141$                  141$                     
Lot 1 13,424$             13,424$                
Lot 1 2,436$               2,436$                  
Lot 1 369$                  369$                     

-$                      
Sub-Total 126,514$              

Hrs. 81,669$                
Lot 1 105,609$           105,609$              
Lot 1 100,801$           100,801$              

Sub-Total 288,078$              

% 10% 414,592$           41,459$                

Sub-Total 41,459$                

60,511$                

Sub-Total 60,511$                

131,492$              
54,660$                

186,151$              

7,263$                  

Sub-Total 7,263$                  

604,122$              
858,046$              

Original Cost 67,917$                

Vehicle Allocated Costs
Vehicle Allocated Costs 

Other Goods and Services 
Contingency

Overhead Conductor

Contract Line Work
Flagging
Backhoe

Contracts

Cutouts
Overhead Line Transformers

Services

Materials

LED Streetlights

Poles

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Admin Overheads 
Labor AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

AFUDC Interest Capitalized
AFUDC

Contract AO

T&D Labor - PLT
Procurement / Financial Support

Location:
CI# / FP#:

Title:

Distribution

Regular Labor

Description

_
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CI Number:  52224 

Title: 532N Elm Street Conversion Phase 2 & 3 

Start Date: 2018/04 
In-Service Date: 2019/03 
Final Cost Date: 2019/09 
Function Class: Distribution 
Amount: $722,113 

DESCRIPTION: 

This project will implement recommendations 6.2.1 and 6.2.2 of the New Glasgow/Stellarton 4kV Distribution 
Planning Study 362-0615-E30 (please refer to Attachment 1).  Sections 6.2.1 and 6.2.2 recommend converting the 
remainder of the existing 4kV line that is being supplied from 532N Elm Street substation to 25kV.  In order to 
complete this conversion, the existing double circuit line along Mitchell Street, north of Elm Street, will be 
reconstructed, due to deterioration, to hold a single 25kV circuit.  Additional replacements include upgrading 1.5 
kilometers of existing primary conductor with a mixture of 336 AASC and 2/0 AASC, replacement of approximately 
37 deteriorated poles, framing and insulators and the replacement of all existing single-tap transformers with dual-tap 
transformers. 

Summary of Related CIs +/- 2 Years: 
2017 CI 49799 - 532N Elm Street Conversion Phase 1 - $548,688 
2019 CI TBD - 64N Lourdes Phase 1 - $TBD 
2019 CI TBD - 64N Lourdes Phase 2 - $TBD 

JUSTIFICATION: 

Justification Criteria: Distribution System 

Why do this project? 

The existing 532N-Elm Street step-down substation equipment, infrastructure and associated 4kV distribution 
system are deteriorated.  The condition of the targeted assets is further described in section 2.4.3 of planning study 
362-0615-E30 (please refer to Attachment 1).  If the 532N-T1 transformer failed, there would be an extended outage 
to approximately 500 customers as outlined in the contingency analysis in section 4.2.1. 

Why do this project now? 

The 532N step-down substation equipment and 4kV distribution plant are up to 60 years old and have reached the 
end of their expected useful lives, as outlined in section 4.3.  Two additional phases of conversion and load transfer 
must be completed before 532N can be retired, as outlined in Section 6.2 of the planning study.  These projects were 
recommended for 2017 in Section 6.2, however were not initiated in 2017 due to the ongoing, and detailed 
assessment of all of the 4kV systems included in the study area.  The recommendation to complete all 4kV 
conversions in the study by 2023 will be achieved by retiming the plans for conversions in future years. 

Why do this project this way? 

Alternatives are outlined in section 5.1 of the planning study, including voltage conversion to decommission the 532N 
substation, replacement of the substation with step-down transformers, and replacement of the substation with 
padmount transformers.  The voltage conversion alternative was determined to be the most economical solution, as 
outlined in section 5.1.4. 

The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 
designed to optimize the allocation and execution of PLT resources among work requirements. 
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1. Upgrade existing conductor to 2/0 AASC and 336 AASC, replace targeted deteriorated poles, 
framing, insulators and the replacement of all existing single-tap transformers with dual-tap 
transformers to convert existing 4kV line to 25kV. 

2. Retire 532N step-down substation. 
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: -CI Number 52224 532N Elm Street Conversion Phase 2 & 3 Project Number 52224

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

0200 - DP - Land Rights 51,487Additions

3500 - DP - Wood Poles 245,569Additions

3800 - DP - Insulators 22,014Additions

3900 - DP - O/H Cond. 104,736Additions

4000 - DP - O/H Cond.Devices 2,238Additions

4100 - DP - O/H Line Transf. 36,866Additions

4800 - DP - U/G Line Transf. 155,340Additions

3500 - DP - Wood Poles 26,012Retirements

3900 - DP - O/H Cond. 19,580Retirements

4000 - DP - O/H Cond.Devices 1,074Retirements

4100 - DP - O/H Line Transf. 5,250Retirements

4800 - DP - U/G Line Transf. 51,947Retirements

Total Cost:

Original Cost:

722,113

44,639

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52224
532N Elm Street Conversion Phase 2 & 3

Execution Year: 2018/2019

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

Lot 1 10,143$             10,143$                
Sub-Total 10,143$                

Lot 1 38,622$             38,622$                
Lot 1 856$                  856$                     
Lot 1 15 221$             15 221$                
Lot 1 535$                  535$                     
Lot 1 24 228$             24 228$                
Lot 1 91 800$             91 800$                

Sub-Total 171,262$              

Hrs. 255 366$              
Lot 1 25 000$             25 000$                
Lot 1 54,190$             54,190$                
Lot 1 46,800$             46,800$                

Sub-Total 381,356$              

Lot 1 15,000 00$        15,000$                
Sub-Total 15,000$                

% 10% 562,761$           56,276$                
Sub-Total 56,276$                

72,358$                

Sub-Total 72,358$                

15,718$                
Sub-Total 15,718$                

634,037$              
722,113$              

Original Cost 44,639$                

Location:
CI# / FP#:

Title:

Distribution

Regular Labor

Description

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Interest Capitalized
AFUDC

Poles
Materials

Contract AO

Procurement / Financial Support

Contingency

Insulators
Conductor

Backhoe

Cutouts

Contract Line Work
Tree Trimming

Overhead Line Transformer
Underground Line Transformer

Other Goods & Services

Flagging

Contracts

Royalty, Easement, Appraisal
Easements
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Report 362-0615-E30-Rev. 0  
i 

EXECUTIVE SUMMARY 
 

This study was initiated by the Eastern Territory, to determine solutions for aging/defective 4kV 
stepdown transformers in New Glasgow. The scope of this study encompasses the solutions to 
correct high priority issues in New Glasgow and the future of the 4kV system. 
 
It was determined that conversion to 25kV is the best solution for all 4kV distribution remaining in 
the Stellarton area. Priority of conversions was determined through discussion with representatives 
from distribution planning, regional engineering, capital engineering, system maintenance and 
environmental services. Some temporary measures were identified, and assuming their completion, 
the following priority was agreed upon: 

1. 532N-Elm St 
2. 64N-Lourdes 
3. 61N-Provost St 
4. 528N-Granville St 

 
This study makes recommendations by capital year for the phased conversion of these 4kV 
systems. There are currently no recommendations for capital work on the 25kV systems in this 
area; however, they should be studied again by 2020. To enable this study, communication work 
needs to be completed to enable the collection of interval data at 50N-Trenton and all 
interconnected distribution generation sites in the Stellarton area. This will allow for peak feeder 
loads to be determined annually.  
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1.0 SCOPE 
This study was initiated by the Eastern Territory, to determine solutions for aging/defective 4kV stepdown 
transformers in New Glasgow. The scope of this study includes the solutions to correct high priority issues 
in New Glasgow as well as a longer term plan for the remaining 4kV distribution. 
 
The 4kV step-downs under study are fed from 50N-Trenton and 62N-Bridge Ave. The state of these 
substations will be considered within this study, although there are no imminent issues with either of these 
25kV distribution networks. Timing for a future study will be recommended.   
 
The focus of this study will be on the 4kV step-down sites in New Glasgow: 61N-Provost, 528N-
Granville, 532N-Elm and 64N-Lourdes. There have been a variety of issues identified at these sites which 
pose risks to the environment as well as the reliability of the 4kV distribution in this area. 

2.0 EXISTING SYSTEMS 

2.1 Transmission  
The 50N-Trenton substation serves as the connection point for Trenton Thermal Generating Station and is 
along the route of a major transmission corridor spanning from Cape Breton to the hub in Truro. The 
230kV transmission passes by this station as the 138kV system supplies sub-transmission in the area via 
lines: L-6503, L-6507, L-6508 and L-6511. The transmission system will not be affected within the scope 
of this study. 

2.2 Sub-Transmission 
The sub-transmission system within the Stellarton area operates at 69kV. It is supplied by two 138-69kV 
auto-transformers located at 50N-Trenton. From there, a 69kV N.O. loop is made with 62N-Bridge Ave 
(L-5500 and L-5501) as well as a radial feed to 54N-Abercrombie (L-5502). From 62N-Bridge Ave 
another radial feed (L5510) goes to 89H-Trafalgar. The sub-transmission system will not be affected 
within the scope of this study. 
 

 
Figure 1  Stellarton Area Transmission 
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2.3 Distribution (25kV) 
The 25kV distribution is not the area of focus for this planning study; however 25kV circuits from 50N-
Trenton and 62N-Bridge Ave feed the 4kV distribution that is under study. There are no current or 
imminent issues with the 25kV distribution system that would justify capital expenditure, however the 
timing for a future study will be recommended.  

2.3.1 50N-Trenton 

The 50N-Trenton substation has two power transformers, T51 and T13. Transformer T51 has one 13.8kV 
feeder which supplies industrial customers along the East River of Pictou in Trenton. Transformer T13 has 
four feeders which cover a large area including: Trenton, Abercrombie, Pictou Landing, the north half of 
New Glasgow and the eastern extents of the Stellarton depot.  

2.3.2 62N-Bridge Ave 

The 62N-Bridge Ave substation in Stellarton  has a unique configuration that is not standard for NS 
Power. There are two power transformers (T1/T2) which are connected in parallel to service six feeders. 
These feeders cover a large area including: Stellarton, Westville, the south half of New Glasgow and the 
southern extents of the Stellarton depot. 

2.4 Distribution (4kV) 
The 4kV distribution, stepped-down from 25kV circuits of 50N-Trenton and 62N-Bridge Ave, will be the 
focus of this study. 
 
Error! Reference source not found.1 provides the transformer data for the 4kV step-downs that are 
directly impacted by the scope of this study. The stepdown substations will be looked at in greater detail. 
The phasing out of 4kV single phase pole or platform mounted transformers will be recommended as part 
of this study, but studied in less detail. 
  
Table 1   Stellarton 4kV Step-down Transformers 

Substation 
25kV 

Source 
Transformer Data 

ID MAN kV Rating kVA Year 
61N-Provost 50N-412 T1 Pioneer Electric 24-4.16 5000/6667 1968 

528N-Granville 62N-412 T1 General Electric 22-4 5000/5600 1967 
532N-Elm St 50N-411G T41 Brown Boveri 23.9-4.16 2000 1956 
64N-Lourdes 62N-411 T1 Packard Electric 22.55-4 1000 1956 

534N-Duchess 50N-412 T1 General Electric 24.94-4.16 1000 1958 
519N-Drummond  62N-416 T1 N/A 24.94-4.16 1500 1970 

658N-Pictou Landing (platform) 50N-415 T41 N/A 14.4-2.4 333x1ph N/A 
536N-Woodburn (platform) 50N-410 T1 N/A 14.4-2.4 500x1ph N/A 
664N-Claremont (platform) 62N-415 T1 N/A 14.4-2.4 167x2ph N/A 

530N-Thorburn (pole) 62N-413 T1 N/A 14.4-2.4 100x1ph N/A 
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2.4.1 61N-Provost Street 

The 24-4.16kV 5MVA power transformer T1 at 61N-Provost Street was commissioned in 1968. It is fed 
from 50N-Trenton Thermal feeder 412. The feeders from 61N-Provost supply most of downtown New 
Glasgow, east of the river, as shown in Figure 2. There are approximately 1600 customers fed from this 
stepdown, mostly residential with some commercial.   
 
This stepdown transformer has 4 feeders: 61N-201, 202, 203 and 204. Two of these 4kV feeders are tied 
to feeders from a nearby stepdown transformer at 528N-Granville Street: 

- 61N-201 ties to 528N-201 on Stewart Street 
- 61N-202 ties to 528N-202 on Marsh Street 

 
This transformer is not overloaded and growth has been relatively flat in the area. The main area of 
concern in this location is the risk of environmental contamination. There are visible signs oil leakages 
and the oil level is intentionally left low to prevent excessive leakage.  
 
Running this transformer below recommended oil levels also puts it at greater risk of failure. In the event 
of failure, this substation has the space and cable runs required to accommodate a mobile transformer. 
 
 

 
Figure 2  61N-Provost Street Extents 
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Figure 3  Photos of 61N-Provost St 

2.4.2 528N-Granville Street 

The 22-4kV 5MVA power transformer T1 at 528N-Granville Street was commissioned in 1967. A voltage 
regulator was installed to buck the voltage on the high side and allow this transformer to operate as a 25-
4kV stepdown. This substation supplies load to southeast New Glasgow as shown in Figure 4. 
 
The original voltage regulator is out of service but was not removed because it sits on the same set of 
support rails as the transformer and acts as a counter-weight. Engineering of a solution to allow for its 
removal is underway. This voltage regulator introduces environmental risk to the site as it is an oil filled 
container and its failure could go unnoticed for some time since it is out of service. There are also visible 
signs of oil leakages and the oil level is intentionally left low to prevent excessive leakage. 
 
The stepdown transformer has 2 feeder exits: 528N-201 and 202. They are tied to 61N-201 and 202 as 
mentioned above. There is no space for a mobile transformer at this location. 
 
This transformer is lightly loaded in an area with little growth.  
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Figure 4  528N-Granville St Extents 

 

 
Figure 5  Photos of 528N-Granville St 
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2.4.3 532N-Elm Street 

The 23.9-4.16kV 2MVA power transformer T41 at 532N-Elm Street was commissioned in 1956. To 
operate as a 25-4kV stepdown, three pole top transformers were installed in reverse polarity to buck the 
voltage to 2400V. The cases of the pole top transformers are painted red and are considered to be live as 
they are mounted on insulators. These transformers are suspected to be PCB contaminated, since they are 
of a pre-1982 vintage.  
 
There are visible signs of oil leakages on this power transformer and the oil level is intentionally left low 
to prevent excessive leakage. There would be risk in maintaining this unit, as there are no spare parts 
available for it.  
 
The 25kV underground cables appear weathered and the potheads are at about 7 feet above the ground. 
Due to this, any work on this transformer would likely be within the limits of approach specified in our 
safety standards. 
 
This stepdown transformer has 1 feeder exit, 532N-201. It is tied to adjacent 4kV feeder 64N-201. There 
is no space for a mobile transformer at this location. 
 
Overall, this is an unsightly substation in an established residential neighbourhood without readily 
available contingency. The load growth is flat in this area and has not reached the nameplate capacity of 
this transformer. 
 

 
Figure 4  532N-Elm St Extents 
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Figure 6  Photos of 532N-Elm St 

2.4.4 64N-Lourdes 

The 22.55-4kV 5MVA power transformer T1 at 64N-Lourdes was commissioned in 1956. It is the most 
visually appealing of the four stepdown substations in New Glasgow, but also the most heavily loaded. 
 
There are visible signs of oil leakages on this power transformer and the oil level is intentionally left low 
to prevent excessive leakage. 
 
This stepdown transformer has 1 feeder exit, 64N-201. It is tied to adjacent 4kV feeder 532N-201. There 
is space on this site for a mobile transformer, although there are no existing provisions for one to be 
installed. 
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Figure 7  64N-Lourdes Extents 
 

 
Figure 8  Photos of 64N-Lourdes 
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2.4.5 534N-Duchess Avenue 

The 24.94-4.16kV 1MVA power transformer at 534N-Duchess was commissioned in 1958.  
 
Due to heavy overload of this transformer, a large section of its load was converted to 25kV in 2014 (see 
Figure 10). Based on the reduction from 2990 to 2135kVA (connected) and 60 to 327 customers, it is 
estimated that the load on this transformer was reduced by 30%. 
 
There are visible signs of oil leakages on this power transformer and the oil level is intentionally left low 
to prevent excessive leakage.  
 
This stepdown transformer has one feeder exit, 534N-201, which is isolated from other 4kV feeders. In the 
event of failure, there is space for a mobile transformer. 

 
Figure 9  534N-Duchess Extents (2015)  
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Figure 10 534N-Duchess Conversion (2014) 
 

 
Figure 11 Photo of 534N-Duchess Ave  
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2.4.6 519N-Drummond Road 

The 24.94-4.16kV 1.5MVA power transformer at 519N-Drummond was commissioned in 1970.  
 
In 2012, a partial conversion to 25kV was completed in this area (See Figure 13). Based on the reduction 
from 674 to 484 customers, it is estimated that the load on this transformer was reduced by 30%. 
 
This stepdown transformer has one feeder exit, 519N-201, which is isolated from other 4kV feeders. In the 
event of failure, there is minimal to no space for a mobile transformer. 

 

  
Figure 12 519N-Drummond Extents  
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Figure 13 519N-Drummond Conversion (2012) 
 

 
Figure 14 Photo of 519N-Drummond 
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2.5 Distributed Generation 
There are currently three distributed generation sites in service and two more planned for the Stellarton 
area on 25kV distribution from 50N and 62N. 
 
Table 2  Stellarton Distributed Generation 

IR# Site# Name Feeder Size In Service Date 

IR312  717N Auld’s Mountain 50N-410  4.6MW April 2015 

IR257 82N Irish Mountain 62N-413 1.99MW November 2013 

IR388/464 718N Forbes Lake  62N-413 6.4MW April 2015 

IR308 724N Avondale 50N-410 1.6MW Future (Oct 2015) 

IR333 722N Limerock 62N-414 4.8MW Future (Aug 2015) 

 
The distributed generation does not affect the peak data or recommendations for the 4kV distribution. For 
the 25kV distribution, 82N Irish Mountain may have distorted peak feeder readings for 62N-413 for 2014 
and 2015 peaks. Unfortunately there is no interval (PI) data available for this feeder during these peaks, 
however there is interval (MV90) data available for 82N itself.   
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3.0 LOAD HISTORY AND FORECAST 
The 25kV distribution is comprised of long rural feeders and small towns. The 4kV distribution under 
study is mostly residential with a small number for commercial customers. As illustrated in the load 
history for these feeders, Appendix B, the feeders being studied have had a larger winter peak than 
summer. Historical load data for the feeders and transformers being studied was collected from the 
Distribution Load Check Database and PI data where available. Historical data was used to determine load 
growth rate and forecast future peak loads. Peak loads should be compared against the rated load and the 
Capital Expenditure Justification Criteria (CEJC). 

3.1 Load Forecast 
Customer load has grown at a modest pace in the Stellarton area. There is insufficient data for a load 
history/forecast for 534N, 519N, 658N, 536N, 664N and 530N. Clip data recorded in the Eastern Region 
Load Protection Report was used to determine if overloads exist on these stepdown transformers.  
 
Table 3  Load Protection Report Clip Data 

Transformer Customers (#) Rating (kVA) 2014 Clip (kVA) 2015 Clip (kVA) % Loading (max) 

519N-T1 484 1500 1236 1145 82% 

534N-T1 327 1000 1308 NA 131% 

530N-T1 41 100 130 89 130% 

536N-T1 108 500 283 NA 57% 

658N-T41 186 333 300 NA 90% 

664N-T1 Ph A 101 167 220 218 132% 

664N-T1 Ph C 108 167 182 200 120% 
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The growth rates indicated in following tables were determined through examination of the peak load 
check data over the past 15 years. The forecasted load growth was then calculated using the 90th percentile 
of a linear fit, to determine potential peak load growth in the area. In bold are actual recorded values, 
other values have been estimated from historical data.  The 25kV feeders have not been included in these 
tables, but plots can be found in Appendix B. 
 
Table 4  90th Percentile Load Forecast 25kV  

Year / Peak MVA 50N-T13 62N-T1/T2 

Rating/CEJC 28/37.2 MVA 40/53.2 MVA 

Current Customers 5015 9735 

Load Growth 1.13% 1.10% 

2014 24 44.1 

2015 28.5 46.5 

2016 29.0 47.0 

2017 29.3 47.6 

2018 29.7 48.1 

2019 30.0 48.7 

2020 30.4 49.2 

2021 30.7 49.8 

2022 31.1 50.3 

2023 31.4 50.9 

2024 31.8 51.4 

2025 32.1 52.0 

2026 32.5 52.5 

2027 32.8 53.1 

2028 33.2 53.6 

2029 33.5 54.2 

2030 33.9 54.7 
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Table 5  90th Percentile Load Forecast 61N-Provost 

Year / Peak MVA 61N-T1 61N-201 61N-202 61N-204 61N-205 

Rating/CEJC 6.67/8.87 MVA 300/325 A 300/325 A 300/325 A 300/325 A 

Current Customers 1604 132 332 559 581 

Load Growth 0.55% 0.32% -1.16% 0.70% 1.92% 

2014 5.0 72 234 222 290 

2015 5.1 70 212 236 306 

2016 5.4 73 222 238 313 

2017 5.4 73 220 239 320 

2018 5.4 73 218 241 326 

2019 5.5 73 215 243 333 

2020 5.5 74 213 245 340 

2021 5.5 74 210 246 347 

2022 5.6 74 208 248 353 

2023 5.6 74 206 250 360 

2024 5.6 75 203 251 367 

2025 5.7 75 201 253 374 

2026 5.7 75 199 255 380 

2027 5.7 75 196 257 387 

2028 5.7 76 194 258 394 

2029 5.8 76 192 260 401 

2030 5.8 76 189 262 407 

 
Table 6  90th Percentile Load Forecast 528N-Granville, 532N-Elm, 64N-Lourdes 

Year / Peak MVA 528N-T1 528N-201 528N-202 532N-T41 64N-T1 532N/64N  

Rating/CEJC 5.6/7.45 MVA 300/325 A 300/325 A 2/2.66 MVA 1/1.33 MVA Coincidence 

Factor Current Customers 802 395 407 494 374 

Load Growth 0.62% -0.76% 0.77% -1.16% 1.24% 90% 

2014 1.91* 170 115* 1.44 1.22 2.39 

2015 2.02* 142.0 148* 1.44 1.21 2.39 

2016 2.13 166.7 150.5 1.58 1.40 2.68 

2017 2.15 165.4 151.7 1.56 1.42 2.69 

2018 2.16 164.2 152.9 1.54 1.44 2.69 

2019 2.18 163.0 154.1 1.53 1.46 2.69 

2020 2.19 161.8 155.3 1.51 1.48 2.69 

2021 2.20 160.6 156.5 1.49 1.50 2.69 

2022 2.22 159.4 157.7 1.48 1.52 2.69 

2023 2.23 158.2 158.9 1.46 1.53 2.69 

2024 2.24 157.0 160.1 1.44 1.55 2.70 

2025 2.26 155.7 161.3 1.42 1.57 2.70 

2026 2.27 154.5 162.5 1.41 1.59 2.70 

2027 2.29 153.3 163.8 1.39 1.61 2.70 

2028 2.30 152.1 165.0 1.37 1.63 2.70 

2029 2.31 150.9 166.2 1.36 1.65 2.70 

2030 2.33 149.7 167.4 1.34 1.67 2.70 

 *Data not available, values approximated using scaled clip measurements. 
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4.0 JUSTIFICATION FOR EXPENDITURE 
The following section identifies issues that warrant correction based on NSPI’s Capital Expenditure 
Justification Criteria.  

4.1 Overloads  
There is only one overload condition that is expected within the study period for 25kV distribution: 
62N-T1/T2 transformer is expected to peak above 133% of rating in 2028, based on load history 
 
There are two overload conditions expected within the study period for 4kV distribution:  

• 61N-205 feeder is expected to peak above 325A in 2018, unless load is transferred  
• 64N-T1 transformer peaked above 133% of rating in 2012 and 2013 and is expected to reach 

similar peak values in the coming years.  
 
An overload condition was present on 534N-T1 in 2013 and 2014 above 133% of rating. Data is not 
available for 2015 winter peak. In 2014, approximately 30% of the connected kVA was removed from this 
stepdown through conversion to 25kV. Based on this, the 2015 winter peak is estimated at 100% of rating. 
The peak winter load is not expected to exceed 133% of rating within the study period. 
 
There are single phase stepdown transformers that are at or approaching overload. Based on 2014 clip data 
in the Eastern Region Load Protection Report, it is very likely that 530N-Thorburn and 664N-Claremont 
have exceeded 133% of rating during winter peak. 

4.2 Contingency Loss of Supply  
The 4kV distribution in New Glasgow is divided by the East River of Pictou. There are two stepdown 
substations on each side, but they are unable to provide full contingency on either side. The conclusions 
within this section were determined through modeling single contingency situations during 2015 winter 
peak loading. Other 4kV in the Stellarton area is completely isolated from alternate supplies.  

4.2.1 532N-Elm St and 64N-Lourdes 

These two substations supply similar loads. They are tied by a long run of #2 bare copper conductor, 
which causes voltage drop well below acceptable limits in a situation where 64N provides contingency for 
532N. Peak load would greatly exceed 133% of the rating of 64N-T1. There is no room for a mobile 
transformer near the 532N-Elm St substation. There would be an extended outage to approximately 500 
customers if 532N-T41 were to fail. 
 
In the event of 64N-T1 failure, it is possible that Elm St could pick up the load, however voltage drop 
would be a concern in some areas during peak load. The 2015 peak load for 532N and 64N is just under 
133% of 532N-T41 rating, however based on forecasted load, this would be exceeded in 2016. There is 
space for a mobile transformer at the 64N-Lourdes site, however there is nothing currently in place to 
facilitate installation. The outage duration would be the length of time required to transfer load in most 
cases, and the time required to install a mobile transformer during peak load. There are approximately 375 
customers supplied by 64N. 
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4.2.2 61N-Provost and 528N-Granville 

There are feeder ties between 61N-201/528N-201 as well as 61N-202/528N-202. These feeder ties cannot 
be used for contingency during winter peak conditions due to voltage drop below acceptable limits. In an 
off-peak situation, load could be transferred between these feeders for contingency. For feeders 61N-204 
and 205 the load cannot be picked up by 528N-Granville, even off-peak. 
 
In the event of 61N-T1 failure during peak load, customers would experience outages until the mobile 
transformer could be installed at the 61N-Provost site. The site has been built to accommodate a mobile 
transformer. There are approximately 1600 customers supplied from this substation. 
 
In the event of 528N-T1 failure during peak load, outage duration would be dependent on the installation 
of an available replacement transformer. There is no space for a mobile unit at the 528N-Granville site. 
There are approximately 800 customers supplied from this substation. 

4.2.3 534N-Duchess 

There are no other 4kV feeders near 534N-Duchess. In the event of 534N-T1 failure, outage duration 
would be dependent on the installation of an available replacement transformer or mobile transformer. The 
site has not been built to accommodate a mobile transformer, but there is some space available. There are 
approximately 330 customers supplied from this substation. 

4.2.4 519N-Drummond 

There are no other 4kV feeders near 519N-Drummond. In the event of 519N-T1 failure, outage duration 
would be dependent on the installation of an available replacement transformer. There is no space for a 
mobile unit at the 519N-Drummond site. There are approximately 485 customers supplied from this 
substation. 

4.2.5 Single Phase Stepdowns 

The four other small pockets of 4kV in the Stellarton area: 658N-Pictou Landing, 536N-Woodburn, 664N-
Claremont and 530N-Thorburn have similar deteriorated plant.  
 
There are no other 4kV feeders near any of these platform or pole mounted stepdowns. In the event of 
failure, the outage duration would be dependent on the installation of an available replacement 
transformer. For 530N-Thorburn, replacement from stores should be very straight forward as it is only a 
100kVA pole mounted transformer. Spares should also be available for the platform mounted 
transformers, however outage impact would be greater. 
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4.3 Deteriorated Plant 
The majority of 4kV distribution plant in Stellarton is greater than 50 years old. There are many safety, 
environmental and reliability concerns due to the age of this equipment: 

• Deteriorated #4 copper conductor has decreased tensile strength and presents a greater hazard for 
live line work. 

• Chronically weeping transformers are left running on low oil to prevent excessive leakage. Lids 
can be tightened, however tightening of leaking gaskets could cause more harm than good. There 
are signs of oil leakage around the base of transformers. This condition is present at all 4kV 
substations in the Stellarton area: 532N, 64N, 61N, 528N, 534N and 519N. 

• Historically, equipment failure has caused 4kV conversion to 25kV to proceed unplanned. This 
results in a much higher cost and customer impact than a planned approach. 

• The 4kV voltage level is no longer one of the standard voltages for distribution at NSPI – in 
service and spare equipment will be phased out when possible.  

 
Unique conditions exist at certain substations as explained in the Existing Systems section. These 
conditions provide additional justification for expenditure: 

• 532N-Elm St  
� Using pole top transformers with possible PCBs to buck voltage and allow a 23.9-4.16kV 

transformer to be used to step down 25kV. 
� Unsightly equipment and graffiti, in an established residential neighbourhood. 
� 25kV potheads are only 7 feet above ground, so it is easy to be within the limits of 

approach  
� Center phase pothead has been replaced; failure of other two phases may be imminent.  

• 528N-Granville St 
� Out-of-service, oil-filled regulator is sitting on the same rails as power transformer, acting 

as a counter weight. This presents an unnecessary environmental risk.   
� Sagging timbers support switches (A, B, C) 
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5.0 SOLUTIONS AND EVALUATION 
There is significant justification to correct the deficiencies present in the 4kV distribution in Stellarton. 
The alternative to “Do Nothing” has not been considered as this would certainly result in environmental 
incidents, extended customer outages and economic loss for NSPI. 
 
Deteriorated plant conditions and loss of supply contingency requirements have been used to prioritize the 
areas to correct. Top priorities were agreed upon by key stakeholders from System Maintenance, Regional 
Engineering, Capital Engineering, Environmental Services and Distribution Planning: 

1. 532N-Elm Street 
2. 528N-Granville Street 
3. 61N-Provost Street 
4. 64N-Lourdes 

 
System Maintenance and Environmental Services will be performing work to alleviate certain issues in the 
short term: 

• Install mobile transformer at 61N-Provost to allow: site clean-up and soil testing, transformer 
maintenance to potentially slow leaking of oil 

• Engage a Civil Engineer to design a solution for the removal of the out of service regulator at 
528N-Granville 

 
This study recommends the phased conversion of 532N-Elm St and 64N-Lourdes proceeds immediately, 
followed by the phased conversion of 61N-Provost and 528N-Granville. All other conversions should 
follow based on observed conditions. 
 
Within the scope of conversion to 25kV is the replacement of all distribution transformers, along with a 
percentage of conductor, poles, insulators and anchoring. The estimates are based on the scoping of one 
section of the 4kV distribution from 532N-Elm St. The rest of the 4kV distribution in New Glasgow is of 
approximately the same age and condition.  

5.1  532N-Elm and 64N-Lourdes (New Glasgow East) 
To resolve the issues at 532N-Elm Street and 64N-Lourdes, three options were considered: 

• Convert the area to 25kV and decommission both substations 
• Install 3 platform mounted stepdown locations and decommission both substations 
• Replace both transformers with new padmounts and maintain 4kV distribution 

 
Each alternative is proposed in phases and completed in 2017. 

5.1.1 Alternative NG East-A, Convert to 25kV 

This alternative is a phased approach to converting all of 532N and 64N load to 25kV. The conversion of 
this area would be completed in three phases for 532N-Elm St and two phases for 64N-Lourdes. The 
conversions should overlap, with both substations being decommissioned in 2017.  
 
This conversion strategy allows both existing substations to remain in service and provide contingency for 
each other during conversion. Once the first phase of each conversion is complete, either substation could 
handle the remaining 4kV winter peak. Once conversion is complete, contingency is handled within the 
25kV system. Recommendations for specific conversion steps by capital year can be found in Section 6.  
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Figure 15 Geographic Overview of NG East-A Phases 

5.1.2 Alternative NG East-B, Three Stepdown Locations 

This alternative replaces the existing 4kV substations at 532N-Elm and 64N-Lourdes with three new 
500kVA/phase stepdown transformers. There are very few appropriate locations for these platform-
mounted transformers and there could be push back from the town of New Glasgow if this alternative 
were to go ahead. For the purpose of this study, suggested stepdown locations were assumed to be 
allowable: 

1. Terrace Street near 25kV source 50N-411G 
2. Elm St at or near existing substation location 
3. N Foord Street at existing 64N substation location  

 
This approach allows for the 4kV load in East New Glasgow to be shared by three stepdown locations and 
provides contingency for the loss of one stepdown. It also facilitates a phased conversion in the future, as 
its intent is to defer the eventual conversion to 25kV (complete by 2030). Within the scope of this 
alternative is the installation of one stepdown location per year, including any required conductor 
replacement – most notably, a long section of #2 Copper on Stellarton Avenue.  
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Figure 16 Geographic Overview of NG East-B Stepdowns 

5.1.3 Alternative NG East-C, Replace Substations with Padmounts 

This alternative replaces the existing transformers at 532N-Elm St and 64N-Lourdes with new 3MVA 
padmount transformers. Unlike alternative B, these substation locations are established and cleaning the 
sites up with new padmounts would be well received. These padmounts would provide contingency for 
each other. Unfortunately, this alternative does not facilitate the eventual conversion to 25kV (complete 
by 2030). 
 
Within the scope of this alternative is the installation of new padmounts, site work, protection equipment, 
temporary transformers during removal of existing units and reconductoring of #2 Copper on Stellarton 
Avenue. 
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5.1.4 532N-Elm and 64N-Lourdes Recommendation 

Based on the Economic Analysis Model (EAM) in Appendix C, Alternative NG East-A, Convert to 25kV 
is the most economical solution. Conversion to 25kV is also the preferred method to correct issues with 
deteriorated 4kV plant for a variety of reasons. Below is a summary of advantages/disadvantages for each 
alternative. This will give context for why these solutions were explored. 
 
Alternative NG East-A, Convert to 25kV 

• Most economical solution, based on alternatives deferring this eventuality by 15 years 
• Results in the most old conductor and equipment being replaced – reliability improvements not 

considered in EAM 
• Most visually appealing alternative  
• Reduced cost of losses due to conversion (Appendix D) – considered in EAM as operating expense 
• Historically, conversion to 25kV has been performed whenever possible throughout NSPI 
• 25kV feeders are very accessible, which facilitates the conversion 

 
Alternative NG East-B, Three Stepdown Locations 

• Much less demanding on capital resources 
• Configuration facilitates future conversion 
• Unsightly platforms in residential neighbourhoods may have strong opposition 
• NSPI has committed to phase out 4kV as a standard voltage level for distribution 
• Spare units are available in stores 

 
Alternative NG East-C, Replace Substations with Padmounts 

• Less demanding on capital resources 
• Does not facilitate future conversion 
• Clean up of existing substation sites would be well received  
• NSPI has committed to phase out 4kV as a standard voltage level for distribution 
• A spare padmount would need to be purchased for stores 

5.2  61N-Provost and 528N-Granville (New Glasgow West) 
The 4kV distribution in the west of New Glasgow is very similar to the east. With the results of the 
previous economic analysis, it is apparent that alternatives to conversion would not provide economic 
benefit for the west side of New Glasgow. Further benefits of conversion over other alternatives: 

• 61N-Provost St is a large substation with 4 feeder exits, a padmount replacement would not be 
practical in this situation 

• There is four times more load in west New Glasgow compared to the east. To replace the 
substations with platform-mounted stepdowns, more units would be required and locations for 
them would be very difficult to find 

 
A strategy for conversion to 25kV can be found in the Recommendations section. Timing is based on the 
priority discussed previously and predicted resource availability.  
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5.3  534N-Duchess and 519N-Drummond 
The first phase of conversion to 25kV has been completed for each of these islands of 4kV. Based on this 
precedence and the analysis in Section 5.1, conversion is the preferred alternative for these locations. 
Phased conversions should proceed as resources are available.  

5.4  Single Phase Stepdowns 
Conversion is the preferred alternative for the other four small pockets of 4kV in the Stellarton area: 
658N-Pictou Landing, 536N-Woodburn, 664N-Claremont and 530N-Thorburn. Phased conversions 
should proceed as resources are available. These locations should be addressed when overloaded, but not 
given priority over the 4kV substations.  

6.0 RECOMMENDATIONS 
This section will outline recommendations for the conversion to 25kV of 532N-Elm, 64N-Lourdes, 61N-
Provost and 528N-Granville. These 4kV substations were identified as the highest priority and some 
strategy is required to complete conversion, based on priority of work, maintaining contingency and 
minimizing customer outages. Deteriorated 4kV plant should be replaced as required during conversion. 
Open points should be created as required to maintain the load between 50N and 62N.   
 
Other pockets of 4kV should be converted to 25kV whenever possible. These include: 534N-Duchess, 
519N-Drummond, 658N-Pictou Landing, 536N-Woodburn, 664N-Claremont and 530N-Thorburn. These 
conversions are quite linear, so different strategies for conversion have not been considered. These 
stations are lower priority in the big picture; in the event of imminent failure, measures should be taken to 
correct, but also to avoid deferral of recommended timeline below.  
 
There are currently no capital recommendations for the 25kV substations, 50N-Trenton Thermal and 62N-
Bridge Avenue. Based on projected load growth, these 25kV systems should be studied again by 2020. To 
enable this study, communication work needs to be completed to enable the collection of feeder load data 
in PI for 50N, which is currently not functional. Also, interval data at all distribution generation sites 
needs to be made available so that the peak feeder load can be determined annually. This study will be 
advanced or deferred based on new developments and requests from regional engineering.  
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6.1  2016 Capital Year 
It is recommended that conversions to 25kV begin immediately, given the large scope of work required to 
relieve the issues identified. Since resources will not be available for 2015, the first phases of conversion 
should proceed in 2016. With the first phase of each conversion completed, the two 4kV substations will 
be able to provide contingency for each other. At this point, it would be possible to decommission one of 
these substations if required. 

6.1.1  Terrace Street Conversion (532N-Elm Phase 1) 

The first phase of conversion for 532N-Elm St covers Terrace St and Elm St east of Abercrombie. Extend 
a new 25kV branch onto George St from Abercrombie Rd to be used as a source for converting the 4kV in 
sections back to Elm St through Terrace St.  
 

 
Figure 17 Terrace Street Conversion (532N-Elm Phase 1) 
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6.1.2  View Street Conversion (64N-Lourdes Phase 1) 

The first phase of conversion for 64N-Lourdes covers the 4kV branch from Stellarton Rd on View St. 
• Extend a new 25kV branch onto North St from Westville Rd  
• Convert North St up to and including the Ellis St branch 
• Rebuild Athletic St and Riverview Dr to 3 phase to Monroe Ave and convert 
• Convert Monroe Ave east of Riverview Dr and 8th St 
• Convert 6th St and North Ave 
• Convert the rest of Monroe Ave and remove off-road section 
• Finish conversion on View St 

 

 
Figure 18 View Street Conversion (64N-Lourdes Phase 1) 
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6.2  2017 Capital Year 
In 2016, the phased conversion of 532N should be completed. 

6.2.1  North Mitchell Street Conversion (532N-Elm Phase 2) 

The second phase of conversion for 532N-Elm St covers Mitchell Street north of Elm Street. There is an 
existing 25kV supply on north Mitchell St. so each branch can be converted independently. 
 

 
Figure 19 North Mitchell Street Conversion (532N-Elm Phase 2) 
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6.2.2  South Mitchell Street Conversion (532N-Elm Phase 3) 
The final phase of conversion for 532N-Elm St covers Mitchell Street south of Elm Street.  

• Extend a new 25kV branch from Stellarton Ave onto Hospital Ave and convert 
• Convert sections of Mitchell St and branches until Elm St 
• Convert the remaining 4kV on Elm St and decommission the 532N site 

 

 
Figure 20 South Mitchell Street Conversion (532N-Elm Phase 3) 
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6.3  2018 Capital Year 
The final phase of 64N-Lourdes conversion should be completed in 2017. Once this is complete, both 
532N-Elm and 64N-Lourdes sites can be retired. With the top priority 4kV plant dealt with, the phased 
conversion of 61N-Provost should begin. The conversion strategy for Provost will start with 204 and 205 
feeders which are not tied to adjacent 4kV substation 528N-Granville. 
 
6.3.1  Stellarton Road Conversion (64N-Lourdes Phase 2) 
The final phase of conversion for 64N-Lourdes covers the remaining 4kV along Stellarton Rd from 
Hospital Ave to the 64N-Lourdes site.  

• Convert sections of Stellarton Rd back to the intersection of Westville Rd 
• Extend 25kV on Stellarton Rd from Westville Rd to Duff St 
• Convert the remaining 4kV and decommission the 64N site 

 
 

 
Figure 21 Stellarton Road Conversion (64N-Lourdes Phase 2) 
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6.3.2  Townsend Avenue Conversion (61N-Provost Phase 1) 

The first phase of conversion for 61N-Provost covers Townsend Avenue and back to D251-009 on 
Trenton Road.  
 

 
Figure 22 Townsend Avenue Conversion (61N-Provost Phase 1)  
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6.3.3  664N-Claremont Avenue Conversion  

The two 167kVA single phase transformers (664N-T1) on Claremont Avenue are suspected to be at or 
near capacity. This small pocket of 4kV should be converted when resources are available. The conversion 
has no sequential effect on other conversions, so it can be advanced or deferred as required or broken 
down into small phases.   
 

 
Figure 23 664N-Claremont Avenue Conversion  
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6.4  2019 Capital Year 
In 2019, the phased conversion of 61N-Provost should continue. 

6.4.1  High Street Conversion (61N-Provost Phase 2) 

The second phase of conversion for 61N-Provost covers High Street and completes the conversion of 
61N-204. 

• Rebuild to 3 phase and extend 25kV from Townsend Street (rail crossing will need to be obtained 
in advance) 

• Convert High Street and branches back to D251-010 
• Create new open point at D251-010 
• Convert Trenton Road back to 61N to retire 61N-204 

 

  
Figure 24 High Street Conversion (61N-Provost Phase 2) 
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6.4.2  Little Harbour Road Conversion (61N-Provost Phase 3) 

The third phase of conversion for 61N-Provost begins to remove load from 61N-205 on Little Harbour 
Road. 

