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IN-SERVICE AMOUNTS 1 

 2 

1.0 OVERVIEW 3 

Capital expenditures for the Darlington Refurbishment Program (“DRP”) for the years 2013 to 4 

2021 are provided in Ex. D2-2-10 Table 1. The capital in-service amounts are presented in 5 

Ex. D2-2-10 Tables 2 to 5. Capital in-service amounts are presented in four categories: (1) 6 

Unit Refurbishment – Unit 2 In-service; (2) Unit Refurbishment - Early In-service Projects; (3) 7 

Safety Improvement Opportunities (“SIO”); and (4) Facility and Infrastructure Projects 8 

(“F&IP”). 9 

 10 

2.0 CAPITAL IN-SERVICE AMOUNTS 11 

2.1 Unit Refurbishment - Unit 2 In-service Amount 12 

The Unit Refurbishment - Unit 2 in-service amount includes costs incurred to complete the 13 

refurbishment scope and return to service of Unit 2. It does not include any early in-service 14 

amounts that are used or useful to the Darlington station in advance of Unit 2 return to 15 

service. The in-service amounts in the test period for Unit 2 are $4,799.8M in 2020 and 16 

$0.4M in 2021.  17 

 18 

The 2020 in-service amount includes $4,777.7M that will be placed in-service in February 19 

2020 and an additional $22.1M capital costs for close-out activities that are forecast to be 20 

incurred and placed in-service by the end of August 2020. As discussed in section 3.1.2 of 21 

Ex. B1-1-1, the nuclear rate base values for 2020 reflect the $4,777.7M in-service amount 22 

subject to a weighting of 10.5/12 in order to recognize that it is expected to be placed in-23 

service in February. This is shown in Ex. B3-3-1, Table 2, line 23. 24 

 25 

Capital costs included in the Unit 2 in-service were incurred commencing in 2010 with the 26 

preliminary planning portion of the Definition Phase. Definition Phase costs are included in 27 

the Unit 2 in-service amounts as these costs would be required for a single unit 28 

refurbishment. OPG has discussed the accounting treatment with its external auditor, who 29 

concurs that this treatment is in accordance with US GAAP. 30 

 31 
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For example, Definition Phase costs for the Retube and Feeder Replacement (“RFR”) work 1 

bundle include construction of the mock-up, engineering and fabrication of tooling and tool 2 

testing. This Definition Phase work was necessary to establish the target price for the 3 

Execution Phase of RFR. To the extent that there have been unit-specific engineering costs 4 

incurred during the Definition Phase that are not related to Unit 2 (i.e., relating only to other 5 

units), such costs are not included in the amounts coming into service with Unit 2 in 2020.  6 

 7 

A description of the program underlying the requested Unit 2 in-service amount is provided in 8 

Ex. D2-2-2 through Ex. D2-2-9. A breakdown of the costs included within the Unit 2 in-9 

service amount can be found in section 4 of Ex. D2-2-8. 10 

 11 

2.2 Unit Refurbishment – Early In-service Projects 12 

Some assets arising from work performed for the unit refurbishments will be placed in 13 

service and included in the rate base before the refurbishment of the first unit is completed 14 

as they provide immediate benefit to the station ahead of the Unit 2 return to service. The in-15 

service amounts for these early in-service projects are $98.8M in the 2016 bridge year, and, 16 

in the test period, $1.1M in 2017, and $8.6M in 2018. These projects are described below.  17 

 18 

2.2.1 RFR - Tooling for Removal Activities 19 

The RFR Tooling for Removal Activities, namely the feeders removal tooling and fuel 20 

channel removal tooling, with a total project cost of $87M, will be placed in service in 2016.  21 

Tooling used exclusively for removal activities for the four units will be depreciated over its 22 

useful life, which is approximated by the feeder removal time periods for the four units. The 23 

unique treatment of these tools is consistent with the treatment of removal costs which, in 24 

accordance with US GAAP, are being expensed to OM&A in the period in which they are 25 

incurred1.  26 

 27 

2.2.2 Fuel Handling - Irradiated Fuel Bay Heat Exchanger Plate Replacement 28 

                                                           
1
 OPG’s capitalization policy is discussed in Ex. D4-1-1. 
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The Irradiated Fuel Bay Heat Exchanger Plate Replacement project, with a total project cost 1 

of $6.4M, was placed in service in 2015 at a cost of $6.2M, with close-out costs of $0.2M 2 

forecast for 2016. The irradiated fuel bay heat exchangers serve all Darlington units and are 3 

therefore used and useful to the station upon going into service. This project is described 4 

above in section 4.3 of Ex. D2-2-5.  5 

 6 

2.2.3 Balance of Plant - Negative Pressure Containment 7 

The Negative Pressure Containment project, with a total project cost of $5.1M, will be placed 8 

in service over the period 2016 to 2017. This project provides a fully redundant monitoring 9 

capability in Unit 3 for negative pressure containment parameters used in three safety 10 

related systems (post-accident monitoring system, containment leak rate test system and 11 

emergency filtered air discharge system). This redundancy will be used when Unit 2 is 12 

separated from the station containment for refurbishment. 13 

 14 

2.2.4 Balance of Plant – Heavy Water Islanding Modifications 15 

The Heavy Water Islanding Modifications project, with a total project cost of $5.6M, will be 16 

placed in service in 2016. This project provides isolation valves and a redundant pressure 17 

relief path for the headers used to transfer moderator and primary heat transport heavy water 18 

between units and the heavy water processing facility. The transfer header systems are 19 

important to safety and these modifications eliminate the need for a header outage to meet 20 

pressure relief valve calibration regulatory requirements. This redundancy will be used when 21 

Unit 2 is islanded from the operating units during Unit 2 refurbishment. 22 

 23 

2.2.5 Balance of Plant – Low Pressure Service Water 24 

The Low Pressure Service Water project, with a total project cost of $6.4M, will be placed in 25 

service in 2018. The low pressure service water system needs to be shut down and isolated 26 

from the low pressure service water inter-unit service water tie header to support execution 27 

of the approved refurbishment scope of work on this system. To enable the system outages, 28 

modifications are required to provide alternate cooling to some unit loads that are normally 29 

supplied by the unit low pressure service water system and still require cooling during 30 
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refurbishment. This project installs a temporary modification to allow an alternative source of 1 

cooling. 2 

2.2.6 Early In-service Projects <$5M 3 

There are four other unit refurbishment pre-requisite projects that are less than $5M. The 4 

projects have an average cost of $1.4M and a total cost of $4.2M to be placed in service in 5 

the bridge and test period: $2.0M in 2016 and $2.2M in 2018. 6 

 7 

2.3 Safety Improvement Opportunities 8 

The need for the SIO, and OPG’s commitment to undertake them, was established through 9 

the Environmental Assessment (“EA”) that was approved by the CNSC. They are a 10 

regulatory commitment pursuant to the Integrated Implementation Plan (“IIP”) (see section 11 

4.4 of Ex. D2-2-1, and section 3.2 of Ex. D2-2-5). The SIOs follow the DRP’s release process 12 

and are included in the DRP Business Case Summary (“BCS”).  13 

 14 

The total in-service amounts for the SIO are $194.1M in the 2016 bridge year, and, in the test 15 

period, $7.4M in 2017, and $0.3M in 2018. The sections below provide a description of the 16 

SIO. They will all be completed and placed into service in the bridge year or test period (Ex. 17 

D2-2-10, Tables 2 and 3). As committed within the EA and the IIP, the SIO are to be placed 18 

into service upon completion and are useful to OPG’s current and future nuclear operations 19 

independent of whether the DRP is completed.   20 
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Photo 1 1 

Safety Improvement Opportunities and DRP Facilities and Infrastructure Projects 2 

 3 

 4 

2.3.1 Third Emergency Power Generator 5 

This work involves the installation of a third Emergency Power Generator (“EPG”) that can 6 

withstand a higher level seismic event than the design basis earthquake that the other two 7 

EPGs at Darlington are designed to withstand, and that can operate following a severe site 8 

flood. It will improve the availability and reliability of the emergency power system at 9 

Darlington in cases where the other two EPGs experience simultaneous failure or where one 10 

of the two EPGs is undergoing maintenance and the second EPG fails. The total project cost 11 

is $120.4M and the planned final in-service date is October 2016 in order to meet a 12 

regulatory commitment made in the EA and IIP.  13 
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 1 

2.3.2 Containment Filtered Venting System 2 

The Containment Filtered Venting System is required to prevent the loss of containment 3 

structural integrity as a result of over pressurization in the unlikely event of a multi-unit 4 

severe accident. More specifically, the system protects the containment boundary from 5 

overpressure for a “beyond design basis event” by passively relieving a mixture of steam and 6 

air through a filtered flow path, which will reduce the likelihood of a large uncontrolled release 7 

of radioactive fission products to the environment. The total project cost is $80.3M and the 8 

planned final in-service date is August 2016. 9 

 10 

2.3.3 Powerhouse Steam Venting System Improvements 11 

The powerhouse steam venting system (“PSVS”) is designed to limit the harsh environmental 12 

conditions following potential secondary side piping failures, such as steam, feedwater, 13 

condensate and heating system piping breaks. These harsh conditions may impact safety-14 

related systems, structures and components located in the powerhouse, reactor auxiliary 15 

bays and the adjoining fuelling facilities auxiliary areas. The PSVS is intended to limit the 16 

duration of the powerhouse overpressure period and minimize the spread of steam by 17 

establishing a steam chimney to vent steam from the powerhouse, thereby helping to 18 

minimize or avoid widespread equipment failures due to harsh environmental conditions. 19 

 20 

A technical review of the performance of the PSVS identified a number of deficiencies. To 21 

address these deficiencies, this SIO modifies the PSVS programmable controllers to improve 22 

reliability. The PSVS Improvements, with a total project cost of $5.6M, were placed into 23 

service in 2015 at an amount of $5.2M, with close out costs of $0.5M forecast for 2016. 24 

 25 

2.3.4 Shield Tank Overpressure Protection 26 

The existing emergency filtered air discharge system is capable of mitigating the 27 

consequences of design basis accidents, but to prevent failure of containment following 28 

certain beyond design basis events (i.e. main steam line break followed by loss of Class IV 29 

power, Class III power and emergency power supply to all four units), the installation of a 30 

containment filtered venting system and shield tank overpressure protection relief is needed. 31 



Filed: 2016-05-27 
EB-2016-0152 

Exhibit D2 
Tab 2 

Schedule 10 
Page 7 of 24 

 
This SIO provides overpressure protection of the shield tank to prevent shield tank failure 1 

under such severe beyond design basis event conditions. The current approved plan is for 2 

the Shield Tank Overpressure Protection SIO to come into service after installation during 3 

planned unit outages in the bridge and test period: $6.9M in 2016, $6.9M in 2017, and $0.3M 4 

in 2018, however, this plan is currently being re-evaluated for scope and timing of 5 

installation. 6 

 7 

2.3.5 Replacement of Emergency Service Water Buried Services Line 60 8 

The Emergency Service Water (“ESW”) system is a special safety system which supplies 9 

cooling water to selected safety related systems when normal water supplies are unavailable 10 

for the removal of decay heat and prevention of subsequent process failure, which would 11 

create a risk of radiation release. The existing pipe was buried approximately seven meters 12 

underground.  13 

 14 

A partial inspection of ESW Line 60 performed in 2010 found that the condition of the piping 15 

had deteriorated and replacement of the pipe is now required. A parallel buried line was 16 

installed during the 2015 Darlington Vacuum Building Outage. Appropriate corrosion 17 

protection (e.g., surface coatings and cathodic protection) was applied along the length of the 18 

new piping to allow the pipe to operate to the end of station life. The SIO to replace ESW 19 

Line 60 came into service in 2015 at an amount of $13.3M, and $1.3M close-out in 2016, for 20 

a total project cost of $14.6M. 21 

 22 

2.4 Facilities & Infrastructure Projects 23 

2.4.1 Overview 24 

Facility and Infrastructure Projects are pre-requisites for unit refurbishments and will be 25 

placed in service and included in rate base when they are used or useful to OPG. As 26 

discussed below, these projects are expected to remain useful to OPG’s current and future 27 

nuclear operations independent of whether the DRP is completed.  28 

 29 

The total in-service amounts for the F&IP are $57.4M in the 2016 bridge year, and, in the test 30 

period, $365.9M in 2017, and $9.4M in 2020. In section 2 of Ex. D2-1-3, a tiered reporting 31 
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structure, consistent with the OEB’s filing guidelines, has been used to present the F&IP that 1 

have budgeted expenditures or in-service amounts during the bridge year or test period.  2 

 3 

2.4.2 F&IP >$20M 4 

The following F&IP greater than $20M will be completed and placed in service in the bridge 5 

year or test period (Ex. D2-2-10, Table 2):  6 

 Heavy Water Storage and Drum Handling Facility: Discussed below in section 7 

2.4.5.1. 8 

 Retube and Feeder Replacement Island Support Annex (“RFRISA”): RFRISA will be 9 

used by DRP staff to execute the Program, and also in support of Darlington online 10 

and outage maintenance activities. It became used and useful when it was partially 11 

placed in service in November 2015. 12 

 Refurbishment Project Office (“RPO”): The Refurbishment Project Office is a multi-13 

purpose facility that initially will be used by DRP staff for secure access into the 14 

Darlington protected area, contractor change room and shower facilities, contractor 15 

lunchroom, offices of DRP support staff, and parking for all DRP contractor and 16 

project staff. Similar to the Darlington Energy Complex discussed below, the RPO will 17 

be used to consolidate OPG nuclear staff at Darlington and would otherwise be 18 

expected to benefit current operations if the DRP were to be discontinued. The RPO 19 

became used and useful when it was placed in service in November 2015. 20 

 Electrical Power Distribution System: Discussed below in section 2.4.5.3. 21 

 22 

The following F&IP greater than $20M were placed in service in the historical years and have 23 

minor in-service amounts associated with project close-out in the bridge year: 24 

 Water and Sewer Project: Discussed below in section 2.4.5.2. 25 

 Darlington Energy Complex: The Darlington Energy Complex became used and 26 

useful when it was placed in service in 2013 in providing space for training reactor 27 

mock-up, warehouse space for tooling and materials, and office space. Following the 28 

completion of the DRP, the Darlington Energy Complex will also allow the 29 

consolidation of leases and co-location of support staff, including Inspection and 30 

Maintenance, closer to Darlington. 31 
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 1 

Business Case Summaries for F&IP of $20M or greater are included in Attachment 1. 2 

Variance explanations for F&IP that varied by more than 10 per cent from the initial full 3 

release, are provided in section 2.4.5. 4 

 5 

2.4.3 F&IP Between $5M and $20M 6 

The following F&IP between $5M and $20M will be completed and placed in service in the 7 

bridge year or test period (Ex. D2-2-1, Table 3):  8 

 GM Facility Interim Office Leasehold Improvements2 9 

 Vehicle Screening Facility 10 

 11 

2.4.4 Reconciliation of F&IP List to EB-2013-0321 12 

In support of RQE, OPG reviewed the cost classification of DRP projects to ensure clarity 13 

between costs characterized as refurbishment versus costs needed for the operation of 14 

Darlington in general. This review resulted in the reclassification of certain projects, including 15 

the Operations Support Building Refurbishment and the Auxiliary Heating System projects, 16 

from DRP to the Nuclear Operations Portfolio, and certain OM&A costs to Nuclear 17 

Operations. OPG concluded that the reclassified projects were not required for 18 

refurbishment, but rather are necessary for first life operations and outage requirements. 19 

Evidence supporting projects reclassified to the Nuclear Operations Portfolio is provided in 20 

Ex. D2-1-3.  21 

 22 

Chart 1 below reconciles the capital projects greater than $5M in DRP and the Nuclear 23 

Operations Portfolio to the F&IP capital projects in DRP in EB-2013-0321.  24 

 25 

 26 

 27 

 28 

                                                           
2
 Although classified as F&IP for internal tracking purposes, this project is treated in the same manner as other 

Definition Phase costs necessary for the refurbishment of a single unit and is expected to be placed in service 

in conjunction with Unit 2.  



Filed: 2016-05-27 
EB-2016-0152 
Exhibit D2 
Tab 2 
Schedule 10 
Page 10 of 24 
 
 1 

Chart 1 2 

Reconciliation of F&IP Project List to EB-2013-0321 Ex. D2-2-1, Tables 3 and 4 3 

Project Project 
Number 

EB-
2013-
0321 

EB-2016-0152 Total Project Cost 
based on approved 

project BCS 
($M) 

Projects >$20M 

Heavy Water Storage 
and Drum Handling 
Facility 

31555 DRP DRP 381.1 

Water & Sewer Project  73802 DRP DRP 57.7 

Darlington Energy 
Complex  

73803 DRP DRP 105.4 

Retube Feeder 
Replacement Island 
Support Annex  

73810 DRP DRP 40.7  

Refurbishment Project 
Office  

73815 DRP DRP 99.9  

Darlington Operations 
Support Building 
Refurbishment 

25619 DRP Nuclear 
Operations 
Portfolio 

62.7 

Darlington Auxiliary 
Heating System 

34000 DRP Nuclear 
Operations 
Portfolio 

99.5 

Electrical Power 
Distribution System 

73821 DRP DRP 20.8 

Projects $5M - $20M 

GM Facility Interim Office 
Leasehold Improvements 

73806/ 
73814 

DRP DRP 9.3 

 4 

In addition to the projects in the table above, the following projects were reclassified as 5 

Nuclear Operations Portfolio projects: 6 

 Emergency Service Water Pipe and Component Replacement (Project 73397, Ex. 7 

D2-1-3, Table 2d) 8 

 Primary Heat Transport Pump Motor Replacements (Project 73566/ 80144, Ex. D2-1-9 

3, Table 1) 10 

 Primary Heat Transport Pump Motor Overhaul (Project 73566/ 80144, Ex. D2-1-3, 11 

Table 1) 12 
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 Highway 401 & Holt Road Interchange (Project 73706, Ex. D2-1-3, Table 1) 1 

 2 

2.4.5 Project Variance Explanation 3 

This section provides an explanation for F&IP greater than $20M for which total actual or 4 

forecast project cost variances exceed 10 per cent. Explanations are provided for the 5 

following projects: 6 

 Heavy Water Storage and Drum Handling Facility (section 2.4.5.1) 7 

 Water and Sewer (section 2.4.5.2) 8 

 Electrical Power Distribution System (section 2.4.5.3) 9 

 10 

Variances for F&IP are managed as part of the overall DRP. As presented in Ex. D2-2-8, 11 

F&IP represent 5 per cent of the overall DRP. There is $76M total contingency in the DRP 12 

budget that recognizes the risks associated with F&IP and SIO. The DRP is expected to be 13 

delivered on budget and on schedule, notwithstanding the variances described below. 14 

 15 

Facility and Infrastructure Projects are significantly different from the Nuclear Operations 16 

Portfolio projects that OPG has undertaken in the past and from the unit refurbishment 17 

program. They are new designs of complex facilities constructed on a brownfield site. For 18 

instance, there are more engineering changes (discussed in section 3.1 of Ex. D2-2-5) 19 

required for F&IP than are required for the entirety of the Unit 2 refurbishment. 20 

 21 

2.4.5.1 Heavy Water Storage and Drum Handling Facility 22 

Overview 23 

The purpose of the Heavy Water Storage and Drum Handling Facility (the “Heavy Water 24 

Facility”) is to provide heavy water storage and processing capability for the removal of 25 

heavy water from the Darlington units during refurbishment and the management of heavy 26 

water during normal operations. Heavy water, when used in a nuclear reactor, becomes 27 

radioactive material. As a result, effective management and controls are required to avoid 28 

spills and to manage potential radiological safety and environmental consequences.  29 