• Rebuild Dover Avenue to 3 phase and move roadside 
• Rebuild Little Harbour Road to 3 phase back to existing 3 phase 
• Convert sections of Little Harbour Road, Almont Avenue and Fraser Street back to High Street 
• Finish conversion of High Street 

 
 

 
Figure 25 Little Harbour Road Conversion (61N-Provost Phase 3) 
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6.4.3  530N-MacLellan Mountain Road Conversion (Thorburn) 

The 100kVA single phase transformer (530N-T1) on MacLellan Mountain Road is suspected to be at or 
near capacity. This small pocket of 4kV should be converted when resources are available. The conversion 
has no sequential effect on other conversions, so it can be advanced or deferred as required. 
 

 
Figure 26 530N-MacLellan Mountain Road Conversion (Thorburn) 
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6.5  2020 Capital Year 
In 2020, the conversion of 61N-205 should be mostly completed and the phased conversion of 528N 
should begin. 
 

6.5.1  Frasers Mountain Road Conversion (61N-Provost Phase 4) 

The fourth phase of conversion for 61N-Provost will cover Fraser Mountain Road. 
• Rebuild and convert three phase from Little Harbour Road to Fraser Mountain Road 
• Convert the long rural northwest extent of Fraser Mountain Road, dual voltage transformers could 

be used to limit outage time 
• Convert Mountain Road in sections back to D251-013 

 
 

 
Figure 27 Frasers Mountain Road Conversion (61N-Provost Phase 4) 
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6.5.2  Albert Street Conversion (528N-Granville Phase 1) 

The first phase of conversion for 528N-Granville extends 25kV from Lorne Street onto Albert St and back 
to D251-018 on Washington Street. 
 

 
Figure 28 Albert Street Conversion (528N-Granville Phase 1) 
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6.6  2021 Capital Year 
In 2021, the conversion of 61N-205 and 528N-202 should be completed. 

6.6.1  528N-202 Conversion (528N-Granville Phase 2) 

The second phase of conversion for 528N-Granville completes the conversion of 528N-202. This 
conversion will break the tie between 528N-202 and 61N-202. 

• Extend 25kV three phase on Marsh Street 
• Convert feeder 528N-202 in sections back from  

 

 
Figure 29 528N-202 Conversion (528N-Granville Phase 2) 
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6.6.2  Temperance Conversion (528N-Granville Phase 3) 

The third phase of conversion for 528N-Granville (and 61N-Provost) covers Temperance Street, from 
Marsh Street back to 61N-Provost Street substation. 
 

 
Figure 30 Temperance Conversion (528N-Granville Phase 3) 
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6.7  2022 Capital Year 
In 2022, the conversion of 61N and 528N should be completed. 

6.7.1  Archimedes Street Conversion (61N-Provost Phase 5) 

The fifth phase of conversion for 61N-Provost covers Archimedes Street back to 61N substation. 
• Extend 25kV three phase from Donald Street to Archimedes 
• Convert Archimedes to 25kV in sections from Donald Street to 61N substation  

 

 
Figure 31 Archimedes Street Conversion (61N-Provost Phase 5) 
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6.7.2  61N-201/528N-201 Conversions (528N-Granville Phase 4) 

This final phase will complete the conversion of 61N and 528N to 25kV. Use the 61N-201 feeder to 
provide a 4kV source while the conversion is completed in sections back from 528N-Granville. 
 

 
Figure 32 61N-201/528N-201 Conversions (528N-Granville Phase 4) 
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6.8  2023 Capital Year 
The remainder of the 4kV conversions have been included in the 2023 capital year to maintain visibility. 
These areas are pockets of 4kV and have no impact on other conversions. They should be advanced or 
deferred as required.  

6.8.1  534N-Duchess Avenue Conversion 

This will complete the conversion of Duchess Avenue which began in 2014. It is unlikely this transformer 
wil l be overloaded, but deterioration issues will be present. This conversion could be divided into two 
phases.  
 

 
Figure 33 534N-Duchess Avenue Conversion 
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6.8.2  519N-Drummond Road Conversion 

This will complete the conversion of Drummond Road which began in 2012. It is unlikely this transformer 
will be overloaded, but deterioration issues will be present. This conversion could be divided into two 
phases.  
 

 
Figure 34 519N-Drummond Road Conversion 
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6.8.3  658N-Pictou Landing Conversion 

This will complete the conversion of Pictou Landing 4kV. It is unlikely this transformer will be 
overloaded, but deterioration issues will be present.   
 

 
Figure 35 658N-Pictou Landing Conversion 
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6.8.4  536N-Woodburn Conversion 

This will complete the conversion of Pictou Landing 4kV. It is unlikely this transformer will be 
overloaded, but deterioration issues will be present. With this conversion, the voltage regulator E2A01301 
and step up transformer 547N-T1 can be removed.  
 

 
Figure 36 536N-Woodburn Conversion
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System Operating Diagrams 
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Figure 39  50N-T13 Load History 
 

 
Figure 40  50N-T13 Load Forecast 
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Figure 41  50N-410 Load History 

   

 
Figure 42  50N-411 Load History 
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Figure 43  50N-412 Load History 
   

  

 
Figure 44  50N-415 Load History 
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Figure 45  62N-T1T2 Load History 
 

 
Figure 46  62N-T1T2 Load Forecast 
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Figure 47  62N-411 Load History 

   

 
Figure 48  62N-412 Load History 
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Figure 49  62N-411 Load History 

 
  

 
Figure 50  62N-411 Load History 
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Figure 51  62N-411 Load History 

   

 
Figure 52  62N-411 Load History 
 
 
 
 

REDACTED ACE 2018 CI 52224 Attachment 1 Page 62 of 74

Date Filed:  November 22, 2017          Page 2186 of 2371          REDACTED



 

Report 283-0212-E27-Rev. 2  
56 

 

 

 

 

 

 

 

 

 

APPENDIX C 

Economic Analysis 
 

532N-Elm St and 64N-Lourdes Alternatives 
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Summary of Alternatives 
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NPV Comparison 
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Alternative A- Convert to 25kV 

 
*This alternative was used as the baseline for operating costs, additional cost is shown for other alternatives. 
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Alternative B- Three Stepdown Locations 

 
 
 
 

Expense

Description 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1. Cost 1,310 1,241 1,226 1,174 2,827 2,027 1,981 2,571 2,623 2,621 2,716 2,705 2,765 2,848 2,888 2,975 3,072

$/Unit 3 6 9 9 9 9 9 9 9 9 9 9 9 9 9

Expense-Subtotal 3,722 7,354 10,570 25,441 18,240 17,829 23,139 23,611 23,592 24,448 24,345 24,889 25,632 25,993 26,773

2. Cost 5,244 4,985 4,933 4,743 9,949 7,487 7,364 9,589 9,750 9,764 10,095 10,092 10,339 10,668 10,827 11,169 11,556

$/Unit 0.33 0.66 1 1 1 1 1 1 1 1 1 1 1 1 1

Expense-Subtotal 1,645 3,256 4,743 9,949 7,487 7,364 9,589 9,750 9,764 10,095 10,092 10,339 10,668 10,827 11,169

3. Cost 4,899 4,654 4,605 4,425 9,162 6,930 6,820 8,908 9,052 9,067 9,373 9,374 9,607 9,916 10,065 10,387 10,751

$/Unit 0.5 1 1 1 1 1 1 1 1 1 1 1 1 1

Expense-Subtotal 2,302 4,425 9,162 6,930 6,820 8,908 9,052 9,067 9,373 9,374 9,607 9,916 10,065 10,387

4. Cost 1,624 1,544 1,528 1,469 4,232 2,858 2,773 3,494 3,591 3,578 3,720 3,683 3,749 3,842 3,892 3,992 4,101

$/Unit 0.33 0.66 1 1 1 1 1 1 1 1 1 1 1 1 1

Expense-Subtotal 509 1,008 1,469 4,232 2,858 2,773 3,494 3,591 3,578 3,720 3,683 3,749 3,842 3,892 3,992

5. Cost 6,829 6,490 6,422 6,174 17,790 12,016 11,658 14,689 15,095 15,044 15,638 15,483 15,759 16,153 16,361 16,784 17,242

$/Unit 0.5 1 1 1 1 1 1 1 1 1 1 1 1 1

Expense-Subtotal 3,211 6,174 17,790 12,016 11,658 14,689 15,095 15,044 15,638 15,483 15,759 16,153 16,361 16,784

64N 4kV Distribution 

Tx Losses (less 25kV 

Distribution losses)

532N 4kV Conductor 

Losses

64N 4kV Conductor 

Losses

Stepdown 

Transformation 

Losses

532N 4kV 

Distribution Tx 

Losses (less 25kV 
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Alternative C- Two Padmounts 

 
 
 
 

REDACTED ACE 2018 CI 52224 Attachment 1 Page 68 of 74

Date Filed:  November 22, 2017          Page 2192 of 2371          REDACTED



Appendix C: Economic Analysis 

Report 283-0212-E27-Rev. 2  
62 

 

 
 
 
 
 
 
 
 

Expense

Description 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1. Cost 10,456 9,904 9,784 9,377 22,770 16,274 15,902 20,607 21,035 21,016 21,781 21,684 22,164 22,820 23,140 23,829 24,600

$/Unit 1.0 2 2 2 2 2 2 2 2 2 2 2 2 2

Expense-Subtotal 9,784 18,755 45,540 32,549 31,804 41,215 42,070 42,032 43,563 43,368 44,327 45,639 46,280 47,659

2. Cost 5,244 4,985 4,933 4,743 9,949 7,487 7,364 9,589 9,750 9,764 10,095 10,092 10,339 10,668 10,827 11,169 11,556

$/Unit 0.33 0.66 1 1 1 1 1 1 1 1 1 1 1 1 1

Expense-Subtotal 1,645 3,256 4,743 9,949 7,487 7,364 9,589 9,750 9,764 10,095 10,092 10,339 10,668 10,827 11,169

3. Cost 4,899 4,654 4,605 4,425 9,162 6,930 6,820 8,908 9,052 9,067 9,373 9,374 9,607 9,916 10,065 10,387 10,751

$/Unit 0.5 1 1 1 1 1 1 1 1 1 1 1 1 1

Expense-Subtotal 2,302 4,425 9,162 6,930 6,820 8,908 9,052 9,067 9,373 9,374 9,607 9,916 10,065 10,387

4. Cost 1,624 1,544 1,528 1,469 4,232 2,858 2,773 3,494 3,591 3,578 3,720 3,683 3,749 3,842 3,892 3,992 4,101

$/Unit 0.33 0.66 1 1 1 1 1 1 1 1 1 1 1 1 1

Expense-Subtotal 509 1,008 1,469 4,232 2,858 2,773 3,494 3,591 3,578 3,720 3,683 3,749 3,842 3,892 3,992

5. Cost 6,829 6,490 6,422 $6,173.71 $17,789.85 $12,015.86 $11,657.93 $14,689.29 $15,095.17 $15,043.77 $15,637.66 $15,483.20 $15,759.03 $16,153.20 $16,360.88 $16,783.88 $17,242.04

$/Unit 0.5 1 1 1 1 1 1 1 1 1 1 1 1 1

Expense-Subtotal 3,211 6,174 17,790 12,016 11,658 14,689 15,095 15,044 15,638 15,483 15,759 16,153 16,361 16,784

6. Cost 1,146 1,169 1,192 1,216 1,241 1,265 1,291 1,317 1,343 1,370 1,397 1,425 1,454

$/Unit 1 2 2 2 2 2 2 2 2 2 2 2 2

Expense-Subtotal 1,146 2,338 2,384 2,432 2,482 2,530 2,582 2,634 2,686 2,740 2,794 2,850 2,908

7. Cost 637 649 662 676 689 703 717 731 746 761 776 792 808

$/Unit 1 2 2 2 2 2 2 2 2 2 2 2 2

Expense-Subtotal 637 1,298 1,324 1,352 1,378 1,406 1,434 1,462 1,492 1,522 1,552 1,584 1,616

8. Cost 1,327 1,353 1,380 1,408 1,436 1,465 1,494 1,524 1,554 1,585 1,617 1,649 1,682

$/Unit 1 2 2 2 2 2 2 2 2 2 2 2 2

Expense-Subtotal 1,327 2,706 2,760 2,816 2,872 2,930 2,988 3,048 3,108 3,170 3,234 3,298 3,364

9. Cost 2,653 2,706 2,760 2,815 2,872 2,929 2,988 3,047 3,108 3,171 3,234 3,299 3,365

$/Unit 1 2 2 2 2 2 2 2 2 2 2 2 2

Expense-Subtotal 2,653 5,412 5,520 5,630 5,744 5,858 5,976 6,094 6,216 6,342 6,468 6,598 6,730

Grounds upkeep

64N 4kV Distribution 

Tx Losses (less 25kV 

Distribution losses)

532N 4kV Conductor 

Losses

64N 4kV Conductor 

Losses

Monthly Subchecks

B Maintenance 

C Maintenance 

(annualized)

Stepdown 

Transformation 

Losses

532N 4kV Distribution 

Tx Losses (less 25kV 

Distribution Losses)
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D1.  Station Transformer Losses  

The losses of existing substation stepdown transformers were estimated using similar transformer test data 
as shown below. Note that the loss values of these transformers were not used in the EAM, since they do not 
remain in service for any of the alternatives.  
 
Table 7 4kV Substation Transformer Loss Approximation 

Station Transformers       

Station Man Size (MVA) Load (MVA) LL (kW) NLL (kW) 

61N-T1 Pioneer 5 4.16 30.45 10.715 

528N-T1 GE 5 1.62 30.45 10.715 

532N-T41 Brown Boveri 1 0.99 6.83 3.4 

64N-T1 Packard 1 0.98 6.83 3.4 

 
Table 8 Comparable 4kV Transformer Loss Data 

Similar Transformers Test Data           

Location Station Man MVA HV (kV) LV (kV) LL (kW) NLL (kW) 

Tufts 36D-T1 Ferranti 0.9 22 4 6.83 3.4 

HRM 1H-T51 Moloney 2 22.8 4 9.46 7.14 

HRM 1H-T13/14 Brown Boveri 5 23 4 36.6 7.93 

HRM 1H-T71 Bonar Long 5 22.8 4 24.3 13.5 

 

D2.  Stepdown Transformer Losses 

The losses of the platform mounted stepdown transformers proposed in Alternative B were estimated using 
the document ‘Old Transformer Losses’ which is available on the Distribution Planning SharePoint under 
COST ESTIMATES.  
 
Table 9 500kVA Stepdown Transformer Loss Approximation 

Stepdown Transformers (500kVA) 
Station LL (kW) NLL (kW) 

500kVA S.D. 3.57 0.96 

 

D3.  Padmount Transformer Losses 

The losses of the padmount transformers proposed in Alternative C was estimated using the datasheet from 
a similar transformer installed on NSPI’s system, 700S-T31.  
 
Table 10   700S-T31 Padmount Loss Data 

Padmount Transformers 
Station Man Size (MVA) LL (kW) NLL (kW) 

700S CARTE 5 29.488 7.32 
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D4. Distribution Transformer Losses 

The difference in losses between existing 4kV and new 25kV distribution transformers was determined. 
This information was obtained from the document ‘Historical Losses of Standard Design’ and ‘2015 NSPI 
CARTE Transformers Data’, both available on the Distribution Planning SharePoint site under COST 
ESTIMATES. In the tables below, ‘New’ refers to the CARTE 25kV transformers we would buy today and 
‘Old’ refers to 4kV transformers bought circa 1960. The number of distribution transformers currently fed 
from 532N-Elm and 64N-Lourdes was used to estimate the loss savings resulting from conversion. 
 
Table 11 Distribution Transformer Loss Data 

Dist. Transformer Test Data 

  Size (kVA) LL (W) NLL (W) 

New 25 368 56 

  50 569 94.5 

Old 25 505 130 

  50 819 187 

 
Table 12 Distribution Transformer Loss Savings from Conversion 

Distribution Transformers   

      Old 4kV Tx New 25kV Tx Load Loss Savings 

Station # of 50kVA # of 25kVA LL (W) NLL (W) LL (W) NLL (W) LL (kW) NLL (kW) Total (kW) 

532N 51 18 50859 11877 35643 5827.5 15.22 6.05 21.27 

64N 28 44 45152 10956 32124 5110 13.03 5.85 18.87 

 

D5. Conductor Losses 

The difference in conductor losses, before and after conversion to 25kV, was determined using CYME 
software. The existing system configurations for 532N-Elm and 64N-Lourdes were modelled at 4kV as well 
as 25kV. The built-in tool was used to calculate conductor losses. The following table summarizes the 
results.  
 
Table 13 Line Losses Before and After Conversion  

Line Losses from CYME after Conversions 

    Before (kW) After (kW) Savings (kW) 

64N-Lourdes 201 34 0.83 33.17 

532N-Elm 201 8.1 0.21 7.89 

 

D6. The Cost of Losses 

Alternative A was used as the baseline for losses in the EAM. The additional losses that would result from 
selecting Alternative B and Alternative C were determined in kilowatts. These values were converted to 
dollars using the tables found in ‘2015 Cost of Losses’, available on the Distribution Planning SharePoint 
site under COST ESTIMATES. The future cost of losses at 31% loss factor was used for stepdown 
transformation and conductor losses. The future cost of losses at 12% loss factor was used for distribution 
transformers servicing customers. For background information, see report ‘254-0807-A48 Cost of NSPI 
Distribution System Losses’. 
 
 

REDACTED ACE 2018 CI 52224 Attachment 1 Page 72 of 74

Date Filed:  November 22, 2017          Page 2196 of 2371          REDACTED



Appendix C: Economic Analysis 

Report 283-0212-E27-Rev. 2  
66 

Table 14 Future Cost of Distribution Losses – 12% Loss Factor 

 
 
 
 
 
 
 

Demand $/kW Energy $/kW Total Demand $/kW Energy $/kW Total
2015 $33.54 $67.28 $100.81 $52.72 $560.64 $613.36
2016 $34.21 $63.07 $97.28 $53.78 $525.60 $579.38
2017 $34.89 $62.02 $96.91 $54.85 $516.84 $571.69
2018 $35.59 $58.87 $94.46 $55.95 $490.56 $546.51
2019 $211.06 $58.87 $269.93 $475.07 $490.56 $965.63
2020 $118.97 $63.07 $182.04 $254.21 $525.60 $779.81
2021 $112.60 $64.12 $176.73 $238.37 $534.36 $772.73
2022 $117.96 $95.66 $213.62 $250.56 $797.16 $1,047.72
2023 $125.84 $94.61 $220.44 $268.77 $788.40 $1,057.17
2024 $124.11 $95.66 $219.77 $264.01 $797.16 $1,061.17
2025 $130.77 $97.76 $228.53 $279.27 $814.68 $1,093.95
2026 $126.15 $99.86 $226.01 $267.55 $832.20 $1,099.75
2027 $125.31 $104.07 $229.38 $264.86 $867.24 $1,132.10
2028 $124.91 $109.32 $234.23 $263.20 $911.04 $1,174.24
2029 $125.78 $111.43 $237.20 $264.57 $928.56 $1,193.13
2030 $125.83 $116.68 $242.51 $263.96 $972.36 $1,236.32
2031 $125.06 $122.99 $248.05 $261.38 $1,024.92 $1,286.30
2032 $117.61 $132.45 $250.07 $242.82 $1,103.76 $1,346.58
2033 $122.73 $120.89 $243.62 $254.30 $1,007.40 $1,261.70
2034 $123.69 $144.01 $267.71 $255.81 $1,200.12 $1,455.93
2035 $124.25 $159.78 $284.03 $256.34 $1,331.52 $1,587.86
2036 $125.67 $168.19 $293.86 $258.91 $1,401.60 $1,660.51
2037 $128.77 $174.50 $303.27 $265.51 $1,454.16 $1,719.67
2038 $131.35 $177.99 $309.34 $270.82 $1,483.24 $1,754.06
2039 $133.98 $181.55 $315.52 $276.23 $1,512.91 $1,789.14
2040 $136.66 $185.18 $321.84 $281.76 $1,543.17 $1,824.92
2041 $139.39 $188.88 $328.27 $287.39 $1,574.03 $1,861.42
2042 $142.18 $192.66 $334.84 $293.14 $1,605.51 $1,898.65
2043 $145.02 $196.51 $341.53 $299.00 $1,637.62 $1,936.62
2044 $147.92 $200.44 $348.36 $304.98 $1,670.37 $1,975.36
2045 $150.88 $204.45 $355.33 $311.08 $1,703.78 $2,014.86
2046 $153.90 $208.54 $362.44 $317.31 $1,737.86 $2,055.16
2047 $156.97 $212.71 $369.69 $323.65 $1,772.61 $2,096.26
2048 $160.11 $216.97 $377.08 $330.12 $1,808.07 $2,138.19
2049 $163.32 $221.31 $384.62 $336.73 $1,844.23 $2,180.95
2050 $166.58 $225.73 $392.32 $343.46 $1,881.11 $2,224.57
2051 $169.91 $230.25 $400.16 $350.33 $1,918.73 $2,269.06

Future Cost of Distribution Losses - 12%

YEAR
Load Losses No Load Losses

REDACTED ACE 2018 CI 52224 Attachment 1 Page 73 of 74

Date Filed:  November 22, 2017          Page 2197 of 2371          REDACTED



Appendix C: Economic Analysis 

Report 283-0212-E27-Rev. 2  
67 

Table 15 Future Cost of Distribution Losses – 31% Loss Factor 

 

Demand $/kW Energy $/kW Total Demand $/kW Energy $/kW Total

2015 $32.09 $173.80 $205.88 $38.37 $560.64 $599.01
2016 $32.73 $162.94 $195.66 $39.14 $525.60 $564.74
2017 $33.38 $160.22 $193.60 $39.92 $516.84 $556.76
2018 $34.05 $152.07 $186.12 $40.72 $490.56 $531.28
2019 $384.25 $152.07 $536.32 $459.54 $490.56 $950.10
2020 $199.31 $162.94 $362.25 $238.37 $525.60 $763.97
2021 $185.81 $165.65 $351.46 $222.21 $534.36 $756.57
2022 $195.73 $247.12 $442.85 $234.08 $797.16 $1,031.24
2023 $210.68 $244.40 $455.08 $251.96 $788.40 $1,040.36
2024 $206.42 $247.12 $453.54 $246.86 $797.16 $1,044.02
2025 $218.89 $252.55 $471.44 $261.78 $814.68 $1,076.46
2026 $208.80 $257.98 $466.78 $249.71 $832.20 $1,081.91
2027 $206.25 $268.84 $475.10 $246.67 $867.24 $1,113.91
2028 $204.56 $282.42 $486.98 $244.64 $911.04 $1,155.68
2029 $205.39 $287.85 $493.24 $245.63 $928.56 $1,174.19
2030 $204.56 $301.43 $506.00 $244.64 $972.36 $1,217.00
2031 $202.08 $317.73 $519.81 $241.68 $1,024.92 $1,266.60
2032 $186.24 $342.17 $528.41 $222.73 $1,103.76 $1,326.49
2033 $195.50 $312.29 $507.79 $233.81 $1,007.40 $1,241.21
2034 $196.42 $372.04 $568.45 $234.90 $1,200.12 $1,435.02
2035 $196.52 $412.77 $609.29 $235.02 $1,331.52 $1,566.54
2036 $198.31 $434.50 $632.80 $237.16 $1,401.60 $1,638.76
2037 $203.46 $450.79 $654.25 $243.32 $1,454.16 $1,697.48
2038 $207.53 $459.81 $667.33 $248.19 $1,483.24 $1,731.43
2039 $211.68 $469.00 $680.68 $253.15 $1,512.91 $1,766.06
2040 $215.91 $478.38 $694.29 $258.22 $1,543.17 $1,801.38
2041 $220.23 $487.95 $708.18 $263.38 $1,574.03 $1,837.41
2042 $224.64 $497.71 $722.34 $268.65 $1,605.51 $1,874.16
2043 $229.13 $507.66 $736.79 $274.02 $1,637.62 $1,911.64
2044 $233.71 $517.82 $751.53 $279.50 $1,670.37 $1,949.87
2045 $238.39 $528.17 $766.56 $285.09 $1,703.78 $1,988.87
2046 $243.15 $538.74 $781.89 $290.79 $1,737.86 $2,028.65
2047 $248.02 $549.51 $797.53 $296.61 $1,772.61 $2,069.22
2048 $252.98 $560.50 $813.48 $302.54 $1,808.07 $2,110.61
2049 $258.04 $571.71 $829.75 $308.59 $1,844.23 $2,152.82
2050 $263.20 $583.14 $846.34 $314.76 $1,881.11 $2,195.88
2051 $268.46 $594.81 $863.27 $321.06 $1,918.73 $2,239.79

Future Cost of Distribution Losses - 31%

YEAR
Load Losses No Load Losses
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CI Number:  C0001802 
 

Title:  54C-211 Queen Street Conversion 
 

Start Date:  2018/01 

In-Service Date:  2018/04 

Final Cost Date:  2018/10 

Function Class:  Distribution 

Amount:  $705,316 

 

DESCRIPTION: 

 

This project will partially convert the non-standard, deteriorated 4kV primary distribution feeder 54C-211 along 

Queen Street, and its side streets, in Port Hawkesbury.  In order to complete this conversion, the existing 4kV source 

along Reeves Street will be completely removed, and two new 25kV extensions from feeder 1C-411 will be 

constructed along Sydney Road and Pitt Street.  This conversion will require the upgrade of approximately 2 

kilometres of existing 3-phase conductor to 336 AASC, the replacement of approximately 63 poles and associated 

framing and insulators, and the replacement of all existing single-tap transformers with dual-tap transformers. 

 

Summary of Related CIs +/- 2 years: 

2017 CI 50800 - 1C-411 Reinsulate and Pole Replacements Phase 1 - $442,732 

2019 CI TBD - 1C-411 Reinsulate and Pole Replacements Phase 2 - $TBD 

 

JUSTIFICATION:  

 

Justification Criteria:  Distribution System 

 

Why do this project? 

 

The targeted devices on 54C-211 are deteriorated and at risk of failure.  The existing conductor can no longer be 

worked on under live conditions.  In addition, this work is required to enable the conversion of non-standard, 

islanded 4kV equipment. 

 

Why do this project now? 

 

The targeted devices on 54C-211 are approximately 43 years old, and have reached the end of their expected service 

lives.  Inspections of the targeted devices and assessments of age, condition and risk of failure have determined that 

replacements are required. 

 

Why do this project this way? 

 

There is no alternative source of supply for customers in the targeted area.  Replacing the targeted assets is a more cost 

effective solution than rebuilding the entire line.  Conductor and poles will be upgraded in accordance with current NS 

Power standards.  In addition, voltage conversion is required as 4kV is no longer a NS Power standard.  The remaining 

section of 54C-211 will be transferred to 54C-213 for future conversion. 

 

The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 

Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 

designed to optimize the allocation and execution of PLT resources among work requirements. 
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1. Extend feeder 1C-411, 25kV source along Pitt Street. 

2. Extend feeder 1C-411, 25kV source along Sydney Road. 

3. Upgrade existing conductor to 2/0 AASC, replace targeted poles, framing, insulators and replace all existing 

single-tap transformers with dual-tap transformers. 
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: -CI Number C0001802 54C-211 Queen Street Conversion Project Number C0001802

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution General

3500 - DP - Wood Poles 283,496Additions

3800 - DP - Insulators 12,308Additions

3900 - DP - O/H Cond. 144,344Additions

4100 - DP - O/H Line Transf. 87,708Additions

4800 - DP - U/G Line Transf. 96,323Additions

3500 - DP - Wood Poles 26,489Retirements

3900 - DP - O/H Cond. 21,477Retirements

4100 - DP - O/H Line Transf. 18,375Retirements

4800 - DP - U/G Line Transf. 14,796Retirements

Total Cost:

Original Cost:

705,316

61,395

Total Cost:Original Cost:
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Capital Project Detailed Estimate

C0001802
54C-211 Queen Street Conversion

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 10 386$                  3,695$                  
Lot 1 10,771$             10,771$                

Sub-Total 14,466$                

Lot 1 36,395$             36,395$                
Lot 1 548$                  548$                     
Lot 1 13,534$             13,534$                
Lot 1 50,540$             50,540$                
Lot 1 54,925$             54,925$                

Sub-Total 155,942$              

Hrs 265,819$              
Lot 1 60,037$             60,037$                
Lot 1 56,700$             56,700$                

Sub-Total 382,555$              

% 10% 552,964$           55,296$                
Sub-Total 55,296$                

5,912$                  
Sub-Total 5,912$                  

12,847$                
72,586$                

Sub-Total 85,433$                

5,710$                  
Sub-Total 5,710$                  

608,261$              
705,316$              

Original Cost
61,395$                

Procurement / Financial Support

Poles
Materials

Flagging

Underground Line Transformer

Contracts

Contingency

Insulators
Conductor

Cutouts

Contract Line Work

Vehicle Allocated Costs

Other Goods & Services

Backhoe

Vehicle Overhead

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead

Contract AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Interest Capitalized
AFUDC

Labour AO

Location:
CI# / FP#:

Title:

T&D Labour - Design

Distribution

Regular Labour

Description
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CI Number: 52185 

Title: 50N-410 Rebuild Phase 2 

Start Date: 2018/05 
In-Service Date: 2018/07 
Final Cost Date: 2019/01 
Function Class: Distribution 
Amount: $695,098 

DESCRIPTION: 

This project will upgrade approximately 3.4 kilometres of existing single-phase line on primary distribution feeder 
50N-410 to three-phase along Little Harbor Road and John Campbell Road in Frasers Mountain in Pictou County. 
This work will facilitate the removal of approximately 3.1 kilometres of off-road, deteriorated line on feeder 50N- 
410G that is currently located within a transmission corridor from the intersection of Logan Road/Little Harbor 
Road to Frasers Mountain Branch Road.  This project will see the addition of approximately 10 kilometers of 336 
AASC primary conductor and associated framing and insulators, and the replacement of 43 poles and 10 anchors.  In 
addition, approximately 20 transformers will require transfer to new poles and new phases. 

Summary of Related CIs +/- 2 years: 
2017 CI 49862 - 50N-410 Rebuild Trenton Phase 1 - $440,329 
2019 CI TBD - 50N-410 Rebuild Phase 3 - $TBD 

JUSTIFICATION: 

Justification Criteria: Distribution System 

Sub Criteria: Pole Strength 

Why do this project? 

The existing poles are deteriorated and at risk of failure due to their age and condition.  In addition, the targeted 
section is currently located off-road.  Rebuilding the new line to roadside will improve accessibility for maintenance 
and outage restoration, and improve reliability by reducing exposure to tree contacts. 

Why do this project now? 

The existing line along the transmission corridor is approximately 52 years old and has reached the end of its 
expected service life.  Inspection of the targeted devices and assessment based on age, condition and risk of failure 
has determined that replacement is required.  In addition, bringing this line to roadside in phases will eliminate the 
need for off-road equipment during outage events. 

Why do this project this way? 

There is no alternative source of supply for the customers in the targeted area.  Rebuilding the existing line to roadside 
is a more cost effective solution than rebuilding the line in its current location due to the increased cost for off-road 
equipment. 

The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which 
is designed to optimize the allocation and execution of PLT resources among work requirements. 
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1. Upgrade approximately 1.8 kms of existing single-phase line to three-phase along Little Harbor Road. 
2. Upgrade approximately 1.5 kms of existing single-phase line to three-phase along John Campbell Road. 
3. Construct a new 0.2 kms, three-phase line along Frasers Mountain Road to connect the two sections. 
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Retire approximately 3.1 kms of three-phase, off-road line between recloser R451-025 and Frasers Mountain Branch 
Road 
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: -CI Number 52185 50N-410 -Rebuild Phase 2 Project Number 52185

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

0200 - DP - Land Rights 26,651Additions

3500 - DP - Wood Poles 230,177Additions

3800 - DP - Insulators 16,067Additions

3900 - DP - O/H Cond. 365,091Additions

4100 - DP - O/H Line Transf. 19,526Additions

3500 - DP - Wood Poles 16,884Retirements

3900 - DP - O/H Cond. 20,225Retirements

4100 - DP - O/H Line Transf. 477Retirements

Total Cost:

Original Cost:

695,098

85,791

Total Cost:Original Cost:

ACE 2018 CI 52185 Page 4 of 5

Date Filed:  November 22, 2017          Page 2206 of 2371          REDACTED



Capital Project Detailed Estimate

52185

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

Lot 1 1,432$              1,432$                 
PD 5 386$                 1,930$                 

Sub-Total 3,362$                 

Lot 1 71,599$             71,599$                

Sub-Total 71,599$                

Lot 1 59,247$             59,247$                
Lot 1 38,700$             38,700$                
Lot 1 20,000$             20,000$                
Lot 1 40,000$             40,000$                
Lot 1 295,472$           295,472$              

Sub-Total 453,419$              

Lot 1 20,000$             20,000$                

Sub-Total 20,000$                

% 10% 528,380$           52,838$                

Sub-Total 52,838$                

1,374$                 

Sub-Total 1,374$                 

3,489$                 

Sub-Total 3,489$                 

2,986$                 
86,032$                

Sub-Total 89,017$                

601,218$              
695,098$              

536800 Original Cost
85,791$                

Vehicle Overhead
Vehicle AO

Contingency

Location:
CI# :
Title:

Regular Labor

Description

Distribution 

Procurement/Financial Support
Engineering

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Backhoe

Grade1 Rail crossing Design

SUB-TOTAL (no AO, AFUDC)

Labor AO
Contract AO

Materials
Materials

TOTAL (AO, AFUDC included)

AFUDC

Other Goods & Services

Administrative Overhead

Consulting

Contracts

50N-410 Rebuild Phase 2                                    

Contract Line Work

Tree Trimming

Flagging

Removal of existing off-road line
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CI Number:  43218 
 
Title:  88W-323A - Tusket Islands Phase 3 
 
Start Date:  2016/07 
In-Service Date:  2019/02 
Final Cost Date:  2019/08 
Function Class:  Distribution 
Forecast Amount:  $654,721 
 
DESCRIPTION: 
  
This project will rebuild the 0.4 kilometer line on Deep Cove Island and the 1.6 kilometer line on Calf Island.  The 
existing 1/0 ACSR conductor and neutral will be replaced with 2/0 AASC conductor and neutral.  Total 
replacements include approximately 39 poles, 2.0 kilometers of conductor, 39 insulators, 2 transformers, and 7 
cutouts.  In addition, the new line will be constructed on Calf Island further inland from its current location.  Phase1 
of this project involved work on 0.6 kilometers of line on Harris Island in 2010 and phase 2 involved work on 1.9 
kilometers of line on Big Tusket Island in 2011. 
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
JUSTIFICATION:  
 
Justification Criteria: Distribution System 
 
Sub Criteria: Pole Strength 
 
Why do this project? 
 
The existing poles and conductor are deteriorated and are at risk of failure due to their age and condition.  The 
conductor can no longer be worked on under live conditions.  In addition, the targeted sections of line are located on 
islands which are only accessible by boat.  Because the targeted sections provide supply to all other Tusket Islands, 
outages can affect multiple islands for extended durations. 
 
Why do this project now? 
 
The targeted poles and conductor are more than 50 years old and have reached the end of their expected service 
lives.  Inspections of the targeted devices and assessments based on age, condition and risk of failure have 
determined that replacements are required.  
 
Why do this project this way? 
 
There is no alternative source of supply for the 57 customers currently supplied by the targeted sections of line.  
Conductor and poles will be upgraded in accordance with current NS Power standards.  On Calf Island, relocating the 
line further inland provides improved accessibility for maintenance and repair. 
 
The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which 
is designed to optimize the allocation and execution of PLT resources among work requirements. 

_
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1. Targeted section of line on Calf/ Inner Spectacle Island to be rebuilt further inland.  See detailed design 
drawing below for more accurate line locations. 

2. Targeted section of line on Deep Cove Island to be rebuilt in place. 

_
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Blue:  New construction 
Red:  Existing line to be removed 

_
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: -CI Number 43218-D757 88W-323A Tusket Islands Phase 3 Project Number 43218-D757

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

0200 - DP - Land Rights 106,155Additions

3500 - DP - Wood Poles 407,870Additions

3900 - DP - O/H Cond. 71,379Additions

4000 - DP - O/H Cond.Devices 3,002Additions

4100 - DP - O/H Line Transf. 6,796Additions

4600 - DP - U/G Conductor 14,886Additions

5000 - DP - Street Lights 227Additions

5200 - DP - Services 3,893Additions

3500 - DP - Wood Poles 27,184Retirements

3900 - DP - O/H Cond. 9,298Retirements

4000 - DP - O/H Cond.Devices 712Retirements

4100 - DP - O/H Line Transf. 1,708Retirements

4600 - DP - U/G Conductor 1,613Retirements

Total Cost:

Original Cost:

654,721

59,585

Total Cost:Original Cost:

_

REDACTED ACE 2018 CI 43218 Page 4 of 5

Date Filed:  November 22, 2017          Page 2211 of 2371          REDACTED



Capital Project Detailed Estimate

43218-D757
88W-323A Tusket Islands Phase 3

Execution Year: 2016-2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 9 386$                  3,548$                  
Lot 1 6,337$               6,337$                  

Sub-Total 9,885$                  

Lot 1 18,595$             18,595$                
Lot 1 5,461$               5,461$                  
Lot 1 620$                  620$                     
Lot 1 3,099$               3,099$                  
Lot 1 2,687$               2,687$                  

Sub-Total 30,461$                

Hrs 198,958$              
Lot 1 48,000$             48,000$                
Lot 1 46,405$             46,405$                
Lot 1 44,400$             44,400$                

Lot 1 88,606$             88,606$                
Sub-Total 426,368$              

Lo 1 3,308$               3,308$                  
Sub-Total 3,308$                  

Lot 1 27,000$             27,000$                
Sub-Total 27,000$                

% 10% 466,714$           46,671.38$           46612.578 59$                               
Sub-Total 46,671$                

3,799$                  
Sub-Total 3,799$                  

8,613$                  
80,899$                

Sub-Total 89,512$                

17,717$                18267.37 (550)$                            
Sub-Total 17,717$                

543,692$              
654,721$              (491)$                            

Original Cost
59,585$                

Location:
CI# / FP#:

Title:

T&D Labour - Design

Distribution

Regular Labour

Description

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead

Contract AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Interest Capitalized
AFUDC

Labour AO

Contingency

Consulting
Consulting

Vehicle Allocated Costs

Other Goods & Services

Conductors

Procurement / Financial Support

Poles
Materials

Cutouts

Backhoe

Overhead Line Transformer

Contract Line Work
Tree Trimming

Underground Conductor

Contractor services for barge and boat to travel to and from the 
islands

Flagging

Contracts

Vehicle Overhead

Royalty, Easement, Appraisal
Easements

_
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CI Number:  51400 
 

Title:  2018 Substation Recloser Replacement 
 

Start Date: 2018/04 

In-Service Date: 2018/04 

Final Cost Date: 2019/05 

Function Class: Distribution 

Amount: $644,710 

 

DESCRIPTION: 

 

This project will retire and replace 12 substation reclosers on the NS Power system.  NS Power has an in-service 

inventory of over 440 substation reclosers, with an estimated useful life of 30-35 years.  Oil filled reclosers have 

been targeted for replacement due to recent failures. 

 

The solid dielectric reclosers with microprocessor controls being installed through this program have benefits that 

the existing models being replaced do not, including an increased number of protection curves, which facilitate 

coordination of feeder protection.  Integrated instrument transformers provide data collection capabilities for 

planning studies and operations.  It is also easier to integrate these into existing protection schemes due to the 

availability of programmable input/output. 

 

The substation recloser replacement program was initiated in 2010 and approximately 217 of 440 substation 

reclosers have been replaced to date. 

 

NS Power anticipates that a portion of the costs associated with this capital item will contribute toward settling the 

Company’s Asset Retirement Obligation for PCB contaminated oil. 

 

Summary of Related CIs +/- 2 years: 

CI 48092 - 2016 Substation Recloser Replacements - $529,270 

CI 50341 - 2017 Substation Recloser Replacements - $577,388 

CI TBD - 2019 Substation Recloser Replacements - $TBD 

CI TBD - 2020 Substation Recloser Replacements - $TBD 

 

JUSTIFICATION:  

 

Justification Criteria: Distribution System 

 

Why do this project? 

 

The targeted reclosers are deteriorated and are at risk of failure due to their age and condition.  Failure of substation 

reclosers results in significant outages to the entire feeder, and often to the entire substation, and can cause 

significant customer outages.  Recloser failures have recently occurred at the following substations: 92H-Tidewater, 

113H - Dartmouth East, 126H -Porters Lake, 131H - Lucasville, 129H - Kearney Lake Road, 4S - Townsend Street 

and 101H - Cobequid Road.  Recloser life expectancy is approximately 30-35 years, as designed by the 

manufacturer, with sufficient maintenance. 

 

Why do this project now? 

 

The targeted assets are over 30 years old and have reached the end of their expected service life.  Inspection of the 

targeted assets and assessments of age, condition and risk of failure have determined that replacements are required.  

In addition, some recloser failures have occurred.  This project targets the replacement of oil filled reclosers that 

have reached the end of their useful lives.  To mitigate the risk of an in-service failure, replacement is necessary. 

 

This project is deemed in-service when the first recloser is replaced (April 2018), therefore the Final Cost Date (May 

2019) is listed as six months after the last recloser is replaced (November 2018).  

_
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Why do this project this way? 

 

Substation reclosers are required in order to provide protection from faults for safety and reliability.  Spare parts are 

becoming increasingly hard to come by for the installed fleet of oil filled reclosers.  This necessitates replacing them 

with a modern solid dielectric equivalent.  This also serves to remove oil filled equipment from the fleet, reducing the 

potential for environmental harm through leakage.  