 30 
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CANDU nuclear generating stations such as Darlington cannot operate without heavy water. 1 

Heavy water is required for use in both the moderator and primary heat transport systems. 2 

However, heavy water is no longer produced on a commercial scale. Consequently, the 3 

existing inventory has to be managed throughout the operating life and decommissioning of 4 

all CANDU facilities. In addition, there is a need to store heavy water during the unit outages 5 

for the DRP.  6 

 7 

However, during operations, the moderator and primary heat transport heavy water becomes 8 

contaminated with tritium and downgraded with regular or “light” water. Because of heavy 9 

water’s limited availability and the need to maintain existing inventory, the tritium must be 10 

removed through the heavy water management process by way of OPG’s Tritium Removal 11 

Facility (“TRF”). 12 

 13 

The importance of heavy water management to the continued operation of Darlington is 14 

highlighted by the following factors: 15 

 There are CNSC regulatory limits on the moderator and primary heat transport 16 

system tritium levels. Without the capability to produce new heavy water that does not 17 

contain tritium, regulatory operating limits can only be maintained with the operation 18 

of the TRF.  19 

 The ability to maintain low tritium levels in the moderator and primary heat transport 20 

systems is an important factor in minimizing tritium releases to the environment and 21 

keeping radiation exposure to workers to levels that are as low as reasonably 22 

achievable. 23 

 The existing TRF’s capability to meet the current and post Darlington refurbishment 24 

tritium removal needs has been assessed to be adequate. However, lack of storage 25 

and segregation capability limits the ability of the TRF to meet tritium removal 26 

requirements. Providing more storage tanks allows operational flexibility to feed the 27 

TRF with a continuous supply of higher tritiated water resulting in greater tritium 28 

removal efficiency. 29 

 30 
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Through more efficient use of the TRF, OPG will increase its ability to recycle water with 1 

reduced tritium emissions and reduced heavy water make-up requirements. 2 

 3 

OPG retains the obligation for the heavy water management for its reactors at Darlington, 4 

Pickering and Bruce A and B during decommissioning. It also provides detritiation services to 5 

customers, primarily Bruce Power (see Ex. G2-1-1).  6 

 7 

Increased storage and segregation capability for different heavy water streams will support a 8 

long-term solution to heavy water storage and tritium removal needs for the nuclear industry 9 

in Ontario. The Heavy Water Facility will increase the operational flexibility of the TRF. It will 10 

also store a buffer of detritiated heavy water which can be used to provide continued 11 

detritiation services to OPG and customers during TRF outages.  12 

 13 

Historically OPG has relied on drums to collect and store a significant quantity of heavy 14 

water. The current backlog of drums causes radiological and conventional safety concerns. 15 

In addition, drums present an increased risk of environmental spills. The Heavy Water 16 

Facility includes a drum handling facility that will eliminate the backlog of heavy water drums 17 

that need to be processed. The drum storage facility will provide centralized drum storage for 18 

Pickering and Darlington with enhanced protection of environmental and worker safety. 19 

 20 

The Facility 21 

The facility is the first of its kind since it is a multifunctional building designed to safely 22 

contain and store large volumes of tritiated and detritiated heavy water while interconnected 23 

to the existing TRF for efficient tritium removal operations. As well, it can contain and store 24 

water contaminated with radionuclides other than tritium that may enter heavy water from 25 

nuclear systems, and allow efficient and safe management of these radionuclides. 26 

 27 

The project comprises the construction of a new 2,100,000 litre heavy water storage and 28 

drum handling facility adjacent to the existing TRF to meet DRP and heavy water 29 

management operational improvement requirements.  30 
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Photo 2 1 

Heavy Water Facility Construction 2 

 3 

 4 

Safely storing and transferring radioactive heavy water requires unique design requirements 5 

which include the use of stainless steel piping, valves, and storage tanks to maintain the 6 

purity requirements for reactor grade heavy water. In addition, due to the high tritium 7 

concentrations, design specifications require the use of nuclear-grade tanks, piping, valves, 8 

and components. To protect the workers and the environment from tritium vapour, a vapour 9 

recovery system is included. This system directs air containing tritium moisture, which is 10 

pushed out of the storage tanks as the tanks are filled, to collection systems to remove the 11 

tritium vapour. Together, these nuclear quality requirements and design features are 12 

necessary to prevent tritium exposures to workers or releases to the environment.  13 
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 1 

To further protect the environment in the unlikely event of a severe earthquake, the storage 2 

tanks are contained in a seismically qualified reinforced concrete dyke. Compared to a 3 

conventional dyke, the seismic dyke has significantly more anchors to attach it to bedrock, 4 

over 100 more tons of rebar and more than 500 cubic metres of concrete. 5 

 6 

Photo 3 7 

Construction of Concrete Dyke 8 

 9 

 10 

To improve and optimize the TRF operating efficiency, the 2,100,000 litre storage capacity is 11 

provided by 25 separate nuclear-grade stainless steel tanks. These tanks provide separation 12 
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so that moderator heavy water with high concentrations of tritium can be kept separate from 1 

heat transport system heavy water with lower levels of tritium. Separate tanks are also 2 

provided for downgraded heavy water with varying amounts of tritium as well as detritated 3 

heavy water returned from being processed in the TRF. To fully integrate the storage 4 

capacity with the TRF, each tank is fully instrumented for remote level indication and 5 

connected with stainless steel piping, valves, and pumps allowing transfer to and from the 6 

TRF and similar tanks. 7 

 8 

As part of the efficient and practical design, the storage facility was located next to the TRF, 9 

which is within the protected area at Darlington. 10 

 11 

The Need 12 

The building structure, process equipment and control systems provide an integrated and 13 

efficient solution to two separate business needs.  14 

 15 

First, the facility will provide storage capacity required to execute the DRP. Refurbishment 16 

requires heavy water to be drained from the moderator and primary heat transport systems, 17 

as well as the collection of tritiated rinse water. Second, integration with OPG’s existing TRF 18 

allows for ongoing operational improvement in addition to its use during DRP. Increasing the 19 

operational storage mitigates the need to build a new TRF or refurbish the existing TRF. In 20 

addition, increased storage capacity will provide OPG with greater flexibility when accepting 21 

shipments of heavy water from external customers during TRF outages to support external 22 

heavy water management activities. The need for the project is detailed in the BCS provided 23 

in Attachment 1.  24 

 25 

The Cost 26 

At its forecast total project cost of $381.1M (full in-service in May 2017), the Heavy Water 27 

Facility provides substantial value to the DRP and Darlington operations. Initial scope 28 

identification for the Heavy Water Facility was limited. The initial project budget was based 29 

on a conceptual design and very preliminary design requirements. The initial full release of 30 

$110.0M (updated to $287M in EB-2013-0321) was based on an EPC contractor’s 31 
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conceptual design and associated cost estimates that did not match the complex 1 

requirements of the project needs. While cited as a Class 2 estimate, this was not the case. 2 

For example, the conceptual design did not include the amount of piping, shielding 3 

requirements and vapour recovery systems required to meet operational and environmental 4 

requirements in the final design. The current project budget of $381.1M as set out in the 5 

superseding BCS dated March 2015 reflects required project scope and costs as the design 6 

now properly incorporates the engineering, design and safety requirements to address the 7 

need and complexity of the project. Therefore, the superseding BCS (see Attachment 1, Tab 8 

1) provides the relevant and appropriate basis for evaluating the costs associated with the 9 

scope of work that is required for the Heavy Water Facility project. 10 

 11 

The changes in the forecasted project costs are primarily associated with progressing from 12 

conceptual design requirements to detailed design requirements to ensure the proper design 13 

and functionality of the project. Design concerns were raised by OPG and independent 14 

oversight at the initial stage of the project, with work not having progressed beyond site 15 

preparation. OPG took definitive steps to become more actively involved in the facility’s 16 

detailed design to ensure the proper scope. This included co-locating OPG engineering staff 17 

with the contractor’s design team.  18 

 19 

Ultimately, OPG determined that the contractor’s performance on this project was 20 

unsatisfactory and in October 2014, terminated the Heavy Water Facility purchase order for 21 

default. OPG assumed the role of general contractor for an interim period while it secured a 22 

new contractor. The SNC/AECON JV has now been awarded the contract to complete the 23 

project. 24 

 25 

The changes in project cost are design related to ensure a scope that matches the need and 26 

do not reflect any significant reworking or reconstruction of facilities. The increased project 27 

budget reflects true project costs as the design was further developed. 28 

 29 

Design changes included the following: 30 
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(i) Alteration to the Heavy Water Facility: The conceptual design had the new Heavy 1 

Water Facility located immediately adjacent to the existing TRF. The new building 2 

would have a 'shared wall' in contact with the existing west wall of the TRF to 3 

reduce construction costs. As design progressed, it was determined that it was 4 

not feasible to arrange the new foundations for the Heavy Water Facility in a way 5 

that would not interfere with the foundations of the existing TRF. It was necessary 6 

to move the building seven metres to the west to avoid the foundation 7 

interference. The relocation of the building was also necessary to avoid 8 

interference with buried low pressure service water piping. 9 

(ii) Increased Piping, Valves and Equipment Quantities: An increase in the quantity of 10 

process and services piping that was identified as the design was completed and 11 

full requirements were understood to achieve the TRF operational efficiency 12 

requirements. In particular, the ability to move water within the facility between 13 

multiple tanks and between facilities as well as the independent filling and 14 

emptying of each tank increased the total length of pipe. This was done to provide 15 

greater operational benefits and flexibility. Also, an increase in the sizing of 16 

heating, ventilation and air conditioning systems was required because of an 17 

increase in capacity requirements to account for additional process equipment 18 

needed to meet the defined operational design requirements and environmental 19 

tritium emission reduction equipment. 20 

(iii) Requirement to have process piping run in a pipe tunnel: The Heavy Water 21 

Facility is designed to move water between the Heavy Water Facility and the TRF. 22 

The original design to transfer water via an overhead, above ground, pipe corridor 23 

was not feasible because of a water pressure issue (i.e., water hammer). 24 

Resolution of this technical design issue required the interconnecting piping to be 25 

installed at a below grade elevation of seven meters. Given the separation 26 

between the TRF and the Heavy Water Facility, and seismic and environmental 27 

protection requirements, a buried seismically-qualified pipe chase was required. 28 

(iv) Environmental Requirements: The DRP EA required no net increase of tritium 29 

emissions on site as a result of refurbishment activities, including emissions from 30 

all heavy water stored in the new Heavy Water Facility in support of 31 
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refurbishment. To meet this requirement, a heavy water vapour recovery system 1 

with a dryer was added in the detailed design phase. 2 

 3 

Photo 4 4 

Heavy Water Facility Construction Below Grade 5 

 6 

 7 

Also, the business case identified risks of ground conditions challenging construction, 8 

particularly with tritium contaminated soil. Managing the soil excavation and ingress of 9 

ground water was complex. The project developed and implemented a contaminated soil 10 

management plan that required the construction and operation of two soil management 11 

areas.  12 

 13 
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Current status  1 

The Heavy Water Facility is forecast to be ready to receive the heavy water from Unit 2 in 2 

support of the refurbishment outage schedule. All 28 heavy water storage tanks have been 3 

installed in the Heavy Water Facility. Pipe and structural steel installation and preparation for 4 

erection of the building superstructure is in progress. The current in-service date for the 5 

Heavy Water Facility coincides with the current need date for the Unit 2 refurbishment3. Risk 6 

mitigation assessments are underway to mitigate any risk of delays and/or advancements of 7 

the need date for the Unit 2 refurbishment. 8 

 9 

2.4.5.2 Water and Sewer Project 10 

Overview 11 

The Water and Sewer Project was initiated to address gaps between the current condition of 12 

the water and sewer systems and future incremental requirements identified in preparation 13 

for the DRP and continued operation of Darlington. The project involves replacing the 14 

existing on-site water and sewer system by installing a separate domestic water system and 15 

a separate fire water system, redirecting the station sanitary sewage system from the on-site 16 

sewage treatment plant to the Region of Durham’s sanitary sewage system, and 17 

decommissioning the existing Sewage Treatment Plant and Domestic Water Pumphouse. 18 

 19 

Planning and execution of the Water and Sewer Project was organized into three phases: 20 

 Phase 1 - Holt Road Domestic and Fire Water Supply System; 21 

 Phase 2 - Solina Road Domestic and Fire Water Supply System and Darlington 22 

Sanitary Sewer System; and 23 

 Phase 3 - Decommissioning and Removal of Existing Darlington Domestic Water 24 

Pumphouse and Sewage Treatment Plant. 25 

 26 

Variance 27 

The project was fully released in May 2013 based on a BCS that included a total estimated 28 

project cost of $40.6M. The forecast in-service amount for the project is $47.5M.  29 

                                                           
3
 The facility will be available to receive heavy water aligned with the Unit 2 need date, however final in-service 

is planned for May 2017 when the facility will benefit current operations.  
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The variance was driven by three technical issues: 1 

(i) Additional costs and schedule delays related to a change in railway crossing 2 

construction methodology. The original construction methodology for the railway 3 

crossing used a single boring unit. Existing soil conditions discovered during 4 

tunneling operations were found to present an unacceptable risk for loss of 5 

ground and impact on the railway tracks using this methodology. Micro-tunnelling 6 

was selected as the methodology to complete the railway crossing.  7 

(ii) Additional costs for a revised excavation protocol. The contractor’s initial 8 

excavation protocol resulted in unintentional contact with buried services. 9 

Following two separate incidents, OPG required the contractor to follow a revised 10 

protocol that was at a higher standard and aligned with OPG’s excavation 11 

protocol. As a result of the revised protocol, several potential incidents were 12 

avoided where there were mismatches between drawings and field configuration. 13 

The revised protocol resulted in additional costs for exploratory investigations and 14 

standby costs. 15 

(iii) Additional costs and schedule delays resulting from revised routing of the sewage 16 

and firewater line. The Water and Sewer project design was developed based on 17 

conceptual drawings of the RPO, which is another F&IP. During detailed design of 18 

the RPO, its location was changed to avoid costs and station impacts associated 19 

with interference with the station bulk hydrogen supply trailer. The location 20 

change of the RPO required changes to the original routing of the sewage and 21 

firewater line and changes to the depth of the west pumping station.  22 

 23 

All phases of the project were completed, with $43.7M placed into service from 2012 to 2014, 24 

and $3.7M in close out costs in 2016. 25 

 26 

2.4.5.3 Electrical Power Distribution Project 27 

Overview 28 

In preparation for the DRP and continued operations at the Darlington site, OPG determined 29 

that the existing site electrical grid, fed from the local distribution utility’s transformer station, 30 

did not have sufficient capacity to supply the new facilities that would be constructed at the 31 
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site. These include the RPO, the RFRISA, the Heavy Water Facility, the Auxiliary Heating 1 

Steam Facility and the Computer and Maintenance Development Facility. The existing site 2 

electric power distribution system therefore required upgrades to increase reliability of the 3 

existing system and enable electrical service for new buildings and facilities being 4 

constructed in preparation for the DRP and continued operations. 5 

 6 

The project was put into service in July 2015, with forecast close out costs in 2016. 7 

 8 

Variance 9 

The project was fully released in November 2014 based on a BCS that included a total 10 

estimated project cost of $16.9M. The project, with a final cost estimate of $20.8M, was put 11 

in-service in July 2015 at a total amount of $18.1M, with $2.4M close out costs forecasted for 12 

2016.  13 

 14 

The primary factor driving the variance was the requirement to address legacy equipment 15 

grounding issues on the original electrical distribution system. These issues were identified in 16 

the final acceptance of the equipment by the Electrical Safety Authority prior to initial 17 

energization. To address the issue, significant changes to the equipment grounding were 18 

required to address potential step and touch differences between the new and existing 19 

equipment to allow commissioning to proceed. In addition, there were equipment delivery 20 

and performance issues associated with the new outdoor electrical switchgear provided for 21 

this project, which caused delays and the need for rework by the original equipment vendor. 22 

 23 

3.0 COMPARISON OF IN-SERVICE AMOUNTS 24 

3.1 2013 Actual versus 2013 Budget 25 

The actual 2013 in-service amounts of $99.2M were slightly lower than the budget of 26 

$104.2M due to lower construction costs and some site servicing work deferred to 2014 27 

related to the Darlington Energy Complex, partly offset by higher costs for the Water and 28 

Sewer, and Electrical Power Distribution System projects.  29 

 30 

3.2 2014 Actual versus 2014 OEB Approved 31 
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The actual 2014 in-service amounts of $43.5M increased from the OEB-approved amount of 1 

$18.7M. The key drivers of the variance in the in-service amounts were: 2 

 advanced in-service date for the Heavy Water Facility relocated service tanks and 3 

pipes, tie-ins and contaminated soil laydown pad ($14.6M); 4 

 deferred in-service amounts from 2013 for the Water and Sewer project, as a result of 5 

construction delays ($10.7M); 6 

 delayed in-service date to 2015 for the Electrical Power Distribution System project (-7 

$4.4M); 8 

 the in-service amount for a new Vehicle Screening Facility project that started being 9 

used in 2014, and that was not included in EB-2013-0321 ($4.1M); and 10 

 cancellation of a core program minor Early In-Service project (-$2.1M).    11 

 12 

3.3 2015 Actual versus 2015 OEB Approved 13 

The actual 2015 in-service amounts of $147.1M were slightly higher than the OEB-approved 14 

amount of $143.4M. The key drivers of the variance in the in-service amounts were: 15 

 advanced in-service dates for the RPO and RFRISA ($96M); 16 

 deferred in-service amount from 2014 for the Electrical Power Distribution System 17 

project ($9.3M);  18 

 delayed in-service dates to 2017 for the Heavy Water Facility due to project 19 

engineering and construction delays (-$83.5M); 20 

 delayed in-service dates to 2016 for the Emergency Power Generator, and 21 

Containment Filtered Venting System, and Islanding D2O Management System 22 

Modifications (-$36M); and 23 

 the inclusion of the new Powerhouse Steam Venting System, and Emergency Service 24 

Water Buried Services SIO projects ($18M). 25 

26 
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ATTACHMENTS 1 

 2 

Attachment 1:   Business Case Summaries  3 

 4 

Note: Business Case Summaries included in Attachment 1 are marked “Confidential” or 5 

“Internal Use Only”, however, OPG has determined them to be non-confidential either in their 6 

entirety or with redactions as indicated. 7 
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BUSINESS CASE SUMMARIES FOR FACILITY AND  1 

INFRASTRUCTURE PROJECTS OF $20M OR GREATER 2 

 3 

Tab 

No. 

Project 

Number 

Business Case 

Summary (BCS) Title 

BCS 

Approval 

Date 

Project 

Phase 

Status of 

BCS 

Status of 

BCS in EB-

2013-0321 

1 16-31555 

Heavy Water Storage 

and Drum Handling 

Facility 

Mar-15 Execution Superseding 

Partial 

release - 

Execution 

2 10-73810 

Retube and Feeder 

Replacement Island 

Support Annex 

Feb-14 Execution Full release 
 Full release - 

Definition 

3 10-73815 
Refurbishment Project 

Office 
Feb-14 Execution Full release 

 Full release - 

Definition 

4 10-73821 

Darlington Site Electrical 

Distribution System 

Upgrades 

Oct-15 Execution Superseding 

 Partial 

release - 

Definition 

5 10-73802 
Darlington Water & Sewer 

Project 
May-14 Execution Superseding 

Partial 

release - 

Execution 

6 10-73803 Darlington Energy 

Complex 

Dec-10 Execution Full release 
Full release - 

Execution 

  4 
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Type 3 Business Case Summary 
GENERATION 

To be used for investments/projecls meeting Type 3 criteria in OPG-STD-0076. 