_
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: -CI Number 51400 2018 Substation Recloser Replacements Project Number 51400

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

0300 - DP - Bldg.,Struct.Grnd. 154,455Additions

3800 - DP - Insulators 1,958Additions

4300 - DP - Substn Dev. 453,449Additions

4300 - DP - Substn Dev. 34,848Retirements

Total Cost:

Original Cost:

644,710

192,895

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51400
2018 Substation Recloser Replacements

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 5 366$                     1,645$                    
PD 16 389$                     6,216$                    
PD 26 366$                     9,415$                    
PD 14 366$                     5,119$                    
Lot 1 6,197$                  6,197$                    
PD 42 440$                     18,480$                  
PD 39 320.00$                12,480$                  
PD 12 360.00$                4,140$                    

Sub-Total 63,692$                  

ea 16 35$                       560$                       
Lot 1 36,300$                36,300$                  
ea 6 21,585$                129,510$                
ea 6 21,389$                128,334$                
Lot 1 14,180$                14,180$                  

-$                        
Sub-Total 308,884$                

Lot 1 117,600$              117,600$                

Sub-Total 117,600$                

% 10% 490,176$              49,632$                  
-$                        

Sub-Total 49,632$                  

26,028$                  

Sub-Total 26,028$                  

56,560$                  
22,313$                  

Sub-Total 78,874$                  

539,808$                
644,710$                

Original Cost
192,895$                

Contracts AO

Contingency
Other Goods & Services

Vehicle Overhead

Administrative Overhead

Conduit / Foundation Installation
Contracts

Substation Devices - 15kV Recloser
Substation Devices - 25kV Recloser

Electrical Control Equipment

Substation Devices - Misc Materials

Note 1: The labour figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

SUB-TOTAL (no AO, AFUDC)
TOTAL (AO, AFUDC included)

Location:
CI# / FP#:

Title:

T&D Labour - Site Supervision
T&D Labour - Electrician/Technician

Distribution

Regular Labour

Description

T&D Labour - Project Support

 Materials

Labour AO

Vehicle T&D Labour Regular AO

Ground Connections 

T&D Labour - Commissioning

SCADA RTU Configuration Labour

Procurement / Financial Support
Engineering Design

Project CADD Drafting

_
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CI Number:  52194 

Title:  6S-223 Harold Street Conversion 

Start Date: 2018/04 
In-Service Date: 2018/08 
Final Cost Date: 2019/02 
Function Class: Distribution 
Amount: $642,368 

DESCRIPTION: 

This project will implement recommendation 6.1.5.1 of the Sydney 4kV Conversion and Membertou Load Growth 
Planning Study 283-0212-E27 (please refer to Attachment 1).  Section 6.1.5.1 recommends extending the existing 
12kV feeder on George Street onto Harold Street, to allow for the existing 4kV circuit along Harold Street and its 
surrounding streets to be converted to 12kV, which will facilitate the retirement of the 6S substation. 

In addition, the existing off-road line between Harold Street and Holly Street will be removed.  This conversion will 
require the upgrade of approximately 4 kilometres of existing primary conductor to 336 AASC, replacement of 
approximately 40 deteriorated poles, framing, insulators, cut-outs, and replacement of all existing single-tap 
transformers with dual-tap transformers. 

Summary of Related CIs +/- 2 years: 
2016 CI 45306 - 111S Prime Brook Substation - $3,442,582 
2016 CI 47776 - 111S Prime Brook Feeders - $1,504,630 
2016 CI 47752 - 4S-333 Bentinck Street Rebuild - $575,357 
2017 CI 50073 - 4S-332 Bernard Lind Drive Conversion - $302,893 
2019 CI TBD - 6S-224 Birch Hill Drive Conversion - $TBD 
2019 CI TBD - 6S-225 Townsend Street Conversion - $TBD 

JUSTIFICATION: 

Justification Criteria: Distribution System 

Why do this project? 

The existing 6S-Terrace Street substation equipment, infrastructure, and associated 4kV distribution plant are 
deteriorated due to age.  The condition of the targeted assets is further described in Sections 2.3.2 and 4.3 of 
planning study 283-0212-E27 (please refer to Attachment 1). The customer load on 6S-Terrace Street needs to be 
converted from 4kV to 12kV and transferred in order to accommodate for the planned retirement of the 6S 
substation. 

Why do this project now? 

The 6S substation equipment and 4kV distribution plant are over 40 years old and are at or nearing the end of their 
expected service lives, as outlined in section 4.3.  Multiple phases of conversion and load transfer must be completed 
over multiple years before 6S can be retired, as outlined in section 6.0 and sequentially under section 6.1, with 6S 
retirement recommended in 2021. 

Why do this project this way? 

Alternatives are outlined in Section 5.2, including three variations on timing of conversions and one on rebuilding 
the 6S substation.  4kV distribution systems are no longer an NS Power standard and are being phased out. 
Conversion of the existing 4kV feeders from 6S-Terrace Street is therefore the only feasible solution to 
accommodate the retirement of the 6S substation. 

The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which 
is designed to optimize the allocation and execution of PLT resources among work requirements. 
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(1) Extend the 12kV feeder from George Street onto Harold Street. 
(2) Upgrade the existing conductor to 336 AASC, replace targeted deteriorated poles, framing, insulators, and 

the replacement of all existing single-tap transformers with dual-tap transformers to convert from 4kV to 
12kV. 

(3) Remove existing off-road section between Harold Street and Holly Street. 
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: -CI Number 52194 6S-223-Harold Street Conversion Project Number 52194

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

0200 - DP - Land Rights 19,382Additions

3500 - DP - Wood Poles 188,859Additions

3800 - DP - Insulators 22,552Additions

3900 - DP - O/H Cond. 165,350Additions

4100 - DP - O/H Line Transf. 150,058Additions

3500 - DP - Wood Poles 22,698Retirements

3900 - DP - O/H Cond. 28,644Retirements

4100 - DP - O/H Line Transf. 44,824Retirements

Total Cost:

Original Cost:

642,368

26,562

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52194

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

Lot 1 2,455$              2,455$                 
PD 5 386$                 1,930$                 

Sub-Total 4,385$                 

Lot 1 122,747$           122,747$              

Sub-Total 122,747$              

Lot 1 57,525$             57,525$                
Lot 1 18,000$             18,000$                
Lot 1 15,000$             15,000$                
Lot 1 290,275$           290,275$              

Sub-Total 380,800$              

% 10% 507,932$           50,793$                
-$                     

Sub-Total 50,793$                

1,792$                 

Sub-Total 1,792$                 

5,703$                 
-$                     

Sub-Total 5,703$                 

3,894$                 
72,253$                

Sub-Total 76,147$                

558,726$              
642,368$              

536800 Original Cost
26,562$                

EUS Contracts
Tree Trimming

Flagging

Contingency

Materials
Materials

6S-223  Harold Street Conversion                                           

Contracts

Engineering
Procurement/Financial Support

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

 Interest Capitalized

Backhoe

TOTAL (AO, AFUDC included)

AFUDC

Other Goods & Services

SUB-TOTAL (no AO, AFUDC)

Labor AO

Location:
CI# :
Title:

Regular Labor

Description

Distribution 

Contract AO

Administrative Overhead

Vehicle Overhead
Vehicle AO
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EXECUTIVE SUMMARY 
 

This study was initiated by the Eastern Territory, in order to determine solutions to the anticipated 
large load growth in the Membertou area, of Sydney. Solutions were studied and recommendations 
made to address near and long term load growth in previous revisions. This revision was initiated 
to address two changes since the last revision: 

- Additional reduction of 69kV load required as per transmission planning study, 049-2013-
TSMG 

- Unable to procure land for proposed substation location 
 
Sydney 4kV to 12kV conversions are underway: Mason St, Cabot St and Rockdale Ave 
conversions are complete. Further conversion projects will continue until the eventual retirement 
of 6S-Terrace Street. The advancement or deferral of the 6S-Terrace Street conversion projects 
will be influenced by factors including residential/commercial development, feeder 
reconfigurations and/or ranking of capital projects within the ACE plan. 
 
Creation of another supply into Membertou is partially completed. This will enable the transfer of 
load from the existing feeders, to a feeder that is more lightly loaded. The long term solution for 
the growth in Membertou is a new substation, which will now be located on Gabarus Hwy in 
Prime Brook, rather than on George St. This substation will be NSPI standard construction with a 
capacity of 15/20/25MVA rather than the initially recommended 15MVA pad-mounted option.  
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1.0 SCOPE 
This study was initiated by the Eastern Territory and undertaken by the Distribution Planning Department 
to identify solutions to meet the anticipated load growth in the Membertou area. Membertou is currently 
one of the fastest growing areas in the province. With the amount of development that has been announced 
for the area, there is a need to ensure enough capacity is available to meet this anticipated growth. This 
study outlined near and long term solutions to meet the growth in the Membertou area. This current 
revision (Rev 3), will address changes since the last revision:   

- Additional reduction of 69kV load required as per transmission planning study, 049-2013-TSMG 
- Unable to procure land for proposed substation location on George Street 

 
Capital work for the recommended short term solution is underway. This solution eliminated an island of 
4kV distribution and retired the 533S-Mason Street step-down. Reconfiguration of the feeders on Kings 
Road will allow the removal of a deteriorated off-road section of feeder 4S-333. A new feeder tie on 
Alexandra Street will create an additional 12kV supply into Membertou, which will allow balancing 
between existing feeders.  These recommendations are unchanged in revision 3.   
 
This study outlines the conversion of load from 6S-T1, in preparation for retirement of this substation. The 
first phases of conversions have been completed. The current 4kV breakers are being replaced with 
reclosers in 2015 to allow the substation to operate until its retirement. These recommendations are 
unchanged in revision 3. 
 
The construction of a new 15/20/25MVA substation at the intersection of the transmission corridor and 
Gabarus Hwy will provide the long term solution for Membertou. This replaces the original 
recommendation for a 15MVA 138-12kV pad-mounted substation, as it does not meet the required 
capacity. Transmission planning study, 049-2013-TSMG, specified a 20MVA reduction of the 69kV load 
forecast in 2018, contingent on a new 138-12kV substation near Membertou. The release of this 
transmission study was the driver for revision 3 of this study. 
 
A Distribution Automation study will be completed to outline future development of automatic transfer 
schemes in the Sydney area.  
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2.0 EXISTING SYSTEMS 

2.1 Transmission 
Presently, a transmission corridor exists from 2S-Victoria Junction to 101S-Woodbine. Prior to the 
corridor crossing the Louisburg Highway (Highway 22), one of the 138kV transmission lines, L-6539, 
separates from this corridor to join L-5564, which extends to 3S-Gannon Road. The System Operating 
Diagrams are attached, in Appendix A. 
 
Table 1   Transmission Line Ratings 

Transmission 
Line 

Substation MVA Rating 
From To Summer Winter 

L-7011 88S-Lingan 3C-Port Hastings 298 383 
L-7012 88S-Lingan 3C-Port Hastings 398 398 
L-7014 88S-Lingan 101S-Woodbine 404 462 
L-6516 2S-Victoria Junction 2C-Port Hastings 110 115 
L-6539 2S-Victoria Junction 3S-Gannon Road 115 115 
L-5564 2S-Victoria Junction 3S-Gannon Road 55 72 
L-5563 2S-Victoria Junction 4S-Townsend Street 31 45 
L-5560 2S-Victoria Junction 4S-Townsend Street 29 42 
L-5569 4S-Townsend Street 6S-Terrace Street 43 43 

 

 
Figure 1  Industrial Cape Breton Transmission 
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2.2 Sub-Transmission 
The sub-transmission system within the Sydney area operates at 69kV. It is supplied by three 138-72kV 
auto-transformers, two located at 2S-Victoria Junction and one located at 3S-Gannon Road. The System 
Operating Diagrams are attached, in Appendix A. 

 
Table 2   Sydney Area Sub-Transmission 

Substation 
Auto-Transformer Data 

ID MAN kV Rating Age 
2S-Victoria Junction T1 CGE. 138-72 60/80/100//112 1973 
2S-Victoria Junction T2 CGE. 138-72 60/80/100//112 1972 
3S-Gannon Road T1 CGE 138-72 30/40/50//56 1972 

 
2.3 Distribution 

The distribution system being studied in this report includes the 12kV feeders supplied from 4S-Townsend 
Street and 11S-Keltic Drive substation. The 4kV feeders supplied by the 6S-Terrace Street substation are 
also considered. The 25kV feeders from 11S-Keltic Dive have not been considered in this study.  
 
Table 3 provides the transformer data for the substations that are directly impacted by the scope of this 
study.   
 
Table 3   Sydney Area Distribution Transformers 

Substation Transformer Data 
ID MAN kV Rating Age 

4S-Townsend Street T52 Federal Pioneer 69-12.47 15/20//24.6 1972 
4S-Townsend Street T53 Federal Pioneer 69-12.47 15/20//22.4 1973 

6S-Terrace Street T1 Moloney Electric 69-4.16 7.5/10 1969 
11S-Keltic Drive T51 Federal Pioneer 69-12.47 10/13.3//14.9 1972 
11S-Keltic Drive T52 Federal Pioneer 69-12.47 10/13//14.8 1972 
11S-Keltic Drive T53 Virginia Transformer 69-26.4 15/20/25 1999 

 

2.3.1 533S-Mason Street 

This area has been converted to 12kV as recommended in revision 2 of this study. 
 
 
2.3.2 6S-Terrace Street 

The lone transformer at the 6S-Terrace Street substation (6S-T1) was placed into service in 1969. This 69-
4kV transformer is rated at 7.5/10MVA. The transformer annually peaks above 6MVA, with a recent 
maximum winter peak of 6.7MVA, recorded in the winter 2010 / 2011.The only suitable mobile 
transformer, in the NSPI fleet, is 3P-MS, which is rated at 6MVA, at 4kV. Given this, the mobile 
transformer is unable to assume the peak load on 6S-T1 without transferring a portion of customer load to 
534S; the lone neighbouring 4kV stepdown transformer (near 4S-Townsend Street). While this response 
to a loss of 6S-T1 is feasible, it would extend the duration of the outage experienced by customers due to 
the failure of 6S-T1. The 4kV area covered by Terrace Street, as of 2014, can be found below in Figure 2. 
As per revision 2 of this study, this area has been partially converted as a short term solution. This reduces 
the load at 6S and allow mobile to be used in contingency situations. The remainder of the 4kV 
conversions will be planned for the future. See further details in the recommendations section. 
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The average age of the distribution plant in the area is greater than 40 years. At the present time, there is 
difficulty with maintaining the substation breakers due to the age and condition of the building structure. 
There is also an inability to source replacement components for the breakers themselves, representing a 
significant reliability concern. Replacement of these breakers is underway and will be completed in 2015. 
See further details in the recommendations section. 
 
 

 
Figure 2  6S-Terrace Street extents as of 2014 

REDACTED ACE 2018 CI 52194 Attachment 1 Page 10 of 81

Date Filed:  November 22, 2017          Page 2230 of 2371          REDACTED



 

Report 283-0212-E27-Rev. 2  
5 

3.0 LOAD HISTORY AND FORECAST 
The loading for those feeders being studied is largely residential, with a small number of commercial 
customers. As illustrated in the load history for these feeders, Appendix B, the feeders being studied have 
had a larger winter peak than summer. Historical load data for the feeders and transformers studied in 
revision 2 was collected from the Distribution Load Check Database and presented in the tables below. 
 

3.1 Load Forecast 
Customer load has been generally consistent in the Sydney area, demonstrating a slight overall growth in 
recent years. That being stated, the community of Membertou has seen the largest growth in Sydney in 
recent years. This load growth is anticipated to continue for the next several years, due to the proposed 
developments outlined in subsequent sections of this study. 
 
The growth rates indicated in following tables were determined through examination of the peak load 
check data over the past 15 years. The forecasted load growth was then calculated using the 90th 
percentile, to determine potential peak load growth in the area. The forecasted loading of the substation 
transformers are indicated in Table 7.  
 
Table 4   90th Percentile Load Forecast for 4S-Townsend Street, in Amps (2014) 

Year / Load Growth 4S-321 4S-322 4S-323 4S-324 4S-331 4S-332 4S-333 4S-334 

Load Growth 2.64% -0.97% 1.48% 0.03% 2.76% -0.05% 1.53% 2.72% 

2014 Peak  234 188 256 290 118 279 244 67 

2014 / 2015 236 226 269 289 190 297 283 129 
2015 / 2016 244 223 274 289 197 297 288 134 
2016 / 2017 252 221 278 289 204 297 294 139 
2017 / 2018 261 219 283 289 211 297 299 144 
2018 / 2019 269 217 288 289 218 296 304 148 
2019 / 2020 277 215 293 289 226 296 310 153 
2020 / 2021 285 213 298 289 233 296 315 158 
2021 / 2022 294 210 303 289 240 296 320 163 
2022 / 2023 302 208 307 289 247 296 325 167 
2023 / 2024 310 206 312 290 254 296 331 172 
2024 / 2025 319 204 317 290 261 296 336 177 
2025 / 2026 327 202 322 290 268 295 341 182 
2026 / 2027 335 199 327 290 275 295 346 186 
2027 / 2028 344 197 332 290 283 295 352 191 
2028 / 2029 352 195 336 290 290 295 357 196 
2029 / 2030 360 193 341 290 297 295 362 201 

Note: 
• 4S-331 supplies the 534S-Stepdown transformer, near 4S-Townsend Street. 
• 4S-333 current supply to Membertou area and 533S-Mason Street. 

 
Table 5   90th Percentile Load Forecast for 6S-Terrace Street, in Amps (2014) 

Year / Load Growth 6S-221 6S-223 6S-224 6S-225 

2014 Load Clip 54 163 153 263 

Note: 
• Load Clip measurements are presented for the 6S-Terrace Street feeders, as there isn’t enough data 
to accurately forecast the load. 
• These clip measurements were taken on a day with ambient temperature of -12oC. 
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Table 6   90th Percentile Load Forecast for 11S-Keltic Drive, in Amps (2014) 
Year / Load Growth 11S-301 11S-302 11S-303 11S-304 11S-305 11S-306 

Load Growth 0.83% 0.52% 0.57% -0.53% 0.21% 0.61% 

2014 Peak  190 240 240 210 300 244 

2013 / 2014 197 237 307 151 307 246 
2014 / 2015 199 238 309 150 307 248 
2015 / 2016 201 239 311 149 308 250 
2016 / 2017 202 241 313 148 309 251 
2017 / 2018 204 242 315 147 309 253 
2018 / 2019 206 243 317 146 310 255 
2019 / 2020 208 245 319 146 311 256 
2020 / 2021 210 246 321 145 311 258 
2021 / 2022 212 248 323 144 312 260 
2022 / 2023 214 249 325 143 313 261 
2023 / 2024 215 250 327 142 313 263 
2024 / 2025 217 252 329 142 314 265 
2025 / 2026 219 253 331 141 314 266 
2026 / 2027 221 255 333 140 315 268 
2027 / 2028 223 256 334 139 316 270 
2028 / 2029 225 257 336 138 316 271 

Note: 
• 11S-305 is the alternate supply to the Membertou area. 

 
Table 7   90th Percentile Load Forecast for Sydney Transformers, in MVA (2014) 

Year / Load Growth 4S-T52 4S-T53 6S-T1 11S-T51 11S-T52 

Load Growth 0.42% 1.77% -0.02% 0.51% 0.49% 

2014 Peak  20.9 14.4 4.6* 13.4 13.4 

2013 / 2014 20.8 19.3 6.5 15.4 15.2 
2014 / 2015 20.9 19.7 6.5 15.5 15.2 
2015 / 2016 21.0 20.2 6.5 15.6 15.3 
2016 / 2017 21.0 20.6 6.5 15.7 15.4 
2017 / 2018 21.1 21.0 6.5 15.8 15.5 
2018 / 2019 21.2 21.4 6.5 15.9 15.6 
2019 / 2020 21.3 21.9 6.5 16.0 15.6 
2020 / 2021 21.4 22.3 6.5 16.1 15.7 
2021 / 2022 21.5 22.7 6.5 16.1 15.8 
2022 / 2023 21.6 23.1 6.5 16.2 15.9 
2023 / 2024 21.7 23.6 6.5 16.3 16.0 
2024 / 2025 21.8 24.0 6.5 16.4 16.1 
2025 / 2026 21.9 24.4 6.5 16.5 16.1 
2026 / 2027 22.0 24.8 6.5 16.6 16.2 
2027 / 2028 22.1 25.3 6.5 16.7 16.3 
2028 / 2029 22.2 25.7 6.5 16.8 16.4 

Note: 
• No Peak load data for 2014 available for 6S-T1, 2014 peak values have been indicated (*). 
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4.0 OVERLOADS AND OTHER CONSIDERATIONS 
The following section identifies issues that warrant correction based on NSPI’s Capital Expenditure 
Justification Criteria.  
 

4.1 Feeder Overloads  
There are several feeders whose peak loading is approaching 325A. These peak values can be seen in the 
feeder histories, located in Appendix B. These feeders include 

• 6S-224 consistently peaked above 300A,with a peak above 325A in 2010 
• 6S-225  peaked above 300A, in 2003 and 2004  
• 4S-321 peaked above 325A, in 2007 

 

4.2 Contingency Loss of Supply  

4.2.1 6S-T1 

The lone transformer at 6S-Terrace Street, 6S-T1, has not exceeded its nameplate rating, in recent years; 
however the peak winter loading was exceeding the capacity of the mobile substation, 3P-MS, as of 2014. 
Conversions have been completed which should allow the mobile transformer to be used under peak 
loading conditions.  

 

4.2.2 533S-Mason Street 

This area was converted to 12kV and 533S transformer retired as per revision 2 of this study. 
 

4.3 Age of Plant 
The average age of poles and equipment in the Hardwood Hill area of Sydney is greater than 40 years old. 
Inspections have confirmed this equipment is at or is nearing full service life.  

 
The current breakers at 6S-Terrace Street are obsolete. The breaker manufacturer is no longer in business. 
The sourcing of replacement components is nearly impossible. Added to this is the deteriorated condition 
of the breaker house. In the event of a breaker failure, the duration of an outage would be significant in 
length.  
 
Replacement of deteriorated plant is underway, including the replacement of 6S breakers which will be 
completed in 2015. The remainder will be budgeted and completed in phases. 
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4.4 Proposed Load Growth 
There are several areas of load growth in the Sydney area impacting this study. The two largest 
developments are detailed below.  
 

4.4.1 Membertou Load Growth 

The community of Membertou is in the midst of large growth, through commercial and residential 
developments within the community. The anticipated increase in load has been considered throughout this 
study. Future development plans in the community include: 

• Multi-surface ice rink (construction commencing summer 2013) 
• New School  
• New overpass across Highway 125  related to a new multi-unit Business Park, 
• Expanding residential housing areas  

 
Currently there are three supplies into the area, via Churchill Drive and Membertou Street, as seen in 
Figure 3 and Figure 4. The two feeders capable of supplying the area from the Kings Road side of the 
development, 11S-305 and 4S-333, do not have excess capacity to serve this proposed growth. The third 
feeder, 4S-332, has less capacity than those feeders capable supplying from the other side of the 
development. From the 2011/2012 winter load checks these feeders were measured at 249amps, 269amps, 
and 292amps respectively. Accordingly, a prolonged outage of one of these feeders could result in an 
extended customer outage, as the remaining feeders cannot support the peak winter load.  
 

 
Figure 3  Feeders Currently Serving Membertou from Kings Road area 
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Figure 4  Feeder Currently Serving Membertou from George Street area 
 

4.4.2 Cossitt Heights New Housing Development 

A new housing development is planned for the Cossitt Heights area. This new subdivision is 
approximately 114 Acres and is slated to have both detached homes and multi-unit dwellings. This load 
will be added to one of the following feeders; 4S-324 or 4S-331. The area of this proposed development is 
shown below, in Figure 5. 
 

 
Figure 5  Cossitt Heights Residential Development 
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5.0 SOLUTIONS AND EVALUATION 
Membertou is in the midst of large growth, in both residential and commercial developments. Due to the 
proposed and developing construction, the amount of expected load will exceed the existing capacity 
available. NSPI is obligated to accommodate this increased load growth, both in the short and long term.   
 
The short term solution to meet this load growth is to create an additional supply into Membertou via 
existing distribution feeders. This is underway and the additional feeder, 4S-334, will pick up load from 
Membertou in 2015. Remainder of work will be completed in 2016, which will remove deteriorated off-
road sections of 4S-333.  
 
The longer term solution is to construct a new substation to supply this growing load and provide 
additional contingency to the distribution system in Sydney.  
 

5.1  Mason Street 
Currently, there are three feeders capable of supplying the Membertou area: 11S-305, 4S-333 and 4S-332. 
Two of these feeders, 11S-305 and 4S-333 supply Membertou from the Alexandra Street. 4S-332 enters 
from the George Street side of the community, but does not supply load in Membertou. Presently, these 
three feeders are heavily loaded, with 4S-332 serving as the primary supply for the Cape Breton Regional 
Hospital. Reducing the load on the existing feeder supplying Membertou or the extension of another 
feeder into Membertou is required to meet the forthcoming load, currently in the early project stages.  
 
There were four alternatives outlined in revision 2 of this study. Alternative 533S-B was selected and 
capital work is in progress. The Mason Street area has been converted to 12kV and the step-down 
transformer (533S) has been retired. An additional feeder, 4S-334, will pick up Membertou load in 2015. 
Work will be completed in 2016 which will allow remaining deteriorated off-road sections of feeder 4S-
333 to be removed. Full details of Alternative 533S-B are outlined below. Other alternatives have been 
removed in this revision. 
 

5.1.1 Alternative 533S-B Convert 533S-Mason Street, via Bentinck Street  

Alternative 533S-B would see the supply on Kings Road between School Street and Churchill Drive 
change from 4S-333 to 4S-334. This alternative would also see the conversion to 12kV of the islanded 
4kV supplied by 533S-Mason Street to 12kV. Also included in this alternative would be the creation of 
another supply into Membertou via Towerview Place. Refer to Figure 6 for an overview of this proposed 
work.  
 
Currently, Kings Road is supplied by 4S-333 which has a large off-road section, between Townsend Street 
and Kings Road. This off-road section is along the existing railway tracks, limiting access and prolonging 
response time to faults on this section of line. This off-road section is deteriorated and approaching its end 
of service life. Feeder 4S-334 currently supplies a portion of Kings Road from Falmouth Street to just 
prior to School Street; extending 4S-334 along Kings Road would be accomplished through the 
reconfiguration of the distribution at the Kings Road and School Street intersection. This reconfiguration 
would enable the use of a lightly loaded feeder, 4S-334, to supply Kings Road and Membertou.  
 
In addition to resupplying a portion of Kings Road, the removal of the islanded 4kV supplied by 533S-
Mason Street would also be addressed. The conversion, as outlined in Alternative 533S-A would entail the 
conversion of the lone 4kV feeder, 533S-211, to 12kV. Supplying this new section of 12kV would be 
accomplished through the rebuilding of Bentinck Street and supplying Argyle Street via 4S-333.  
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With the newly converted section of 4S-333 along Alexandra Street, the opportunity exists to create an 
additional supply into Membertou, as outlined in Alternative 533S-A, through the extension and 
rebuilding of Alexandra Street from Xavier Drive to Castle Drive. Extending the 3 phase circuit along 
Towerview Place to the Millard Street intersection would bring a second lightly loaded feeder into 
Membertou, 4S-333.  
 
The detailed outline of this conversion and feeder tie creation is outlined in the recommendations section 
of this study.  
 

 
Figure 6  Alternative 533S-B Reconfigure Shipyard Supply 
 

5.2  6S-Terrace Street 
The substation infrastructure at the 6S-Terrace Street substation is approaching its end of service life. In 
order to extend the service life of the substation, the replacement of the existing breakers with reclosers is 
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required. In order to facilitate the replacement of these breakers, an overall reduction of load on 6S-T1 is 
necessary. Additionally, the 4kV distribution plant supplied by 6S-Terrace Street is approaching end of 
service life. This eventually leads to the planned retirement of 6S-T1 upon completion of the 4kV 
conversion. 
 
There were three alternatives outlined in revision 2 of this study.  These alternatives explored the timing 
conversions and retirement date for 6S. The fourth alternative to rebuild 6S with a new 69-4kV 
transformer was not considered since the 4kV voltage level is being phase out in Nova Scotia. The 
sections on each alternative have been removed in this revision as they only spoke to the timing of the 
recommended work. 
 
The recommended solution would see retirement of 6S-Terrace Street by 2021. Capital work is in 
progress: initial 4kV to 12kV conversions are complete, which allow the mobile transformer to be 
installed under peak conditions, without the need to transfer a portion of the load to 534S. Upgrades to 6S 
will be completed in 2015, as outlined in recommendations section. The retirement of 6S-Terrace Street is 
planned for 2021, but this will depend on completion of remaining conversions which are dependent on 
the progress of other capital work outlined in this study. 
 

5.3  Sydney Transformation 
To meet the anticipated load growth in the Membertou area, a new source in Sydney will be required. 
Given the layouts at both 4S-Townsend Street and 11S-Keltic Drive, the ability to install additional 
feeders to supply developing load would be quite difficult. It makes sense to have a new source close to 
developing load.  
 
Revision 2 of this study recommended Alternative Sub-D, the installation of a 15MVA 138-12kV pad-
mounted substation at the intersection of existing 138kV transmission corridor and George Street. This 
recommendation has been re-evaluated since the release of transmission study, 049-2013-TSMG, which 
indicated a 20MVA reduction on the 69kV load forecast in 2018. The location of this substation was also 
revised due to issues with the purchase of land at this location.  The new proposed location for alternatives 
Sub-A and Sub-D will be at intersection of Gabarus Hwy and existing 138kV transmission corridor – in 
Prime Brook. The construction year for all options was also revised to 2016. 
 
The details of the four alternative solutions are outlined in further detail below.  
 
5.3.1 Alternative Sub-A New Substation in Prime Brook 

This alternative would address growth in Membertou with construction of a new 15/20/25MVA substation 
near the transmission right-of-way. This new 138-12kV substation would need to be in service prior to the 
end of 2016 to meet the developing load in the area. This substation would allow for the offloading of the 
the 69kV system. The location of this new substation would be near the intersection of existing 
transmission corridor and Gabarus Hwy. In constructing this substation, an additional 12kV supply would 
be added to the Sydney area for additional contingency to meet the load growth in the Membertou area. 
Creating a tap off of L-6539 would remove load from the existing 69kV loop that feeds 4S-Townsend 
Street, 6S-Terrace Street and 11S-Keltic Drive via 2S-Victoria Junction or 3S-Ganon Road.  
 
Initially 4 new 12kV feeders would be able to provide new feeds to the Membertou community, as well as 
George Street and Alexandra Street. Additional feeders could be used to reduce loading or for contingency 
purposes for both 4S-Townsend Street and 11S-Keltic Drive feeders, further reducing loading on the 
69kV.  
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In order for this alternative to proceed, land would need to be acquired and a new tap off of L-6539 would 
need to be engineered. In addition to this preliminary work, further investigation into the substation design 
would need to be considered. Refer to Figure 7 below for a proposed location.  
 

 
Figure 7 Alternative Sub-A  Construct New Substation in Prime Brook 
 

5.3.2 Alternative Sub-B  New 138-25kV Substation in Prime Brook 

Similarly to Alternative Sub-A, the construction of a new substation near the transmission right-of-way 
would be capable of supplying the newly developing load in the Membertou area. Construction of the new 
15/20/25MVA 138-25kV substation would be off of the Highway 327, near the transmission corridor and 
within close proximity to the existing 25kV distribution feeders in Sydney River. In constructing this 
substation, an additional 15/20/25MVA 25kV supply would be added to the Sydney area for additional 
contingency of 11S-Keltic Drive and to meet the load growth in the Membertou area. Creating a tap off of 
L-6539 would transfer existing load from the 69kV loop that supplies 4S-Townsend Street, 6S-Terrace 
Street and 11S-Keltic Drive, via 2S-Victoria Junction or 3S-Ganon Road. The loading on the 69kV loop 
would be further reduced with future customer conversions from 12kV to 25kV, in Sydney River and on 
Alexandra Street.  
 
These new 25kV feeders would be able to provide feeders directly to the new growth in Membertou. 
Conversion of portions of Sydney River would enable the creation of new feeder ties between the new 
feeders and 11S-Keltic Drive 25kV feeders.  
 
In order for this alternative to proceed land would need to be acquired and a new tap off of L-6539 would 
need to be engineered. In addition to this preliminary work, further investigation into the substation design 
would need to be considered. Refer to below Figure 8 for a proposed location. 
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Figure 8 Alternative Sub-B  Construct New Substation on Alexandra Street 
 

5.3.3 Alternative Sub-C  New 69-12kV transformer at 6S-Terrace Street 

To meet the planned growth in Membertou, a new 69-12kV 7.5/10/12.5MVA power transformer would be 
installed, at the 6S-Terrace Street property, in 2015. This new transformer would initially be limited to 
loading, as the existing 4kV load is reduced. The new transformer would assume the load of the current 
4kV transformer, upon load conversions to 12kV.This new transformer would also provide an alternate 
supply to the George Street area.  
 
Another substation, possibly a padmount design would be required to further supply the Membertou load 
as it continues to materialize. The padmount substation would require a smaller footprint and be able to 
supply an additional two feeders to the developing load. It is estimated that this substation would be 
required in 2017, as the load growth continues, in Membertou. Annual monitoring of the load growth in 
the Sydney area would be required to ensure that the installation of additional transformation in the area 
coincides with the continued load growth in the area.  
Refer to Figure 9 for an overview of the area.  
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Figure 9  Alternative Sub-C  Install New 69-12kV Transformer 
 

5.3.4 Alternative Sub-D New 138-12kV Pad-Mounted Substation  

This alternative is similar to Alternative Sub-A, in that a new 15MVA 12kV source would be constructed 
near the 138kV transmission corridor and George Street. Refer to Figure 10 below. The alternatives differ, 
in that this substation will have less capacity and be pad-mounted in design. The new 15MVA transformer 
would be supplied via a new tap off of L-6539, one of the 138kV transmission lines in the area. This 
substation would require less space than a traditional substation and does not require a substation fence, as 
all of the equipment is dead-front.  
 
Unlike Alternative Sub-A, only three feeders would be supplied via this substation. One of these feeders 
would supply Membertou via a new highway crossing. This feeder will reduce the loading on the existing 
Membertou supply (4S-333). The second feeder will continue along the transmission Right of Way 
(ROW) to Alexandra Street. Load from 11S-305 will be transferred to this new feeder, allowing for a load 
reduction on 11S-305. The third feeder will extend to George Street and assume a portion of the loading 
along George Street. 
 
As the load continues to grow, in both the Sydney and Membertou area, continual monitoring will indicate 
the need for any future additional transformation in the area. Given the modularity of the pad-mounted 
substation, future installations could occur near the 138kV transmission line, closer to the developing load 
center, when required. Initially, it was thought that expansion would not be required until 2027, but due to 
transmission planning requirements, an additional transformer would be required in 2018. 
 
As with the introduction of any new equipment, spare components will be required with the initial 
purchase, but not necessarily for subsequent applications. 
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Figure 10  Alternative Sub-D New 138-12kV Pad-Mounted Substation 
 

5.3.5 Sydney Transformation Recommendation 

Alternative Sub-D was the least cost option when the Economic Assessment was completed in revision 2 
(see Appendix C). With the requirement to remove 20MVA from the 69kV forecast by 2018, an additional 
pad-mounted transformer must be planned in the short term, rather than 2027. By moving the second pad-
mount expansion to 2018, the cost of alternative Sub-D does not offer economic advantage over 
alternative Sub-A. The additional advantages to alternative Sub-A make it the best choice: 

- Less risk due to standard substation construction  
- No new spare equipment required 
- Standard substation can accommodate mobile transformer, whereas pad-mounted option cannot 

 
A detailed outline of conversions and substation construction is outlined in the recommendations section 
of this study.  
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6.0 RECOMMENDATIONS 
In summary, the following provide the impetus for the recommendations contained herein: 

• The existing feeders supplying the Membertou area are at or near their criteria limits and cannot be 
utilized to supply the long term capacity needs of Membertou. 

• Membertou load growth is forecasted to continue as there are plans for a retail centre adjacent to 
Hwy125 at the site of the new highway interchange presently under construction 

• The 4kV distribution facilities at 6S-Terrace Street are nearing their end of life and key 
components are obsolete, exposing customers to prolonged outages.  

• The 4kV distribution facilities at 533S-Mason Street and 6S-Terrace Street are islanded 4kV that 
are susceptible to prolonged outages as load cannot be transferred to an adjacent feeder. 

• Transmission study has indicated the need to remove 20MVA from 69kV system peak  
 
This study revision does not recommend any change to the capital work underway for the conversion of 
533S-Mason Street, as outlined in Alternative 533-B, section 5.1.1. 
 
The recommendation for 4kV conversion and retirement of 6S-Terrace Street is unchanged in this 
revision. The Economic Assessment Model, refer to Appendix C, recommends the conversions of the 4kV 
distribution supplied by 6S-Terrace Street be converted to 12kV by 2020, as outlined in Alternative 6S-C, 
in section 5.2.3. Upon completion of these conversions, the 6S-Terrace Street substation will be retired. 
The advancement or deferment of these projects may be influenced by factors including: 
residential/commercial development, feeder reconfigurations and/or ranking of capital projects within the 
ACE plan. 
 
The second Economic Assessment Model, refer to Appendix D, recommends the installation of a pad-
mounted substation, with three feeders prior to the 2015/2016 winter peak. This has been re-evaluated in 
revision 3 of this study, as outlined in section 5.3. The new recommendation will be for a standard 
15/20/25MVA substation constructed in 2016. This added transformation in the Sydney area will meet the 
area load growth for the next several years and allow for 20MVA reduction of forecasted peak load on 
69kV system.  
 
A detailed outline of the components of each of these alternatives is outlined below, organized by capital 
year completion. The originally recommended capital years were left intact for items that were not 
modified within this revision of the study. Comments were added to indicate the progress of each 
recommendation. 
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6.1 Recommendations by Capital Year 
 
6.1.1 2013 Capital Year  
The capital items to be completed in 2013 include the work associated with the conversion of 533S-Mason 
Street, as well as the work associated with the reduction of 4kV load at 6S-Terrace Street, to enable the 
retirement of the existing breakers at the substation.   
 
The Shipyard Area Reconfigure and Mason Street Conversion were grouped as one capital item that is 
well underway. Full completion expected in summer 2015. 
 
The Cabot Street and Rockdale Avenue conversions are complete and the 6S-Terrace Street substation 
upgrades are in their final stages.   
 

6.1.1.1 Shipyard Area Reconfigure 

This portion of the project outlines the change of supply within the Shipyard area, of Sydney. The supply 
for Kings Road will be changed from 4S-333 to 4S-334.The supply for Argyle Street will also be changed 
from 4S-321 to 4S-333. Refer to Figure 11 below. The details of this work are as follows: 

• Dead-end 4S-333 adjacent to railway tracks, at Bentinck Street and open.  
• Jumper 4S-334, to the existing 4S-333, on Kings Road.  
• Remove the de-energized section of 4S-333, adjacent to the railway tracks, from Kings Road to 

Bentinck Street. 
• Rebuild Bentinck Street, from Crescent Street to Argyle Street, to 3 phases.  
• Open Argyle Street at George Street.  

 

 
Figure 11  2013 Reconfigure Supply to Shipyard Area 
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6.1.1.2 533S- Mason Street Conversion 

This portion of the project will convert 533S-Mason Street changing the supply to the area from Kings 
Road to Argyle Street. This portion of the project will also see the removal of the 533S-Mason Street 
stepdown, upon completion of the conversion to 12kV. Upon completion of this portion of the project, 
Alexandra Street will be supplied by 4S-333 from Yendys Street to Harbourview Drive. Refer to Figure 
12 below. The details are as follows; 

• Reconductor Mason Street to 336. 
• Open Mason Street, at Kings Road 
• Close D3A19725 on Argyle Street, at Kent Street 
• Replace neutral on Argyle Street and Yendys Streets to 4/0.  
• Reconductor primary and neutral on Xavier Drive to 2/0ACSR.  
• Remove single phase primary on Xavier Drive.  
• Convert area from 4kV to 12kV.  

 

 
Figure 12 2013 533S-Mason Street Conversion 
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6.1.1.3 Cabot Street Conversion 

This portion of the project will convert Cabot Street, north of Terrace Street. This conversion, along with 
the Rockdale Avenue conversion, will reduce the load on 6S-T1, to enable the installation of the mobile 
substation, minimizing the requirement to transfer load to 534S. Refer to Figure 13 below. This will be 
accomplished by: 

• Fill in the gap on Cabot Street and Upper Prince Street 
• Create open point at Cabot and Terrace.  
• Install open point on Cornwallis Street at McConnell Drive.  
• Convert shaded areas, including side streets. 

 

 
Figure 13  2013 Cabot Street Conversion 
 
6.1.1.4 Rockdale Avenue Conversion 

This portion of the project will convert Rockdale Avenue and Cottage Road to Harold Street. This phase 
of the project will further reduce the overall load on 6S-T1, reducing the need to transfer customer load to 
534S, when the mobile substation is installed. Refer to Figure 14 below. This will be accomplished by: 

• Close switch at Oxford Street onto George Street. 
• Install cutout, on single phase along Cottage Road, at the intersection with Oxford Street. 
• Open Harold and Cottage Road. 
• Convert Oxford Street, to open point on Cottage Road, from 4kV to 12kV.  
• Convert Rockdale Avenue, Champlain Avenue and Cottage Road, to Harold Street, including 

all side streets and branch lines, as indicated in Figure 14. 
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Figure 14  2013 Rockdale Conversion 
 

6.1.1.5 6S-Terrace Street Substation Upgrades 

This portion of the project will see the removal of the existing switchgear building, as well as the 
installation of pole mounted reclosers. This will be accomplished by: 

• Installation of three dedicated power cables and buried ducts. 
• The installation of three temporary pole mounted reclosers, to be supplied from new power 

cables. 
• Removal of existing 4kV switchgear and building. 
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6.1.2 2014 Capital Year  
The 2014 capital year includes completion of the reconfiguration of the Shipyard area supply, as well as 
the construction of a new feeder tie into Membertou. This continuation of work will increase the reliability 
and contingency within the Shipyard and Membertou areas.  
 
The Membertou feeder tie has been completed and the new open point on Kings Road will be done in the 
summer of 2015. The Bentinck Street upgrades have been deferred until 2016. 
 
New George Street pad-mounted substation preliminary engineering work has been removed. 
 