Executive Summary and Recommendations 

Project Information 

Project #: 16-31555 Document#: .1 D-8CS-09701-10007 

Project Title: Heavy Waler Storage and Drum Handling Facility 

D OM&A [8'J Capital o Capital Spare 
Class: o MFA DCMFA o Provision Investment Type: Value Enhancing 

o Others: 

Phase: Execution Release: Superseding 

Facility: Darlington 
Target In-Service or 

2017-05-01 Completion Dale: 

Project Overview 

We recommend the release o f $270.9M, which Includes  of contingency, to fund the completion of the Heavy 
Water Storage and Drum Handling Facility. This project is value enhancing and wlllintroduce 2,100,000 Iitres of new 
heavy water storage capacity to support the Darlington Refurbishment Project (DRP) and ongoing operational 
improvements to the Tritium Removal Facitity (TRF) at Darlington Nuclear. The total Class 2 estimated project cost for 
the 31,000 square foot facility Is S381.1M, Including contingency. 

The purpose of the Heavy Water Storage and Drum Handling Facility is to provide heavy water storage and processing 
capability for OPG. Heavy water is a radioactive material with environmental consequences if it is not effectively managed. 
Without heavy water, CANDU nuclear generating stations such as Darlington cannot operate. Heavy water can no longer be 
produced. 

The Heavy Water Storage and Drum Handling Facili ly is a first of a kind multifunctional building. The building structure, 
process equipment and control systems provide an integrated soluUon to two separate business needs. The facili ty will provide 
the storage capacity required to execute the DRP as well as integration with the existing Tritium Removal Facility (TRF) to 
allow for ongoing operational improvements. As stipulated by the Canadian Nuclear Safety Commission (CNSC) in October 
2012, this fac il ity is now designed with enhanced seismic protections and spill containment systems that can withstand an 
earthquake 1.5 times more severe Ihan Ihe original design basis. The facility is equipped with environmental protections 
including vapour recovery systems that ensure that no net increase in Iril ium emissions are Introduced during the storage and 
handling of heavy water. By Increasing the operational storage, the Heavy Water Management Life Cycle Management Plan 
can be mel and the need to refurbish or build a new TRF is mitigated. These features allow the building to satisfy immediate 
business needs while also forming the Underpinning of a tong term solution to heavy water storage and treatment needs for the 
nuclear industry in Ontario. 

Problem StatementJBusiness Need: 

This project addresses an integrated solution to address the following individual business needs: 

1) There is a need to slore heavy water to facilitate the refurbishment of Darlington Nuclear Generating Slation (DNGS). 
To accommodate the DRP execution strategy for overlapping re furbishment outages 1 ,700,000L of storage capacity is 
required. An assessment of the existing storage capacity performed by a 3rc1 party vendor determined that there was 
not sufficient storage available to meet the refurbishment needs. In asseSSing similar refurbishment projects that had 
been completed, it was determined that additional storage facilities were either buill or augmented to store heavy 
water (Bruce) or the existing storage capacity onsile was sufficient to store the heavy water (PI. Lepreau). 

2) There is a need 10 improve heavy water management in support of all QPG nuclear units. The Improvements to 
operations and OPG Heavy Water management are summarized below: 

• Improve operational nexibility and abili ty to segregate different heavy water streams to support Darlington 
operation and outages. 

• Eliminate the backlog of heavy water drums that need to be processed. 

An Operationallmprovemenl project for the existing TRF was launched in 2006 and was subsequently merged with 
the DRP heavy water storage project in order to align strategies and achieve efficiencies. This operational 
enhancement scope minimizes the risk of Incurrinq -capital costs to refurbish the exislinq TRF or build a new TRF 

'Assoclated with OPG-STD-0076, Developing and Documenllng BUSiness Cases 
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Project #: 16-31555 Document #: 0-8CS-09701-10007 
Project Title: Heavy Water Storage and Drum Handling Facility, Superseding Release 

I 

'acimy in 2035. 

Summary of Preferred Alternative: 

The preferred alternative is to construct a new 2.100,000 Litre heavy water storage and drum handling facili ty adjacent to the 
existing TRF. This option meets Darlington Refurbishment and heavy water management operational improvement 
requirements. 
The new facility is designed to provide sufficient storage at the Darlington site for the heavy water from two units. This option 
will facilitate the Heavy Water Management Life Cycle Management plan to 2055 by increasing operational storage capacity. 
The execution strategy for this alternative will focus on readying the facility to receive the heavy water from Unit 2 in support of 
the refurbishment outage schedule. This includes the implementation of a temporary modification (TMOO) to drain the unit in 
advance of the full in-service date of the facility to allow a partial in-service to be achieved. In this alternative, the remainder of 
the facility will be final ized in parallel with the execution 01 the Unit 2 refurbishment outage and placed fully in service prior to 
the Unit 3 refurbishment outage. 

History o f BCS Releases and Project Cost Estimates: 

The initial project estimate was prepared based on conceptual design and prelirninary design requiremenls. The estimate was 
not prepared in sufficient detail to reflect the final project scope and complexity. In addition to the Initial underestimation, 
fundamental changes imposed on the project such as CNSC code revision for seismic requirements were not anticipated. 
During excavation activity, the realization of identified risks such as the remediation of contaminated groundwater and soil and 
relocation of unidentified buried services has inlroduced costs. 
OPG removed the prime vendor from the project  

. A new construction contractor has now been brought on board 
to execute the project. The majority of ground construction is complete and design is substantially complete. The project has 
been assessed for viable options to ensure the business need is met and the estimate to complete is a bounding high 
confidence estimate . The total project cost is now estimated at $381 M ( base cost, plus contingency), 
compared to $110M ( base cost. plus contingency) In the previous release. The history of releases and project 
cost estimates are shown in the following table. 

$k Date Release with Cumulative Total Cost w ith 
Contingency Release Contingency 

DeveloP.J11ental Release November 2006 3,600 3,600 36,383 

Full Definition Release June 2012 15,689 19,289 108,148 

Partial Execution Release August 2012 11,641 30,930 ·'08,051 

Full Execution Release May 2013 79,085 110,015 110,015 

Superseding Full Execution Release Mar 2015 270,999 381,100 381,100 

A detailed variance explanation is shown in Appendix 8. 

Background: 

A purchase order was issued to a vendor in July 2012 to complete this work at a tolal cost of $65.7M, including Engineering, 
Procurement, and Conslruction (EPC). As a result of the evolution of design work and completion of engineering, field 
discoveries during site preparation. further definition of environmental and regulatory requirements, and underestimation by the 
EPC vendor, the cost and schedule to deliver this facility is substantially higher than originally anticipated. 

Major contributors include: 

• Soil contaminated with low concentrations of tritium in the footprint of the building. This low concenlration of 
tritium was from a spill in 2009, and eliminated the option of disposing of this soil conventionaUy. While the 
concentrations are below regulatory limits, the soil has to be trealed to address the tritium before it can be 
removed from the Darlington site. This has been a large contributor to added costs to the project, requiring the 
construction of a soil lay down pad to manage the triliated soil and modified soil handling procedures to adhere 
to the environmental regulations. Additional water treatment equipment was also required to lower the ground 
water table and allow excavation during site preparation phase while meeting environmental discharge limits. 

• , new ,was , i 
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Type 3 Business Case Summary 
Document #: D·BCS·09701·10007 

Project Tille : Heavy Water Storage and Drum Handling Facility, Superseding Release 

Project Overview 

due to the technical complexity and risk of tying the seismic footings together the building had to be separated 
into a standalone struclure. This has resulted in increased in construction costs. The building also had a number 
of structural changes (such as a second floor to accommodate the vapour recovery equipment that was required 
to satisfy the environmenlal assessment). These changes resulted in increased excavation, concrete, cladding, 
structural components, etc. With the relocation of the building, and to mitigate water hammer issues identified 
during the detailed design phase. a seismically qualified tunnel is required to route the piping between the TRF 
and the new facility. This tunnel installation affected numerous design packages and resulted in increased 
project costs. 

• The permanent material requirements were under estimated due to evolution of the design. The total length of 
piping contained wi thin the new facility was originally estimated to be approximately 3km. The actual deSign 
requires over 5km of piping (including all relocates, process and non·process piping) with an associated increase 
in supporting equipment (i.e. valve, controls, hangers, elc.). The large increase in the amount of piping is to allow 
for the independent filling and emptying of each tank. which provides operational benefits and flexibility. 

• The field work for site preparations was completed at approximately three times the original budget. This was 
due in part to the higher than antiCipated ground water elevation which required substanlial temporary 
dewatering and excavating challenges. This work included the relocation of 12 services. including a 30M Low 
Pressure Service Water pipe. at a depth of 6 metres. 

Key Ri sks: 

Risks: 
There is a risk thai the complexity of integrating a new construction vendor results in cost and schedule impacts due 
to interfacing issues between the multiple design, procurement. and construction vendors currently supporting the 
project. 
There is a risk that the use of an expedited construction strategy leads to quality issues/potential rework/turnover 
inefficiencies due to the complexity of the project. 
There is a risk that during execution it is determined that the contractor will be unable to meet the committed ~tanks 
ready for U2 D20H milestone, requiring the refurbishment organization to implement an alternate strategy so that the 
Unit 2 refurbishment schedule is not impacted. 

Each of the above risks has been documented and risk mitigation strategies have been or are being implemented. Refer to 
Part G: Risk Assessment for full breakdown of risks and mitigation strategy. 