6.1.2.1 Bentinck Street Upgrades 

This portion of the project will upgrade the remaining conductor on Bentinck Street, to enable the removal 
of the remaining off-road section of feeder, along the railway tracks. This feeder 4S-333, is deteriorated 
and approaching its end of life. Rebuilding Bentinck Street and reconductoring the previously retired 4kV 
conductor on Townsend Street will enable 4S-333 to be adjacent to the road, from the substation to the 
majority of the load it supplies. Refer to Figure 15 below. The details are as follows: 

• Reconductor Bentinck Street, from Crescent Street to Townsend Street.  
• Reconductor lower circuit on Townsend Street, from 4S-Townsend Street to Bentinck Street, with 

336.  
• Remove 4S-333, adjacent to the railway tracks, from Bentinck Street to Townsend Street, except 

for the first two spans from George Street towards Townsend Street.  
• Install new 3 phase tap from the remaining portion of 4S-333 to the top circuit along George 

Street, to supply the customers at the start of Glenwood Street.  
 

 
Figure 15  2014 Bentinck Street Upgrades 
 

REDACTED ACE 2018 CI 52194 Attachment 1 Page 28 of 81

Date Filed:  November 22, 2017          Page 2248 of 2371          REDACTED



 

Report 283-0212-E27-Rev. 2  
23 

6.1.2.2 Membertou Feeder Tie 

This portion of the project will see the creation of a feeder tie between the recently converted portion of 
Alexandra Street and the existing feeder on Alexandra Street. Also included in this portion of work is the 
construction of an additional feeder tie with the primary Membertou supply, on Maillard Street. Refer to 
Figure 16 below. The details are as follows: 

• Extend newly converted 12kV (4S-333) along Alexandra Street to St. Anthony Drive, 
reconductoring from St Anthony Drive to the new open point with 336.  

• Create new, normally closed, solid blade, sectionalizing point on Alexandra Street, at Xavier 
Drive. 

• Create new open point on Alexandra Street, between Castle Drive and Harbourview Drive.  
• Reconductor Towerview Place and extend to Maillard Street.  
• Create new open point, on Maillard Street, on the north side of the intersection of Churchill 

Drive and Maillard Street. 
 

 
Figure 16 2014 Membertou Feeder Tie 
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6.1.2.3 New Kings Road Open Point 

This portion of the project will enable the transfer of a portion of load from 4S-Townsend Street to 11S-
Keltic Drive. This load transfer will reduce the overall loading on 4S-334 that will be supplying 
Membertou via Churchill Drive. Refer to Figure 17 below. The details are as follows: 

• Install new open point on Kings Road, between Harbourview Drive and Churchill Drive.  
 

 
Figure 17  2014 Kings Road Open Point 
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6.1.3 2015 Capital Year 

The capital 2015 work includes the completion of items noted above in 2013 and 2014 Capital Year 
sections, as well as the preliminary engineering of the new Prime Brook substation. Further 4kV to 12kV 
conversions at 6S-Terrace Street will be deferred until after substation construction.  

6.1.3.1 New Prime Brook Substation Preliminary Work 

This portion of the project will detail the preliminary work required with the construction of the new 
15/20/25MVA 138-12kV substation on Gabarus Hwy, near the intersection of the 138kV and 69kV 
transmission lines, L-6539 and L-5564. Refer to Figure 18 below. This will be accomplished by: 

• Secure land rights to new substation location.  
• Completion of the substation engineering and sourcing of long lead items.   
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6.1.4 2016 Capital Year 

6.1.4.1 New Prime Brook Substation Construction 

This portion of the project will detail the construction of the new 15/20/25MVA 138-12kV substation in 
Prime Brook. Refer to Figure 18 below. This will be accomplished by: 

• Construction of a new tap off of L-6539 and the installation of associated equipment. 
• Construction of 15/20/25MVA 138-12kV substation and associated equipment.  

 
6.1.4.2 New Prime Brook Substation Feeders 

This portion of the project will construct the new feeders, from the new Prime Brook substation. Refer to 
Figure 18 below. This will be accomplished by: 

• Four new feeder exits will be created. 
• The first feeder will connect to existing 11S-305 feeder on Gabarus Hwy.  
• Existing 11S-305 feeder along transmission ROW will be rebuilt to double circuit which will 

extend from the substation to George Street and toward Highway 125 up to existing highway 
crossing. One feeder will tie to existing 4S-321 feeder at highway crossing. The other feeder 
will extend beyond existing highway crossing and tie to existing 4S-332 feeder. The location of 
R371-103 will be determined in a subsequent distribution protection study. 

• The fourth feeder will extend north of the substation and use existing ducting to cross Highway 
125 and tie to existing 4S-333 feeder on Tupsi Drive. 

 

 
Figure 18 2016 New Prime Brook Substation 
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6.1.5 2017 Capital Year 

Remaining 4kV to 12kV conversions will be dependent on the completion of Prime Brook substation. 
These conversions have been redistributed based on the new timeline for substation construction. The 
2021 retirement of 6S-Terrace Street substation has been maintained. 
 
6.1.5.1 Harold Street Conversion 

This portion of the project will see the conversion of the Harold Street area, south of the 6S-Terrace Street 
substation. This will also include the conversion of the remaining sections of Champlain Avenue, Cottage 
Road and adjacent streets. This new conversion will be supplied via one of the 12kV feeders, on George 
Street. The off-road section of the existing 4kV feeder will be removed, between Harold Street and Holly 
Street. Holly Street will remain at 4kV. Refer to Figure 19below. This will be accomplished through the 
following: 

• Create new N/C open point on Harold Street at George Street.  
• Rebuild Cottage Road to Bernard Lind Drive with 3phase, 336ACSR. 
• Create a new open point on Cottage Road, at Bernard Lind.  
• Convert east of Harold Street to 12kV, as well as Grove Street. 
• Remove off-road portion of feeder between Harold Street and Holy Street.  
• Extend one phase on Holly Street to Terrace Street and remove the remaining two phases.  
• Remove 2 phases from Harold Street, from Cottage Road towards Holly Street.  

 

 
Figure 19  2015 Harold Street Conversion 
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6.1.5.2 Bernard Lind Drive Rebuild 

This portion of the project will convert Terrace Street, east of the 6S-Terrace Street substation. This 
portion of the project will also see the addition of two phases along Bernard Lind Drive, supplying the 
area via Cottage Road. Refer to Figure 20 below. This will be accomplished by: 

• Rebuild Bernard Lind Drive with three phase 4/0 primary and 4/0 neutral, from Cottage Road 
to Terrace Street.  

• Install a new open point east of the 6S-Terrace Street substation.  
• Convert Terrace Street east of the 6S-Terrace Street substation.  
• Create new Open Point at the end of Bernard Lind Drive and Cottage Road. 

 

 
Figure 20  2016 Bernard Lind Rebuild 
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6.1.6 2018 Capital Year 

 

6.1.6.1 Birch Hill Drive Conversion 

This portion of the project will convert Birch Hill Drive and its side streets from 4kV to 12kV. This newly 
converted section will be supplied via 4S-324. Refer to Figure 21 below. The details are as follows; 

• Extend 3phase on Birch Hill Drive to Upper Prince Street.  
• Create new N/C open point at the intersection of Birch Hill Drive and Upper Prince Street. 
• Convert Birch Hill Drive, McConnell Drive, Ashby Road and Herbert Street to Terrace Street, 

including side streets, from 4kV to 12kV. 
• Change supply of Herbert Street, south of Terrace Street, to 6S-221. This portion of the street 

will be converted in a following portion of work. 
 

 
Figure 21  2017 Birch Hill Drive Conversion 
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6.1.6.2 Townsend Street Conversion 

This portion of the project will convert the 4kV customer load on Terrace Street, from St. Peters Road to 
Townsend Street. The load will be supplied via 4S-324, until the remaining section of Terrace Street is 
converted. High Street, from St. Peters Road to Townsend Street will continue to be supplied via 6S-225. 
Refer to Figure 22 below. The details are as follows; 

• Install open point on Terrace Street, between Howe Street and St. Peters Road. 
• Open Howe Street, between High Street and Terrace Street. 
• Install new open point on the north side of the Howe Street and High Street intersection.  
• Install new tap on south Howe Street, to High Street.  
• Open D271-283.  
• Extend High Street to St Peters Road.  
• Install new open point on Park Street, at Terrace Street. 
• Convert Terrace Street, from St. Peters Road to Townsend Street, as well as the side streets 

indicated in Figure 22. 
 

 
Figure 22 2018 Townsend Street Conversion 

 

 
6.1.7 2019 Capital Year 
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6.1.7.1 High Street Conversion 

This portion of the project will convert the High Street area, from 4kV to 12kV. The load will be supplied 
by 4S-324, via the open point on Townsend Street. Upon completion of this portion of work, the 534S 
stepdown will be removed from service, as there will be no load able to be transferred to it. Refer to 
Figure 23 below. The details are as follows; 

• Close D271-283, on Townsend Street.  
• Install new Open Point on Terrace Street, between St. Peters Road and Royal Avenue.  
• Convert High Street, from Styles Lane (534S stepdown) to St. Peters Road, including all side 

streets.  
• Convert St. Peters Road, including all side streets.  
• Remove 534S stepdown.  

 

 
Figure 23 2019 High Street Conversion 
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6.1.8 2020 Capital Year 

 

6.1.8.1 Terrace Street  

This portion of the project will see the conversion of the remaining 4kV, east of the 6S-Terrace Street 
substation. This conversion will include rebuild of a section of Terrace Street, from the substation to 
Cabot Street. This rebuild will reduce the feeders along Terrace Street from a maximum of three to one.  
Refer to Figure 24 below. The details are as follows; 

• Convert Terrace Street, from the 6S-Terrace Street substation to St. Peters Road, from 4kV to 
12kV, including all side streets that have not been previously converted.  

• Rebuild Terrace Street, from the 6S-Terrace Street substation, to St. Peters Road with one, 3-
phase 336, circuit.  
 

 
Figure 24  2020 Terrace Street  
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6.1.9 2021 Capital Year 

 

6.1.9.1 6S-Terrace Street Retirement 

This portion of the project will see the retirement of the 6S-Terrace Street substation. This will include the 
decommissioning of 6S-T1, as well as the removal of most substation equipment. A requirement to 
modify the 69kV transmission will be necessary, to facilitate the removal of the substation buswork. Refer 
to Figure 25 below. This will be accomplished by: 

• Decommission 6S-T1.  
• Reconfigure L-5564, in front of the 6S-Terrace Street substation, to bypass the substation.  
• Remove buswork and all NSPI owned equipment.  

 

 
Figure 25  2021 6S-Terrace Street Retirement 
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APPENDIX A 

System Operating Diagrams 
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APPENDIX B 

Load History and Forecast 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please refer to section 3.2 Load Forecast for the 90th Percentile Data values 
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Figure 32  4S-T52 Load History 
 

 
Figure 33  4S-T52 Load Forecast 
  Load Growth 0.42%** 
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Figure 34  4S-T53 Load History 
 

 
Figure 35  4S-T53 Load Forecast 

Load Growth 1.77% 
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Figure 36  4S-321 Load History 
 

 
Figure 37  4S-321 Load Forecast 
  Load Growth 2.64% 
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Figure 38  4S-322 Load History 
 

 
Figure 39  4S-322 Load Forecast 

Load Growth -0.97% 
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Figure 40  4S-323 Load History 
 

 
Figure 41  4S-323 Load Forecast 

Load Growth 1.48% 
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Figure 42  4S-324 Load History 
 

 
Figure 43  4S-324 Load Forecast 

Load Growth 0.03% 
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Figure 44  4S-331 Load History 
 

 
Figure 45  4S-331 Load Forecast 

Load Growth 2.76% 
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Figure 46  4S-332 Load History 
 

 
Figure 47  4S-332 Load Forecast 

Load Growth -0.05% 
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Figure 48  4S-333 Load History 
 

 
Figure 49  4S-333 Load Forecast 

Load Growth 1.53% 

REDACTED ACE 2018 CI 52194 Attachment 1 Page 56 of 81

Date Filed:  November 22, 2017          Page 2276 of 2371          REDACTED



Appendix B: Load History and Forecast 

Report 283-0212-E27-Rev. 2  
51 

 
Figure 50  4S-334 Load History 
 

 
Figure 51  4S-334 Load Forecast 

Load Growth 2.72% 
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Figure 52  11S-T51 Load History 
 

 
Figure 53  11S-T51 Load History 

Load Growth 0.51% 
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Figure 54  11S-T52 Load History 
 

 
Figure 55  11S-T52 Load Forecast 

Load Growth 0.49% 
 

REDACTED ACE 2018 CI 52194 Attachment 1 Page 59 of 81

Date Filed:  November 22, 2017          Page 2279 of 2371          REDACTED



Appendix B: Load History and Forecast 

Report 283-0212-E27-Rev. 2  
54 

 
Figure 56  11S-301 Load History 
 

 
Figure 57  11S-301 Load Forecast 

Load Growth 0.83% 
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Figure 58  11S-302 Load History 
 

 
Figure 59  11S-302 Load Forecast 

Load Growth 0.52% 
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Figure 60  11S-303 Load History 
 

 
Figure 61  11S-303 Load Forecast 

Load Growth 0.57% 

REDACTED ACE 2018 CI 52194 Attachment 1 Page 62 of 81

Date Filed:  November 22, 2017          Page 2282 of 2371          REDACTED



Appendix B: Load History and Forecast 

Report 283-0212-E27-Rev. 2  
57 

 
Figure 62  11S-304 Load History 
 

 
Figure 63  11S-304 Load Forecast 

Load Growth -0.53% 
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Figure 64  11S-305 Load History 
 

 
Figure 65  11S-305 Load Forecast 
  Load Growth 0.21% 
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Figure 66  11S-306 Load History 
 

 
Figure 67  11S-306 Load Forecast 

Load Growth 0.61% 
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Figure 68  6S-T1 Load History 
 

 
Figure 69  6S-T1 Load Forecast 

Load Growth 0.02% 
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Figure 70  6S-221 Load History 
 

 
Figure 71  6S-223 Load History 
Due to the ability to transfer 4kV load at 6S-Terrace Street, only the transformer forecast (6S-T1) will be 
presented.  
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Figure 72  6S-224 Load History 
 

 
Figure 73  6S-225 Load History 
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APPENDIX C 

Economic Analysis 
 

533S-Mason Street Conversion and 6S-Terrace Street Retirement 
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Summary of Alternatives 
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NPV Comparison 
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Alternative A- 533S-B and 6S-A: Convert and Retire 6S-Terrace Street by 2016 

 

REDACTED ACE 2018 CI 52194 Attachment 1 Page 72 of 81

Date Filed:  November 22, 2017          Page 2292 of 2371          REDACTED



 

Report 283-0212-E27-Rev. 2  
67 

Alternative B- 533S-B and 6S-B: Convert and Retire 6S-Terrace Street by 2018 
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Alternative C- 533S-B and 6S-C: Convert and Retire 6S-Terrace Street, by 2021 
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APPENDIX D 

Economic Analysis 
 

Membertou Load Growth 
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Summary of Alternatives 
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NPV Comparison 

 
 

REDACTED ACE 2018 CI 52194 Attachment 1 Page 77 of 81

Date Filed:  November 22, 2017          Page 2297 of 2371          REDACTED



Appendix C: Economic Analysis 

Report 283-0212-E27-Rev. 2  
72 

Alternative Sub-A- New George Street Substation 
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Alternative Sub-B- New Alexandra Street Substation 
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Alternative Sub-C- 6S-Terrace Street Replacement, 69kV-12kV 
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Alternative D- Sub-D George Street Pad-Mounted Substation, 138kV-12kV 
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CI Number: 52200 
 
Title: 65V-301 Brickton Reconductor 
 
Start Date: 2018/01 
In-Service Date: 2019/04 
Final Cost Date: 2019/10 
Function Class: Distribution  
Amount: $594,362 
 
DESCRIPTION: 
 
This project includes reconductoring approximately 5.1 kilometers of existing three-phase line on primary 
distribution feeder 65V-301 along Mount Hanley Rd and Brooklyn Rd in Brickton.  This section of line requires the 
replacement of three phase #2 AASC primary and neutral conductor with 4.2 kilometers of three phase and 0.9 
kilometers of single phase 2/0 AASC primary and neutral, along with associated framing and insulators.  
Approximately 34 poles, 6 transformers and 12 cutouts will be replaced, and approximately 2 stub poles and 
overhead guys will be added to increase anchoring. 
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
JUSTIFICATION:  
 
Justification Criteria: Distribution System 
 
Sub Criteria: Deteriorated Conductor 
 
Why do this project? 
 
The existing conductor and targeted poles are deteriorated and at risk of failure due to their age and condition.  In 
addition, a number of sections of the conductor can no longer be worked on under live conditions. 
 
Why do this project now? 
 
The existing poles and conductor are over 40 years old and have reached the end of their expected useful lives.  
Inspections of the targeted devices and assessment based on age, condition and risk of failure have determined that 
replacements are required.  In addition, primary conductor failures have occurred on this section of line in both 2016 
and 2017, and there are approximately 82 splices in the targeted section of line. Splices are a weak point in the line.  
Splice counts this high are indicative of a history of conductor failures over time. 
 
Why do this project this way? 
 
There is no alternative source of supply for the customers in the targeted area. Conductor and anchoring is the only 
alternative to mitigating the risk of failure. 
 

_
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1. Reconductor approximately 4.2 kilometers of three phase conductor to three phase 2/0 AASC 
2. Remove two phases and reconductor approximately 0.9 kilometers of single phase to 2/0 AASC 
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: -CI Number 52200 65V-301-Brickton Reconductor Project Number 52200

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

3500 - DP - Wood Poles 210,850Additions

3800 - DP - Insulators 12,720Additions

3900 - DP - O/H Cond. 271,882Additions

4000 - DP - O/H Cond.Devices 1,820Additions

4100 - DP - O/H Line Transf. 23,217Additions

5200 - DP - Services 6,409Additions

3500 - DP - Wood Poles 26,101Retirements

3900 - DP - O/H Cond. 36,492Retirements

4000 - DP - O/H Cond.Devices 597Retirements

4100 - DP - O/H Line Transf. 4,176Retirements

5200 - DP - Services 99Retirements

Total Cost:

Original Cost:

594,362

133,722

Total Cost:Original Cost:

_
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Capital Project Detailed Estimate

52200

Execution Year: 2018-2019

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 3 386$                 1,144$                 

Sub-Total 1,144$                 

Lot 1 57,221$             57,221$                

Sub-Total 57,221$                

Lot 1 58,907$             58,907$                
Lot 1 32,250$             32,250$                
Lot 1 293,114$           293,114$              

Sub-Total 384,271$              

Lot 1 12,000$             12,000$                

Sub-Total 12,000$                

% 10% 442,636$           44,264$                

Sub-Total 44,264$                

468$                    

Sub-Total 468$                    

21,067$                

Sub-Total 21,067$                

1,016$                 
72,912$                

Sub-Total 73,928$                

498,900$              
594,362$              

Original Cost
133,722$              

Vehicle AO

65V-301 Brickton Reconductor

Materials
Materials

TOTAL (AO, AFUDC included)

AFUDC

Other Goods & Services

Contracts

EUS Contracts

Flagging

Administrative Overhead

Vehicle Overhead

Contingency

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Backhoe

Consulting

SUB-TOTAL (no AO, AFUDC)

Contracts AO
Labor AO

Location:
CI# :
Title:

Regular Labor

Description

Distribution 

Consulting

Engineering

_
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CI Number: 52205 

Title:  30N-412 Hwy 242 Fundy Shore Rebuild 

Start Date: 2018/02 
In-Service Date: 2018/06 
Final Cost Date: 2018/12 
Function Class: Distribution 
Forecast Amount: $536,670 

DESCRIPTION: 

This project will rebuild deteriorated conductor and poles on primary distribution feeder 30N-412 near Hwy 242 
Fundy Shore Ecotour in River Hebert.  Approximately 4.2 kilometers of existing off road line, including 103 poles 
and a mixture of #6, #4, and #2 conductors will be removed.  The existing off-road line will be replaced, and moved 
to roadside, by a three-phase upgrade along Hwy 242 and a three-phase extension along Pit Road.  On Hwy 242, the 
upgrade will require the replacement of 14 poles and 14 insulators, and the addition of approximately 4 kilometers 
of 2/0 primary conductor, 89 crossarms, and 178 insulators.  On Pit Road, a 1.5 kilometer, three-phase, 2/0 primary 
and neutral extension is required.  This line will be built on a combination of NS Power and Bell Aliant poles.  
Approximately 13 NS Power poles will be replaced, and approximately 26 crossarms and 78 insulators will be 
installed.  Additional replacements include three transformers and two cutouts. 

Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 

JUSTIFICATION: 

Justification Criteria: Distribution System 

Sub Criteria: Deteriorated Conductor 

Why do this project? 

The existing conductor and poles are deteriorated and at risk of failure due to their age and condition.  The existing 
conductor cannot be worked on under live conditions.  In addition, the targeted section of line is located off-road 
with reduced accessibility, which limits NS Power’s ability to maintain it and respond to outages. 

Why do this project now? 

The existing poles and conductor are over 40 years old and have reached the end of their expected service lives.  
Inspections of the targeted devices and assessments based on age, condition and risk of failure have determined that 
replacements are required. 

Why do this project this way? 

There is no alternative source of supply for the customers in the targeted area.  Building the new line along the roadside 
will improve accessibility for outage response, and is also a lower cost solution, reducing the need for off-road 
equipment. 
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1. Upgrade single-phase line to three-phase along Hwy 242 
2. Continue the three-phase line extension along Pit Road 
3. Remove existing off-road line 

ACE 2018 CI 52205 Page 2 of 4

Date Filed:  November 22, 2017          Page 2307 of 2371          REDACTED



: -CI Number 52205 30N-412 Hwy 242 Fundy Shore Rebuild Project Number 52205

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

3500 - DP - Wood Poles 211,215Additions

3900 - DP - O/H Cond. 215,789Additions

4000 - DP - O/H Cond.Devices 1,639Additions

4100 - DP - O/H Line Transf. 22,408Additions

5000 - DP - Street Lights 718Additions

5200 - DP - Services 5,503Additions

9000 - DP - LED Street Lights 7,821Additions

3500 - DP - Wood Poles 42,196Retirements

3900 - DP - O/H Cond. 27,922Retirements

4000 - DP - O/H Cond.Devices 625Retirements

4100 - DP - O/H Line Transf. 417Retirements

5000 - DP - Street Lights 278Retirements

5200 - DP - Services 139Retirements

Total Cost:

Original Cost:

536,670

121,037

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52205

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 240 372$  89,383$  
PD 24 386$  9,244$  

1 1,083$              1,083$  

Sub-Total 99,710$  

Lot 1 59,354$             59,354$  

Sub-Total 59,354$  

Lot 1 71,448$             71,448$  
Lot 1 57,150$             57,150$  
Lot 1 40,000$             40,000$  

Sub-Total 168,598$              

Lot 1 10,000$             10,000$  
-$  

Sub-Total 10,000$  

% 10% 327,661$           32,766$  
-$  

Sub-Total 32,766$  

40,747$  
-$  

Sub-Total 40,747$  

4,960$  
-$  

Sub-Total 4,960$  

88,545$  
31,990$  

Sub-Total 120,535$              

370,427$              
536,670$              

Original Cost
121,037$              

Distribution 

30N-412 Hwy 242 Fundy Shore Rebuild

Easement

Contracts

Royalty, Easement, Appraisal

Location:
CI# :
Title:

Regular Labor

Description

T&D Labor - PLT

Other Goods & Services

T&D Labor - Design
Procurement/Financial Support

Contract AO

Vehicle Overhead

Poles, Conductor

Tree Trimming

Flagging

Materials

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Backhoe

SUB-TOTAL (no AO, AFUDC)

Labor AO
Administrative Overhead

TOTAL (AO, AFUDC included)

AFUDC

Contingency

Vehicle AO
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CI Number: 51744 
 
Title: 30N-411 Maccan River Crossing Rebuild 
 
Start Date: 2018/07 
In-Service Date: 2018/10 
Final Cost Date: 2019/04 
Function Class: Distribution 
Forecast Amount: $473,044 
 
DESCRIPTION: 
  
This project includes the reconfiguration of the section of primary feeder 30N-411 currently crossing the Maccan 
River.  An existing 2 kilometer single-phase section of 30N-411 will be upgraded to three-phase.  The existing 1 
kilometer three-phase section of 30N-411 currently crossing the Maccan River will be removed once the 
reconfiguration and load transfer is completed. 
 
Summary of Related CI's +/- 2 years 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
JUSTIFICATION:  
 
Justification Criteria: Distribution System 
 
Why do this project? 
 
The existing river crossing is deteriorated and at risk of failure due to its age and condition.  In addition, the targeted 
section of line is located off-road with reduced accessibility, which limits NS Power’s ability to conduct 
maintenance and respond to outages. 
 
Why do this project now? 
 
The existing conductor and poles are approximately 65 years old and have reached the end of their expected service 
lives.  Inspection of the targeted section of 30N-411 and assessment based on age, condition and risk of failure has 
determined that replacement is required.  In addition, inspection of the current crossing has identified that the 
existing structures are sinking due to the condition of the soil. 
 
Why do this project this way? 
 
An alternative considered was rebuilding the existing off-road section in its current location.  This alternative would be 
more expensive due to the requirement of off-road construction equipment.  In addition, the existing crossing is in a 
marsh environment, whereas the reconfiguration will bring the line to roadside. 
 
The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 
designed to optimize the allocation and execution of PLT resources among work requirements. 
 

_
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1. Construct new three phase line. 
2. Remove existing feed across Macccan river 

 

_
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: -CI Number 51744 30N-411 Maccan River Crossing Rebuild Project Number 51744

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

0200 - DP - Land Rights 27,774Additions

3500 - DP - Wood Poles 191,165Additions

3800 - DP - Insulators 426Additions

3900 - DP - O/H Cond. 200,350Additions

4100 - DP - O/H Line Transf. 3,317Additions

5000 - DP - Street Lights 2,857Additions

5200 - DP - Services 3,723Additions

3500 - DP - Wood Poles 25,274Retirements

3900 - DP - O/H Cond. 17,536Retirements

4100 - DP - O/H Line Transf. 622Retirements

Total Cost:

Original Cost:

473,044

36,975

Total Cost:Original Cost:

_
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Capital Project Detailed Estimate

51744
30N-411 Maccan River Crossing Rebuild

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

Lot 1 6,886$               6,886$                  

Sub-Total 6,886$                  

Lot 1 29,125$             29,125$                
Lot 1 37$                    37$                       
Lot 1 25,374$             25,374$                
Lot 1 238$                  238$                     

Sub-Total 54,773$                

Hrs. 201,127$              
Lot 1 7,500$               7,500$                  
Lot 1 40,539$             40,539$                
Lot 1 22,200$             22,200$                

Sub-Total 271,366$              

Lot 1 30,610$             30,610$                
Sub-Total 30,610$                

Lot 1 12,000$             12,000$                
Sub-Total 12,000$                

% 10% 333,025$           33,302$                
Sub-Total 33,302$                

2,814$                  
Sub-Total 2,814$                  

6,115$                  
51,489$                

Sub-Total 57,604$                

3,689$                  
Sub-Total 3,689$                  

408,937$              
473,044$              

Original Cost
36,975$                

Vehicle Overhead

Royalty, Easement, Appraisal
Permits

Other Goods & Services

Flagging

Poles

Contracts

Tree Trimming

Materials

Procurement / Financial Support

Consulting

Contingency

Insulators
Conductor

Backhoe

Consulting

Overhead Line Transformer

Contract Line Work

Vehicle Allocated Costs

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead

Contract AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Interest Capitalized
AFUDC

Labor AO

Location:
CI# / FP#:

Title:

Distribution

Regular Labor

Description

_
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CI Number:  52204 
 
Title: 87W-312G Big Tancook Island Replacements 
 
Start Date:  2018/05 
In-Service Date:  2019/06 
Final Cost Date:  2019/12 
Function Class:  Distribution 
Forecast Amount:  $454,096 
 
DESCRIPTION: 
 
This project will replace deteriorated equipment on Big Tancook Island.  Approximately 25 deteriorated poles, 13 
pin insulators, and 24 transformers will be replaced. 
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
JUSTIFICATION:  
 
Justification Criteria: Distribution System 
 
Why do this project? 
 
The existing poles, insulators and transformers are deteriorated and at risk of failure due to their age and condition.  
In addition, the targeted section of line is located on an island, with limited accessibility, which can lead to extended 
duration outages due to the restricted access. 
 
Why do this project now? 
 
The existing poles are over 50 years old and have reached the end of their expected service lives.  Inspections of the 
targeted devices and assessment based on age, condition and risk of failure have determined that replacements are 
required.  Proactive replacement is required to prevent high-cost, extended duration outages due to the restricted 
access to the island. 
 
Why do this project this way? 
 
There is no alternative source of supply for the customers in the targeted area. Replacing the targeted assets is a more 
cost effective solution than rebuilding the entire line.  
 
The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which is 
designed to optimize the allocation and execution of PLT resources among work requirements. 
 

_
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1. Replace targeted poles, insulators and transformers. 
 

_
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: -CI Number 52204 87W-312G Big Tancook Island Replacements Project Number 52204

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

0200 - DP - Land Rights 40,323Additions

3500 - DP - Wood Poles 234,276Additions

3900 - DP - O/H Cond. 51,248Additions

4000 - DP - O/H Cond.Devices 5,734Additions

4100 - DP - O/H Line Transf. 84,946Additions

3500 - DP - Wood Poles 19,012Retirements

4000 - DP - O/H Cond.Devices 2,738Retirements

4100 - DP - O/H Line Transf. 15,818Retirements

Total Cost:

Original Cost:

454,096

42,463

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52204
87W-312G Big Tancook Island Replacements

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 5.6 386$                  2,160$                  
Lot 1 4 697$               4 697$                  

Sub-Total 6,857$                  

Lot 1 8,277$               8,277$                  
Lot 1 99$                    99$                       
Lot 1 1,126$               1,126$                  
Lot 1 43,737$             43,737$                

Sub-Total 53,239$                

Hrs. 126,178$              
Lot 1 29,500$             29,500$                
Lot 1 34,500               34,500                  
Lot 1 56,885               56,885                  
Lot 1 36,000               36,000                  

Sub-Total 283,063$              

% 10% 343 159$           34 316$                
Sub-Total 34,316$                

2,802$                  
Sub-Total 2,802$                  

6,089$                  
53,708$                

Sub-Total 59,797$                

14,022$                
Sub-Total 14,022$                

377,474$              
454,096$              

Original Cost
42,463$                

Location:
CI# / FP#:

Title:

T&D Labor - Design

Distribution

Regular Labor

Description

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead

Contract AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Interest Capitalized
AFUDC

Labor AO

Contingency

Off-Road Equipment

Conductor
Cutouts

Ferry Services for Equipment and Crews

Overhead Line Transformer

Contract Line Work
Tree Trimming

Vehicle Allocated Costs

Other Goods & Services

Backhoe

Contracts

Vehicle Overhead

Procurement / Financial Support

Poles
Materials
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CI Number:  52267 

Title: 16W-302H Brenton Rd Rebuild 

Start Date: 2018/04 
In-Service Date: 2019/04 
Final Cost Date: 2019/10 
Function Class: Distribution 
Amount: $387,767 

DESCRIPTION: 

This project will replace approximately 3.1 kilometers of existing single-phase line on primary distribution feeder 
16W-302H along Brenton Road in Brenton.  This will require the replacement of approximately 3.1 kilometers of #4 
ACSR primary and neutral conductor with 2/0 AASC, and associated framing and insulators.  Additional 
replacements include approximately 19 poles, 6 transformers and 10 cutouts.  In addition, approximately 8 poles will 
be added to reduce span lengths to current standards. 

Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 

JUSTIFICATION: 

Justification Criteria: Distribution System 

Sub Criteria: Deteriorated Conductor 

Why do this project? 

The existing conductor and poles are deteriorated and at risk of failure due to their age and condition.  In addition, 
the conductor can no longer be worked on under live conditions. 

Why do this project now? 

The existing conductor and poles are over 35 years old and have reached the end of their expected service lives.  
Inspections of the targeted devices and assessment based on age, condition and risk of failure has determined that 
replacements are required.  In addition, the existing conductor is unable to support cold load pick up during an 
outage on, or upstream, of 16W-302H due to its condition.  This results in additional delays and travel time in 
restoring customers to avoid conductor failure. 

Why do this project this way? 

There is no alternative source of supply for the customers in the targeted area.  In order to minimize customer outages 
during construction, customers near Brazil Lake will be transferred to another line section fed from Brazil Lake Rd. 
Alternatively, NS Power considered upgrading this alternate feed to permanently transfer the load from Brenton Rd to 
Brazil Lake Rd; however this requires an additional 1.7 kilometers of conductor upgrades on Brazil Lake Rd in 
addition to the 3.1 kilometers required on Brenton Rd. 

The contracts portion of this project will be sourced through NS Power’s existing Power Line Technician (PLT) 
Service Agreement with Emera Utility Services.  This is aligned with NS Power’s workforce planning model which 
is designed to optimize the allocation and execution of PLT resources among work requirements. 
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1. Rebuild approximately 3.1 km of existing single-phase line. 
2. Source of temporary feed for Brazil Lake. 
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: -CI Number 52267 16W-302H-Brenton Rd Rebuild Project Number 52267

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

0200 - DP - Land Rights 10,190Additions

3500 - DP - Wood Poles 216,099Additions

3900 - DP - O/H Cond. 100,436Additions

4000 - DP - O/H Cond.Devices 4,558Additions

4100 - DP - O/H Line Transf. 17,222Additions

5000 - DP - Street Lights 1,817Additions

5200 - DP - Services 2,057Additions

3500 - DP - Wood Poles 15,860Retirements

3800 - DP - Insulators 99Retirements

3900 - DP - O/H Cond. 13,921Retirements

4000 - DP - O/H Cond.Devices 1,193Retirements

4100 - DP - O/H Line Transf. 3,778Retirements

5200 - DP - Services 537Retirements

Total Cost:

Original Cost:

387,767

106,746

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52267
16W-302H Brenton Rd Rebuild 

Execution Year: 2018/2019

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

Lot 1 4,827$               4,827$                  

Sub-Total 4,827$                  

Lot 1 13,953$             13,953$                
Lot 1 9 752$               9 752$                  
Lot 1 1 265$               1 265$                  
Lot 1 9 666$               9 666$                  
Lot 1 9$                      9$                         

Sub-Total 34,645$                

Hrs. 143 104                
Lot 1 30 000$             30 000                  
Lot 1 33,091$             33,091                  
Lot 1 30,750$             30,750                  
Lot 1 10,000$             10,000                  

Sub-Total 246,945$              

Lot 1 7,500$               7,500$                  

Sub-Total 7,500$                  

% 10% 286,417$           28,642$                
-$                      

Sub-Total 28,642$                

1,972$                  
Sub-Total 1,972$                  

4 286$                  
46,855$                

Sub-Total 51,142$                

12,093$                

Sub-Total 12,093$                

322,559$              
387,767$              

Original Cost
106,746$              

Location:
CI# / FP#:

Title:

Distribution

Regular Labor

Description

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead

Contract AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

 Interest Capitalized
AFUDC

Labor AO

Procurement / Financial Support

Backhoe

Overhead Line Transformer

Contract Line Work
Tree Trimming

Materials
Poles

Conductor
Cutouts

Vehicle Allocated Costs

Services

Other Goods & Services

Flagging

Contracts

Rock Breaking

Vehicle Overhead

Royalty, Easement, Appraisal
Easements

Contingency
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CI Number: 52207 
 
Title:  678H-211 McNab’s Island Replacements  

 
Start Date: 2018/07 
In-Service Date: 2019/03 
Final Cost Date: 2019/09 
Function Class: Distribution 
Forecast Amount: 350,176 
 
DESCRIPTION: 
 
This project will replace deteriorated equipment on McNab’s Island in Halifax. Approximately 24 deteriorated 
poles, 21 pin insulators, and 3 transformers will be replaced. 
 
Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 
 
JUSTIFICATION:  
 
Justification Criteria: Distribution System 
 
Sub Criteria: Pole Strength 
 
Why do this project? 
 
The existing poles and transformers are deteriorated and at risk of failure due to their age and condition.  In addition, 
the targeted section is located on an island, with limited accessibility, which can lead to extended duration outages 
due to the restricted access. 
 
Why do this project now? 
 
The existing poles are over 65 years old and have reached the end of their expected service lives.  Inspections of the 
targeted devices and assessments based on age, condition and risk of failure have determined that replacements are 
required.  Proactive replacement is required to prevent high-cost, extended duration outages due to the restricted 
access to the island. 
 
Why do this project this way? 
 
There is no alternative source of supply for the customers in the targeted area.  Poles will be upgraded in accordance 
with current NS Power standards. 
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1. Replace targeted poles, insulators and transformers on the island. 
 

ACE 2018 CI 52207 Page 2 of 4

Date Filed:  November 22, 2017          Page 2323 of 2371          REDACTED



: -CI Number 52207 678H-211 McNab’s Island Replacements Project Number 52207

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

0200 - DP - Land Rights 79,354Additions

3500 - DP - Wood Poles 237,776Additions

3900 - DP - O/H Cond. 18,789Additions

5000 - DP - Street Lights 862Additions

5200 - DP - Services 221Additions

3500 - DP - Wood Poles 12,578Retirements

4100 - DP - O/H Line Transf. 398Retirements

5000 - DP - Street Lights 199Retirements

Total Cost:

Original Cost:

350,176

27,287

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52207

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

Lot 1 361$                 361$                    

Sub-Total 361$                    

Lot 1 18,045$             18,045$                

Sub-Total 18,045$                

Lot 1 84,904$             84,904$                
Lot 1 19,684$             19,684$                
Lot 1 24,900$             24,900$                
Lot 1 60,000$             60,000$                
Lot 1 20,000$             20,000$                
Lot 1 27,000$             27,000$                
Lot 1 11,350$             11,350$                

Sub-Total 247,838$              

Lot 1 5,000$              5,000$                 

Sub-Total 5,000$                 

% 10% 266,243$           26,624$                

Sub-Total 26,624$                

5,284$                 

Sub-Total 5,284$                 

47,025$                

Sub-Total 47,025$                

297,868$              
350,176$              

Original Cost
27,287                 

Backhoe

Royalty, Easement, Appraisal
Easement

Flagging

Track Machine
Barging Equipment

EUS Contracts

Archaeologist

Tree Trimming

Other Goods & Services

678H-211 McNab’s Island Replacements

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

SUB-TOTAL (no AO, AFUDC)

Contract AO

Materials

Distribution 

Administrative Overhead

Contingency

Title:

Regular Labor

Description

AFUDC

TOTAL (AO, AFUDC included)

Procurement / Financial Support

Materials

Location:
CI# :

Contracts

ACE 2018 CI 52207 Page 4 of 4

Date Filed:  November 22, 2017          Page 2325 of 2371          REDACTED



CI Number: 51500 

Title: 2018 Pin Insulator Replacements 

Start Date: 2018/01 
In-Service Date: 2018/01 
Final Cost Date: 2019/06 
Function Class: Distribution 
Amount: $350,100 

DESCRIPTION: 

This project includes the replacement of distribution pin insulators on various targeted feeder sections.  
Approximately 750 pin insulators will be replaced.  In cases where insulators require replacement and the cross arm, 
porcelain cut out or pole is also deteriorated, those components will be replaced as part of this project as well. 

Summary of Related CIs +/- 2 years: 
2019 CI TBD 2019 Pin Insulator Replacements $TBD 
2020 CI TBD 2020 Pin Insulator Replacements $TBD 

JUSTIFICATION: 

Justification Criteria: Distribution System 

Why do this project? 

The existing pin insulators are deteriorated and at risk of failure.  Failed pin insulators are the leading cause of 
deteriorated equipment customer interruptions (CI) and customer hours of interruption (CHI). 

Why do this project now? 

The targeted pin insulators are over 35 years old and have reached the end of their service life.  Pin insulator failures 
have resulted in over 300,000 CI and over 475,000 CHI over the last five years.  In addition, pin insulator failures 
also have the potential to cause pole fires resulting in premature pole replacements. 

This project is deemed in-service when the first pin insulator is installed (January 2018), therefore the Final Cost 
Date (June 2019) is listed as six months after the last pin insulator is installed (December 2018). 

Why do this project this way? 

Replacing the targeted assets is a more cost effective solution than rebuilding the entire line.  Proactive replacement of 
targeted pin insulators improves reliability and reduces the risk of pole damage.  
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: -CI Number 51500 2018 Pin Insulator Replacements Project Number 51500

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

0200 - DP - Land Rights 45,479Additions

3500 - DP - Wood Poles 183,175Additions

3800 - DP - Insulators 25,374Additions

3900 - DP - O/H Cond. 66,300Additions

4000 - DP - O/H Cond.Devices 12,083Additions

3500 - DP - Wood Poles 12,951Retirements

3900 - DP - O/H Cond. 1,579Retirements

4000 - DP - O/H Cond.Devices 3,159Retirements

Total Cost:

Original Cost:

350,100

29,014

Total Cost:Original Cost:
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Capital Project Detailed Estimate

51500
2018 Pin Insulator Replacements

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 199 367$                  73,086$                
PD 9 382$                  3,343$                   
Lot 1 7,788$               7,788$                   

Sub-Total 84,217$                

Lot 1 11,371$             11,371$                
Lot 1 1,915$               1,915$                   
Lot 1 2,975$               2,975$                   

Sub-Total 16,260$                

Lot 1 25,000$             25,000$                
Lot 1 65,285$             65,285$                
Lot 1 10,800$             10,800$                

Sub-Total 101,085$              

% 10% 201,561$           20,156$                

Sub-Total 20,156$                

34,416$                

Sub-Total 34,416$                

74,787$                
19,180$                

Sub-Total 93,967$                

221,717$              
350,100$              

Original Cost
29,014$                

Location:
CI# / FP#:

Title:

T&D Labor - Design

Distribution

Regular Labor

Description

T&D Labor - PLT

Flagging
Backhoe

Vehicle AO

Other Goods & Services

Vehicle Overhead

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting 
purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead
Labor AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Contract AO

Contingency

Procurement / Financial Support

Contracts

Cutouts

Materials
Poles

Insulators

Tree Trimming
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CI Number: 52192 
 
Title: 54H-303 Underground Device Replacements Phase 2 
 
Start Date: 2018/05 
In-Service Date: 2018/12 
Final Cost Date: 2019/06 
Function Class: Distribution 
Forecast Amount: $309,230 
 
DESCRIPTION: 
 
This is the second phase of the 54H-303 Underground Device Replacement project.  This project will replace 
approximately 0.8 kilometers of deteriorated underground cables and various underground devices on primary 
distribution feeder 54H-303.  The targeted equipment is part of the Dartmouth underground system, and is located in 
four vaults in the downtown area.  Replacements include underground cables, submersible transformers, 
submersible switchgear, switching cubicles, fault indicators and related hardware. 
 
Summary of Related CIs +/- 2 years: 
2017 CI 49918 54H-303 Underground Device Replacements Phase 1 $469,605 
 
JUSTIFICATION:  
 
Justification Criteria:  Distribution System 
 
Sub Criteria:  Deteriorated Conductor 
 
Why do this project? 
 
The existing cables and related equipment are deteriorated and at risk of failure due to their age and condition.  
Failure of this equipment would result in outages to Downtown Dartmouth (approximately 1260 customers), 
including multiple commercial customers.   
  
Why do this project now? 
 
The targeted cables, transformers, switchgear and related equipment are approximately 35 years old, and have 
reached the end of their expected useful lives.  Inspections of the targeted devices and assessments based on age, 
condition, and risk of failure have determined that replacements are required.  There have been eight failures in the 
last three years on the targeted underground feeder due to the age and condition of the assets.  These events resulted 
in lengthy outages to customers due to the time required to isolate the faulted section and make repairs.  
 
Why do this project this way? 
 
There is no alternate source of supply for customers served by the targeted underground equipment. Replacing the 
targeted assets is a more cost effective solution than rebuilding the entire underground line, or building new overhead 
lines.  Planned cable replacements can be performed with little to no customer interruptions, as switching can be 
performed between vaults to supply customers. 

_
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Replacement includes cable and equipment between D14 and D10 
 
- Replace approximately 0.8kms of underground distribution line between D14 and D10. 
- Replace operators.  
- Replace submersible transformers. 
- Install/replace fault indicators in vaults.  Replace cables trays and cable brackets. 

_
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: -CI Number 52192 54H-303 Underground Device Replacements Phase 2 Project Number 52192

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

3900 - DP - O/H Cond. 4,278Additions

4600 - DP - U/G Conductor 260,635Additions

4700 - DP - U/G Conductor Devices 8,165Additions

4800 - DP - U/G Line Transf. 13,337Additions

4000 - DP - O/H Cond.Devices 414Retirements

4600 - DP - U/G Conductor 22,401Retirements

Total Cost:

Original Cost:

309,230

110,530

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52192

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 33 386$                 12,654$                
PD 130 372$                 48,561$                
Lot 1 1,484$              1,484$                 

Sub-Total 62,699$                

Lot 1 74,181$             74,181$                
-$                     

Sub-Total 74,181$                

Lot 1 38,854$             38,854$                
Lot 1 10,000$             10,000$                
Lot 1 6,000$              6,000$                 
Lot 1 1,000$              1,000$                 

Sub-Total 55,854$                

% 10% 192,734$           19,273$                

Sub-Total 19,273$                

25,622$                
Sub-Total 25,622$                

5,324$                 

Sub-Total 5,324$                 

55,678$                
10,598$                

Sub-Total 66,276$                

212,008$              
309,230$              

Original Cost
110,530$              

Materials
Materials

Crane operator charges

Electricians

Hydro vac charges

Flagging

Other Goods & Services
Contingency

Contracts

Contract AO

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Labor AO

AFUDC

Location:
CI# :
Title:

Regular Labor

Description

Distribution 

54H-303 Underground Device Replacements Phase 2                                                               

Engineering

Administrative Overhead

Vehicle Overhead
Vehicle AO

Procurement/Financial Support

Vacpac Stand _ Stainless steel
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CI Number: 52206 

Title: 20V-311 Bishop Ville Rd Reconductor  

Start Date): 2018/05 
In-Service Date: 2018/08 
Final Cost Date: 2019/02 
Function Class: Distribution 
Amount: $303,533 

DESCRIPTION: 

This project includes targeted conductor replacement on primary distribution feeder 20V-311 along Bishopville Rd 
near Hantsport.  Approximately 3.8 kilometers of #4 ACSR primary and neutral conductor will be upgraded to 2/0 
AASC primary and neutral.  Additionally, 58 insulators, 2 cutouts, and 5 transformers will be replaced. 

Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 and 2020 

JUSTIFICATION:  

Justification Criteria: Distribution System 

Sub Criteria: Deteriorated Conductor 

Why do this project? 

The existing conductor is deteriorated and at risk of failure due to its age and condition.  In addition, the existing 
conductor cannot be worked on under live conditions. 

Why do this project now? 

The existing conductor is over 55 years old and has reached the end of its expected useful life.  Inspections of the 
targeted devices and assessment based on age, condition and risk of failure has determined that replacements are 
required. 

Why do this project this way? 

There is no alternative source of supply for the customers in the targeted area.  Replacing the targeted assets is a more 
cost effective solution than rebuilding the entire line.  The conductor will be upgraded in accordance with current NS 
Power standards. 
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1. Upgrade approximately 3.8 kilometers of conductor and replace targeted devices along Bishop Ville Rd.  
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: -CI Number 52206 20V-311 Bishop Ville Rd Reconductor Project Number 52206

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

0200 - DP - Land Rights 81,610Additions

3500 - DP - Wood Poles 90,886Additions

3900 - DP - O/H Cond. 82,400Additions

4000 - DP - O/H Cond.Devices 622Additions

4100 - DP - O/H Line Transf. 20,517Additions

5000 - DP - Street Lights 693Additions

5200 - DP - Services 6,466Additions

3500 - DP - Wood Poles 6,807Retirements

3900 - DP - O/H Cond. 10,827Retirements

4000 - DP - O/H Cond.Devices 239Retirements

4100 - DP - O/H Line Transf. 2,229Retirements

5200 - DP - Services 239Retirements

Total Cost:

Original Cost:

303,533

28,577

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52206
20V-311 Bishop Ville Rd Reconductor

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 157 372$                  58,407$                
Lot 1 6,778$               6,778$                  

Sub-Total 65,185$                

Lot 1 15,634$             15,634$                
Lot 1 11,258$             11,258$                
Lot 1 235$                  235$                     
Lot 1 9,753$               9,753$                  

Sub-Total 36,880$                

Lot 1 37,000$             37,000$                
Lot 1 34,603$             34,603$                

Sub-Total 71,603$                

Lot 1 12,000$             12,000$                

Sub-Total 12,000$                

% 10% 173,668$           17,367$                
-$                      

Sub-Total 17,367$                

26,639$                
Sub-Total 26,639$                

57,887$                
13,586$                

Sub-Total 71,472$                

2,387$                  

Sub-Total 2,387$                  

203,035$              
303,533$              

Original Cost
28,577$                

Vehicle Allocated Costs

Other Goods & Services

Contracts

Vehicle Overhead

Royalty, Easement, Appraisal
Grade 1 Highway Crossing

Contingency

Overhead Line Transformer

Tree Trimming
Flagging

Materials
Poles

Conductor
Cutouts

T&D Labor - PLT

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Administrative Overhead

Contract AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Interest Capitalized
AFUDC

Labor AO

Procurement / Financial Support

Location:
CI# / FP#:

Title:

Distribution

Regular Labor

Description
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CI Number: 52186 

Title: 4S Feeder Exit Cable Replacement Phase 1 

Start Date: 2018/04 
In-Service Date: 2018/12 
Final Cost Date: 2019/06 
Function: Distribution 
Amount: $293,509 

DESCRIPTION: 

This project will replace four sets of deteriorated primary distribution feeder exit cables at the 4S Townsend Street 
substation in Sydney.  The feeder exit cables at this substation are deteriorated and have reached end of expected 
useful life.  Feeder exit cables prevent overhead congestion in the area of a substation by routing feeders 
underground from the reclosers located in the substation to adjacent poles at roadside. 

Summary of Related CIs +/- 2 years: 
2019 CI TBD - 4S Feeder Exit Cable Replacement Phase 2 - $TBD 

JUSTIFICATION: 

Justification Criteria:  Distribution System 

Sub Criteria:  Deteriorated Conductor 

Why do this project? 

The feeder exit cables at Towsend Street substation are deteriorated, and have reached end of expected useful life.  
Cable failures at 4S will result in lengthy customer outages, affecting up to 2,000 customers.  In addition, the 
underground cables at 4S Townsend St substation have shown signs of water migration into the cable insulation, 
which can cause cable failure. 

Why do this project now? 

The 4S feeder exit cables are approximately 38 years old and have reached the end of their expected useful lives. 
Cables are showing signs of water migration into the insulation.  Water migration can cause cable failure, which 
affects the ability to maintain a reliable supply to customers. 

Why do this project this way? 

Planned replacements of the feeder exit cables can be done without customer interruptions by transferring load to other 
feeders.  The new cables will be installed in the existing duct system, taking advantage of the existing structure and 
minimizing additional costs. 
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: -CI Number 52186 4S Feeder Exit Cable Replacement Phase 1 Project Number 52186

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

0200 - DP - Land Rights 13,408Additions

3500 - DP - Wood Poles 157,038Additions

3900 - DP - O/H Cond. 6,030Additions

4000 - DP - O/H Cond.Devices 6,809Additions

4600 - DP - U/G Conductor 86,851Additions

4700 - DP - U/G Conductor Devices 1,716Additions

4800 - DP - U/G Line Transf. 3,860Additions

3500 - DP - Wood Poles 2,468Retirements

3900 - DP - O/H Cond. 235Retirements

4000 - DP - O/H Cond.Devices 15,093Retirements

Total Cost:

Original Cost:

293,509

22,328

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52186

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 84 372$                 31,353$                
PD 15 386$                 5,657$                 
PD 7 389$                 2,850$                 
Lot 1 1,032$              1,032$                 

Sub-Total 40,891$                

Lot 1 51,605$             51,605$                

Sub-Total 51,605$                

Lot 1 39,297$             39,297$                
Lot 1 9,000$              9,000$                 
Lot 1 13,000$             13,000$                
Lot 1 20,000$             20,000$                

Sub-Total 81,297$                

Lot 1 20,000$             20,000$                

Sub-Total 20,000$                

Lot 1 8,000$              8,000$                 

Sub-Total 8,000$                 

% 10% 173,793$           17,379$                

Sub-Total 17,379$                

16,711$                

Sub-Total 16,711$                

5,888$                 

Sub-Total 5,888$                 

36,313$                
15,425$                

Sub-Total 51,738$                

219,172$              
293,509$              

Original Cost
22,328$                

Location:
CI# :
Title:

Regular Labor

Description

Distribution 

Electrician

Contract AO

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Backhoe

Engineering Design Consultant

SUB-TOTAL (no AO, AFUDC)

Labor AO

Materials

TOTAL (AO, AFUDC included)

AFUDC

Other Goods & Services

Administrative Overhead

Consulting

Vehicle Overhead
Vehicle AO

Railway Traffic Control

Engineering
Project Supervision

Procurement/Financial Support

Contingency

Contracts

Civil

Materials

Flagging

4S Feeder Exit Cable Replacement Phase 1                                                  

Royalty, Easement, Appraisal
Permitting
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CI Number: 52208 

Title: 3S Feeder Exit Cable Replacement Phase 2 

Start Date: 2018/04 
In-Service Date: 2018/12 
Final Cost Date: 2019/06 
Function: Distribution 
Amount: $293,228 

DESCRIPTION: 

This project will replace the four remaining sets of deteriorated feeder exit cables at the 3S Gannon Road substation. 
The existing feeder exit cables are direct buried, and will be replaced with feeder exit cables in a duct system.  The 
feeder exit cables at the 3S Gannon Road Substation are deteriorated and have reached end of life.  Feeder exit 
cables prevent overhead congestion in the area of a substation by routing feeders underground from the breakers 
located in the substation to the adjacent roadside poles.  Feeder exit cable failures result in lengthy customer 
outages, particularly where the cables are direct buried and not installed in a duct system. 

Summary of Related CIs +/- 2 years: 
2017 CI 49591 - 3S Feeder Exit Cable Replacement - $335,842 

JUSTIFICATION: 

Justification Criteria:  Distribution System 

Sub Criteria:  Deteriorated Conductor 

Why do this project? 

The feeder exit cables at the 3S Gannon Road substation are deteriorated, and have reached end of their expected 
life.  Cable failures at 3S will result in lengthy customer outages, affecting up to 2,000 customers.  In addition, the 
existing underground cables at the 3S Gannon Road substation are direct buried installations, which cannot be easily 
accessed, replaced or repaired. 

Why do this project now? 

The 3S substation feeder exit cables are approximately 45 years old and have reached the end of their expected 
useful lives.  Cables have previously failed at 3S in 2014 and 2015.  Assessment of the 2015 failure indicated that 
replacement is required to maintain a reliable supply to customers. 

Why do this project this way? 

Planned replacements of the feeder exit cables can be done without customer interruptions by transferring load to other 
feeders.  The new cables will be installed in a duct system, as per current NS Power standards, to allow for improved 
access, maintainability and reliability. 
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: -CI Number 52208 3S Feeder Exit Cable Replacement Phase 2 Project Number 52208

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

3500 - DP - Wood Poles 37,992Additions

3900 - DP - O/H Cond. 7,923Additions

4000 - DP - O/H Cond.Devices 14,006Additions

4600 - DP - U/G Conductor 216,443Additions

3500 - DP - Wood Poles 1,469Retirements

3900 - DP - O/H Cond. 20Retirements

4000 - DP - O/H Cond.Devices 2,404Retirements

4600 - DP - U/G Conductor 12,970Retirements

Total Cost:

Original Cost:

293,228

46,694

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52208

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 24 386.00$             9,082$                 
PD 80 372.22$             29,948$                
Lot 1 1,430$              1,430$                 

Sub-Total 40,460$                

Lot 1 71,494$             71,494$                
-$                     

Sub-Total 71,494$                

Lot 1 11,059$             11,059$                
Lot 1 5,600$              5,600$                 
Lot 1 70,000$             70,000$                

Sub-Total 86,659$                

% 10% 198,614$           19,861$                

Sub-Total 19,861$                

16,534$                

Sub-Total 16,534$                

5,846$                 
-$                     

Sub-Total 5,846$                 

35,930$                
16,443$                

Sub-Total 52,372$                

218,475$              
293,228$              

536800 Original Cost
46,694$                

Distribution 

Labor AO

Engineering
Electrician

Administrative Overhead

Vehicle Overhead
Vehicle AO

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

 Interest Capitalized

Backhoe

SUB-TOTAL (no AO, AFUDC)

Location:
CI# :
Title:

Regular Labor

Description

TOTAL (AO, AFUDC included)

AFUDC

Other Goods & Services

Procurement/Financial Support

Contract AO

Contingency

3S Feeder Exit Cable Replacement Phase 2                                               

Materials
Materials

Contracts

Civil work

Flagging
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CI Number:  52201 

Title:  55V-314GA Welsford Reconductor 

Start Date 2018/06 
In-Service Date: 2018/09 
Final Cost Date: 2019/03 
Function Class: Distribution 
Amount: $275,161 

DESCRIPTION: 

This project includes reconductoring approximately 3.2 kilometers of existing three-phase line on primary 
distribution feeder 55V-314GA along Highway 221 between Highway 360 and Long Point Rd in Welsford. This 
section of line requires the replacement of three phase #4 AASC primary and ACSR neutral conductor with 2/0 
AASC primary and neutral, and associated framing and insulators.  Approximately 9 poles, 2 transformers and 12 
cutouts will be replaced and approximately 4 stub poles with overhead guys will be added to upgrade pole 
anchoring. 

Summary of Related CIs +/- 2 years: 
No other projects in 2016, 2017, 2018, 2019 or 2020 

JUSTIFICATION: 

Justification Criteria: Distribution System 

Sub Criteria: Deteriorated Conductor 

Why do this project? 

The existing conductor and targeted poles are deteriorated and at risk of failure due to their age and condition. In 
addition, the conductor can no longer be worked on under live conditions. 

Why do this project now? 

The existing poles and conductor are over 40 years old and have reached the end of their expected service life.  
Inspections of the targeted devices and assessment based on age, condition and risk of failure has determined that 
replacements are required. In addition, the existing conductor has approximately 150 splices on the targeted section 
of line. Splices are a weak point in the line. Splice counts this high are indicative of a history of conductor failures 
over time as each time the conductor breaks it is repaired with the splice. 

Why do this project this way? 

There is no alternative source of supply for the customers in the targeted area. Conductor and anchoring is the only 
alternative to mitigating the risk of failure. The line will be upgraded in accordance with current NS Power standards. 
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1. Reconductor approximately 3.2 kilometers of conductor along Highway 221 to 2/0 AASC. 
 

ACE 2018 CI 52201 Page 2 of 4

Date Filed:  November 22, 2017          Page 2344 of 2371          REDACTED



: -CI Number 52201 55V-314GA-Welsford Reconductor Project Number 52201

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1456 1456 Distribution Plant General

0200 - DP - Land Rights 23,929Additions

3500 - DP - Wood Poles 87,999Additions

3800 - DP - Insulators 4,353Additions

3900 - DP - O/H Cond. 109,123Additions

4000 - DP - O/H Cond.Devices 3,796Additions

4100 - DP - O/H Line Transf. 9,140Additions

5000 - DP - Street Lights 2,567Additions

3500 - DP - Wood Poles 9,844Retirements

3900 - DP - O/H Cond. 20,583Retirements

4000 - DP - O/H Cond.Devices 1,641Retirements

4100 - DP - O/H Line Transf. 2,188Retirements

Total Cost:

Original Cost:

275,161

32,234

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52201

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 2 386$                 636$                    

Sub-Total 636$                    

Lot 1 31,792$             31,792$                

Sub-Total 31,792$                

Lot 1 24,679$             24,679$                
Lot 1 14,550$             14,550$                
Lot 1 11,200$             11,200$                
Lot 1 127,332$           127,332$              

Sub-Total 177,760$              

Lot 1 7,500$              7,500$                 

Sub-Total 7,500$                 

% 10% 210,188$           21,019$                

Sub-Total 21,019$                

260$                    

Sub-Total 260$                    

1,901$                 
-$                     

Sub-Total 1,901$                 

565$                    
33,728$                

Sub-Total 34,293$                

238,707$              
275,161$              

Original Cost
32,234$                

Contingency

EUS Contracts
Tree Trimming

Flagging

Easement
Royalty, Easement, Appraisal

Materials
Materials

Contracts

Other Goods & Services

Procurement/Financial Support

COPS Contract AO

Vehicle Overhead

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Backhoe

TOTAL (AO, AFUDC included)

Location:
CI# :
Title:

Regular Labor

Description

Distribution 

55V-314GA Welsford Reconductor

Vehicle AO

SUB-TOTAL (no AO, AFUDC)

Labor AO
Administrative Overhead

AFUDC
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CI Number: 52308 
 
Title: 2018/2019 RTU Replacements Program 
 
Start Date: 2018/04 
In-Service Date: 2019/01 
Final Cost Date: 2020/06 
Function: General Plant 
Forecast Amount: $988,056 
 
DESCRIPTION: 
 
Remote Terminal Units (RTUs) are deployed in substations and generating stations to allow for communications of 
data and control signals to enable the operation of NS Power’s SCADA system.  This project provides for the 
replacement of four RTUs, over two years (2018 and 2019), associated telecommunications equipment and the 
connection of Intelligent Electronic Devices (IEDs), such as recloser controllers, transformer meters and relays.  The 
RTU equipment removed will enable NS Power to redeploy the equipment as spare parts for other similar RTUs in 
service that are not yet being replaced.  The work under this project will be completed over two years. 
 
Summary of Related CIs +/- 2 years: 
2017 CI 46572 2017 RTU Replacement Program $693,354 
2019 CI TBD 2019 RTU Replacement Program $TBD 
2020 CI TBD 2020 RTU Replacement Program $TBD  
 
JUSTIFICATION:  
 
Justification Criteria:  Work Support Facilities 
 
Sub Criteria:  Telecontrol & Telecommunications 
 
Why do this project? 
 
Due to evolving industry standards, technology and product lifespans, approximately 83 of the RTUs that are 
currently in service have been deemed as obsolete by their manufacturers (please refer to Attachment 1).  The 
commercial availability of spare parts is becoming difficult to manage effectively.  Equipment removed from service 
under this project can be harvested for spare parts which will support other existing RTUs until such time that they 
are also replaced. 
 
Why do this project now? 
 
The inventory of RTU spare parts has become sparse.  The RTUs being replaced by this project have been deemed 
obsolete, as discussed above.  RTU installations require extensive time and effort (approximately 12 weeks) to 
complete and having an effective RTU management plan is critical for the orderly replacement of units that are 
experiencing reliability issues and for the gradual modernization of the fleet. 
 
This project is deemed in-service when the first RTU is installed (January 2019), therefore the Final Cost Date (June 
2020) is listed as six months after the last RTU is installed (December 2019). 
 
Why do this project this way? 
 
RTU replacement is the only alternative, as these RTUs are now considered to be obsolete.  The technology, both 
hardware and software, is familiar to field and engineering personnel through regular training and exposure. 
Additionally, standardization of equipment will lead to a more sustainable spare parts inventory. 
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: -CI Number 52308 2018/2019 RTU Replacements Program Project Number 52308

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1500 1500 General Plant General

6400 - GP - Sup. Control and DA 924,298Additions

6400 - GP - Sup. Control and DA 63,758Retirements

Total Cost:

Original Cost:

988,056

520,935

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52308

Execution Year: 2018-2019
Unit Quantity Unit Estimate Total Estimate Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 202 386$                  77,835$                
PD 249 366$                  91,003$                
PD 24 294$                  7,058$                  

Sub-Total 175,896$              

PD 12 731$                  8,775$                  

Sub-Total 8,775$                  

lot 1 15,300$             15,300$                

-$                      
Sub-Total 15,300$                

ea. 4 54,725$             218,900$              
lot 1 14,110$             14,110$                
ea. 4 2,000$               8,000$                  
ea. 5 8,200$               41,000$                
ea. 4 1,500$               6,000$                  
m 175 14$                    2,450$                  
lot 5 900$                  4,500$                  
lot 3 6,000$               18,000$                
ea. 3 3,000$               9,000$                  

Sub-Total 321,960$              

days 15 4,000$               60,000$                
ea. 5 5,000$               25,000$                

Sub-Total 85,000$                

hr. 308 110$                  33,880$                
ea. 3 5,000$               15,000$                
ea. 3 3,000$               9,000$                  

Sub-Total 57,880$                

Lot 1 5,975$               5,975$                  
-$                      

Sub-Total 5,975$                  

% 10% 606,931$           60,693$                

Sub-Total 60,693$                

73,675$                

Sub-Total 73,675$                

6,678$                  
-$                      

Sub-Total 6,678$                  

160,097$              
16,128$                

Sub-Total 176,225$              

731,479$              
988,056$              

Original Cost
520,935$              

Labor AO
Administrative Overhead

Vehicle AO

AFUDC

Other Goods & Services
Contingency

Location:
CI# :
Title:

Maintenance Trades

Regular Labor

Description

General Plant

Engineering

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for 
budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Antenna Rigging

RTU Integration Design
Tower Upgrades

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

Vehicle Overhead

Contract AO

CADD Operators

Materials

Feedline

Fibre
Power Meter

Radio

RTU Accessories

Meals & Entertainment

Maintenance Trades

Engineering / Telecom Technicians
Travel Expense

Contracts

RTU

Antenna
Radio Accessories

Structural Analysis

Civil Construction

2018/2019 RTU Replacements Program

OT Labor

Engineering / Telecom Technicians

Antenna Pole

Consulting
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g GE Energy ServicesGE Energy ServicesGE Energy ServicesGE Energy Services    

Product Bulletin 
Bulletin Number Rev Date Jan 30, 2003 

Product D20M++ / D20ME Distribution General 
Part Number Classification Information 

Summary D20M++ Discontinuance 
Originator Daryl Cowie Title

GE SAS will be discontinuing all models of D20M++ Main Board by the end of calendar 
year 2003. These models will be replaced with our D20ME Main Board models 526-2004 
(non-VME) and 526-2005 (VME). The D20ME Main Boards will become the only 
models of D20 Main Board available. The D20ME Main Board is a mature product, and 
is expected to be available for more than 5 years. 

The following tables outline product comparison, compatibility issues, and time line of 
events. 

D20M++ v.s. D20ME Comparison 
D20M++ D20ME 

Processing Power 100% (Benchmark) 250% compared to D20M++ 
Serial Communications Single Port Max: 38.4bps 

Aggregate Max:  38.4kbps 
Single Port Max: 110kbps 
Aggregate Max:  500kbps 

Memory Models Multiple Models. 
Largest Mem Model: 
• 1MB EPROM
• 2MB SRAM
• 512kB NVRAM
• 128kB BootROM

One Memory Model for improved 
inventory mgmt 
• 2MB FLASH
• 1.5MB SRAM
• 512kB NVRAM
• 1MB BootROM

TCXO Optional Standard
Firmware Storage EPROM FLASH

D20ME Compatibility 
D20ME Compatibility 

D20/D200 Chassis Compatible with all chassis. 
When adding Ethernet to D20, the MX Chassis is required for proper cable 
routing. The Ethernet MIC interconnect cable can physically be routed out the 
back of an older chassis, but this invalidates emissions compliance statements. 

D20/D200 Backplane D20 minimum backplane revision requirements apply (included in upgrade kit) 
D200 Backplanes are all compatible with the D20ME 

D20 Peripherals Compatible with old and new style peripherals (same as D20M++) 
D20M++ Compatibility Limited compatibility with D20M++ in a D200 multi-node environment. Only 

systems with 3 nodes or less may mix D20M++ and D20ME boards. 
Base System CCU Base Single Node System: 1.88 & greater 

CCU Base Multi Node System: 2.03 & greater 
D20 Base:    3.51 & greater 

Note: D20 Base only sees 1Mb of code space 
Configuration System ConfigPro 4.00 or greater required (previous versions do not list D20ME) 
Application Software All D20 software applications are compatible with the D20ME 
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g GE Energy ServicesGE Energy ServicesGE Energy ServicesGE Energy Services    

D20M++ Discontinuance Time Line 
Stage Description Actions Required Duration / 

Milestones 
PRODUCT 
MATURITY 

Product is mature and 
quality is very high. 

• Orders and shipments
permitted.

5 years 
(since 1994) 

PRODUCT 
DECLINE 

Product no longer meets 
industry expectations for 
new projects. 

• Orders and shipments
permitted.

• Decision to discontinue the
product must be made

• Product alternative must be
identified and recommended for
new designs.

3 years 

Product Decline 
Stage ends with  
Discontinuance 
Notice: 
    Aug 2002 

PRODUCT PHASE 
OUT 

Product alternative 
identified. 
Product alternative is field 
proven. 

• Limitations on shipments can
occur.

• Product should no longer be
considered for new designs.

• Formal discontinuance notice
must be given.

• Formal upgrade plan and
incentives must be established.

• Product last buy date must be
established.

17 months 

Phase Out Stage 
ends with Last 
Buy: 
    Dec 2003 

PRODUCT NOT 
AVAILABLE 

Product is no longer 
available. Inventory is 
removed. 

• New orders are limited to
existing or residual inventory.

• Repairs / replacements may be
done with refurbished parts.

• Product support from Customer
Service continues.

• Product support cut-off date
must be established

24 months 

Not Available 
Stage ends 
when Product 
Support ends: 
    Dec 2005 

PRODUCT NOT 
SUPPORTED 

Product is no longer 
supported. 

• No new orders, no shipments,
and no inventory exist.

• Customer Service stops
supporting the product.

• All internal supporting
hardware, software, and
documentation are removed
from active systems.

The following supporting documents are available to guide you through the upgrade 
process: 

• TSFM-010 D20M++ to D20ME Upgrade Checklist
This checklist guides the customer through gathering all information required by 
GE SAS to identify potential issues with the standard upgrade. The process is 
designed to identify problems during the quotation stage. 

• TSPD-003 Guide to Upgrading D20M++ to D20ME
This comprehensive, step-by-step guide illustrates how to perform a D20M++ to 
D20ME upgrade. 
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TINGLEY, SARA

From: Van Wyk, Johann <Johann.vanWyk@landisgyr.com>
Sent: November 3, 2013 5:48 PM
To: PENNEY, ERIC
Cc: OAKLEY, BILL; VICTOR, CHUCK
Subject: RE: Product Life Cycle Inquiry

Dear sir, thank you for contacting us.

Unfortunately all the equipment mentioned below are:

End of Service (EOS) products are not being manufactured or supported any longer.

Freundliche Grüsse / Kind regards / Beste Wense / Asante Sana / Viele Grüße / 

Johann van Wyk
Smart\Credit Meter Support
 

From: PENNEY, ERIC [mailto:Eric.Penney@nspower.ca]
Sent: 29 October 2013 21:51 
To: ZA JNB Support 
Cc: OAKLEY, BILL; VICTOR, CHUCK 
Subject: Product Life Cycle Inquiry 
Importance: High

Good day,

My name is Eric Penney and I work at Nova Scotia Power. We have several Landis & Gyr RTUs, installed between 1988
and 1995, in our substations and we need to know their Life Cycle status. The table below may help you answer my
inquiry.

Current products would be those that are still being manufactured and are fully supported (technical & repair).
Retiring products are approaching or are currently in their last year of manufacturing but are still fully supported.
End of Build (EOB) products are not being manufactured but full support is available.
End of Service (EOS) products are not being manufactured or supported any longer.

Indicate the column that applies for each model.
Current Products Retiring Products End of Build End of Service

MPS 9000S
Telegyr 0500
Telegyr 5200
Telegyr 5300
Telegyr 5320
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Telegyr 5500
Telegyr 5520
Telegyr 8500

Any additional information you have about these models would be appreciated as well.

Eric Penney | TeleControl Engineer | Nova Scotia Power
T: 902 428 7706 | C: 902 221 5855 | F: 902 428 7715
E: eric.penney@nspower.ca
www.nspower.ca
Follow us on Twitter

Confidentiality Notice - The email communication is considered confidential 
and is intended only for the recipient(s). If you received this email in error, 
please contact the sender and delete the email. Unauthorized disclosure or 
copying of this email is prohibited. 

Attachment Limits - Emera will not accept email larger than 20MB or emails
containing high risk attachments like ZIP, EXE or others that could contain viruses. 
If you have a business need to send such an email, please contact the recipient for 
instructions.

PLEASE CONSIDER OUR ENVIRONMENT BEFORE PRINTING THIS EMAIL.

This e-mail (including any attachments) is confidential and may be legally privileged. If you are not an intended recipient or an authorized 
representative of an intended recipient, you are prohibited from using, copying or distributing the information in this e-mail or its attachments. If you 
have received this e-mail in error, please notify the sender immediately by return e-mail and delete all copies of this message and any attachments. 
Thank you. 
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CI Number: 52233 

Title: 2018 Telecom Building Replacement - Onslow 

Start Date: 2018/04 
In-Service Date: 2018/11 
Final Cost Date: 2019/05 
Function: General Plant 
Forecast Amount: $314,929 

DESCRIPTION: 

This project will replace the Onslow radio building with a new telecommunications building. Installation of 
electrical wiring, heating, ventilation and air conditioning (HVAC) system controls in the new building, as well as a 
generator and automatic transfer switch to provide emergency backup for this radio site are included in the scope of 
this project. 

This is the fifth project of a multi-year program to replace and upgrade NS Power’s radio site buildings and the 
associated backup generators.  These buildings, installed in the late 1970s, are approximately 40 years old and 
contain asbestos wallboard.  Replacements are prioritized based on degree of building deterioration, and the 
presence of asbestos. 

Summary of Related CIs +/- 2 years: 
2017 CI 49902 2017 Telecom Building Replacement – Wittenburg $294,000 
2019 CI TBD 2019 Telecom Building Replacement $TBD 
2020 CI TBD 2020 Telecom Building Replacement $TBD 

JUSTIFICATION: 

Justification Criteria:  Work Support Facilities 

Why do this project? 

This project will replace the Onslow telecommunications building which was installed in 1978.  The building has 
deteriorated to the point that replacement of the building is required.  Additionally, asbestos wallboard is present and 
is hazardous if disturbed in any way, therefore full replacement is required to mitigate that risk. 

The Onslow radio site is an important site for the existing and future mobile radio system. It provides access to 
several Very High Frequency (VHF) repeaters which provide radio coverage for Power Line Technicians, System 
Maintenance personnel and other field crews in the area. This site also provides a critical radio link to 408N Nuttby 
Mountain which is connected to NS Power telecommunications backbone infrastructure, and supports critical 
SCADA, teleprotection and other operational traffic. 

This project is primarily justified on ensuring the buildings functionality, and secondarily justified on safety (asbestos) 
concerns.  

Why do this project now? 

The Onslow telecommunication building must be replaced, due to its deteriorated condition and the presence of 
asbestos, to provide proper shelter and backup power for the critical equipment at this site.  The backup generator 
equipment within the building must also be replaced as it is over thirty years old and difficult to maintain due to a 
lack of availability of spare parts. 

Why do this project this way? 

Replacing the existing telecom building and backup generator at Onslow is the most practical and safe option to 
provide proper shelter and backup power for the critical equipment at this site.  Further maintenance and/or 
modifications to the building risk the disturbance of the asbestos wallboard, which would be a significant safety 
concern. 
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: -CI Number 52233 2018 Telecom Building Replacement - Onslow Project Number 52233

Asset Location

Capital Item Accounts

Forecast
AmountExp. Type Utility Account

: - 2018 Ace PlanBudget Version

Parent CI Number : -

1500 1500 General Plant General

0300 - GP - Bldg.,Struct.Grnd. 308,444Additions

0300 - GP - Bldg.,Struct.Grnd. 6,485Retirements

Total Cost:

Original Cost:

314,929

87,821

Total Cost:Original Cost:
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Capital Project Detailed Estimate

52233
2018 Telecom Building Replacement - Onslow

Execution Year: 2018

Unit Quantity Unit Estimate Total Estimate
Cost Support 

Reference
Completed Similar 

Projects (FP#'s)

PD 20 366$                  7,313$                  
PD 10 389$                  3,890$                  
Lot 1 2,760$               2,760$                  
PD 42 386$                  16,212$                

Sub-Total 30,175$                

PD 4 731$                  2,925$                  

Sub-Total 2,925$                  

Lot 1 1,200$               1,200$                  
Lot 1 1,500$               1,500$                  

-$                      
Sub-Total 2,700$                  

Lot 1 110,000$           110,000$              
Lot 1 28,000$             28,000$                

Sub-Total 138,000$              

Lot 1 40,000$             40,000$                
Lot 1 7,500$               7,500$                  

-$                      
-$                      

Sub-Total 47,500$                

Lot 1 15,000$             15,000$                

Sub-Total 15,000$                

Lot 1 1,000$               1,000$                  

Sub-Total 1,000$                  

% 10% 218,600$           21,860.00$           

Sub-Total 21,860$                

5,732$                  

Sub-Total 5,732$                  

12,929$                

Sub-Total 12,929$                

28,095$                
9,013$                  

Sub-Total 37,108$                

259,160$              
314,929$              

Original Cost
87,821$                

Install new generator

Vehicle AO

Other Goods & Services

Electrical and Mechanical drawings

Contingency

AFUDC

Consulting

Travel Expense
Engineering

Site Supervisor

T&D Labor - Electrician/Technician

Procurement / Financial Support
Engineering Design

Meals & Entertainment

Contracts
Install New building and site upgrades

Backup Generator

Materials
New Building materials

OT Labor

Note 1: The labor figures noted above are an average of salaries across a variety of jobs within similar classifications including fringe, and are used solely for budgeting purposes. 
Note 2: Small differences in totals are attributable to rounding.  

Interest Capitalized

Meals

Administrative Overhead
Labor AO

TOTAL (AO, AFUDC included)
SUB-TOTAL (no AO, AFUDC)

COPS Contract AO

Vehicle Overhead

Location:
CI# / FP#:

Title:

T&D Labor - Site Supervision
T&D Labor - Electrician/Technician

General Plant

Regular Labor

Description
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CONFIDENTIALITY MATRIX
LEGEND

TS = Technical Support
CS = Cost Support 

(1) = Commercial/Cost Information
(2) = Third Party Proprietary Information  *Includes Description, PowerPlant (PP), Detailed Cost Estimate (DCE), and Economic Analysis Model (EAM).
(3) = System Security

Function/Tab# Capital Work Order Work Order Main Body* Attachment 1 Attachment2 Attachment 3 Attachment 4
Generation

Hydro Projects
G01 51236 ‐ HYD ‐ WRC Tailrace Rock Bolting Phase 1 DCE(1) CS:Vendor Cost Estimate(1) CS: Vendor Pricing(1) TS: Inspection and Survey Report
G02 48533 ‐ HYD ‐ Lequille Headpond Refurbishment DCE(1) CS: Construction Cost Estimate(1) TS: Dam Safety Report (2) TS: Dam Safety Report Addendum (2) TS: Flood Routing Analysis
G03 49033 ‐ HYD ‐ WRC Tunnel T‐2 Intake Gate and Hoist Replacement DCE(1) CS:Vendor Cost Estimate(1) TS: Condition Assessment TS: Intake Gate Assessment
G04 51235 ‐ HYD ‐ WRC Main Access Road Refurbishment DCE(1) CS: Vendor Cost Estimate(1) TS: Vendor Technical Support (1)
G05 51234 ‐ HYD ‐ WRC HVAC Upgrade TS: Temperature and Relative Humidity Readings Report
G06 49943 ‐ HYD ‐ Ruth Falls Facility Refurbishment DCE(1) CS: Vendor Cost Estimate(1)
G07 49942 ‐ HYD ‐ Tidewater Facility Refurbishment DCE(1) CS: Vendor Cost Estimate(1) TS: Condition Surveys
G08 49946 ‐ HYD ‐ Fourth Lake Overhaul DCE(1), EAM(1) CS: Vendor Proposal(1)
G09 49945 ‐ HYD ‐ Malay Falls Switchgear Replacement
G10 52262 ‐ HYD ‐ Hells Gate #1 Overhaul EAM(1)
G11 51972 ‐ HYD ‐ Nictaux Canal Embankment Upgrade DCE(1) TS: Canal Study (2)
G12 51866 ‐ HYD ‐ Fourth Lake Penstock Refurbishment EAM(1)
G13 47655 ‐ HYD ‐ Paradise Controls Upgrade
G14 49944 ‐ HYD ‐ Dickie Brook Penstock Refurbishment EAM(1) TS: Assessment Summary
G15 48712 ‐ HYD ‐ Dam Instrumentation Upgrade DCE(1) CS: Internal Cost Estimate(1) CS: Vendor Cost Estimate(1)
G16 52018 ‐ HYD ‐ Renewable Energy Generation Meter Upgrade

Steam Projects
Boiler

G17 51802 ‐ TRE5 ‐ Boiler Refurbishment 2018 EAM(1)
G18 51805 ‐ LIN4 ‐ Boiler Refurbishment 2018 EAM(1)
G19 47684 ‐ LIN3 ‐ Boiler Refurbishment 2018 EAM(1)
G20 51825 ‐ POT ‐ Boiler Refurbishment 2018 EAM(1)
G21 52252 ‐ LIN1 ‐ SH5 Tube Replacement EAM(1)
G22 52253 ‐ LIN3 ‐ Economizer Header Refurbishment EAM(1)
G23 51821 ‐ TRE5 ‐ Air Heater Drive Assembly and Seal Refurbishment DCE(1), EAM(1) CS: Vendor Cost Estimate(1)
G24 51824 ‐ LIN3 ‐ ID Fan Damper and VIV Refurbishment EAM(1)
G25 51818 ‐ PHB ‐ Boiler Refurbishment 2018
G26 51807 ‐ TUC2 ‐ Boiler Lower Vestibule Refurbishment DCE(1) CS: Vendor Cost Estimate(1)
G27 51849 ‐ LIN3 ‐ RH Tube Replacement
G28 51850 ‐ LIN4 ‐ RH Tube Replacement
G29 49547 ‐ TRE5 ‐ 5‐1 BFP Refurbishment EAM(1)
G30 51857 ‐ TRE5 ‐ Burner Refurbishments 2018

Turbine
G31 49534 ‐ TRE6 ‐ Turbine Controls Upgrade DCE(1) CS: Vendor Quote(1) TS: Offer Specification
G32 51820 ‐ TRE5 ‐ Turbine Reheat Valve Refurbishment
G33 51862 ‐ TRE6 ‐ Lube Oil Cooler Refurbishment 
G34 43429 ‐ TRE5 ‐ Turbine Lube Oil Cooler Refurbishment DCE(1) CS:Vendor Quote(1)
G35 51853 ‐ LIN3 ‐ Turbine Valve Refurbishment 2018

Generator
G36 51803 ‐ TUC2 ‐ Generator Flux Probe Installation DCE(1) CS:Vendor Quote(1) CS:Generator Inspection(1)

Environmental
G37 50577 ‐ TRE6 ‐ CEMS Replacement DCE(1) CS:Vendor Quote(1)
G38 49676 ‐ TUC2 ‐ CEMS Replacement DCE(1) CS:Vendor Quote(1)

Balance of Plant
G39 51806 ‐ LIN ‐ Mill Refurbishment 2018 EAM(1)
G40 52093 ‐ ICP ‐ Rail System Refurbishment Program 2018 TS: Inspection Report
G41 51811 ‐ LIN ‐ Reclaim Feeder Refurbishment Phase 2
G42 51815 ‐ LIN ‐ CW Pump Refurbishment 2018 EAM(1)
G43 51861 ‐ TRE6 ‐ CW Screen Replacement 2018 DCE(1),EAM(1) CS:Vendor Quote(1)
G44 51816 ‐ TRE ‐ Asbestos Abatement 2018
G45 51835 ‐ TUC2 ‐ Hydrogen Panel Replacement DCE(1) CS:Vendor Quote(1)
G46 51836 ‐ TRE5 ‐ Mill Refurbishments 2018 EAM(1)
G47 47871 ‐ LIN ‐ Stack Re‐Coating DCE(1) CS:Vendor Proposal(1) TS: Inspection Report
G48 51839 ‐ LIN ‐ Coal Plant Structural Refurbishment Phase 4
G49 51851 ‐ LIN ‐ CW Screen Refurbishment 2018 EAM(1)
G50 C0001419 ‐ TRE (Bunker C) ‐ HFO Refurbishment Project Phase 1
G51 51804 ‐ LIN ‐ ACW Duplex Strainer Replacement EAM(1)
G52 51852 ‐ POT ‐ Coal Mill Refurbishment 2018 EAM(1)
G53 52156 ‐ LIN 3&4 ‐ Condenser Vacuum Pump Replacement DCE(1), EAM(1) TS: Inspection Report
G54 51860 ‐ TRE5 ‐ Pulverizer Fuel Line Refurbishment

Gas Turbine Generation
G55 52143 ‐ LM6000 ‐ 191‐332 Hot Section Engine Refurbishment Description(1), DCE(1) CS: Commercial Offering(1) CS:Vendor Proposal 

Transmission
T01 51969 ‐ 2018 Transmission Right‐of‐Way Widening 69kV
T02 51975 ‐ 5P Mobile Substation Replacement
T03 52258 ‐ 2018/2019 Isolated Transmission Structure Replacements DCE(1)
T04 51403 ‐ 2018/2019 Substation Polychlorinated Biphenyl (PCB) Equipment Remova
T05 51402 ‐ 2018/2019 Sacrificial Anode Installation Program
T06 C001900 ‐ Mount Hope 69‐25kV Substation TS:Planning Study
T07 52314 ‐ 1C‐GT1 and 1C‐UT1 Transformer Replacement
T08 51398 ‐ 2018/2019 Steel Tower Refurbishment DCE(1)
T09 52320 ‐ L6549 Replacements and Upgrades DCE(1)
T10 51406 ‐ 2018/2019 Transmission Switch & Breaker Replacement

Partially Confidential (Italicized)
Confidential in Entirety (shaded)

_
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CONFIDENTIALITY MATRIX
LEGEND

TS = Technical Support
CS = Cost Support 

(1) = Commercial/Cost Information
(2) = Third Party Proprietary Information  *Includes Description, PowerPlant (PP), Detailed Cost Estimate (DCE), and Economic Analysis Model (EAM).
(3) = System Security

Function/Tab# Capital Work Order Work Order Main Body* Attachment 1 Attachment2 Attachment 3 Attachment 4

Partially Confidential (Italicized)
Confidential in Entirety (shaded)

T11 51405 ‐ 2018/2019 Wood Pole Retreatment Program
T12 48131 ‐ 48H‐T1 Transformer Replacement
T13 52328 ‐ 56N‐T1 Transformer Upgrade TS: Planning Study(3)
T14  49779 ‐ L6537 Replacements and Upgrades Phase 2 DCE(1)
T15 49777 ‐ L7002 Replacements and Upgrades DCE(1)
T16 52241 ‐ 16V‐T2 Weymouth Hydro Transformer Replacement
T17 52102 ‐ L5014 Replacements and Upgrades DCE(1)
T18 49788 ‐ L5564 Replacements and Upgrades DCE(1)
T19 52059 ‐ L5039 2018 Replacements and Upgrades DCE(1)
T20 49783 ‐ L5027A Replacements and Upgrades DCE(1)
T21 52119 ‐ L5054 2018 Replacements and Upgrades DCE(1)
T22 52238 ‐ 2018/2019 Capacitor Bank Breaker Replacements
T23 43268 ‐ 9W‐B53 Tusket Support Structure Replacement
T24 51797 ‐ 2018 Oil Containment Program
T25 52305 ‐ 2018 Substation Insulator Replacement Program DCE(1)
T26 51863 ‐ 2018 Tap Changer Replacements/Refurbishments

Distribution
D01 C0001950 ‐ New Distribution Rights‐of‐Way Phase 3
D02 52271 ‐ 2018 Padmount Replacement
D03 51493 ‐ 2018 PCB Pole Top Transformer Replacement
D04 52184 ‐ 37N‐412‐Glooscap Trail Rebuild Phase 2 DCE(1)
D05 52224 ‐ 532N Elm Street Conversion Phase 2 & 3 DCE(1) TS: Planning Study (3)
D06 C0001802 ‐ 54C‐211 Queen Street Conversion DCE(1)
D07 52185 ‐ 50N‐410 Rebuild Phase 2
D08 43218 ‐ 88W‐323A Tusket Islands Phase 3 DCE(1)
D09 51400 ‐ 2018 Substation Recloser Replacement
D10 52194 ‐ 6S‐223 Harold Street Conversion TS: Planning Study (3)
D11 52200 ‐ 65V‐301 Brickton Reconductor
D12 52205 ‐ 30N‐412 Hwy 242 Fundy Shore Rebuild
D13 51744 ‐ 30N‐411 Maccan River Crossing Rebuild DCE(1)
D14 52204 ‐ 87W‐312G Big Tancook Island Replacements DCE(1)
D15 52267 ‐ 16W‐302H Brenton Road Rebuild DCE(1)
D16 52207 ‐ 678H‐211 McNab’s Island  Replacements
D17 51500 ‐ 2018 Pin Insulator Replacements 
D18 52192 ‐ 54H‐303 Underground Device Replacements Phase 2
D19 52206 ‐ 20V‐311 Bishop Ville Road Reconductor
D20 52186‐ 4S Feeder Exit Cable Replacement Phase 1
D21 52208 ‐ 3S Feeder Exit Cable Replacement Phase 2
D22 52201 ‐ 55V‐314GA Welsford Reconductor

General Plant
GP01 52308 ‐ 2018/2019 RTU Replacements Program TS: Product Bulletin
GP02 52233 ‐ 2018 Telecom Building Replacement ‐ Onslow

_
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1 ‐ Commercial Information

2 ‐ Third Party Proprietary Information

3 ‐ System Security

This is information belonging to third parties for which those third parties have asserted confidentiality over proprietary cost and technical information. 