Project Cash Flows, NPV, and OAR Approval Amount 

M$ LTD 2015 2016 

Currenlly Released 93.0 17.2 -
Requested Now 30.1 96.3 125.2 

Future Required - - -
Total Project Cost 123.1 113.5 125.2 

Ongoing Costs - 1.5 

Grand Total 123.1 113.5 126.7 

Estimate Class: Class 2 

NPV: $73M 

2017 2018 2019 2020 Future Total 

- - - - - 110.2 

19.2 - - - - 270.9 

- - - - -
19.2 0 0 0 0 381.1 

0.8 0.8 0.8 0.8 3.5 8.2 

20.0 0.8 0.8 0.8 3.5 389.3 

EstImate at Completion : $381.1 M 

OAR Approval Amount: $389.1M 
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Project Title: Heavy Water Storage and Drum Handling Facility, Superseding Release 

Approvals 

I Signature I Comments I Date 

The recommended alternative, including the identi fied ongoing costs, if any. represents the best option to meelthe validated 
business need. 

Recommended by (Project 

lCl? Sponsor) : 
Dietmar Reiner \vi "". :!, . 20 L;) Senior Vice President Nuctear 

, 
Projects .----, 
I concur with the business decision as docuf!).E!l'\'fed in)tlis BCS. 

Finance Approval : 

~b Beth Summers 

HItRqjS;2Di5 Chief Financial Officer 
~ , 

per OPG-STO-OO76 

t confirm that this project, including the identified ongoing costs, if any, wi ll address the business need, is of sufficient priori ty to 
proceed, and provides value for money. 

Approved by: 

~ Tom Mitchell 
President & CEO 
per OAR 1.1 

f..\.~c4 t; lD 1-
/ 
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Type 3 Business Case Summary 
Document #: O-BCS-09701-10007 

Project Title: Heavy Water Storage and Drum Handling Facility, <Superseding> <Execution> Release 

Business Case Summary 

Part A : Business Need 

This project addresses two dislinct business needs: 

Business Need 1: Darlington Refurbishment Project (DRP) 

There is a need to store heavy water to facilitate the refurbishment of Darlington Nuclear. To accommodate the DRP execution 
strategy for overlapping refurbishment outages 1, 700,OOOl of storage capacity is required. An assessment of the existing 
storage capacily determined that there was insufficient storage available 10 meet the refurbishment needs_ In assessing similar 
re furbishment projects that had previously been completed, it was concluded that storage facilities were either built or 
augmented to store heavy water (Bruce) or the existing storage capaci ty onsile was sufficient 10 store the heavy water (PI. 
Lepreau). 

Individually, each unit requires 750,000l of storage for moderator and heat transport heavy water. However, the scope of this 
project assumes refurbishment will be executed with over-lapping shutdown units, requiring sufficient capacity to slore two 
units worth of heavy water, equivalent to 1,500,OOOL. Additionally, refurbishment requires 200,OOOl of storage to facilitate 
flushing and other support operations associated with the preparation of the Darlington units for refurbishment work. This 
storage is for light water, and must be segregated from reactor grade heavy water. The 200,OOOL storage need must be mel 
through additional capaci ty as the existing Dartington operational storage is required to support the operational requirements of 
OPG nuclear fleet. 

The 1 ,500,000l of reactor grade storage created under this project wi ll be available for the long term storage of heavy water 
from OPG Pickering units post Darlington Refurbishment. This presents a significant ancillary benefit to OPG and addresses a 
significant concern as Pickering Nuclear approaches its end of commercial opera!lons. 

Business Need 2: Heavy Water Management Capabilltv 

The second business need for this project is to improve heavy water management in support of all nuclear units in Ontario. 
This was identi fied in a previously approved operational Improvement project in 2007, which was deferred and merged with the 
re furbishment heavy water storage project in order to facilitate cost efficiencies. The two primary needs to support heavy water 
management are as described below: 

1) Provision of an additional 400,000l of permanent storage required to improve utilization of the Darlington Tritium 
Removal Facility (TRF). This storage is specific to the needs of the TRF, as the heavy water stored in these tanks has 
a different composition than the heavy water that will be stored for the reactors during refurbishment. The increased 
storage will address the TRF feed and product storage bottleneck that impacts the efficiency of the tritium removal 
process. Improving the efficiency of the TRF will allow increased detritiation efforts to occur, and lower both tri tium 
emissions and employee radiation exposure. 

2) A new facility that will provide services to both Pickering and Darlington stations. This facility will central ize drum 
storage and provide a means of [ong term cleaning and disposal of the current inventory of drums. The current 
backlog of drums stored in the Heavy Water Management Building (HWMB) has caused radiological and conventional 
safety concerns and operational burdens that have required increased management and controls to mitigate. The 
facility will also provide the ability to support any refurbishment activities requiring drum cleaningfdisposal. and the 
ability to expedite shipments. 

Overall1,700,OOOl of storage is required for Business Need 1 and 400,OOOL for Business Need 2, a lotal of 2,100,OOOL of new 
storage capaci ty that shall be addressed by this project. 

Part B: Preferred Alternative: Build the remainder of the Heavy Water Storage and Drum Handling Facility with 
construction sequenced to meet Refurbishment requirements first, with full in-service (to meet TRF Operational 
Improvement needs) to follow - with the full project expedited in an accelerated manner. 

Description of Preferred Alternative 

The preferred alternative is to finish construction of a new 2,1 OO,OOOl heavy water storage and drum handling facility adjacent 
to the existing TRF with an accelerated execution strategy. This option meets Darlington Refurbishment and heavy water 
management operational improvement requirements. 

This alternative is eslimated to result in a total pro-ect cost of $381M to satisfv both DRP and operatlonat improvements needs 

ASSOCiated With OPG-STD-0076, Developmg and Documenting BUSiness Cases 
OPG-TMP-0004-R004 (Microsofl® 2007) 

Page 1 or 9 

Filed: 2016-05-27, EB-2016-0152 

 Exhibit D2-2-10, Attachment 1, Page 5 of 22



Project #: 16-31555 

Internal Use Only 
OPG·FORM-0076·R005 

Type 3 Business Case Summary 
Document #: D-8CS-09701-10007 

Project Tille: Heavy Water Storage and Drum Handling Facility, <Superseding> <Execution> Release 

Part B: Preferred Alternative: Build the remainder of the Heavy Water Storage and Drum Handling Facility with 
construction sequenced to meet Refurbishment requirements first, with full In-service (to meet TRF Operational 
Improvement needs) to follow - with the full project expedited in an accelerated manner. 

Description of Preferred Alternative 

and exhibi ts the most positive NPV of all alternatives of $73M, as assessed against the operational improvement scope. 

The major components of this alternative are as follows: 

(a) Facility: The preferred alternative requires the design and construction of a multistory building, adjacent to the existing 
TRF wi thin the protected area of the Darlington station. To prepare the site for the new facility, interferences with 
existing station systems (such as buried piping & electrical cable ducts, over ground structures such as bulk gases 
tanks, temporary trailers etc) were relocated using the engineering change control process while minimizing impact on 
safe plant operations. 

(b) Building : The facili ty is designed to accommodate heavy water storage tanks to facilitate draining of 2 units in parallel 
(see details below) in the basement within a seismically qualified foundatlonfdyke which would be bullt on bedrock to 
prevent leakage of heavy water to the environment in the unlikely event of failure of all tanks. The facility must be 
seismically qualified to meet CNSC requirements. The basement woutd also contain a slightly negative pressure 
HVAC and filtering systems to minimize emissions to the atmosphere. A back-up heating system, supptied by a new 
system being installed by project 34000 Auxitiary Heating System, is required to ensure the heavy water does not drop 
below 10°C to mitigate the risk of tritium emissions by avoiding freezing and tank rupture. 

A vapour recovery system consisting of dryers will be installed to remove tritiated vapour to minimize emissions to the 
environment and reduce radiological hazards to personnel. The buJlding will be classified as radiological Zone 3, and 
contain appropriate radiation monitoring and handling systems (e.g . stack effluent monitors. personnel and materials 
monitors, etc.) to comply with radiotogical requirements. 

(c) Building Services: The building electrical loads will be supptied by a new distribution network. A backup etectrical 
power supply will also be provided to maintain critical loads in service at all times, including a back-up generator and 
battery backup for key systems. A new instrument air system wilt be installed to support the new facility's process 
systems as there is insufficient capacity in the existing system. Other support services, such as domestic water, 
actjveJinactive drains, and steam and condensate systems will also be tied in to the existfng station systems. 

(d) Process and Tie-ins: 25 tanks of various sizes, to contain the heavy water from Moderator, Heat Transport, Cteanup 
system, etc. are be designed and built to rigorous standards as required by applicable nuclear codes and standards. 
Support equipment such as piping, valves , pumps, instrumentation & controls required to be designed to the same 
standards is provided 10 monitor and operate the facility. Tie-ins to existing HWMB tanks and to the Darlington units 
and TRF facility for heavy water transfer capability will be provided. All this work will be coordinated and planned to 
ensure minimal impact on station operations. 

(e) Caissons and Excavation work: To facilitate the excavation of the building footprint 14.5 metres below grade, a 
caisson wall consisting of 160 caissons were installed to provide shoring support. Due to the adjacent building and 
burled services inferring with the optimal number of tie-backs, internal bracing has been installed to compliment tie­
backs in order to support the shoring walls. The internal bracing is specifically designed to allow the installation of the 
tanks prior to pouring the floor slab at grade. 

(f) Environmental Support Systems: To manage the soil containing tritium above the level required for free release, a 
soil lay down pad was buill to treat the soil with the goal of remediating and disposing as clean soil. A dewatering water 
treatment system was also designed to meet Ministry of Environment and Darlington site Certificate of Authorization 
requirements for discharging the water from construction projects due to excavation . 

The execution of this work has been divided into 3 Phases: 

Phase I, Detailed Design, June 2012 May 2015 (In progress) 

Due 10 design elaboration (vapour recovery system, instrument air/service air, building relocation, underground pipe tunnel 
connecting the new and existing facility), the detailed design portion of the work is still progressing wi th a complelion date of 
June 2015 (compared to a milestone of July 2013 in the last BCS). The delay to detailed design increases schedule risk. The 
risk to the in service date Is being mitigated by prioritizing release of design packages to match the construction schedule. The 
civil package for the seismic dyke has been completed. and the execution 01 the civil construction is underway with excavation 
being fully complete. 