To protect value for customers and mitigate the risk of prospective proponents having access to the information itemized in the confidentiality matrix, and maintain good business relations with vendors, this 
information is confidential.

The more a supplier is aware of NS Power’s specific requirements and a competing vendor’s costs, the better the supplier’s ability to obtain the highest price, reduce competition and ultimately increase the cost 
for NS Power and its customers. The cost of such transparency is not always immediately evident. Information from regulatory proceedings can provide competitive advantages over other suppliers, and that 
could be advantageous in bidding or negotiation. Higher prices, or avoidable contractual constraints, will result in unnecessary higher costs to customers.

NS Power seeks to keep the terms and conditions of suppliers pricing and arrangements confidential from their other customers or potential competitors. This prevents competitors from using the information to 
gain a competitive advantage. This is equally true for NS Power, which desires to protect its ability to acquire services and equipment on the most competitive terms. Those “best” terms may not be available if 
there is a risk that they will be disclosed to the customers or competitors of the supplier.

Since NS Power customer rates are cost‐based, the maintenance of confidentiality for this item is to the direct benefit of customers.

One‐Line diagrams frequently included in system planning studies are confidential due to system security concerns. Protection of the power system preserves reliability and reduces the risks associated with 
external threats.

_
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 2017 3rd Quarter Overview ‐ as of September 30, 2017

General Plant
Generation Distribution Transmission General Property Total NS Power

2017 Submitted ACE Total 105,967,434$               83,927,878$              91,181,192$                116,923,450$            397,999,955$              
Total YTD Spend 82,493,026  55,822,170                 48,864,284                   69,956,645                 257,136,125                 
Variance YTD/ACE Spend (23,474,408)                   (28,105,708)               (42,316,908)                 (46,966,805)               (140,863,830)               
Percentage of ACE Spent as of September 30, 2017 78% 67% 54% 60% 65%

Add:
ATOs 12,734,377  ‐  ‐   ‐  12,734,377 
U&Us/P&As 12,370,389  3,310,111                   1,282,424  ‐  16,962,925 
Changes to ACE Items for Subsequent Approval 4,401,831  1,711,344                   371,132  (329,681)  6,154,626 
Total Increase 29,506,597  5,021,455                   1,653,557  (329,681)  35,851,928 

Less:
Projects cancelled (1,839,015)  (118,563)  (300,000)  (1,314,868)                  (3,572,447) 
Projects deferred (7,024,152)  ‐  (321,656)  (19,031,361)               (26,377,169)                  
Total Decrease (8,863,167)  (118,563)  (621,656)  (20,346,229)               (29,949,616)                 

2017 Potential Capital Spend 126,610,864$               88,830,770$              92,213,093$                96,247,540$              403,902,266$              
* Amounts do not reflect the reforecast of capital projects since ACE 2017, or reforecasting of subsequent items filed.
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 2017 3rd Quarter Overview ‐ Updated for Ace 2018

Status CI Number  Title 
ACE Plan Reference
(or U&U and P&A) Submission/Date ACE Amount

 Submission or 
Approved 
Amount     Actual Spend   ATO or FIN Submission Date

 FIN or 
ATO/FIN 
Amount  Variance

Approved Generation 20758 HYD ‐ Nictaux Pipeline Replacement & Intake Refurbishment 2014 ACE Plan (Deferred/Cancelled)   2013 ACE Plan/OTQ ‐ March 4, 2014 4,379,301$            4,472,431$            3,522,500$        
Approved Generation 30163 POT ‐ Control room and permit room  Q3 2016 ‐ November 18, 2016 201,956$               387,997$               113,274$           
Awaiting Approval Generation 33142 CT‐ Burnside #4 Unit Restoration 2015 ACE Plan (for Subsequent Approval) Q3 2015 ‐ October 31, 2015 3,469,160$            8,320,984$            6,149,606$         OTQ ‐ September 15, 2017 9,552,963$         1,231,979$               
Approved w/ Directives  Distribution 40320 LED Street Light Conversion  2015 ACE Plan (for Subsequent Approval) OTQ ‐ July 3, 2015 40,609,354$          36,041,594$          23,174,807$      
Approved ‐ FIN'd Internally Generation  40363 LIN3 High Voltage Bushing Refurbishment 2015 ACE Plan  2015 ACE Plan  628,531$               628,531$               821,038$           
Approved Generation 40785 Sable Wind Project 2014 ACE Plan (2013 Capital Items Pending Submission) May 1, 2014 13,198,950$          12,936,847$          12,366,192$      
Approved Generation 41130 HYD ‐ Avon #2 Generator Stator Rewind 2015 ACE Plan (for Subsequent Approval) Q4 2014 ‐ January 30, 2015 694,096$               633,484$               652,128$           
Approved Generation  41139 HYD ‐ Annapolis Sluiceway Superstructure Refurbishment 2015 ACE Plan  2015 ACE Plan  3,410,322$            3,410,322$            3,066,386$        
Approved ‐ FIN'd Internally Generation  41227 LIN3 Condenser Large Bore Pipe and Valve Refurbishment  2015 ACE Plan  2015 ACE Plan  1,299,329$            1,299,329$            1,521,588$        
Approved Distribution 41350 16W‐301 Hebron Rebuild Phase 2 2013 ACE Plan   2017 ACE Plan 904,732$               904,732$               35,404$             
Approved General Plant 41425 IT ‐ Cognos Upgrade 2016 ACE Plan (for Subsequent Approval) OTQ ‐ December 17, 2015 1,431,257$            1,527,747$            1,589,573$        
Withdrawn Transmission 41438 85S Cable Termination Replacement Wreck Cove 2015 ACE Plan (for Subsequent Approval) Q2 2015 ‐ July 31, 2015 616,959$               427,630$           
Approved ‐ FIN'd Internally Generation 41505 TRE5 ‐ 5F Conveyor Structural Refurbishment 2016 ACE Plan 2016 ACE Plan 484,801$               484,801$               443,482$           
Approved Generation 41511 TRE6 ‐ Condenser Waterbox and Cooling Water Piping Refurbishment 2013 ACE Plan   2017 ACE Plan 700,809$               700,809$               95,881$             
Deferred Transmission 41519 Harbour East 138 kV Transmission Line 2016 ACE Plan (for Subsequent Approval) 11,672,021$          1,133,554$        
Approved ‐ FIN'd Internally Generation  41645 TRE6 Bottom Ash Seal Replacement 2015 ACE Plan  2015 ACE Plan  307,499$               307,499$               406,181$           
Approved General Plant 41705 Milton Hydro Office Renovation and Upgrade 2014 ACE Plan (2013 CIs Pending) Q1 2014 ‐ April 30, 2014 716,836$               733,611$               739,021$           
Approved ‐ FIN'd Internally Generation  42806 LIN3 L‐0 Turbine Blade Replacements 2015 ACE Plan  2015 ACE Plan  4,157,741$            4,157,741$            4,280,589$        
Approved  Generation  42939 TUC2 ‐ South Circulating Water Pump Refurbishment 2014 ACE Plan  2014 ACE Plan 431,536$               431,536$               307,749$           
Approved  Generation  42943 TUC2 ‐ T‐G Areas Fire Protection 2014 ACE Plan  2014 ACE Plan 292,621$               292,621$               370,512$           
Approved Generation  43066 HYD ‐ Little Indian Dam / Mill Lake Upgrade 2015 ACE Plan  2015 ACE Plan  1,409,587$            1,409,587$            1,355,011$        
Approved ‐ FIN'd Internally Generation  43067 HYD ‐ Cheticamp Dam D‐1 Refurbishment 2014 ACE Plan (for Subsequent Approval) OTQ ‐ March 4, 2014 4,313,991$            5,778,847$            5,899,122$        
Approved Generation 43136 HYD ‐ Weymouth Headcover Replacement 2013 ACE Plan   2013 ACE Plan 438,158$               751,989$               982,575$           
Deferred Generation  43155 CT ‐ BGT2 Air Intake Structure Refurbishment 2014 ACE Plan (for Subsequent Approval) 306,586$               ‐$  
Approved ‐ FIN'd Internally Generation 43170 LIN4 AVR Replacement  2013 ACE Plan  2016 ACE Plan 842,207$               842,207$               774,938$           
Approved  Distribution 43177 103W‐311 Gold River Reconductor Phase 3 2014 ACE Plan  2014 ACE Plan 377,721$               377,721$               338,490$           
Approved Transmission 43200 2017 Wood Pole Retreatment Program 2013 ACE Plan   2017 ACE Plan 841,821$               841,821$               6,117$                
Approved Distribution 43203 58C‐405 / 11C Belle Cote Phase 1 2015 ACE Plan  2015 ACE Plan  339,419$               339,419$               307,313$           
Approved  Distribution 43217 24C‐442G Hwy 16 Rebuild Phase 1 2014 ACE Plan  2014 ACE Plan 800,769$               800,769$               830,186$           
Approved  General Plant 43227 2014 RTU Replacements 2014 ACE Plan  2014 ACE Plan 687,839$               687,839$               853,593$           
Approved Distribution 43234 104S‐313 Baddeck Rebuild 2015 ACE Plan  2015 ACE Plan  778,470$               778,470$               957,095$           
Approved Transmission 43261 6V‐GT1 Hollow Bridge Hydro Transformer Replacement 2015 ACE Plan  2015 ACE Plan  550,938$               550,938$               533,273$           
Approved Transmission 43267 13V Gulch Hydro Replace 13V‐GT1 and 13V‐VR1 2015 ACE Plan  2015 ACE Plan  1,061,902$            1,061,902$            456,564$           
Not Approved Transmission 43324 L6513 Rebuild/upgrade line terminals 2015 ACE Plan (for Subsequent Approval) OTQ ‐ January 13, 2015 23,429,902$          6,762,060$        
Approved ‐ FIN'd Internally Generation  43424 TRE5 Analytical Panel 2014 ACE Plan  2014 ACE Plan 393,825$               393,825$               487,979$           
Approved Transmission 43490 2015 Steel Tower Life Extension 2015 ACE Plan  2015 ACE Plan  1,441,709$            1,441,709$            830,745$           
Approved Generation  43607 HYD ‐ Malay Falls #5 Unit Overhaul 2015 ACE Plan  2015 ACE Plan  1,077,255$            1,077,255$            1,102,889$        
Pending Submission  Transmission 43678 Separate L8004/L7005 on Canso Crossing Double Circuit Tower(DCT) 2017 ACE Plan (for Subsequent Approval) 16,183,691$          15,202,998$      
Approved Transmission 43681 South Canoe Wind Project Network Upgrades 2014 ACE Plan (2013 CIs Pending) OTQ ‐ Dec 23, 2013 3,761,382$            4,650,955$            4,262,374$        
Approved Transmission 43683 South Canoe Wind Project Transmission Line 2014 ACE Plan (2013 CIs Pending) OTQ ‐ Dec 23, 2013 5,193,391$            5,831,002$            5,161,039$        
Approved Transmission 43684 Interconnection Substation South Canoe Wind Project 2014 ACE Plan (2013 CIs Pending) OTQ ‐ Dec 23, 2013 6,688,062$            7,760,891$            7,975,834$        
Approved Generation  44191 POT Coal Nozzle and Bucket Replacement 2015 ACE Plan  2015 ACE Plan  570,309$               570,309$               761,780$           
Approved Generation  44248 HYD ‐ MacMillan Dam D‐7 Refurbishment 2014 ACE Plan (for Subsequent Approval) OTQ ‐ March 4, 2014 5,279,936$            3,273,174$            3,389,214$        
Approved Generation  44667 HYD Upper Lake Falls Unit #1 Overhaul 2015 ACE Plan  2015 ACE Plan  477,533$               477,533$               641,840$           
Approved General Plant 44671 IT‐Oracle Financials Upgrade 2016 ACE Plan (for Subsequent Approval) OTQ ‐ November 10, 2016 9,891,170$            89,664,000$          72,188,061$      
Approved  Generation  44717 TUC2 ‐ Condenser Vacuum Pump Replacement 2014 ACE Plan  2014 ACE Plan 428,783$               428,783$               578,073$           
Approved  Generation  44729 TUC ‐ Station & Unit Transformer Connection Cable Replacement 2014 ACE Plan  2014 ACE Plan 313,042$               313,042$               556,257$           
Approved ‐ FIN'd Internally Generation  44731 TRE5 Coal System Upgrades 2014 ACE Plan  2014 ACE Plan 413,416$               413,416$               588,578$           
Awaiting Approval Distribution 44749 Tiverton Tower Refurbishment 2017 ACE Plan (for Subsequent Approval) Q3 2017 ‐ October 30, 2017 1,058,200$            1,465,132$            488,166$           
Deferred Generation 44752 BGT1 ‐ Generator Rotor Retaining Ring Replacement 2015 ACE Plan (for Subsequent Approval) 357,869$               ‐$  
Approved Generation 44775 TUC#4 LM6000 Generator Stator Refur 2016 ACE Plan (for Subsequent Approval) OTQ ‐ August 31, 2016 1,722,180$            1,177,954$            1,196,641$        
Deferred Generation 44788 BGT1 Vibration Monitoring & Protection System Upgrade 2016 ACE Plan (for Subsequent Approval) 252,674$               ‐$  
Approved  Distribution 44826 2014 Build‐to‐Roadside 2014 ACE Plan  2014 ACE Plan 791,268$               791,268$               667,359$           
Approved ‐ FIN'd Internally Distribution 44833 99V‐312 ‐ Highbury New Feeder 2014 ACE Plan  2014 ACE Plan 256,828$               256,828$               397,976$           
Approved Distribution 44836 Halifax 4kV Conversion Part 2 2015 ACE Plan (for Subsequent Approval) OTQ ‐ December 17, 2015 842,670$               678,393$               771,984$           
Approved  General Plant 44966 2014 Microwave System Capacity Upgrade 2014 ACE Plan  2014 ACE Plan 397,729$               397,729$               401,907$           
Approved  General Plant 44967 2014 Multiplexer Network Upgrades 2014 ACE Plan  2014 ACE Plan 435,618$               435,618$               452,193$           
Approved  Generation  44968 HYD ‐ Wreck Cove Unit 2 Excitation System 2014 ACE Plan  2014 ACE Plan 601,088$               601,088$               506,901$           
Approved Transmission 44976 10H 25kV Breaker Replacement 2015 ACE Plan  2015 ACE Plan  953,521$               953,521$               1,156,921$        
Approved  Transmission 44977 3W Breaker, Switch & Cable Replacements 2014 ACE Plan  2014 ACE Plan 401,463$               401,463$               645,740$           
Approved Generation 44978 HYD‐Wreck Cove Automation 2015 ACE Plan (for Subsequent Approval) Q2 2015 ‐ July 31, 2015 2,379,999$            3,802,446$            2,712,916$        
Approved Transmission 44979 L5527 Structure Replacements 2015 ACE Plan  2015 ACE Plan  721,068$               721,068$               655,227$           
Approved Transmission 44981 2C Port Hastings Add 138‐25kV Transformer 2016 ACE Plan 2016 ACE Plan 2,053,799$            2,053,799$            1,662,504$        
Approved ‐ FIN'd Internally Transmission 44983 Reactor Bank Breaker Replacements 2014 ACE Plan  2014 ACE Plan 385,032$               385,032$               415,814$           
Approved Transmission 44984 9C Aberdeen Transmission Line Installation 2014 ACE Plan (for Subsequent Approval) Q3 2014 ‐ October 31, 2014 846,755$               834,595$               831,032$           
Approved  Transmission 44985 Replace 230kV Kearney Disconnect Switch Assemblies 2014 ACE Plan  2014 ACE Plan 319,246$               319,246$               242,773$           
Approved Transmission 44987 L7003 Lidar Upgrades 2015 ACE Plan (for Subsequent Approval) OTQ ‐ August 31, 2015 6,885,817$            11,032,275$          9,057,084$        
Approved Distribution 45003 2015 Hydraulic Recloser Replacements 2015 ACE Plan  2015 ACE Plan  260,524$               260,524$               236,173$           
Approved Distribution 45031 3N Oxford Conversion Phase 1 2015 ACE Plan  2015 ACE Plan  716,167$               716,167$               791,281$           
Approved  Transmission 45033 L7001 Replacements 2014 ACE Plan  2014 ACE Plan 813,226$               813,226$               699,379$           
Deferred  General Plant 45036 ArcMap Design Software 2014 ACE Plan (for Subsequent Approval) 344,459$               28,689$             
Approved ‐ FIN'd Internally Distribution 45046 2014 PCB Phase‐out for Pole Top Transformers 2014 ACE Plan  2014 ACE Plan 779,620$               779,620$               644,155$           
Deferred Transmission 45053 69Kv Structure Replacements West 2017 ACE Plan (for Subsequent Approval) 4,818,017$            187,073$           
Not Approved Transmission 45066 Upgrade L6511 and L7019 Thermal Rating 2015 ACE Plan (for Subsequent Approval) OTQ ‐ April 20, 2015 3,693,033$            2,648,181$        
Board does not object Transmission 45067 67N Onslow 345 KV Node Swap 2014 ACE Plan (for Subsequent Approval) OTQ ‐ November 14, 2014 3,006,487$            2,932,531$        
Approved Generation  45116 CT ‐ BGT1 GG4C‐1D Engine Refurbishment 2015 ACE Plan (for Subsequent Approval) 1,168,167$            1,168,167$            ‐$  
Deferred Generation 45117 BGT1 ‐ PLC and Field Device Control Upgrade 2015 ACE Plan (for Subsequent Approval) 253,768$               ‐$  
Approved ‐ FIN'd Internally Generation  45126 TRE5 Continuous Emissions Monitor for Mercury Measurement 2014 ACE Plan  2014 ACE Plan 515,698$               515,698$               705,800$           
Approved Generation 45171 HYD‐Avon 1 Pipeline Replacement 2015 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2015 547,780$               1,012,419$            1,129,354$        
Approved  Generation  45189 HYD ‐ Upper Lake Falls #2 Overhaul 2014 ACE Plan  2014 ACE Plan 441,716$               441,716$               (2,163)$              
Approved Transmission 45306 George Street Substation Addition 2015 ACE Plan (for Subsequent Approval) Q2 2015 ‐ July 31, 2015 4,300,627$            3,442,582$            3,289,444$        
Approved Generation 45330 HYD ‐ WRC C3 Culvert Replacement 2014 ACE Plan (less than $250K) OTQ ‐ March 18, 2016 116,396$               660,123$               677,048$           
Approved Generation  45370 HYD ‐ WRC Unit 1 Excitation System 2015 ACE Plan  2015 ACE Plan  578,113$               578,113$               627,787$           
Approved Generation 45592 TUC3 – U & U Turbine‐IP Row 2 Blading Phase 1 U&U ‐ 2014 OTQ ‐ March 4, 2014 509,816$               372,616$           
Approved ‐ FIN'd Internally Generation  45611 LIN U&U Heavy Oil Recirculation Line Refurbishment U&U ‐ 2014 Q2 2014 ‐ July 31, 2014 1,304,395$            1,404,444$        
Approved Generation 45733 CT Burnside Unit #3 Generator Refurb U&U ‐ 2014 OTQ ‐ December 2, 2014 2,567,808$            2,595,189$        
Approved Transmission 45795 L6503 Upgrade 2015 ACE Plan (for Subsequent Approval) OTQ ‐ August 31, 2015 780,641$               870,870$               803,352$           
Approved Generation  45816 TUC3 U&U Turbine IP Row 21 Blading Phase 2 U&U ‐ 2014 Q1 2014 ‐ April 30, 2014 1,150,115$            856,230$           
Approved ‐ FIN'd Internally Generation  45851 POT ‐ Stack Repairs 2015 ACE Plan  2015 ACE Plan  381,316$               381,316$               438,401$           
Approved Generation  45876 TUC3 U&U Generator Refurbishment U&U ‐ 2014 Q1 2014 ‐ April 30, 2014 1,500,239$            1,232,581$        
Approved Transmission 45882 103H‐T63 Transformer  U&U ‐ 2015 Q2 2015 ‐ July 31, 2015 1,706,615$            1,402,349$        
Approved Generation 45958 HYD ‐ Nictaux Rotor Rewind U&U U&U ‐ 2014 Q3 2014 ‐ October 29, 2014 413,143$               450,522$           
Approved General Plant 46050 Operator Training Simulator 2015 ACE Plan  2015 ACE Plan  531,119$               531,119$               663,690$           
Approved Generation  46055 LIN ‐ Coal Mill Refurbishment 2015 2015 ACE Plan  2015 ACE Plan  736,546$               736,546$               777,173$           
Approved Generation  46057 LIN ‐ CW Screen Refurbishment 2015 2015 ACE Plan  2015 ACE Plan  292,634$               292,634$               374,520$           
Approved Generation 46065 HYD‐ Tom’s Lake Spillway Refurbishment U&U ‐ 2014 OTQ ‐ December 2, 2014 612,312$               597,934$           
Approved Generation 46068 LIN CW Debris Removal System 2015 ACE Plan (for Subsequent Approval) Q2 2015 ‐ July 31, 2015 1,575,866$            1,746,988$            176$  
Approved General Plant 46073 IT ‐ Lotus Notes Applications Replacement 2016 ACE Plan (for Subsequent Approval) Q4 2015 ‐ January 29, 2016 744,698$               776,331$               531,744$           
Deferred General Plant 46075 IT ‐  Work & Asset Management 2017 ACE Plan (for Subsequent Approval) 28,027,680$          1,783,245$        
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Approved Generation 46171 HYD Paradise Bearing Replacement U&U U&U ‐ 2014 Q3 2014 ‐ October 29, 2014 349,957$               425,409$           
Approved Generation 46191 Tusket Fuel System Upgrade 2016 ACE Plan (for Subsequent Approval) OTQ ‐ May 31, 2016 892,178$               1,952,408$            1,721,575$        
Approved Generation 46232 HYD ‐ WHR Pipeline Replacement 2015 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2015 538,454$               685,805$               649,686$           
Approved Distribution 46251 36V‐303 Saxon Double Circuit 2015 ACE Plan  2015 ACE Plan  425,838$               425,838$               515,500$           
Deferred  Generation 46254 HYD ‐ Mill Lake Surge Tank Refurbishment 2016 ACE Plan (for Subsequent Approval) 1,421,366$            81,570$             
Approved ‐ FIN'd Internally Distribution 46292 2015 Padmount Transformer Replacement Program 2015 ACE Plan  2015 ACE Plan  1,536,110$            1,536,110$            1,461,143$        
Approved Generation 46294 HYD U&U WRC Unit 1 Stator Repair U&U ‐ 2014 Q2 2014 ‐ July 31, 2014 366,027$               171,588$           
Approved Generation 46298 HYD Five Mile Lake Dam Refurbishment 2016 ACE Plan 2016 ACE Plan 2,209,018$            2,209,018$            2,390,663$        
Approved ‐ FIN'd Internally Generation  46301 TRE6 6A 6B Mills Refurbishment 2015 ACE Plan  2015 ACE Plan  665,045$               665,045$               796,757$           
Approved Distribution 46304 20W‐311 Argyle Sound Reconductor 2015 ACE Plan  2015 ACE Plan  430,435$               430,435$               632,921$           
Approved General Plant 46306 2015 Telecom Building Replacement 2015 ACE Plan  2015 ACE Plan  251,727$               251,727$               173,170$           
Approved General Plant 46307 2015 Multiplexer Network Upgrades 2015 ACE Plan  2015 ACE Plan  446,538$               446,538$               421,475$           
Approved General Plant 46308 2015 Microwave System Capacity Upgrade 2015 ACE Plan  2015 ACE Plan  316,142$               316,142$               291,845$           
Approved Transmission 46331 L7001 Replacements ‐ Phase 2 2015 ACE Plan  2015 ACE Plan  888,192$               888,192$               822,291$           
Approved ‐ FIN'd Internally Transmission 46332 L6539 Replacements 2015 ACE Plan (for Subsequent Approval) OTQ ‐ August 31, 2015 736,393$               723,796$               705,260$           
Approved Transmission 46333 L6538 Replacements 2015 ACE Plan (for Subsequent Approval) OTQ ‐ August 31, 2015 1,019,443$            1,008,356$            893,876$           
Approved ‐ FIN'd Internally Transmission 46335 L5511 Replacements 2015 ACE Plan  2015 ACE Plan  722,934$               722,934$               569,222$           
Approved ‐ FIN'd Internally Transmission 46337 L6535/L6551 Insulator Replacements 2015 ACE Plan  2015 ACE Plan  459,422$               459,422$               377,199$           
Approved Transmission 46339 120H Brushy Hill ‐ SVC Controls Replacement 2015 ACE Plan  2015 ACE Plan  9,959,330$            9,959,330$            10,526,014$      
Approved Transmission 46340 2015 Transmission Switch & Breaker Replacements 2015 ACE Plan  2015 ACE Plan  1,581,599$            1,581,599$            1,503,449$        
Approved Transmission 46353 2015 Substation Recloser Replacements 2015 ACE Plan  2015 ACE Plan  596,893$               596,893$               386,145$           
Approved Transmission 46354 2015 Reactor Breaker Replacements 2015 ACE Plan  2015 ACE Plan  460,691$               460,691$               516,432$           
Approved Transmission 46360 L5545B Reconductor 2016 ACE Plan (Less than $250K) OTQ ‐ March 18, 2016 202,492$               820,437$               535,800$           
Approved Transmission 46362 L5560 Transmission Line Reconductor 2015 ACE Plan  2015 ACE Plan  626,895$               626,895$               799,127$           
Approved General Plant 46364 Maximo Enhancements for Telecom & Relays 2015 ACE Plan  2015 ACE Plan  272,539$               272,539$               280,593$           
Approved General Plant 46365 Maximo Enhancements for Substation Field Mobility 2015 ACE Plan  2015 ACE Plan  315,242$               315,242$               217,211$           
Approved Distribution 46398 20H Spryfield Voltage Conversion 2015 ACE Plan (for Subsequent Approval) Q1 2015 ‐ April 30, 2015 444,970$               480,510$               607,212$           
Approved General Plant 46411 AMO Hydro Asset Management PE 2015 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2015 376,637$               590,884$               559,231$           
Approved Generation 46422 POT Automatic Trash Rack Cleaning System 2015 ACE Plan (Items less than $250K) OTQ ‐ June 30, 2015 233,741$               329,721$               464,704$           
Approved ‐ FIN'd Internally Distribution 46456 11W Yarmouth 4kV Conversion 2015 ACE Plan  2015 ACE Plan  545,514$               545,514$               791,983$           
Approved ‐ FIN'd Internally Distribution 46457 79V‐401 Cameron Lake Voltage Conversion 2015 ACE Plan  2015 ACE Plan  637,939$               637,939$               575,571$           
Approved Distribution 46458 16N‐302 Stewiacke Reconductor 2015 ACE Plan  2015 ACE Plan  965,830$               965,830$               791,877$           
Approved Generation  46464 TUC1 ‐ Turbine Valve Refurbishment 2015 ACE Plan  2015 ACE Plan  541,162$               541,162$               527,454$           
Approved Generation 46465 TUC2 Turbine Valve Refurbishment 2016 ACE Plan 2016 ACE Plan 651,362$               651,362$               498,287$           
Approved ‐ FIN'd Internally Generation  46470 LIN1 ‐ Boiler Refurbishment 2015 2015 ACE Plan  2015 ACE Plan  496,369$               496,369$               716,170$           
Approved Generation  46473 TUC3 ‐ Turbine Valve Refurbishment 2015 ACE Plan  2015 ACE Plan  609,870$               609,870$               780,580$           
Deferred Generation 46483 CT ‐ Tusket Control System Upgrade 2015 ACE Plan (for Subsequent Approval) 441,816$               ‐$  
Approved Generation  46484 TUC ‐ Unit 1&2 Analytical Panel Replacement 2015 ACE Plan  2015 ACE Plan  386,607$               386,607$               519,816$           
Approved ‐ FIN'd Internally Generation  46496 LIN3 Analytical Panel Replacement 2015 ACE Plan  2015 ACE Plan  276,756$               276,756$               346,110$           
Approved Generation 46505 TUC2 UU LP Row6 Blade Replace U&U ‐ 2015 Q4 2015 ‐ January 29, 2016 570,207$               698,912$           
Approved Transmission 46513 3C Port Hastings BPS Upgrade 2015 ACE Plan  2015 ACE Plan  3,684,823$            3,684,823$            3,322,349$        
Approved General Plant 46552 Backbone Communications System Upgrade 2015 ACE Plan (for Subsequent Approval) OTQ ‐ September 30, 2015 12,525,792$          8,913,092$            7,608,529$        
Approved General Plant 46572 2017 RTU Replacement Program 2017 ACE Plan 2017 ACE Plan 693,354$               693,354$               45,602$             
Approved ‐ FIN'd Internally Distribution 46576 2015 PCB Phase‐out for Pole Top Transformers 2015 ACE Plan  2015 ACE Plan  733,503$               733,503$               756,617$           
Approved Transmission 46582 L5569 Upgrade 2015 ACE Plan  2015 ACE Plan  369,032$               369,032$               149,514$           
Approved ‐ FIN'd Internally Transmission 46583 L6511 Replacements 2015 ACE Plan  2015 ACE Plan  905,745$               905,745$               783,892$           
Approved Transmission 46586 2015 PCB Removal ‐ Substation 2015 ACE Plan (for Subsequent Approval) Q1 2015 ‐ April 30, 2015 1,262,087$            1,236,351$            1,473,218$        
Approved Transmission 46587 Metro Voltage Support Add Capacitor 2015 ACE Plan (for Subsequent Approval) 2016 ACE Plan 3,373,511$            3,373,511$            3,051,476$        
Approved Transmission 46591 88S Lingan Replace 230kV GIS 2015 ACE Plan (for Subsequent Approval) 2016 ACE Plan 14,249,882$          14,249,882$          2,280,297$        
Approved Generation  46594 HYD Sissiboo Falls Overhaul 2015 ACE Plan  2015 ACE Plan  817,153$               817,153$               1,052,713$        
Approved Distribution 46651 23H‐303G Rockingham Conversion Part 1 2015 ACE Plan (for Subsequent Approval) Q3 2015 ‐ October 30, 2015 572,750$               566,694$               675,402$           
Deferred  Generation 46655 ICP Mile 10.1 Bridge Repairs 2015 ACE Plan (for Subsequent Approval) 377,279$               ‐$  
Approved General Plant 46657 Wire Inspection Services ‐ Analyzer Replacement 2015 ACE Plan  2015 ACE Plan  448,300$               448,300$               322,217$           
Approved General Plant 46671 NERC CIP Version 5 Implementation 2016 ACE Plan (for Subsequent Approval) Q4 2015 ‐ January 29, 2016 1,528,492$            2,433,239$            2,563,772$        
Approved Generation 46713 TUC5 LM6000 – Engine 191‐332 Refurbishment P&A P&A ‐ 2014 Q4 2014 ‐ January 30, 2015 7,768,463$            8,066,077$        
Approved General Plant 46739 IT ‐ Outage Map Technology Upgrades 2015 ACE Plan (for Subsequent Approval) OTQ ‐ September 30, 2015 1,023,269$            2,895,963$            2,450,544$        
Approved Transmission 46757 88S Lingan 230kV BPS Upgrades 2016 ACE Plan 2016 ACE Plan 3,218,221$            3,218,221$            2,502,940$        
Approved Generation 46791 HYD ‐ Annapolis Runner Refurbishment U&U U&U ‐ 2015 OTQ ‐ March 31, 2015 526,329$               663,996$           
Approved Transmission 46811 2H Armdale Transformer Addition 2016 ACE Plan (For Subsequent Approval) OTQ ‐ June 30, 2016 2,545,596$            2,566,861$            709,732$           
Awaiting Approval Distribution 47124 Advanced Metering Infrastructure ‐ Pilot Project 2017 ACE Plan (for Subsequent Approval) OTQ ‐ November 18, 2016 8,274,738$            8,274,738$            4,238,354$        
Approved Transmission 47131 L8001 Steel Tower Replacements U&U U&U ‐ 2015 OTQ ‐ June 30, 2015 928,377$               666,603$           
Approved Generation 47163 HYD ‐ Tusket Controls Upgrade 2016 ACE Plan (for Subsequent Approval) Q4 2015 ‐ January 29, 2016 880,570$               906,688$               146,603$           
Approved Generation 47167 HYD ‐ Sandy Lake Surge Tank Ref. PE 2016 ACE Plan (for Subsequent Approval) OTQ ‐ March 18, 2016 1,358,796$            2,955,458$            3,121,159$        
Approved Generation 47396 HYD Nictaux Powerhouse Dam Refurbishment 2016 ACE Plan 2016 ACE Plan 1,792,968$            1,792,968$            1,226,108$        
Approved Generation 47397 HYD ‐ Gisborne Dam D4 and Spillway S4 Refurbishment PE 2016 ACE Plan 2016 ACE Plan 2,050,519$            2,050,519$            2,003,368$        
Approved General Plant 47403 Load Research Sample Update 2016 ACE Plan (for Subsequent Approval) OTQ ‐ August 31, 2016 322,387$               440,453$               386,431$           
Approved Generation 47432 HYD ‐ Ridge Overhaul 2016 ACE Plan 2016 ACE Plan 869,304$               869,304$               1,037,167$        
Approved Distribution 47471 131H‐422G‐East Uniacke Road Load Growth P&A P&A ‐ 2015 OTQ ‐ August 31, 2015 904,331$               731,035$           
Approved Generation 47476 HYD – Wreck Cove Tailrace Rockfall U&U U&U ‐ 2015 OTQ ‐ August 31, 2015 2,422,964$            2,608,434$        
Approved General Plant 47477 IT ‐ Next Generation Firewall 2016 ACE Plan (for Subsequent Approval) OTQ ‐ May 31, 2016 2,536,182$            3,927,576$            3,383,264$        
Approved Generation 47505 LIN Coal Mill Refurbishment 2016 2016 ACE Plan 2016 ACE Plan 749,183$               749,183$               853,644$           
Approved ‐ FIN'd Internally Generation 47507 LIN CW Pump Rebuild 2016 2016 ACE Plan 2016 ACE Plan 441,560$               441,560$               655,544$           
Approved ‐ FIN'd Internally Generation 47510 LIN Coal Plant Structural Refurbishment Phase 2 2016 ACE Plan 2016 ACE Plan 359,425$               359,425$               445,560$           
Approved Generation 47551 HYD ‐ SHH Controls Upgrade 2016 ACE Plan (for Subsequent Approval) Q4 2015 ‐ January 29, 2016 1,092,851$            1,749,212$            255,405$           
Approved Generation 47554 TRE5 5‐1 FD Fan Refurbishment 2016 ACE Plan 2016 ACE Plan 494,802$               494,802$               569,532$           
Approved Generation 47597 TRE6 Bottom Ash Chain Replacement 2017 ACE Plan 2017 ACE Plan 793,792$               793,792$               783,239$           
Approved Generation 47611 POT ‐ Demolish Unit 1 Stack 2016 ACE Plan 2016 ACE Plan 1,732,346$            1,732,346$            34,928$             
Approved Generation 47617 TRE6 Elevator Controls Upgrade 2016 ACE Plan 2016 ACE Plan 320,704$               320,704$               335,755$           
Approved Transmission 47631 U&U Capacitor Bank Breaker Replacement  U&U ‐ 2015 Q2 2015 ‐ July 31, 2015 411,871$               272,954$           
Approved Generation 47657 LIN4 High Voltage Bushing Refurbishment 2016 ACE Plan 2016 ACE Plan 822,570$               822,570$               897,926$           
Approved ‐ FIN'd Internally Generation 47658 LIN4 L‐0 Blade Replacement 2016 ACE Plan 2016 ACE Plan 4,597,152$            4,597,152$            4,497,121$        
Approved Generation 47662 POT Coal Mill Overhauls 2016 2016 ACE Plan 2016 ACE Plan 324,874$               324,874$               225,216$           
Approved ‐ FIN'd Internally Generation 47663 LIN4 ‐ SH5 Boiler Tube Replacement 2016 ACE Plan 2016 ACE Plan 538,776$               538,776$               615,511$           
Approved ‐ FIN'd Internally Generation 47664 LIN4 Division Wall Replacement 2016 ACE Plan 2016 ACE Plan 619,243$               619,243$               684,404$           
Approved ‐ FIN'd Internally Generation 47666 LIN4 Boiler Refurbishment 2016 2016 ACE Plan 2016 ACE Plan 571,859$               571,859$               650,949$           
Approved Generation 47668 POT ‐ Plant Siding 2016 2016 ACE Plan 2016 ACE Plan 287,926$               287,926$               324,888$           
Approved Generation 47673 LIN4 Generator Rotor Rewind 2016 ACE Plan 2016 ACE Plan 2,602,159$            2,602,159$            2,521,027$        
Approved Generation 47689 LIN4 ‐ Air Heater Refurbishment 2016 ACE Plan 2016 ACE Plan 521,951$               521,951$               550,720$           
Approved Generation 47690 LIN4 Burner Front Refurbishment 2016 ACE Plan 2016 ACE Plan 480,349$               480,349$               561,308$           
Approved ‐ FIN'd Internally Distribution 47693 63V‐313G‐Evangeline Trail Reconductor P&A ‐ 2015 Q3 2015 ‐ October 30, 2015 426,363$               413,941$           
Approved ‐ FIN'd Internally Generation 47704 POT ‐ Replace Polisher Chemical Skid 2016 ACE Plan 2016 ACE Plan 321,950$               321,950$               274,723$           
Approved Distribution 47721 2016 PCB Phase‐out for Pole Top Transformers 2016 ACE Plan 2016 ACE Plan 4,409,579$            4,409,579$            4,183,438$        
Approved Distribution 47732 131H‐424/137H‐412 Hammonds Plains Feeder Tie 2016 ACE Plan 2016 ACE Plan 337,133$               337,133$               287,524$           
Approved Distribution 47734 1C‐411 Highway 4 Reconductor  2016 ACE Plan 2016 ACE Plan 437,410$               437,410$               559,541$           
Deferred General Plant 47751 Dynamic Transmission Limits 2017 ACE Plan (for Subsequent Approval) 537,466$               48,647$             
Approved Distribution 47752 4S‐333 Bentinck St. Rebuild 2016 ACE Plan 2016 ACE Plan 575,357$               575,357$               816,088$           
Approved Distribution 47753 24C‐442GB Highway 16 Reconductor Phase 2 2016 ACE Plan (for Subsequent Approval) OTQ ‐ December 17, 2015 1,154,302$            1,425,322$            1,335,742$        
Approved Distribution 47754 63V‐313 Ward Rd Reconductor 2016 ACE Plan 2016 ACE Plan 308,994$               308,994$               203,211$           
Approved Generation 47755 LIN4 Turbine High Temperature Fasteners Replacement 2016 ACE Plan 2016 ACE Plan 1,073,877$            1,073,877$            1,099,663$        
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Deferred Generation 47761 LIN1 Boiler Refurbishment 2016 ACE Plan 2016 ACE Plan 506,845$               506,845$               481,604$           
Approved Generation 47762 LIN4 Analytical Panel Replacement 2016 ACE Plan 2016 ACE Plan 401,658$               401,658$               509,827$           
Approved Distribution 47765 58C‐405 Belle Cote Phase 2 2016 ACE Plan 2016 ACE Plan 477,154$               477,154$               258,709$           
Approved Distribution 47766 70V‐302 Centerlea Rebuild 2016 ACE Plan 2016 ACE Plan 456,314$               456,314$               382,072$           
Approved Distribution 47769 509V‐301 Overcove Rd Replacements 2017 ACE Plan 2017 ACE Plan 402,493$               402,493$               22,948$             
Approved Distribution 47773 3N ‐ Oxford Conversion Phase 2 P&A P&A ‐ 2015 Q3 2015 ‐ October 30, 2015 631,686$               720,286$           
Approved Distribution 47776 111S Prime Brook Feeder Exits & Feeders 2017 ACE Plan (for Subsequent Approval) Q3 2016 ‐ November 18, 2016 1,503,986$            1,504,630$            1,567,024$        
Deferred  Distribution 47792 Distribution Automation Remote Communications 2016 ACE Plan (for Subsequent Approval) 415,762$               ‐$  
Approved Generation 47814 HYD ‐ WRC Evacuation Tunnel Upgrade U&U ‐ 2015 Q4 2015 ‐ January 29, 2016 503,962$               523,877$           
Approved ‐ FIN'd Internally Generation 47869 LIN4 Bottom Ash 2016 ACE Plan 2016 ACE Plan 616,599$               616,599$               711,030$           
Approved Generation 47872 LIN E Gallery Structural Steel Protective Coating 2016 ACE Plan 2016 ACE Plan 481,492$               481,492$               543,047$           
Approved Generation 47893 TUC3 PE Generator Hydrogen Panel Replacement 2016 ACE Plan (for Subsequent Approval) 2017 ACE Plan 423,798$               423,798$               11,506$             
Approved Generation 47911 TUC1 High Temperature Fastener Replacement 2016 ACE Plan 2016 ACE Plan 828,968$               828,968$               837,458$           
Approved Transmission 47912 L‐6552 Replacements and Upgrades 2016 ACE Plan 2016 ACE Plan 1,054,326$            1,054,326$            947,930$           
Approved Transmission 47914 L‐6537 Replacements and Upgrades 2016 ACE Plan 2016 ACE Plan 1,382,705$            1,382,705$            663,927$           
Approved Transmission 47915 L5053 Replacements and Upgrades 2017 ACE Plan 2017 ACE Plan 692,706$               692,706$               19,305$             
Approved Generation 47934 TUC3 CW Piping Refurbishment U&U ‐ 2015 Q4 2015 ‐ January 29, 2016 584,991$               585,372$           
Approved Transmission 47935 L5040 Replacements 2016 ACE Plan 2016 ACE Plan 1,241,298$            1,241,298$            1,097,568$        
Approved Generation 47945 TUC Electrode‐ionization (EDI) Unit Replacement 2016 ACE Plan 2016 ACE Plan 275,154$               275,154$               330,779$           
Approved Transmission 47949 L‐5028 Replacements and Upgrades 2016 ACE Plan 2016 ACE Plan 1,144,355$            1,144,355$            747,491$           
Approved Transmission 47950 L5017 Replacements & Upgrades 2016 ACE Plan 2016 ACE Plan 2,182,142$            2,182,142$            1,086,772$        
Approved Transmission 47952 L‐7001 Replacements (Phase 3 & 4) 2016 ACE Plan 2016 ACE Plan 1,725,284$            1,725,284$            1,509,307$        
Approved Generation 47953 LIN Railcar Positioner Upgrade 2016 ACE Plan (for Subsequent Approval) 2017 ACE Plan 566,619$               566,619$               76,584$             
Approved Transmission 47954 L7012 Replacements and Upgrades 2017 ACE Plan 2017 ACE Plan 4,428,520$            4,428,520$            2,873,922$        
Approved Transmission 47956 L7004 Replacements and Upgrades 2017 ACE Plan 2017 ACE Plan 672,131$               672,131$               444,947$           
Deferred  Generation 47961 LIN1 Condenser Tube Coating 2016 ACE Plan 2016 ACE Plan 333,944$               333,944$               ‐$  
Approved Generation 48018 TUC1 IP Blading Refurbishments 2016 ACE Plan 2016 ACE Plan 1,137,208$            1,137,208$            1,076,908$        
Approved Generation 48020 HYD ‐ RUT3 Generator Refurbishment 2016 ACE Plan (for Subsequent Approval) Q4 2015 ‐ January 29, 2016 1,030,940$            992,418$               1,225,249$        
Approved Transmission 48022 Spider Lake Substation Addition 2016 ACE Plan (for Subsequent Approval) OTQ ‐ July 15, 2016 6,348,981$            6,839,528$            884,915$           
Approved Transmission 48057 Replace 69kV cables between 2S and 83S 2017 ACE Plan 2017 ACE Plan 459,931$               459,931$               581$  
Approved Generation 48058 PTMT ‐ Railcar Access Ramp U&U U&U ‐ 2015 Q3 2015 ‐ October 30, 2015 309,180$               485,036$           
Approved Transmission 48059 2016/2017 Transmission Switch & Breaker Replacements 2016 ACE Plan 2016 ACE Plan 980,999$               980,999$               1,169,355$        
Approved Transmission 48061 New Mobile Substation 7.5MVA 2016 ACE Plan (for Subsequent Approval) OTQ ‐ June 30, 2016 1,728,234$            2,390,744$            812,661$           
Approved Transmission 48062 2016/2017 Reactor Breaker Replacements 2016 ACE Plan 2016 ACE Plan 384,974$               384,974$               370,725$           
Approved Transmission 48063 2016/2017 Capacitor Bank Breaker Replacements 2016 ACE Plan 2016 ACE Plan 385,850$               385,850$               211,159$           
Approved Transmission 48066 2016/2017 Substation Polychlorinated Biphenyl (PCB) Equipment Removal Program 2016 ACE Plan 2016 ACE Plan 3,500,427$            3,500,427$            3,423,646$        
Approved Transmission 48067 2016 Oil Containment Program 2016 ACE Plan 2016 ACE Plan 468,963$               468,963$               342,143$           
Cancelled General Plant 48072 2016 ADMS Switch Order Management 2016 ACE Plan 2016 ACE Plan 305,469$               305,469$               ‐$  
Approved Distribution 48092 2016 Substation Recloser Replacements 2016 ACE Plan 2016 ACE Plan 529,270$               529,270$               490,913$           
Approved Distribution 48093 2016 Padmount Replacement Program 2016 ACE Plan 2016 ACE Plan 1,911,470$            1,911,470$            1,506,947$        
Approved Transmission 48116 2016 Sacrificial Anode Installation Program 2016 ACE Plan 2016 ACE Plan 970,909$               970,909$               1,198,820$        
Approved Distribution 48152 20H‐Spryfield Voltage Conversion Ph 2016 ACE Plan (for Subsequent Approval) OTQ ‐ June 30, 2016 375,848$               460,246$               402,860$           
Approved Generation 48157 TUC Main Auxiliary Boiler Install 2016 ACE Plan (for Subsequent Approval) OTQ ‐ March 18, 2016 2,822,565$            3,478,421$            3,713,030$        
Approved Distribution 48195 Halifax 4kV Conversion Ph 3 2016 ACE Plan (for Subsequent Approval) OTQ ‐ August 31, 2016 250,336$               429,235$               353,029$           
Approved General Plant 48236 Self Serve Dev Phase 1 2016 ACE Plan (for Subsequent Approval) Q3 2016 ‐ November 18, 2016 1,802,719$            811,203$               1,105,359$        
Approved General Plant 48254 IT ‐ Outage Comm Tech Cap Improvement 2016 ACE Plan (for Subsequent Approval) OTQ ‐ May 31, 2016 1,500,000$            2,146,079$            2,006,658$        
Approved ‐ FIN'd Internally Generation 48438 LIN4 PE ID Fan Damper & VIV Refurb. U&U OTQ ‐ July 15, 2016 524,658$               449,342$           
Approved Generation 48471 TUC3 UU HEP FAC Upgrades U&U OTQ ‐ March 18, 2016 313,287$               323,491$           
Approved Generation 48535 HYD Scragg Lake Dam and Spillway Refurbishment 2017 ACE Plan 2017 ACE Plan 1,956,298$            1,956,298$            1,342,618$        
Approved Distribution 48610 16N‐301 Stewiacke ‐ Load Trans Ph1 P&A Q3 2016 ‐ November 18, 2016 852,654$               816,701$           
Approved Generation 48631 HYD ‐ Gulch Spillway Refurbishment 2017 ACE Plan 2017 ACE Plan 617,034$               617,034$               63,328$             
Approved General Plant 48633 IT ‐  Java Security 2016 ACE Plan (for Subsequent Approval) ‐ 47477 OTQ ‐ June 30, 2016 2,536,182$            548,032$               731,277$           
Approved General Plant 48635 IT ‐ Endpoint Data Encr & Malwre Pr 2016 ACE Plan (for Subsequent Approval) ‐ 47477 OTQ ‐ August 31, 2016 2,536,182$            813,587$               816,959$           
Approved General Plant 48774 HYD ‐ Milton Shop HVAC Upgrade 2017 ACE Plan 2017 ACE Plan 564,347$               564,347$               79,802$             
Approved Generation 48951 LIN4 UU 72" CW Condenser Pipe Repl. U&U OTQ ‐ August 31, 2016 ‐$   414,715$               414,801$           
Approved General Plant 49043 IT‐Contact Centre Infrastructure U&U OTQ ‐ November 1, 2016 2,504,109$            2,817,384$        
Approved Generation 49057 TRE6 Excitation System Replacement 2017 ACE Plan 2017 ACE Plan 904,011$               904,011$               595,475$           
Approved General Plant 49212 IT ‐ My Account Single Sign‐On U&U OTQ ‐ May 31, 2016 465,079$               600,141$           
Approved Transmission 49253 U&U 20V‐T1 Transformer Replacement U&U OTQ ‐ May 31, 2016 1,305,748$            903,391$           
Approved Distribution 49311 93V‐312 Lower Saulnierville Conduct P&A OTQ ‐ July 15, 2016 549,642$               144,542$           
Approved Generation 49351 LIN4 UU LTSH1 Tube Replacement U&U OTQ ‐ August 31, 2016 ‐$   352,205$               320,815$           
Approved Generation 49415 LIN4 UU HP IP Seal Replacement U&U OTQ ‐ August 31, 2016 ‐$   531,485$               549,956$           
Approved ‐ FIN'd Internally Generation 49416 LIN4 UU Generator Stator Rewedge U&U OTQ ‐ August 31, 2016 ‐$   596,766$               539,354$           
Approved Generation 49419 POT Boiler Refurbishment 2017 2017 ACE Plan 2017 ACE Plan 969,292$               969,292$               1,197,701$        
Approved Generation 49427 LIN Coal Plant Structural Refurbishment Phase 3 2017 ACE Plan 2017 ACE Plan 365,003$               365,003$               395,352$           
Approved Generation 49429 LIN Coal Pile Run Off Pond Expansion 2017 ACE Plan 2017 ACE Plan 311,793$               311,793$               ‐$  
Approved Generation 49430 LIN CW Pump Refurbishment 2017 2017 ACE Plan 2017 ACE Plan 516,270$               516,270$               429,737$           
Approved Generation 49431 LIN Mill Refurbishment 2017 2017 ACE Plan 2017 ACE Plan 665,839$               665,839$               669,323$           
Approved Generation 49434 LIN CW Screen Refurbishment 2017 2017 ACE Plan 2017 ACE Plan 347,062$               347,062$               324,455$           
Approved Generation 49437 LIN Vacuum Pump Cooler Refurbishment 2017 ACE Plan 2017 ACE Plan 282,034$               282,034$               31,071$             
Approved Generation 49463 POT Coal Mill Overhauls 2017 2017 ACE Plan 2017 ACE Plan 328,410$               328,410$               64,722$             
Awaiting Approval Generation 49466 PTMT ‐ Dock and Inhaul Conveyor Replacement 2017 ACE Plan 2017 ACE Plan 467,607$               467,607$               2,808$                 OTQ ‐ September 15, 2017 920,823$            453,216$
Approved ‐ FIN'd Internally Generation 49497 LIN4 UU Snout Ring Replacement U&U OTQ ‐ August 31, 2016 ‐$   282,601$               294,011$           
Approved Generation 49532 TRE6 Air Heater Refurbishment 2017 ACE Plan 2017 ACE Plan 1,428,236$            1,428,236$            1,189,918$        
Approved Generation 49533 TRE6 Boiler Refurbishment 2017 ACE Plan 2017 ACE Plan 1,259,454$            1,259,454$            648,418$           
Approved Generation 49535 TRE6 Mills Refurbishment 2017 2017 ACE Plan 2017 ACE Plan 822,141$               822,141$               288,065$           
Approved Generation 49536 TRE5 Boiler Refurbishments 2017 2017 ACE Plan 2017 ACE Plan 717,589$               717,589$               926,271$           
Approved Generation 49537 TRE6 Analytical Panel Upgrade 2017 ACE Plan 2017 ACE Plan 438,216$               438,216$               ‐$  
Approved Distribution 49591  3S Feeder Exit Cable Replacement 2017 ACE Plan 2017 ACE Plan 335,842$               335,842$               64,542$             
Approved Distribution 49611 New Distribution Rights‐of‐Way Phase 1 2016 ACE Plan ‐ Routines OTQ ‐ November 1, 2016 2,400,000$            2,215,397$            1,845,410$        
Approved Generation 49675 TUC2 Cooling Water Piping Refurbishment 2017 ACE Plan 2017 ACE Plan 568,673$               568,673$               813,044$           
Approved Generation 49707 TUC2 High Voltage Bushing  2017 ACE Plan 2017 ACE Plan 440,082$               440,082$               6,556$                
Approved Generation 49751 TUC1 PE LP Blading Refurbishment U&U OTQ ‐ September 30, 2016 ‐$   709,189$               948,184$           
Approved Transmission 49774 L5527 Replacements and Upgrades 2017 ACE Plan 2017 ACE Plan 1,537,852$            1,537,852$            88,473$             
Approved Transmission 49775 L5004 Replacements and Upgrades 2017 ACE Plan 2017 ACE Plan 995,712$               995,712$               605,893$           
Approved Transmission 49776 L7008 Replacements and Upgrades 2017 ACE Plan 2017 ACE Plan 876,277$               876,277$               349,207$           
Approved Transmission 49778 L5535 Replacements and Upgrades 2017 ACE Plan 2017 ACE Plan 1,261,920$            1,261,920$            77,105$             
Approved Transmission 49782 L5027B Replacements and Upgrades 2017 ACE Plan 2017 ACE Plan 1,093,542$            1,093,542$            35,635$             
Approved Transmission 49789 L6515 Replacements and Upgrades 2017 ACE Plan 2017 ACE Plan 2,340,989$            2,340,989$            2,544,816$        
Approved Transmission 49790 L5505 Replacements and Upgrades 2017 ACE Plan 2017 ACE Plan 1,223,571$            1,223,571$            403$  
Approved Distribution 49791 3N Oxford Conversion Phase 3 2017 ACE Plan 2017 ACE Plan 358,369$               358,369$               187,094$           
Approved Transmission 49792 2017 Transmission Line Retirement Program 2017 ACE Plan 2017 ACE Plan 526,064$               526,064$               391,856$           
Approved Transmission 49793 L7011 Replacements and Upgrades 2017 ACE Plan 2017 ACE Plan 3,343,484$            3,343,484$            938,022$           
Approved Transmission 49798 2017 / 2018 Capacitor Bank Breaker Replacements 2017 ACE Plan 2017 ACE Plan 378,150$               378,150$               147,207$           
Approved Distribution 49799 532N Elm Street Conversion  Phase 1 2017 ACE Plan 2017 ACE Plan 548,688$               548,688$               881$  
Approved Generation 49804 HYD ‐ Fall River Pipeline Repair U&U OTQ ‐ August 31, 2016 ‐$   275,841$               282,288$           
Approved Distribution 49806 2017 Padmount Replacement Program 2017 ACE Plan 2017 ACE Plan 1,703,774$            1,703,774$            1,054,546$        
Approved Transmission 49813 2017 Sacrificial Anode Installation Program 2017 ACE Plan 2017 ACE Plan 1,532,340$            1,532,340$            1,633,043$        
Approved Transmission 49814 2017 / 2018 Steel Tower Life Extension 2017 ACE Plan 2017 ACE Plan 1,462,100$            1,462,100$            1,529,293$        
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Approved Transmission 49815 2017 / 2018 Steel Tower Refurbishment 2017 ACE Plan 2017 ACE Plan 2,003,317$            2,003,317$            422,274$           
Approved Transmission 49818 2017/2018 Transmission Switch & Breaker Replacement 2017 ACE Plan 2017 ACE Plan 1,074,472$            1,074,472$            608,643$           
Approved Transmission 49821 Mersey River Hydro Spare Transformer 2017 ACE Plan 2017 ACE Plan 519,994$               519,994$               2,299$                
Approved Transmission 49833 2017 Oil Containment Program 2017 ACE Plan 2017 ACE Plan 432,518$               432,518$               136,062$           
Approved Distribution 49836 11S‐302 11S‐401 Rebuild Coxheath Phase 2 2017 ACE Plan 2017 ACE Plan 807,456$               807,456$               404,342$           
Approved Transmission 49838 2017/2018 Substation Polychlorinated Biphenyl (PCB) Equipment Removal Program 2017 ACE Plan 2017 ACE Plan 4,127,023$            4,127,023$            2,227,682$        
Approved Distribution 49841 23H‐Rockingham Voltage Conversion‐Phase 2 2017 ACE Plan 2017 ACE Plan 743,213$               743,213$               392,852$           
Approved General Plant 49861 IT ‐ PI System Upgrade 2017 ACE Plan 2017 ACE Plan 801,253$               801,253$               71,236$             
Approved Distribution 49866 512N‐Toney River Upgrade 2017 ACE Plan 2017 ACE Plan 285,219$               285,219$               320,099$           
Approved Distribution 49867 55V‐313‐Berwick North Replacements 2017 ACE Plan 2017 ACE Plan 345,565$               345,565$               269,121$           
Approved Transmission 49878 2017 Substation Insulator Replacement Program 2017 ACE Plan 2017 ACE Plan 508,893$               508,893$               324,668$           
Approved General Plant 49880 Meter Shop Test Console Replacement 2017 ACE Plan 2017 ACE Plan 410,457$               410,457$               ‐$  
Approved Distribution 49891 509V Recloser and Voltage Regulator Replacement 2017 ACE Plan 2017 ACE Plan 319,649$               319,649$               81,218$             
Approved Generation 49897 POT ‐ Fire System Upgrades 2017 2017 ACE Plan 2017 ACE Plan 538,437$               538,437$               4,554$                
Approved General Plant 49902 2017 Telecom Building Replacement ‐ Wittenburg 2017 ACE Plan 2017 ACE Plan 294,000$               294,000$               436$  
Approved Distribution 49918 54H‐303 Underground Device Replacements Phase I 2017 ACE Plan 2017 ACE Plan 469,604$               469,604$               500,283$           
Approved Distribution 49919 2017 PCB Pole Top Transformer Replacement 2017 ACE Plan 2017 ACE Plan 2,446,051$            2,446,051$            1,230,232$        
Approved Transmission 49948 2017/2018 Isolated Structure Replacements 2017 ACE Plan 2017 ACE Plan 3,822,487$            3,822,487$            220,410$           
Approved Transmission 49992 2017 Transmission Right of Way Widening 2017 ACE Plan 2017 ACE Plan 5,400,855$            5,400,855$            5,358,223$        
Approved General Plant 50071 T&D Inspection Application Upgrade Phase 1 2017 ACE Plan 2017 ACE Plan 411,191$               411,191$               343,850$           
Approved Distribution 50073 4S‐332 Bernard Lind Drive Rebuild 2017 ACE Plan 2017 ACE Plan 302,893$               302,893$               127,842$           
Awaiting Approval Generation 47687 POT Boiler Chem Clean ATO  2017 ACE Plan  2017 ACE Plan 974,604$               974,604$               1,592,128$         OTQ ‐ September 15, 2017 1,603,103$        
Approved Generation 50151 HYD ‐ WRC Main Access Entr Bridge U&U Q3 2016 ‐ November 18, 2016 ‐$   716,508$               789,188$           
Deferred Generation 39472 HYD Mersey Hydro System Re‐Development 2017 ACE Plan (for Subsequent Approval) 84,000,000$          2,841,037$        
Awaiting Approval Generation 48913 HYD ‐ Tusket Facility Refurbishment 2017 ACE Plan (for Subsequent Approval) Q3 2017 ‐ October 30, 2017 657,956$               1,183,470$            26,320$             
Cancelled Generation 49835 HYD ‐ Dive Site Risk Mitigation 2017 ACE Plan (for Subsequent Approval) 650,533$               ‐$  
Deferred Generation 47166 HYD ‐ McAskill Brook Decommissioning 2017 ACE Plan (for Subsequent Approval) 562,684$               84,229$             
Awaiting Approval Generation 48914 HYD ‐ Malay Falls Facility Repair 2017 ACE Plan (for Subsequent Approval) Q3 2017 ‐ October 30, 2017 446,237$               1,034,045$            30,371$             
Awaiting Approval Generation 48396 HYD ‐ Bridge Remediation 2017 ACE Plan (for Subsequent Approval) Q3 2017 ‐ October 30, 2017 404,616$               677,591$               159,751$           
Pending Submission  Generation 49940 LM6000 TUC5 Control System Upgrade 2017 ACE Plan (for Subsequent Approval) 1,018,769$            ‐$  
Deferred Generation 49594 LM6000 TUC5 Airhouse Upgrade 2017 ACE Plan (for Subsequent Approval) 833,200$               106,403$           
Pending Submission  Generation 49926 LM6000 TUC4 Airhouse Upgrade 2017 ACE Plan (for Subsequent Approval) 815,633$               148,480$           
Deferred Generation 49949 LM6000 TUC4 Control System Replacement 2017 ACE Plan (for Subsequent Approval) 710,815$               23,322$             
Approved Generation 47531 TRE6 Turbine Refurbishments 2017 ACE Plan (for Subsequent Approval) Q1 2017 ‐ May 1, 2017 2,322,487$            1,704,784$            1,476,901$        
Pending Submission  Generation 49060 POT ‐ Condenser Dog Bone Expansion Joint Replacement 2017 ACE Plan (for Subsequent Approval) 298,253$               150,097$           
Cancelled Generation 48868 AMO Fleet TWIP Upgrades 2017 ACE Plan (for Subsequent Approval) 280,608$               32,417$             
Cancelled Transmission 50342 Western Transmission System Voltage Support 2017 ACE Plan (for Subsequent Approval) 4,000,000$            ‐$  
Now less than $250k. Transmission 50021 91H Tufts Cove Bus and Line Upgrades  2017 ACE Plan (for Subsequent Approval) 417,178$               ‐$  
Pending Submission  Distribution 50343 Advanced Metering Infrastructure 2017 ACE Plan (for Subsequent Approval) 111,707,380$        ‐$  
Now less than $250k. Distribution 49899 10H Halifax 4kV Conversion Year 4 2017 ACE Plan (for Subsequent Approval) 254,608$               189,513$           
Awaiting Approval General Plant 49857 IT ‐ Storage Infrastructure Upgrade 2017 ACE Plan (for Subsequent Approval) OTQ ‐ November 17, 2017 5,045,955$            1,901,189$            13,158$             
Awaiting Approval General Plant 49860 IT ‐ Sharepoint Upgrade 2017 ACE Plan (for Subsequent Approval) Q3 2017 ‐ October 30, 2017 4,021,915$            3,903,594$            535,769$           
Deferred General Plant 49093 IT ‐ Security Operations Center (SOC) and Security Information Event Monitoring (SIEM)  2017 ACE Plan (for Subsequent Approval) 2,476,976$            365,521$           
Deferred General Plant 49859 IT ‐ Windows Server 2008 Upgrade 2017 ACE Plan (for Subsequent Approval) 2,069,258$            ‐$  
Awaiting Approval General Plant 49855 IT ‐ Desktop Software Modernization 2017 ACE Plan (for Subsequent Approval) Q3 2017 ‐ October 30, 2017 2,013,034$            4,620,516$            2,630,852$        
Awaiting Approval General Plant 50153 Self Serve Development Phase 2 2017 ACE Plan (for Subsequent Approval) OTQ ‐ September 15, 2017 1,827,720$            1,160,528$            40,133$             
Deferred General Plant 49094 IT ‐ Identity Access Management Infrastructure 2017 ACE Plan (for Subsequent Approval) 1,711,147$            115,369$           
Deferred General Plant 49858 IT ‐ Microsoft Exchange Upgrade 2017 ACE Plan (for Subsequent Approval) 1,500,000$            ‐$  
Awaiting Approval General Plant 48773 IT ‐ VOIP Expansion to NSPI sites 2017 ACE Plan (for Subsequent Approval) Q3 2017 ‐ October 30, 2017 1,499,731$            1,708,923$            123,286$           
Deferred General Plant 49480 IT ‐ Disaster Recovery 2017 ACE Plan (for Subsequent Approval) 1,483,365$            209,690$           
Deferred General Plant 49601 IT ‐ Data loss Prevention 2017 ACE Plan (for Subsequent Approval) 1,199,013$            ‐$  
Deferred General Plant 49600 IT ‐ Network Architecture Redesign 2017 ACE Plan (for Subsequent Approval) 1,183,826$            ‐$  
Pending Submission  General Plant 49876 Real Time Economic Dispatch 2017 ACE Plan (for Subsequent Approval) 1,161,618$            245,751$           
Deferred General Plant 50112 Consolidated Customer Web Portal 2017 ACE Plan (for Subsequent Approval) 770,977$               ‐$  
Awaiting Approval General Plant 50113 Customer Experience ‐ Streetlight improvements 2017 ACE Plan (for Subsequent Approval) Q3 2017 ‐ October 30, 2017 679,394$               875,836$               58,368$             
Cancelled General Plant 49603 IT ‐ Patch Management 2017 ACE Plan (for Subsequent Approval) 536,350$               ‐$  
Deferred General Plant 48044 Bentley Nevada Upgrade and Integration to Fleet Monitoring 2017 ACE Plan (for Subsequent Approval) 401,459$               17,201$             
Awaiting Approval General Plant 50295 Electric Vehicle Infrastructure Deployment 2017 ACE Plan (for Subsequent Approval) OTQ ‐ August 2, 2017 400,000$               419,908$               18,422$             
Deferred General Plant 50132 Joint Regulation 2017 ACE Plan (for Subsequent Approval) 387,704$               ‐$  
Awaiting Approval General Plant 49953 IT ‐ CIS High Availability 2017 ACE Plan (for Subsequent Approval) OTQ ‐ November 17, 2017 354,578$               519,023$               ‐$  
Awaiting Approval General Plant 50292 FAC ‐ Kempt Road Depot Truck Bay 2017 ACE Plan (for Subsequent Approval) Q3 2017 ‐ October 30, 2017 340,655$               1,095,720$            36,275$             
Pending Submission  Generation 47678 HYD Prince Mine Dam Decommissioning 2017 ACE Plan (for Subsequent Approval) 819,451$               538,718$           
Cancelled General Plant 50115 Customer Support System Enhancement 2017 ACE Plan (for Subsequent Approval) 332,847$               ‐$  
Pending Submission  General Plant 48837 AMO Fleet Environmental Data Management 2017 ACE Plan (for Subsequent Approval) 317,215$               38,471$             
Cancelled General Plant 49856 IT ‐ ITSM Replacement 2017 ACE Plan (for Subsequent Approval) 300,000$               ‐$  
Approved Generation 49605 CTs‐ BGT 3 Engine Refurbishment U&U OTQ ‐ December 16, 2016 2,032,866$            2,126,377$        
Approved Generation 49869 ICP UU Armour Stone Replacement U&U OTQ ‐ December 16, 2016 2,793,935$            1,332,141$        
Approved General Plant 48155 2016 SCADA Application Upgrade 2017 ACE Plan (for Subsequent Approval) OTQ ‐ December 16, 2016 400,688$               400,688$               346,866$           
Approved Transmission 49879 77V‐T52 Replacement 2017 ACE Plan (for Subsequent Approval) OTQ ‐ December 16, 2016 775,082$               772,208$               4,019$                
Approved General Plant 48238 Customer Billing Experience Improve 2017 ACE Plan (for Subsequent Approval) OTQ ‐ December 16, 2016 490,878$               405,324$               386,317$           
Approved Generation 49061 LM6000 191‐443 Engine  Repair U&U OTQ ‐ December 16, 2016 1,077,840$            1,077,840$        
Approved General Plant 43202 Replace Mobile Radio System 2017 ACE Plan (for Subsequent Approval) Q4 2016 ‐ January 31, 2017 6,537,700$            6,296,878$            488,992$           
Approved Transmission 49922 Western Switching Upgrades 2017 ACE Plan (for Subsequent Approval) Q4 2016 ‐ January 31, 2017 353,906$               378,843$               6,067$                
Approved Generation 44595 HYD ‐ Hollow Bridge Canal & Intake 2016 ACE Plan (for Subsequent Approval) Q4 2016 ‐ January 31, 2017 3,137,002$            4,600,336$            4,683,012$        
Approved Generation 47600 TRE Asbestos Abatement (2016) 2016 ACE Plan (Items less than $250K) Q4 2016 ‐ January 31, 2017 154,303$               2,096,391$            2,088,671$        
Approved ‐ FIN'd Internally Generation 47933 LIN4 Turbine Vibr. Monit. Upgrade 2016 ACE Plan (Items less than $250K) Q4 2016 ‐ January 31, 2017 238,216$               280,095$               291,238$           
Approved Generation 46499 Stator Rewind Kit Capital Spare 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 8, 2017 5,219,939$            2,871,003$            880,884$           
Approved Generation 47553 TRE6 Turbine Valve Refurbishment 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 8, 2017 392,887$               570,600$               415,049$           
Approved Generation 47648 HYO Lequille Pipeline Replacement 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 8, 2017 1,384,448$            1,121,253$            322,891$           
Approved Generation 47876 HYD Lequille Overhaul 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 8, 2017 1,155,418$            1,395,229$            845,642$           
Approved Generation 48052 HYD Annapolis HVAC Upgrade 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 8, 2017 1,498,367$            1,573,596$            128,985$           
Approved Generation 49596 HYD – Hells Gate 2 Overhaul 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 8, 2017 970,827$               1,204,263$            359,757$           
Approved Generation 49674 TUC2 ‐ Boiler Selective Waterwall Tube Replacements 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 8, 2017 390,898$               421,518$               698,270$           
Approved Generation 47947 TUC6 Condenser Waterbox Coating Replacement 2016 ACE Plan (Items less than $250K) OTQ ‐ March 8, 2017 225,210$               366,978$               368,637$           
Approved Generation 49632 HYD White Rock Canal Refurbishment U&U OTQ ‐ March 8, 2017 590,670$               65,416$             
Approved Generation 49633 HYD Trout River Lake Canal Refurbishment U&U OTQ ‐ March 8, 2017 519,531$               49,872$             
Approved ‐ FIN'd Internally Generation 50192 TRE5 U&U Turbine Valve Refurbishment U&U OTQ ‐ March 8, 2017 391,152$               392,297$           
Approved Distribution 47760 85S‐402 Re‐Insulate 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2017 1,259,666$            1,551,859$            1,101,691$        
Approved Transmission 49928 3S Gannon Road – Bus Reconfiguration 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2017 364,777$               371,395$               422,727$           
Approved Transmission 49929 Tap Changer Replacements 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2017 262,526$               318,236$               535,602$           
Approved Generation 47654 HYD ‐ Gulch Penstock & Surge Tank Replacement 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2017 3,629,655$            4,970,542$            3,159,308$        
Approved Generation 47682 HYD Lequille Switchgear Replacement 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2017 698,659$               776,391$               627,709$           
Approved Generation 48893 TUC3 IP Turbine Refurbishment 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2017 4,798,475$            4,871,454$            2,045,954$        
Approved Generation 49039 HYD Lequille Controls Upgrades 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2017 304,121$               762,912$               164,741$           
Approved Generation 49111 POT Air Heater Refurbishment 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2017 471,204$               272,538$               384,355$           
Approved Generation 49538 TRE6 Generator Rotor Flux Probe Installation 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2017 411,766$               784,610$               354,172$           
Approved Generation 49598 HYD Gisborne Switchgear Replacement 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2017 623,814$               747,450$               13,435$             
Approved Generation 51052 TRE6 Generator High Voltage Bushings Critical Spare 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2017 411,766$               264,250$               ‐$  
Approved Distribution 49787 Intelligent Feeder Project 2017 ACE Plan (for Subsequent Approval) OTQ ‐ March 31, 2017 2,399,368$            2,782,384$            1,136,580$        
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Approved Distribution 47756 36V‐303 Reconductor Middle Dyke Rd 2016 ACE Plan (Items less than $250K) OTQ ‐ March 31, 2017 226,303$               287,779$               285,805$           
Approved Transmission 48111 East Switch Upgrades 15S 2016 ACE Plan (Items less than $250K) OTQ ‐ March 31, 2017 122,220$               304,379$               14,630$             
Approved Generation 47606 TRE5 Sootblower Controls Upgrade 2016 ACE Plan (<$250K) OTQ ‐ March 31, 2017 158,399$               285,301$               286,649$           
Approved Generation 43128 HYD Gisborne Gearbox and Bearing Replacement 2013 ACE Plan   OTQ ‐ March 31, 2017 360,731$               829,447$               993,685$           
Approved Generation 46352 TRE5 Air Heater Refurbishment 2015 ACE Plan OTQ ‐ March 31, 2017 530,139$               1,088,844$            1,079,177$        
Approved Generation 47552 TRE5 – Boiler Refurbishment 2016 2016 ACE Plan OTQ ‐ March 31, 2017 1,204,387$            2,429,444$            2,390,614$        
Approved ‐ FIN'd Internally Generation 47506 LIN CW Screen Refurbishment 2016 ACE Plan 2016 ACE Plan 349,743$               349,743$               666,534$            OTQ ‐ March 31, 2017 666,401$            316,658$
Approved ‐ FIN'd Internally Generation 47661 POT – Asbestos Management 2016 2016 ACE Plan 2016 ACE Plan 721,551$               721,551$               347,326$            OTQ ‐ March 31, 2017 347,326$            (374,225)$                 
Approved Generation 48811 LIN4 Feedwater Heater Level Control Upgrade U&U OTQ ‐ March 31, 2017 296,832$               287,149$           
Approved Distribution 50796 New Distribution Rights‐of‐Way Phase II P&A OTQ ‐ April 4th, 2017 3,353,445$            1,462,199$        
Approved Distribution 50800 1C‐411 Reinsulate and Pole Replacements Phase 1 P&A OTQ ‐ April 4th, 2017 442,732$               123,977$           
Approved Distribution 50772 37N‐412 Glooscap Trail Rebuild Phase 1 P&A OTQ ‐ April 4th, 2017 771,476$               380,541$           
Approved Distribution 49862 50N‐410 Rebuild Trenton Phase 1 2017 ACE Plan (Items less than $250K) OTQ ‐ April 4th, 2017 247,773$               440,329$               436,076$           
Approved Transmission 48114 2016 Steel Tower Life Extension 2016 ACE Plan Q1 2017 ‐ May 2, 2017 1,477,739$            1,465,712$            1,307,045$        
Approved Distribution 50341 2017 Substation Recloser Replacements  2017 ACE Plan (for Subsequent Approval) Q1 2017 ‐ May 2, 2017 577,388$               604,888$               268,789$           
Approved Generation 17581 HYD Weymouth Electrical Replacement 2013 ACE Plan   Q1 2017 ‐ May 2, 2017 1,641,359$            2,366,025$            2,327,646$        
Approved Generation 44716 TUC2 North Boiler Feedwater Pump Refurbishment 2015 ACE Plan (Items less than 250K) Q1 2017 ‐ May 2, 2017 191,007$               274,951$               349,468$           
Approved Generation 51053 TRE6 HIP Turbine Diaphragm Partition Refurbishment 2017 ACE Plan (for Subsequent Approval) ‐ 47531 Q1 2017 ‐ May 2, 2017 2,322,487$            1,185,445$            997,440$           
Approved Generation  20511 CT – Victoria Junction Replace Halon Fire Protection System 2015 ACE Plan  OTQ ‐ May 31, 2017 268,467$               619,750$               30,904$             
Approved ‐ FIN'd Internally Transmission 43205 L5510 Insulator Replacements 2014 ACE Plan  2014 ACE Plan 3,191,398$            3,191,398$            2,908,944$         OTQ ‐ May 31, 2017 2,908,944$         (282,454)$                 
Approved Generation 44776 TUC#5 LM6000 Generator Stator Re‐wedge  2017 ACE Plan (for Subsequent Approval) OTQ ‐ May 31, 2017 1,073,280$            1,361,301$            957,829$           
Approved Generation 47874 LIN Ash Scale Replacement 2016 ACE Plan (<$250K) OTQ ‐ May 31, 2017 237,241$               481,252$               224,120$           
Approved Generation 48514 LIN U&U Coal Truck Scale U&U OTQ ‐ May 31, 2017 ‐$   308,468$               329,281$           
Approved Generation 49438 LIN A Gallery Floor Replacement 2017 ACE Plan (for Subsequent Approval) OTQ ‐ May 31, 2017 593,814$               591,761$               390,730$           
Approved Generation 50017 TUC4 CEMS Installation U&U U&U OTQ ‐ May 31, 2017 ‐$   410,817$               376,704$           
Approved Generation 50018 TUC5 CEMS Installation U&U U&U OTQ ‐ May 31, 2017 ‐$   450,496$               385,824$           
Approved Generation 51409 LIN Track Dozer Replacement U&U U&U OTQ ‐ May 31, 2017 ‐$   985,497$               948,020$           
Awaiting Approval Generation 51526 CT Tusket Generator Replacement P&A OTQ ‐ May 31, 2017 ‐$   3,190,415$            515,585$           
Not approved Generation 47331 LM6000 191‐253 Engine Refurbishment U&U OTQ ‐ June 30, 2017 ‐$   1,023,342$            1,023,343$        
Approved Distribution 47787 2H Armdale New Feeders 2017 ACE Plan (for Subsequent Approval) OTQ ‐ July 7, 2017 1,285,679$            988,498$               2,208$                
Awaiting Approval Generation 49273 BGT2 Engine Refurbishment 2017 ACE Plan (for Subsequent Approval) OTQ ‐ July 7, 2017 1,019,832$            2,170,157$            1,607,010$        
Approved Generation 49499 PHB Boiler Refurbishment 2017 2017 ACE Plan (for Subsequent Approval) OTQ ‐ July 7, 2017 484,730$               593,740$               436,848$           
Approved Generation 49553 TRE Asbestos Abatement 2017 2017 ACE Plan (<$250K) OTQ ‐ July 7, 2017 226,451$               728,886$               597,779$           
Awaiting Approval Generation  44267 TRE Ash Lagoon Site Closure 2015 ACE Plan  OTQ ‐ July 7, 2017 7,994,849$            9,568,879$            7,108,609$        
Awaiting Approval Generation 51711 CT Burnside #2 Generator Replacement P&A OTQ ‐ July 7, 2017 ‐$   2,876,865$            527,260$           
Approved Generation 51317 TRE5 CW Inlet System Refurbishment U&U OTQ ‐ July 7, 2017 ‐$   390,035$               390,258$           
Approved ‐ Fin'd externally Generation 44188 TRE Ash Site Phase 1 Capping 2015 ACE Plan 2015 ACE Plan  4,538,289$            5,022,051$            5,021,932$         Q1 ‐ May 2, 2017 (amounts subsequently revised in IRs) 5,022,051$         483,762$
Awaiting Approval Generation 29807 HYD ‐ Tusket Falls Main Dam 2017 ACE Plan (for Subsequent Approval) OTQ ‐ July 5, 2017 9,940,664$            18,157,609$          1,971,840$        
Approved Generation 49132 PTMT Dock Winching & Access Refurb U&U Q2 ‐ July 31, 2017 ‐$   416,998$               29,170$             
Approved Generation 49433 LIN1 SH5 Boiler Tube Replacement 2017 ACE Plan Q2 ‐ July 31, 2017 493,396$               848,377$               795,846$           
Approved Generation 49551 TRE5 CEMS Replacement 2017 ACE Plan (<$250K) Q2 ‐ July 31, 2017 162,647$               671,295$               164,472$           
Approved Generation 51593 HYD WRC WG Thrust Assembly Refurb U&U  U&U Q2 ‐ July 31, 2017 ‐$   667,024$               569,921$           
Approved Generation 49316 TUC3 UU CEMS Installation U&U OTQ ‐ September 15, 2017 ‐$   461,704$               495$  
Approved Generation 49693  TUC HFO Tank Dyke Piping Refurbishments 2017 ACE Plan (<$250K) OTQ ‐ September 15, 2017 219,022$               664,753$               98,310$             
Awaiting Approval Transmission 51404 2018/2019 Steel Tower PA P&A OTQ ‐ September 15, 2017 ‐$   2,981,318$            750,414$           
Awaiting Approval Distribution 47786 129H Kearney Lake Load Transfer      2016 ACE Plan (for Subsequent Approval) Q3 2017 ‐ October 30, 2017 311,817$               286,280$               276,951$           
Awaiting Approval Transmission 51956 6P Mobile Substation Rewind U&U U&U Q3 2017 ‐ October 30, 2017 ‐$   1,516,121$            ‐$  
Awaiting Approval Generation 38931 HYD Harmony Site Stabilization 2017 ACE Plan (for Subsequent Approval) Q3 2017 ‐ October 30, 2017 1,106,122$            931,942$               574,583$           
Awaiting Approval Generation 50020 LIN CEMS Replacement 2017 ACE Plan (<$250K) OTQ ‐ November 17, 2017 170,281$               633,355$               ‐$  
Awaiting Approval General Plant 51485 IT Threat Management P&A OTQ ‐ November 17, 2017 ‐$   813,449$               61,095$             
Awaiting Approval General Plant 51484 IT SCADA Network Firewall U&U OTQ ‐ November 17, 2017 ‐$   365,737$               81,378$             
Awaiting Approval Distribution 43218 88W‐323A Tusket Islands Phase 3 2018 ACE Plan 654,721$               654,721$               6,802$                
Awaiting Approval Transmission 43268 9W‐B53 Tusket Replace Structure 2018 ACE Plan 375,523$               375,523$               ‐$  
Awaiting Approval Generation 43429 TRE5 Lube Oil Cooler Retube 2018 ACE Plan 338,398$               338,398$               ‐$  
Awaiting Approval Generation 47655 HYD ‐ Paradise Controls Upgrade 2018 ACE Plan 639,991$               639,991$               22,906$             
Awaiting Approval Generation 47684 LIN3 Boiler Refurbishment 2018 2018 ACE Plan 739,657$               739,657$               ‐$  
Awaiting Approval Generation 47871 LIN Stack Re‐Coating 2018 ACE Plan 381,034$               381,034$               ‐$  
Awaiting Approval Transmission 48131 48H‐T1 Replacement 2018 ACE Plan 1,281,449$            1,281,449$            ‐$  
Awaiting Approval Generation 48533 HYD Lequille Headpond Refurbishment 2018 ACE Plan 4,472,369$            4,472,369$            119,088$           
Awaiting Approval Generation 48712 HYD ‐ Dam Instrumentation Upgrade 2018 ACE Plan 476,207$               476,207$               63,227$             
Awaiting Approval Generation 49033 HYD WRC Tunnel T‐2 Intake Replacement 2018 ACE Plan 2,851,582$            2,851,582$            257,757$           
Awaiting Approval Generation 49534 TRE6 EHG/Turbine Controls Upgrade 2018 ACE Plan 2,725,344$            2,725,344$            6,448$                
Awaiting Approval Generation 49547 TRE5 5‐1 BFP Refurbishment 2018 ACE Plan 345,523$               345,523$               ‐$  
Awaiting Approval Generation 49676 TUC2 CEMS Replacement 2018 ACE Plan 380,140$               380,140$               ‐$  
Awaiting Approval Transmission 49777 L7002 Replacements and Upgrades 2018 ACE Plan 926,777$               926,777$               ‐$  
Awaiting Approval Transmission 49779 L6537 Replacements and Upgrades 2018 ACE Plan 1,255,220$            1,255,220$            ‐$  
Awaiting Approval Transmission 49783 L5027A Replacements and Upgrades 2018 ACE Plan 648,292$               648,292$               ‐$  
Awaiting Approval Transmission 49788 L5564 Replacements and Upgrades 2018 ACE Plan 738,853$               738,853$               ‐$  
Awaiting Approval Generation 49942 HYD ‐ Tidewater Facility Refurbishment 2018 ACE Plan 1,234,178$            1,234,178$            ‐$  
Awaiting Approval Generation 49943 HYD ‐ Ruth Falls Facility Refurbishment 2018 ACE Plan 1,234,931$            1,234,931$            15,236$             
Awaiting Approval Generation 49944 HYD ‐ Dickie Brook Penstock Refurbishment 2018 ACE Plan 478,820$               478,820$               ‐$  
Awaiting Approval Generation 49945 HYD ‐ Malay Falls Switchgear Replacement 2018 ACE Plan 958,631$               958,631$               ‐$  
Awaiting Approval Generation 49946 HYD ‐ Fourth Lake Overhaul 2018 ACE Plan 1,025,769$            1,025,769$            ‐$  
Awaiting Approval Generation 50577 TRE6 CEMS Replacement 2018 ACE Plan 715,562$               715,562$               668$  
Awaiting Approval Generation 51234 HYD ‐ WRC HVAC Upgrade 2018 ACE Plan 1,876,537$            1,876,537$            130,291$           
Awaiting Approval Generation 51235 HYD ‐ WRC Main Access Rd Refurbishment 2018 ACE Plan 2,686,075$            2,686,075$            83,480$             
Awaiting Approval Generation 51236 HYD ‐ WRC Tailrace Rock Bolting 2018 ACE Plan 8,861,996$            8,861,996$            160,694$           
Awaiting Approval Transmission 51398 2018/2019 Steel Tower Refurbishment 2018 ACE Plan 1,992,692$            1,992,692$            ‐$  
Awaiting Approval Distribution 51400 2018 Sub Recloser Replacements    2018 ACE Plan 644,710$               644,710$               ‐$  
Awaiting Approval Transmission 51402 2018/2019 Sacrificial Anode Installation 2018 ACE Plan 3,023,668$            3,023,668$            ‐$  
Awaiting Approval Transmission 51403 2018 PCB Removal Program 2018 ACE Plan 4,402,342$            4,402,342$            ‐$  
Awaiting Approval Transmission 51405 2018 Wood Pole Retreatment Program 2018 ACE Plan 1,361,076$            1,361,076$            ‐$  
Awaiting Approval Transmission 51406 2018/2019 Transmission Switch & Breaker Replacement 2018 ACE Plan 1,405,891$            1,405,891$            ‐$  
Awaiting Approval Distribution 51493 2018 PCB Pole Top Transformer Replacement 2018 ACE Plan 1,360,354$            1,360,354$            154,022$           
Awaiting Approval Distribution 51500 2018 Pin Insulator Replacements  2018 ACE Plan 350,100$               350,100$               ‐$  
Awaiting Approval Distribution 51744 30N‐411 Maccan River Rebuild 2018 ACE Plan 473,044$               473,044$               ‐$  
Awaiting Approval Transmission 51797 2018 Oil Containment Program 2018 ACE Plan 331,507$               331,507$               ‐$  
Awaiting Approval Generation 51802 TRE5 Boiler Refurbishment 2018 2018 ACE Plan 1,212,228$            1,212,228$            ‐$  
Awaiting Approval Generation 51803 TUC2 Generator Flux Probe Installation 2018 ACE Plan 840,158$               840,158$               ‐$  
Awaiting Approval Generation 51804 LIN3&4 ACW Duplex Strainer Replacement 2018 ACE Plan 333,808$               333,808$               ‐$  
Awaiting Approval Generation 51805 LIN4 Boiler Refurbishment 2018 2018 ACE Plan 739,657$               739,657$               ‐$  
Awaiting Approval Generation 51806 LIN Mill Refurbishment 2018 2018 ACE Plan 673,153$               673,153$               ‐$  
Awaiting Approval Generation 51807 TUC2 Boiler Lower Vestibule Refurbishment 2018 ACE Plan 412,872$               412,872$               ‐$  
Awaiting Approval Generation 51811 LIN Reclaim Refurbishment Phase 2 2018 ACE Plan 534,666$               534,666$               ‐$  
Awaiting Approval Generation 51815 LIN CW Pump Refurbishment 2018 2018 ACE Plan 520,436$               520,436$               ‐$  
Awaiting Approval Generation 51816 TRE Asbestos Abatement 2018 2018 ACE Plan 509,035$               509,035$               ‐$  
Awaiting Approval Generation 51818 PHB Boiler Refurbishment 2018 2018 ACE Plan 440,315$               440,315$               ‐$  
Awaiting Approval Generation 51820 TRE5 Reheat Turbine Valves 2018 ACE Plan 450,408$               450,408$               ‐$  
Awaiting Approval Generation 51821 TRE5 Air Heater Refurbishment 2018 ACE Plan 487,376$               487,376$               ‐$  
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Awaiting Approval Generation 51824 LIN3 ID Fan Damper and VIV Refurbishment 2018 ACE Plan 443,311$               443,311$               ‐$  
Awaiting Approval Generation 51825 POT Boiler Refurbishment 2018 2018 ACE Plan 568,740$               568,740$               ‐$  
Awaiting Approval Generation 51835 TUC2 H2 Panel Upgrades 2018 ACE Plan 454,886$               454,886$               ‐$  
Awaiting Approval Generation 51836 TRE5 Mill Refurbishments 2018 2018 ACE Plan 409,458$               409,458$               ‐$  
Awaiting Approval Generation 51839 LIN Coal Plant Structural Refurbishment 2018 ACE Plan 354,067$               354,067$               ‐$  
Awaiting Approval Generation 51849 LIN3 RH Tube Replacement 2018 ACE Plan 399,546$               399,546$               ‐$  
Awaiting Approval Generation 51850 LIN4 RH Tube Replacement 2018 ACE Plan 399,546$               399,546$               ‐$  
Awaiting Approval Generation 51851 LIN CW Screen Refurbishment 2018 2018 ACE Plan 350,534$               350,534$               ‐$  
Awaiting Approval Generation 51852 POT Mill Refurbishment 2018 2018 ACE Plan 327,267$               327,267$               ‐$  
Awaiting Approval Generation 51853 LIN3 Turbine Valve Refurb 2018 2018 ACE Plan 295,709$               295,709$               ‐$  
Awaiting Approval Generation 51857 TRE5 Burner Refurbishments 2018 2018 ACE Plan 332,497$               332,497$               ‐$  
Awaiting Approval Generation 51860 TRE5 PF Mill Line Replacement 2018 ACE Plan 258,761$               258,761$               ‐$  
Awaiting Approval Generation 51861 TRE6 CW Screen Replacement 2018 2018 ACE Plan 513,192$               513,192$               ‐$  
Awaiting Approval Generation 51862 TRE6 Lube Oil Cooler Refurbishment  2018 ACE Plan 341,769$               341,769$               ‐$  
Awaiting Approval Transmission 51863 2018 Tap Changer Replacements 2018 ACE Plan 306,102$               306,102$               ‐$  
Awaiting Approval Generation 51866 HYD ‐ 4th Lake Penstock Refurbishment 2018 ACE Plan 696,963$               696,963$               ‐$  
Awaiting Approval Transmission 51969 2018 Transmission ROW Widening 69kV 2018 ACE Plan 5,487,686$            5,487,686$            ‐$  
Awaiting Approval Generation 51972 HYD Nictaux Canal Embank Refurbishment 2018 ACE Plan 789,918$               789,918$               170$  
Awaiting Approval Transmission 51975 5P Mobile Substation Replacement 2018 ACE Plan 4,829,458$            4,829,458$            ‐$  
Awaiting Approval Generation 52018 HYD ‐ RES Revenue Meter Replacement 2018 ACE Plan 378,248$               378,248$               ‐$  
Awaiting Approval Transmission 52059 L5039 ‐ 2018 Replacements and Upgrades 2018 ACE Plan 719,825$               719,825$               ‐$  
Awaiting Approval Generation 52093 ICP Rail Crossing Refurbishment 2018 ACE Plan 592,402$               592,402$               ‐$  
Awaiting Approval Transmission 52102 L5014‐2018 Replacements and Upgrades 2018 ACE Plan 849,700$               849,700$               ‐$  
Awaiting Approval Transmission 52119 L5054 2018 Replacements and Upgrades 2018 ACE Plan 560,143$               560,143$               ‐$  
Awaiting Approval Generation 52143 LM6000 Engine 191‐332 Hot Section 2018 ACE Plan 1,776,275$            1,776,275$            ‐$  
Awaiting Approval Generation 52156 LIN Vacuum Pump Upgrades 2018 ACE Plan 302,714$               302,714$               ‐$  
Awaiting Approval Distribution 52184 37N‐412‐Glooscap Trail Rebuild Phase 2 2018 ACE Plan 858,046$               858,046$               225$  
Awaiting Approval Distribution 52185 50N‐410 Rebuild Phase 2 2018 ACE Plan 695,098$               695,098$               ‐$  
Awaiting Approval Distribution 52186 4S Feeder Exit Cable Replacement Phase 1 2018 ACE Plan 293,509$               293,509$               ‐$  
Awaiting Approval Distribution 52192 54H‐303 Underground Device Replacement 2018 ACE Plan 309,230$               309,230$               ‐$  
Awaiting Approval Distribution 52194 6S‐223 Harold Street Conversion 2018 ACE Plan 642,368$               642,368$               ‐$  
Awaiting Approval Distribution 52200 65V‐301 Brickton Reconductor 2018 ACE Plan 594,362$               594,362$               ‐$  
Awaiting Approval Distribution 52201 55V‐314GA‐Welsford Reconductor 2018 ACE Plan 275,161$               275,161$               ‐$  
Awaiting Approval Distribution 52204 87W‐312G‐Tancook Island Replacement 2018 ACE Plan 454,096$               454,096$               ‐$  
Awaiting Approval Distribution 52205 30N‐412 Hwy 242 Fundy Shore Rebuild 2018 ACE Plan 536,670$               536,670$               ‐$  
Awaiting Approval Distribution 52206 20V‐311‐Bishop Ville Rd 2018 ACE Plan 303,533$               303,533$               ‐$  
Awaiting Approval Distribution 52207 678H‐211 McNab’s Island  Replacement 2018 ACE Plan 350,176$               350,176$               ‐$  
Awaiting Approval Distribution 52208 3S Feeder Exit Cable Replacement Phase 2 2018 ACE Plan 293,228$               293,228$               ‐$  
Awaiting Approval Distribution 52224 532N‐Elm Street Conversion Phase 2 2018 ACE Plan 722,113$               722,113$               ‐$  
Awaiting Approval General Plant 52233 2018 Telecom Building Replacement 2018 ACE Plan 314,929$               314,929$               ‐$  
Awaiting Approval Transmission 52238 2018/2019 Capacitor Bank Breaker Replacement 2018 ACE Plan 433,719$               433,719$               ‐$  
Awaiting Approval Transmission 52241 16V‐T2 Weymouth Hydro Transformer Replacement 2018 ACE Plan 889,253$               889,253$               ‐$  
Awaiting Approval Generation 52252 LIN1 SH5 Tube Replacement 2018 ACE Plan 521,259$               521,259$               ‐$  
Awaiting Approval Generation 52253 LIN3 Economizer Header Refurbishment 2018 ACE Plan 499,951$               499,951$               ‐$  
Awaiting Approval Transmission 52258 2018/2019 Isolated Structure Replacement 2018 ACE Plan 4,818,521$            4,818,521$            ‐$  
Awaiting Approval Generation 52262 HYD ‐ Hells Gate 1 Overhaul 2018 ACE Plan 854,993$               854,993$               ‐$  
Awaiting Approval Distribution 52267 16W‐302H‐Brenton Rd Rebuild 2018 ACE Plan 387,767$               387,767$               ‐$  
Awaiting Approval Distribution 52271 2018 Padmount Replacement 2018 ACE Plan 1,657,205$            1,657,205$            ‐$  
Awaiting Approval Transmission 52305 2018 Substation Insulator Replacement 2018 ACE Plan 316,348$               316,348$               ‐$  
Awaiting Approval General Plant 52308 2018 RTU Replacement Program 2018 ACE Plan 988,056$               988,056$               ‐$  
Awaiting Approval Transmission 52314 1C‐GT1/UT1 Replacement 2018 ACE Plan 2,032,393$            2,032,393$            ‐$  
Awaiting Approval Transmission 52320 L6549 2018 Replacements & Upgrades 2018 ACE Plan 1,406,535$            1,406,535$            ‐$  
Awaiting Approval Transmission 52328 56N‐T1 Transformer Upgrades 2018 ACE Plan 1,279,271$            1,279,271$            ‐$  
Awaiting Approval Generation C0001419 TRE HFO Refurbishment Phase 1 2018 ACE Plan 340,618$               340,618$               ‐$  
Awaiting Approval Distribution C0001802 54C‐211 Queen Street Conversion 2018 ACE Plan 705,316$               705,316$               ‐$  
Awaiting Approval Transmission C0001900 Mount Hope 69‐25kV Substation 2018 ACE Plan 2,982,338$            2,982,338$            ‐$  
Awaiting Approval Distribution C0001950 New Distribution Rights‐of‐Way Ph 3 2018 ACE Plan 9,822,493$            9,822,493$            ‐$  
Pending Submission  Generation 39472 HYD Mersey System Re‐Development 2018 ACE Plan (for Subsequent Approval)             83,595,607  2,841,037$        
Pending Submission  General Plant 46075 IT ‐  Work and Asset Management 2018 ACE Plan (for Subsequent Approval)             45,509,963  1,783,245$        
Pending Submission  Generation 47659 HYD ‐ Fall River Controls Upgrade 2018 ACE Plan (for Subsequent Approval) 302,867$               302,867$               ‐$  
Pending Submission  Generation 47660 HYD ‐ Dickie Brook Controls Upgrade 2018 ACE Plan (for Subsequent Approval) 885,586$               885,586$               ‐$  
Pending Submission  Distribution 47794 Heckman Island Underwater Cable Replacement 2018 ACE Plan (for Subsequent Approval)               1,524,923  ‐$  
Pending Submission  Generation 48791 HYD ‐ WRC Safety Standards Upgrades 2018 ACE Plan (for Subsequent Approval)               1,019,928  432,530$           
Pending Submission  General Plant 49094 IT ‐ Identity Access Mgmt. Infrastructure 2018 ACE Plan (for Subsequent Approval) 977,498  115,369$           
Pending Submission  General Plant 49480 IT ‐ Disaster Recovery 2018 ACE Plan (for Subsequent Approval)               6,312,277  209,690$           
Pending Submission  Generation 49594 LM6000 TUC5 Airhouse Upgrade 2018 ACE Plan (for Subsequent Approval) 916,391  106,403$           
Pending Submission  General Plant 49858 IT ‐ MS Exchange Upgrade 2018 ACE Plan (for Subsequent Approval)               1,555,597  ‐$  
Pending Submission  General Plant 50112 Customer Experience Consolidated Customer Web Portal 2018 ACE Plan (for Subsequent Approval)               1,190,588  ‐$  
Pending Submission  Generation 51772 HYD Arc Flash Mitigation 2018 ACE Plan (for Subsequent Approval) 403,175  745$  
Pending Submission  Generation 51775 HYD Fixed Ladder & Machine Guard 2018 ACE Plan (for Subsequent Approval) 999,149  2,006$                
Pending Submission  Generation 51808 TUC HFO Piping Refurbishment 2018 ACE Plan (for Subsequent Approval)               1,291,933  ‐$  
Pending Submission  Generation 52017 HYD ANN Exciter Replacement 2018 ACE Plan (for Subsequent Approval) 473,350  ‐$  
Pending Submission  Generation 52107 TUC6 CW Screen Replacement 2018 ACE Plan (for Subsequent Approval)               1,029,787  ‐$  
Pending Submission  Generation 52321 TUC3 Air Heater Refurbishment 2018 ACE Plan (for Subsequent Approval) 570,623  ‐$  
Pending Submission  General Plant 52335 IT‐Automate Manual Billing 2018 ACE Plan (for Subsequent Approval) 506,403  ‐$  
Pending Submission  General Plant 52337 IT‐Group Billing Experience 2018 ACE Plan (for Subsequent Approval) 505,823  ‐$  
Pending Submission  General Plant C0002106 Vegetation Inventory System Upgrade 2018 ACE Plan (for Subsequent Approval) 260,172  ‐$  
Pending Submission  General Plant C0002130 ADMS Distribution Fault Location 2018 ACE Plan (for Subsequent Approval) 473,660  ‐$  
Pending Submission  General Plant C0002241 IT‐Generation Operation Upgrade 2018 ACE Plan (for Subsequent Approval) 511,673  ‐$  
Pending Submission  General Plant C0002254 IT‐ MV90 Upgrade 2018 ACE Plan (for Subsequent Approval) 254,062  ‐$  
Pending Submission  Generation C0002978 CTs Motor Control Centre Upgrades 2018 ACE Plan (for Subsequent Approval)               1,199,221  ‐$  
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Cancelled/
Deferred