Phase II, Site Preparation, September 2012 - April 2014 (Complete) 

This work was scheduled to be completed by September 2013 in the last retease. This work was completed in March 2014, 
allowing caisson installation to be completed. This work included sile preparation, construction planning, and procurement 01 
tong lead mate(ials. Site preparation aclivi ties included demolition of TRF trailers, relocation of existing and buried services. 
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Project #: 16-31555 

Internal Use Only 
OPG-FORM-0076-R005 

Type 3 Business Case Summary 
Document #: D-BCS-09701·10007 

Project Title: Heavy Water Storage and Drum Handling Facility, <Superseding> <Execution> Release 

Part B: Preferred Alternative: Build the remainder of the Heavy Water Storage and Drum Handling Facility with 
construction sequenced to meet Refurbishment requirements first, with full in-service (to meet TRF Operational 
Improvement needs) to follow - with the full project expodited in an accelerated manner. 

Description of Preferred Alternative 

l ong lead material purchase orders have been awarded as scheduled, including a purchase order for the 25 heavy water 
storage tanks, 12 process pumps, and 2 heat exchangers. Site preparation is substantially complete, and $14.6M of service 
relocations has been declared in-service. 

Phase III. Full Execution, September 2013 - May 2017 (Released. Requires Superseding Release to complete) 

This phase includes completion of the caisson work and excavation for TRF building connections. completion of construction 
planning. foundation pouring. installation of the tanks. construction of facility and supporting building and process systems, and 
tie-in to existing station . 
Process piping. services and process controls will be included as will the updating of drawings, commissioning and training. 

The following visuals are 3D renderings of the new Heavy Water Storage and Drum Handling Facility, adjacent to the Heavy 
Water Management Building (HWMB), also known as the Tritium Removal Facility (TRF). The first rendering shows the facility 
with civil installations, the second highlights the process and piping installations and the integration with the existing TRF. 
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Project #: 16-31555 

Internal Use On ly 
OPG-FORM-0076-ROOS 

Type 3 Business Case Summary 
Document #: D-BCS-09701-10007 

Project Title: Heavy Water Storage and Drum Handling Facility, <Superseding> <Execution> Release 

Part B: Preferred Alternative: Build the remainder of the Heavy Water Storage and Drum Handling Facility with 
construction sequenced to meet Refurbishment requirements first, with full in-service (to meet TRF Operational 

to follow - with the full in an accelerated manner. 

Deliverables: 

Excavation 

Detailed Design Complete 

Complete - Ready for 

All Tanks Placed in Basement 

Capable of receiving refurbishment water Unit 
2 

Start of Commissioning 

Shell 

" iii Complete, Final In-Service 

Part C: Other Alternatives 

Associated Milestones (If any): 

New Milestone 24-DEC-2014 

Design Documents Approved a~d Issued 15-JUl -2013 31-MAY-2015 

New Milestone 22-DEC-2015 

New Milestone 21-APR-2016 

New Milestone 30-JUN-2016 

17-JUN-2015 12-DEC-2016 

New Milestone 03- JAN-2017 

Available for Service 15-0CT-2015 01-MAY-2017 

Summarize all viable alternatives considered, including pros and cons, and associated risks. Other alternatives may include 
different means to meetlhe same business need, and a reduced or increased scope of work, elc. 
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Project#: 16·31555 

Inlernal Use Only 

OPG-FORM-0076-R005 

Type 3 Business Case Summary 
Document #: D·BCS·09701·10007 

Project Tille: Heavy Water Storage and Drum Handling Facility, <Superseding> <Execution> Release 

Alternative 2: Build the remainder of the Heavy Water Storage and Drum Hand ling Facility with construction 
sequenced to meet Refurbishment requi rements first, with the balance of the faci lity (to meet TRF Operational 
Improvement needs) built In a non-accelerated manner: 

The alternative is to finish construction of a new 2,1 OO,OOOl heavy water storage and drum handling facility adjacent to the 
existing TRF. This option meets Darlington Refurbishment and the heavy water management operational improvement 
requirements. 
The execution strategy for this alternative will focus on accelerated construction of the facility for refurbishment needs only, with 
a non-accelerated construction strategy then employed to complete the balance of the facility. 
A summary cost and schedule analysis was perfonned in support of this alternative and It was determined that this approach 
would result In a protracted construction period wi th project resources deployed for a longer duration and increased interest 
expenditures. The additional costs that would be incurred do not outweigh the cost reductions that would be realized from 
reducing shift schedules. 

This alternative is estimated to result in a total project cost of $391 M to satisfy both DRP and operational improvements needs 
and exhibits a positive NPV of $63M assessed against the operational improvement scope. 

Alternative 3: An alternate storage tank solution is implemented for Unit 2 heavy water storage to ensure that Unit 2 
Refurbishment schedule Is not compromised. The Heavy Water Storage and Drum Handling Facility w ill be finalized in 
parallel with the execution o f the Unit 2 refurbishment outage and placed in service prior to the Unit 3 refurbishment 
oulage. 

The alternative is to finish construction of a new 2,1 OO,OOOl heavy water storage and drum handling facilily adjacent 10 the 
existing TRF. Thjs option meels Darlington Refurbishment and the heavy water management operational improvement 
reqUirements. 

The execution strategy for Ihis alternative will focus on non-accelerated construction of the remainder of the facili ty, with the 
recognition that the facility will not be ready In time to support the Unit 2 Refurbishment outage, but will be ready to support the 
remaining refurbishment outages. in order to ensure the Unit 2 refurbishment schedule is not compromised OPG would be 
required to design, purchase, and implement an alternate tank storage solution that wi ll hold Unit 2 heavy water during the Unit 
2 refurbishment outage. 

A summary cost and schedule analysis was perfonned in support of this alternative and it was determined that this approach. 
similar to Alternative 2, would result in a protracted construction period with project resources deployed for a longer duration 
and increased interest expenditures. The additional costs that would be incurred do not outweigh the cost reductions that would 
be realized from reducing shift schedules. The cost to implement a temporary storage solution does not reduce the 
requirements or the costs of the main facility and as such is an incremental expenditure that increases the overall cost. 

This alternative is estimated to result in a total project cost of $433M to satisfy both DRP and operational improvements needs 
and exhibits a positive NPV of $67M assessed against the operationat improvement scope. 

Alternative 4 : Suspend construction of Heavy Water Storage and Drum Handling Facility. Implement alternate storage 
tank solution that satisfies Nuclear Refurbishment needs for all four units. Implement a separate soiution for the TRF 
operability enhancements at a later date. 

The alternative considers decoupling the business needs into two separate solutions rather than a combined single solution, 
and suspending the construction of the exisling Heavy Water Storage and Drum Handling Facility. 

In order to meet refurbishment needs, OPG would be required to design, purchase, and implement an alternate tank storage 
solution that will span the life of the refurbishment project. This option to satisfy NR needs was proposed for analysis and was 
formally precluded due to operational and safety risks. 

To support TRF operational improvement needs, approximately 400,OOOl of additional heavy water storage capacity is 
required. To satisfy this 26m x 12m storage building and eight 50,OOOl storage tanks and a drum testing facility will need to be 
built, as detailed in developmental business case summary November 2006. At the time this developmental BCS was 
prepared, Ihe cost of this alternative was estimated at $37M (2007$), with no design started or contracts in place. As such, the 
developmental Bes cost esllmate prepared in 2007 is not considered an accurate representation of the actual costs to 
complete the facili ty. The total costs to complete a standalone facility to satisfy the operability need is approximated at 75% of 
the total cost to finish the existing planned facilily. A separate facility comparable to the planned 020 storage facility would stilt 
have to be buUt to satisfy refurbishment needs. 

Overall, this alternative is not viable as the alternate lank plan while identified as suitable for temporary storage introduces 
operational and safety risks to DNGS when considered as a long term solution and as such this option was eliminated. 
Proceeding with a standalone operational improvements facili ty will not satisfy refurbishment needs. 
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Internal Use Only 
OPG·FORM·0076·R005 

Type 3 Business Case Summary 
Project #: 16-31555 Document #: 0-8CS-09701-10007 
Project Title: Heavy Water Storage and Drum Handling Facili ty. <Superseding> <Execution> Release 

Part D: Proj ect Cash Flow s, NPV, and OAR Approval Amount 

M$ LTD 2015 2016 2017 2018 2019 2020 Future Total 

Currently Released 93.0 17.2 . . · · · · 110.2 

Requested Now 30.1 96.3 125.2 19.2 · · · · 270.9 

Future Required . . . . · · · · 

Total Project Cost 93.0 143.7 125.2 19.2 0 0 0 0 381.1 

Ongoing Costs . 1.5 0.8 0.8 0.8 0.8 3.5 8.2 

Grand Total 93.0 143.7 126.7 20.0 0.8 0.8 0.8 3.5 389.3 

Estimate Class: Class 2 Estimate at Completion: $381 .1M 

NPV: $73M OAR Approva l Amount : $389.3M 

Part E: Financial Evaluation 

Choose an ilem. 
(Preferred) 

Alternative 2 Alternative 3 Alternative 4 
Alternative 1 

Project Cost 381M 391M 433M NIA 

NPV 73M 63M 67M NIA 

Other (e.g., IRR) . . . . 

Summary of Financial Model Key Assumptions or Key Findings : 

1. Project Costs shown are all in costs. NPVs are calculated based on go-fotward costs. 

2. NPV values are for Ihe Heavy Water Management Operational Improvements scope of work (i.e. 400 ,000L and Drum 
Handling Facility). The NPV benefit for refurbishment scope of work is not calculated in this BCS as it enables the NPV 
benefit of the overall Darlington Refurbishment Project. 

3. Key assumptions used to calculate the NPV include: 

a. Operational improvements result in more efficient utilization of the Darlington TRF and improved heavy water 
management (e.g. decreased impact from TRF outages, potential for 3'd party heavy water sales, dose savings at 
OPG stations) 

Because of improved ulilization of the existing TRF, operational improvements reduce the probability of needing to refurbish 
this facility, or construct a new TRF. Between 3 and 4 staff (depending on which alternative) are required to support operation 
of the new Heavy Water Storage and Drum Handling Facili ty. 