Generation
47118 CT Tusket Hydraulic Starter 317,015 317,015 Cancelled Subsequent Submittal A new valve technology has led to the replacement of the air start system no longer being required.
49874 CT‐BGT Replace Halon Fire Protection 226,366 226,366 Deferred 2019 Less than $250k Fire protection at Tusket and Victoria Junction are being completed in 2017, which has reduced vendor availability to complete this work.

49932 CT ‐ TUC 4 LM6000 Roof Skid Access 33,161 33,161 Deferred 2018 Less than $250k
Further analysis determined additional requirements were required to the roof skid. Additional planning and a longer outage are required. Due to this 
change in project scope, the project is deferred to 2018.

49933 CT ‐ TUC 5 LM6000 Roof Skid Access 33,161 33,161 Deferred 2018 Less than $250k
Further analysis determined additional requirements were required to the roof skid. Additional planning and a longer outage are required. Due to this 
change in project scope, the project is deferred to 2018.

48533 HYD ‐ Lequille Headpond Water Retaining Structures Refurbishment 1,809,228 1,919,166 Deferred 2018 Subsequent Submittal Further analysis of the most recent flood study completed on Lequille is required to validate the dam classification.
49622 HYD ‐ Fourth Lake PLC Upgrades 116,767 116,767 Cancelled Less than $250k This project will now be completed as part of a larger Sissiboo River Controls Upgrade, currently planned for 2020.
49912 ICP ‐ Armour Stone Refurbishment Phase 2 242,644 242,644 Cancelled Less than $250k This work is being completed under CI 49869 ICP Armour Stone Replacement U&U, approved on March 10, 2017.
47834 ICP Ranger Motor Upgrade 242,512 242,512 Deferred 2018 Less than $250k This project is deferred to 2018 as conveyor modifications were found to be required prior to a motor upgrade
49452 LIN3 Heater Level Controls Upgrade 235,135 235,135 Deferred 2018 Less than $250k NS Power has deferred the planned outage on Lingan 3 in 2017; therefore this project will be completed in 2018.

49666 TUC1 South Boiler Feedpump Refurbishment 226,025 226,025 Deferred 2019 Less than $250k
This project is deferred while NS Power addresses an issue on the north boiler feed pump which needs to be in operation to allow for the south boiler feed 
pump to come offline to complete this project.

49546 TRE6 FW Heater Level Control 187,434 187,434 Deferred 2018 Less than $250k

Based on the daily monitoring of feedwater heater drain temperatures, the temperatures and level controls are stable. Therefore, this upgrade can be 
safely deferred to 2018.

49547 TRE5 5‐1 BFP Refurbishment 185,294 185,294 Deferred 2018 Less than $250k
Condition assessments completed in 2017 determined the condition of the Boiler Feed Pumps allowed for this project to be safely deferred to 2018. Now 
included in ACE 2018 for approval.

49667 TUC1 Oil Purifier I&C Heater Replacement 160,593 160,593 Deferred 2019 Less than $250k This project is deferred while NS Power confirms that the technology installed on TUC3 works as expected. Once this is confirmed, this project will proceed.

49991 TUC1 CEMS Replacement 159,167 159,167 Deferred 2019 Less than $250k
Temporary repairs on TUC1 CEM allowed this project to be deferred to 2019 to allow for CEMS replacements on TUC3, 4 and 5 which were found to be 
higher priority,

49676 TUC2 CEMS Replacement 150,374 150,374 Deferred 2018 Less than $250k
This project is being deferred to 2018 to allow for CEMS replacements on TUC3, 4 and 5 which were found to be higher priority, Now included in ACE 2018 
for approval.

45832 TUC6 Boiler Purge Credit 138,577 138,864 Deferred 2019 Less than $250k This project is dependent on similar work being implemented on TUC4 & 5, and those projects are still being developed.
49670 TUC1 4kv/600V Breaker Replacement 104,851 104,851 Deferred 2018 Less than $250k Further analysis indicated the breakers scheduled for replacement can be safely deferred to 2018.
49515 POT ‐ Replacement of Graver valves and solenoids 59,496 59,496 Cancelled Less than $250k Repairs completed on the existing valves and equipment mitigated the need for capital investment.
49688 TUC3 Analytical Panel Upgrades  55,050 55,050 Deferred 2018 Less than $250k Further analysis of the Analytical Panel determined this project could be deferred until 2018

49700 TUC6 Vacuum Cooler 54,610 54,610 Deferred 2019 Less than $250k
The condition of the vacuum cooler has allowed for a deferral to 2019. An inspection of the coating solution on the vacuum cooler completed in 2017 will 
further determine the required timing of the project.

47909 TUC Nat Gas Valves Refurbishment 54,153 54,153 Deferred 2019 Less than $250k Further analysis of the natural gas valves indicated that this project could be safely deferred.
49653 TUC Dehumidifier Air Unit 51,073 51,073 Deferred 2019 Less than $250k Due to the higher utilization of the TUC Units in 2017 than anticipated, the need for an additional dehumidifier is not required.

49701 TUC6 Turbine Control Valves 50,584 50,584 Deferred 2019 Less than $250k
As this turbine is of similar vintage to the Port Hawkesbury Biomass generating station, a determination of what is required on this turbine will be made 
based on the condition of the PHB turbine which will be assessed as part of the 2017 planned outage. This will determine the requirements of this project 
for 2019.

49673 TUC1 Extraction Pump Rotork Valve Actuator 48,479 48,479 Deferred 2019 Less than $250k Further analysis indicated the Rotork Valve Actuator can be safely deferred to 2019.
47907 TUC6 Vacuum Pumps' Seal Water Cooler Upgrade 40,501 40,501 Cancelled Less than $250k The scope of this project will be completed as part of CI 49700 TUC6 Vacuum Cooler Upgrade.
39472 HYD Mersey Hydro System Re‐Development 300,000 84,000,000 Deferred 2018 Subsequent Submittal Further consultation with First Nations was required in 2017 in order to proceed with this project, pushing the start of this project to late 2018
49594 LM6000 TUC5 Airhouse Upgrade 833,200 833,200 Deferred 2018 Subsequent Submittal Vendor fabrication of components could not be completed to align with the planned TUC5 annual outage. 
49949 LM6000 TUC4 Control System Replacement 710,815 710,815 Deferred 2019 Subsequent Submittal Internal review of control systems is ongoing. NS Power expects to complete controls upgrade on TUC5 in 2018, and TUC4 in 2019.
49835 HYD ‐ Dive Site Risk Mitigation 315,851 650,533 Cancelled Subsequent Submittal Changes in procedure and dive requirements have mitigated the risk and negated the requirement for project.
47166 HYD ‐ McAskill Brook Decommissioning 459,736 562,684 Deferred 2019 Subsequent Submittal Project delayed as engagement with First Nations is undertaken
47660 HYD ‐ Dickie Brook Controls Upgrade 94,032 307,251 Deferred 2018 Subsequent Submittal Project originally scheduled for a late 2017 start, has been pushed to a 2018 start as other control projects are being completed.
48868 AMO Fleet TWIP Upgrades 257,442 280,608 Cancelled Subsequent Submittal This project was for a fleet wide upgrade. However, this is being split amongst the individual steam plants to better align with timing.
47659 HYD ‐ Fall River Controls Upgrade 95,201 226,054 Deferred 2018 Less than $250k Project originally scheduled for a late 2017 start, has been pushed to a 2018 start as other control projects are being completed. 

47655 HYD ‐ Paradise Controls Upgrade 87,796 207,802 Deferred 2018 Less than $250k
Project originally scheduled for a late 2017 start, has been pushed to a 2018 start as other control projects are being completed.  Now included in ACE 2018 
for approval.

49654 TUC Refurbishment Gas Compressor 6A/6B 133,870 133,870 Cancelled Less than $250k
This project was initiated as a Steam project, however these compressors are better considered Gas Turbine projects related to the Tufts Cove 4 / 5 units, 
therefore two CIs (51731 and 51798) replaced this work. No change to the actual work completed.

49711  TUC Low Load Oil Opera on,  Flue Gas monitoring 130,429 130,429 Cancelled Less than $250k This project is cancelled as efforts are now focused on TUC3 low load operation
49456 LIN1 Electric Motor Refurbishment 113,171 113,171 Cancelled Less than $250k Further analysis has shown the condition of the motors is such that investment is not required.
49457 LIN3 Electric Motor Refurbishment 111,829 111,829 Cancelled Less than $250k Further analysis has shown the condition of the motors is such that investment is not required.
49715 TUC Upgrade PLC Control Panel 99,875 99,875 Deferred 2019 Less than $250k Other DCS / PLC priorities are required to be completed prior to this project. Project can be safely deferred to 2019.

49699 TUC6 Access Doors 64,304 64,304 Deferred 2019 Less than $250k
It has been determined that these areas do not require investment at this time. Current expectation is that it will be needed in 2019 as operating hours 
accumulate.

49945 HYD ‐ Malay Falls Switchgear Replacement 43,459 54,729 Deferred 2018 Less than $250k
The amount included in the 2017 ACE Plan was for preliminary engineering which has been underway, with full construction scheduled for 2018. Now 
included in ACE 2018 for approval.

49959 CT ‐ VJ Varec Gauges Upgrade/Refurbishment 29,904 29,904 Deferred 2019 Less than $250k Temporary repairs have been made to restore level indication which has allowed the deferral of this project to 2019.

Transmission
50342 Western Transmission System Voltage Support 300,000 4,000,000 Cancelled Subsequent Submittal Further analysis completed in 2017 has shown this project is no longer required.

2017 ACE Plan Reference CommentaryCI Project Title
2017 ACE 
Amount

2017 ACE 
Project Total

Deferred To Prior Approval
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45053 69Kv Structure Replacements West 321,656 4,818,017 Deferred 2019 Subsequent Submittal The planning study for this project is still underway and will be completed throughout 2018, leading to project construction in 2019.

50021 91H Tufts Cove Bus and Line Upgrades  417,178 417,178 Deferred 2019 Subsequent Submittal
Further analysis of the engineering solutions was completed in 2017 and has shown this project can be safely deferred to 2019, and is also now under 
$250,000.

Distribution
46305 103W‐311G Gold River Reconductor ‐ Phase 3 118,563 118,563 Cancelled Less than $250k This project was a duplicate of CI 43177, approved as part of ACE 2014, and completed in 2017

General Plant

49094 IT ‐ Identity Access Management Infrastructure 1,500,000 1,711,147 Deferred 2018 Subsequent Submittal
Subsequent to the 2017 ACE Plan, NS Power re‐examined the resource availability / requirements with the implementation of the ERP project in 2017 and 
determined that these projects would carry less risk during implementation if completed in 2018.

49601 IT ‐ Data loss Prevention 1,158,633 1,199,013 Deferred 2019 Subsequent Submittal Subsequent to the 2017 ACE Plan, NS Power re‐examined this project and determined that this project could be safely deferred to 2019.

49600 IT ‐ Network Architecture Redesign 1,033,597 1,183,826 Deferred 2019 Subsequent Submittal
Subsequent to the 2017 ACE Plan, NS Power re‐examined the resource availability / requirements with the implementation of the ERP project in 2017 and 
determined that these projects would carry less risk during implementation if completed in 2018

49856 IT ‐ ITSM Replacement 300,000 300,000 Cancelled Subsequent Submittal Subsequent to the 2017 ACE Plan, NS Power re‐examined the options to address this need and determined that a capital project is not necessary.
49825 Radio Site Grounding Review & Upgrade 228,414 228,414 Deferred 2018 Less than $250k This project is deferred as internal resources are focusing on other, higher priority, telecommunication projects.
49832 Victoria Junction Substations Fiber Links 65,972 65,972 Deferred 2018 Less than $250k This project is deferred as internal resources are focusing on other, higher priority, telecommunication projects. 

46075 IT ‐  Work & Asset Management 8,008,495 28,027,680 Deferred 2018 Subsequent Submittal
Project has been deferred to better align with availability of resources required to complete the work, and to finish the project scoping / detailed design. 
Project will be filed in 2018.

49093 IT ‐ Security Operations Center (SOC) and Security Information Event Monitoring (SIEM 2,191,284 2,476,976 Deferred 2019 Subsequent Submittal
Implementation of ERP resulted in constrained resources and NS Power chose to minimize the disruption to the business. Further evaluation revealed that 
this work could be deferred to 2019.

49859 IT ‐ Windows Server 2008 Upgrade 158,886 2,069,258 Deferred 2019 Subsequent Submittal
Implementation of ERP resulted in constrained resources and NS Power wanted to minimize disruption to the business. Further evaluation revealed that 
this work could be deferred to 2019.

49858 IT ‐ Microsoft Exchange Upgrade 1,500,000 1,500,000 Deferred 2018 Subsequent Submittal
The assessment on whether this project will include an on‐premises or a cloud solution is currently being completed which led the project to be deferred to 
2018.

49480 IT ‐ Disaster Recovery 1,270,691 1,483,365 Deferred 2018 Subsequent Submittal Project scoping had revealed that further work is required to determine the project requirements.
50112 Consolidated Customer Web Portal 770,977 770,977 Deferred 2018 Subsequent Submittal Project has been deferred to allow for further scoping and customer engagement.
47751 Dynamic Transmission Limits 524,616 537,466 Deferred 2019 Subsequent Submittal Further analysis is required before this project is pursued.
49603 IT ‐ Patch Management 500,970 536,350 Cancelled Subsequent Submittal Project scoping has determined the solution for this project is not capital investment.

48044 Bentley Nevada Upgrade and Integration to Fleet Monitoring 383,621 401,459 Deferred 2019 Subsequent Submittal
Operational Technology Infrastructure required for implementation delayed this project due to identified Cyber Security concerns.  Once the infrastructure 
is deployed to ensure a secure gateway into the Plant environment, this project will be executed.

50132 Joint Regulation 236,175 387,704 Deferred 2019 Subsequent Submittal Further analysis is required before this project is pursued.
50115 Customer Support System Enhancement 310,647 332,847 Cancelled Subsequent Submittal Project has been cancelled as the scope has been consolidated into other customer experience capital projects.
49602 IT ‐ Internal Vulnerability Assessment 203,251 238,543 Cancelled Less than $250k Project scoping has determined the solution for this project is not capital investment.
49876 Real Time Economic Dispatch 816,638             1,161,618              Deferred 2019 Subsequent Submittal Continued project planning is required in 2018 to understand the full scope of the RTED implementation, in particular, how to deal with transmission constraints 

Previously listed as deferred, now active in 2017.
49940 LM6000 TUC5 Control System Upgrade 1,018,769 1,018,769 Deferred 2018 Subsequent Submittal Commercial negotiations have completed in a timelier manner than originally expected, project planned for filing in late 2017.

41229 LIN ‐ Cable Spreading Rooms Fire Protection 161,946 200,252 Deferred 2018 Less than $250k
Further analysis to determine the most appropriate solution was completed with the insurer earlier than anticipated, therefore this project has been 
activated in 2017. 

49877 23H‐302 Clayton Park Rebuild Phase II 215,859 215,859 Deferred 2018 Less than $250k  Easements were obtained earlier than expected, therefore this project can proceed starting in 2017. 
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Project Ops Date UARB Approval Spend to September 30, 2017 Comment

45876 TUC3 U&U Generator Refurbishment 7/31/2014 1,500,239  1,232,581   

Commercial negotiations on this project are still on‐going. Expected to be finalized and Final Costed in late 2017 / early 
2018.

45816 TUC3 U&U Turbine Blade Replace Phase 2 7/31/2014 1,150,115  856,230  

Commercial negotiations on this project are still on‐going. Expected to be finalized and Final Costed in late 2017 / early 
2018.

45882 103H‐T63 Transformer Replacement 11/30/2015 1,706,615  1,402,349   

Transformer is in‐service, but remaining bushing work on the replaced transformer (being converted to a spare) is 
being completed throughout 2017. 

35083 LIN 2011 Ash Site Sealing and Capping 11/30/2015 1,112,451  821,411  

Project continues into 2017, however as portions of the ash site are sealed and capped, the project is made
operational. Project will be completed in 2017 and filed in late 2017 / early 2018.

46513 3C Port Hastings BPS Upgrade 9/12/2016 3,684,823  3,322,349   Final project activity occurring in Spring 2017. Will be FIN'd in late 2017 / early 2018

43681 South Canoe Subs. Network Upgrades 10/17/2014 4,650,955  4,262,374   

Final Costing efforts will be completed concurrently on all South Canoe projects once all project related costs are
considered final. Expected to be complete in 2017 and filed in late 2017 / early 2018 

46739 IT ‐ Outage Map Technology Upgrades 12/31/2015 2,895,963  2,450,544   

Project is operational, with some final licenses to be purchased in Q2 2017. Project expected to be Final Costed in late
2017 / early 2018.

43490 Steel Tower Life Ext ‐ Halifax Harbour 8/31/2016 1,441,709  830,745  Final costs still hitting the project, will be Final Costed in late 2017 / early 2018.

48093 2016 Padmount Replacement Program 7/31/2016 1,911,470  1,506,947   

Project being completed in Q1 2017. Final costing will occur in Summer 2017. This project goes in‐service when the first 
padmount is replaced, therefore filing a FIN within six months of the in‐service date is not feasible.

43683 South Canoe Wind Project Tx Line 10/31/2014 5,831,002  5,161,039   

Final Costing efforts will be completed concurrently on all South Canoe projects once all project related costs are
considered final. Will be filed in late 2017.

40103 U&U Load Control Demo 12/31/2010 4,293,793  3,610,924   

NS Power withheld the Final Cost application for this project while the smart grid strategy for NS Power was being
developed. This was necessary to determine the direction of the work related to this CI. This project is now expected to 
be Final Costed in late 2017 / early 2018.

20758 HYD ‐ Nictaux Pipeline and Intake 11/30/2015 4,472,431  3,522,500   

Deficiencies were identified when putting the gate in‐service in late 2015. As the required parts were not available until 
January 2016, the first available time to complete the work (which involved isolation) was in Summer 2016. Project is 
now complete with as‐built drawings being finalized. Project will be final costed in late 2017 / early 2018.

29009 Right of Way Purchase Northern NS 1/31/2012 4,462,493  3,323,209   

Project remains ongoing. Land related projects go in‐service when first parcel of land is purchased, therefore filing a FIN
within six months of the in‐service date is not feasible.

33562 FAC Land Registration Act 1/1/2012 1,899,162  664,726  

Project remains ongoing. Land related projects go in‐service when first parcel of land is purchased, therefore filing a FIN
within six months of the in‐service date is not feasible.

40648 IT ‐ Field Mobility System 9/30/2015 3,332,514  1,986,532   

This project has completed a portion of the intended scope, which is operational. The remaining work is tied to the 
future T&D Work & Asset Management project. NS Power  has delayed this project to ensure proper alignment 
between the two efforts.

42230 UU Harbour East Land Purchase & ROW 1/1/2012 2,567,623  1,039,993   

Project remains ongoing. Land related projects go in‐service when first parcel of land is purchased, therefore filing a FIN
within six months of the in‐service date is not feasible.

47396 HYD ‐ Nictaux Powerhouse Dam Refurb 10/17/2016 1,792,968  1,226,108   Final project drawings are in the process of being completed. Project will be final costed in late 2017.

41139 HYD ‐ ANN Sluiceway Superstructure 11/28/2016 3,410,322  3,066,386   

Project requires rip‐rap work to be completed in August 2017. Once complete, a Final Cost application will be 
submitted in late 2017 / early 2018. 

47949 L5028 Replacements and Upgrades 8/31/2016 1,144,355                       747,491                                                          

The final structures are being completed on this project in Q3 2017. The project will be final costed in early 2018. 
Whereas this project was placed in‐service when the first structures were replaced, the 6‐month timeframe from in‐
service date does not apply. 

Projects that have been in‐service for 6 months, but have a project forecast within the allowed tolerance (Greater of 5% or $250,000) are not included on this list. 
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	52194 3 Estimate.pdf
	Sheet1


	D11-52200
	52200 1 Description
	52200 2 PowerPlan
	52200 3 Estimate
	Sheet1


	D12-52205
	52205 1 Description
	52205 2 PowerPlan
	52205 3 Estimate.pdf
	Sheet1


	D13-51744 REDACTED
	51744 1 Description
	51744 2 PowerPlan
	51744 3 Estimate REDACTED
	Cost Detail - Estimate


	D14-52204 REDACTED
	52204 2 PowerPlan
	52204 3 Estimate REDACTED

	D15-52267 REDACTED
	52267 1 Description
	52267 2 PowerPlan
	52267 3 Estimate REDACTED

	D16-52207
	52207 2 PowerPlan
	52207 3 Estimate.pdf
	Sheet1


	D17-51500
	51500 1 Description
	51500 2 PowerPlan
	51500 3 Estimate
	Cost Detail - Estimate


	D18-52192
	52192 2 PowerPlan
	52192 3 Estimate.pdf
	Sheet1


	D19-52206
	52206 1 Description
	52206 2 PowerPlan
	52206 3 Estimate
	Cost Detail - Estimate


	D20-52186
	52186 1 Description
	52186 2 PowerPlan
	52186 3 Estimate
	Sheet1


	D21-52208
	52208 1 Description
	52208 2 PowerPlan
	52208 3 Estimate
	Sheet1


	D22-52201
	52201 1 Description
	52201 2 PowerPlan


	GENERAL PLANT
	GP01-52308
	52308 working file
	52308 2 PowerPlan

	52308 4 Tech Support
	52308 3 Estimate.pdf
	Sheet1


	GP02-52233
	52233 1 Description
	52233 2 PowerPlan
	52233 3 Estimate
	Cost Detail - Estimate
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