Part F: Qualitative Factors 

Qualitative factors associated with this project are as follows : 

Ability to use this facility for long term storage of Pickering Nuclear HeaVY Water 

• The 1,500,OOOL of reactor grade storage created under this project will be available for the long term storage of heavy 
water from OPG Pickering units post Darlington Refurbishment. 

• This presents a potentially significant ancillary benefit to OPG as Pickering Nuclear approaches its end of commercial 
operations, 

Citizenship & Regulatory 

• Reduce tritium emissions through improved efficiency for the detritiation of heavy water. 

• Reduce risk of infringing on tritium emission regutatory limits 

Customer Relations 

• Increasing OPG's capability and flexibili ty to process heavy water wi ll improve customer relations by providing 
flexibility in meeting contractual obligations with Bruce Power for detriliation services and provide the ability to 
increase detritiation services to third parties. 
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Project #: 16-31555 

Internal Use Only 
OPG-FORM-0076-R005 

Type 3 Business Case Summary 
Document #: D-8CS-09701-10007 

Project Tille: Heavy Water Storage and Drum Handling Facility, <Superseding> <Execution> Release 

Part F: Qualitative Factors 

Health and Safety 

• Reduced tritium levels due to increased TRF efficiency will reduce worker dose 

• Additional drum storage will improve housekeeping and reduce drum handling requirements, thereby reducing the 
related health and safety concerns 

• Reduce operator work around and extra operation actions that are required to maneuver various grades of heavy 
water into unconventional storage arrangements 

Part G: Risk Assessment 

Risk Description of Risk 

Quality Issues 
The risk is that the use of an 
expedited construction strategy 

Resulting from leads to quality issues/potential 
Expedited 
Construction 

rework/turnover inefficiencies due 
to complexity and production 
pressure. 

The risk is thatlhe constraints 
Station Tie-in imposed by station requirements 
Impacts for tie-in of the 020 facility impacts 

the planned cost and schedule. 

The risk is that the actual 
Pipe Chase construction costs to complete the 
Construction Cost pipe chase work exceed the current 
Estimate estimate, due to the constnJCtion 

estimate being prepared without 
the full design completed. 

The risk is that during execution it 
is determined that the contractor 

Contractor cannot will be unable to meet the 

meet Schedule 
committed schedule for Mtanks 
ready for U2 020", requiring an 
alternate strategy to ensure the U2 
refurbishment schedule is not 
imnacted. 
The risk is that the new contractor 
selected to execute the balance of 
020 storage building encounters 

Transition to New contractual or sub contractual 
Contractor issues working with the existing (or 

new) teams supporting the project, 
detrimentally impacting their ability 
to meet cost and schedule 
commitments. 

Cost and Schedule The risk is that the forecasted costs 
Forecast Accuracy to complete the civil and 
for Non M&E design scope are understated. 
Contracts This includes understanding and 

validation of subcontracting costs. 

Risk Management Strategy Post-Mitigation 
Ptob~lJIlI\ Impact 

The vendors have confirmed the do-ability 
of the work within the proposal. OPG will 
implement heightened routine and High Medium strategic oversight activities to ensure 
cost, schedule, and quality objectives are 
being met. 

The design has been structured such that 
all station tie-ins have been included in 

Low Low 
separate engineering change packages. 
to ensure the impact is minimized. 

Risk will be monitored. The vendor was 
provided the available detail in the RFP. 
and contingency for estimating uncertainly 

Medium Medium 
has been applied. This risk is for 
fundamental intent change which is not 
anticipated_ 

Detailed contingency plans have been 
developed and are ready to initiate in the 
event field progress monitoring indicates 
that the schedule is slipping and the 
facil ity will not be ready. Monitor the field 

Medium Medium 

progress and initiate contingency plan jf 
the risk triggers. 

The RFP clearly outlines roles and 
responsibiUlies and a Joint OPG/vendor 
cutover plan is being developed as part of 
the base work. Contract Terms and 
Conditions further mitigate OPG's Medium Low 
exposure. This risk will be monitored but 
is currently perceived low. 

Risk is accepted and will be monitored 
because the Project management team 
has engaged with Eliis Don (for example) 
directly leading up to BCS preparation . 
line by line schedule reviews have been 
performed to validate cost and schedule Low Medium 
estimates leading up to business case 
preparation. Subcontracts are now in 
place. OPG increased oversight and 
monitoring of cost and schedule will be 
performed. 
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Project #: 16-31555 

Internal Use Only 
OPG-FORM-0076-R005 

Type 3 Business Case Summary 
Document #: D-8CS-09701 -10007 

Project Title: Heavy Water Storage and Drum Handling Facility, <Superseding> <Execution> Release 

Part G: Risk Assessment 

Risk Descript ion of Risk 

The risk is that the vendor that is 
Vendor Execution selected may not have executed a 
Under New project under the existing 
Contractual commercial tenns, which may 
Arrangement introduce ineffiCiency or delays as 

a result of daims management or 
contract clarification issues. 

"Tanks Ready for U2 The risk is that regulatory 

water" Regulatory approvals for contingency plans for 

Risk 020 storage. if required, are not 
obtained in time to support U2 
schedule. 

The risk is that, due to the new 
contracting/execution strategy, 

OPG Acting as OPG incurs cost and schedule 
Integrator for Ihe E impacts stemming from 
and PC work integration/interface issues 

between the multiple 
design/procurement! construction 
vendors. 

The risk is that the Revision 0 
mechanical and electrical deSigns, 

Field Changes as completed, are not fully 
Required constructible and require field 

changes or design revisions, 
resul ting in additional cost and 
schedule impacts. 

Risk Management Strategy Post-Mitigation 
P,Ob.blllly ImplCI 

This risk is accepted. The vendors doing 
work for the project have experience 
delivering projects to OPG. The 
contractual terms are not expected to 
present any significant risk. Low Low 

The risk is accepted, as all the regulatory 
approval required to house 020 in the 
storage facili ty are on track. Risk is Low High 
perceived to be low. 

This risk will be monitored. The current 
resource and execution strategy 
incorporates this contract strategy. 

Medium Medium 

The collaborative front end planning 
process that involves OPG design 
oversight has been implemented 
throughout. The engineering change 
control process has been employed for all Medium Medium 

designs. This risk will be monitored as the 
project progresses. 
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Internal Use Only 
OPG-FORM-0076-R005 

Type 3 Business Case Summary 
Project #: 16-31555 Document #: D-BCS-09701-10007 
Project Ti lle: Heavy Water Storage and Drum Handling Facility, <Superseding> <Execution> Release 

Part H: Post Implementation Review (PIR) Plan 

Type of PIR Report Final Target In-Service or Completion Date Target PIR Completion Date 

Comprehensive PIR 01-MAY-2017 

Measurable 
Current Baseline Target Result 

Parameter 

Heavy water storage 1,700,000L heavy 
volume to meet needs No refurbishment water storage ready for 
of Refurbishment slorage Refurb project draining 
Project of Unit2 

Heavy water storage Insufficient storage to 400,000L provided for 
volume for TRF support optimal TRF improved TRF 
Operations operations operation 

Amount of Drum 
No capability to clean 

Handling, Cleaning Abili ty to clean and test 
and Testing Facil ity at and test drums in-

100!drums per year 
DNGS house 

Part I: Definitions and Acronyms 

MCE - The Associat ion for the Advancement of Cost Estimating 

BCS - Business Case Summary 

CDR - Conceptual Design Report 

CFEP - Collaborative Front End Planning 

CNSC - Canadian Nuclear Safely Commission 

020 - Deuterium oxide, aka heavy waler 

DNGS - Darlington Nuclear Generating Station 

ECC - Engineering Change Control 

EPC - Engineer, Procure, Construct 

ES-MSA - Engineering Services Master Services Agreement 

HVAC - Heating, Ventilation, Air CondiUonlng 

HWMB - Heavy Water Management Building 

l -lilres 

l LM - Long Lead Materials 

l PSW - low Pressure Service Water 

MOE - Ministry of Environment 

OPG - Ontario Power Generation 

OSS - Owner Support Services 

PORI - Project Definition Ratfng Index 

PIR - Post Implementation Review 

01-MAY-2018 

How will it be Who will measure it? 
measured? (person/group) 

Storage volume 
available in time for VP Execution, Nuclear 
Refurb draining of Unit Refurbishment 
2 

Storage volume for 
operational SVP DNGS 
improvements 

Amount of drum 
cleaning and testing . 

SVP DNGS 

Pipe Chase - An underground pipe tunnel containing the transfer piping connecting the new and existing facility 

PNGS - Pickering Nuclear Generating Station 

PO - Purchase Order 

QA - Quality Assurance 

RFP - Request for Proposals 

SVP - Senior Vice President 

TRF - Tritium Removal Facility 

TSSA - Technical Standards and Safety Authority 

T&C - Terms and Conditions 
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Project #: 16-31555 

Internal Use Only 
OPG-FORM-0076-R005 

Type 3 Business Case Summary 
Document #: O-BCS-09701 -10007 

Project Title: Heavy Water Storage and Drum Handling Facilily, <Superseding> <Execution> Release 

Appendix A : Summary of Estimate 

Project Number: 16-31555 

Project Title: Heavy Water Storage and Drum Handling Facility 

M$ lTD 2015 2016 2017 Future Total % 

OPG Project 
2.7 1.5 1.' 0.9 - ' .7 2 

Management 

OPG Engineering 4.4 1.9 0.5 0.' - 7.4 2 
(including Oesign) 

OPG Procured 
0.2 0.3 0.9 1.4 0 

Materials 
- -

OPG (Other) 9.5 3.' 2. ' 2' - 18.7 5 

Design Contract(s) 

Construction 
Contract(s) 

EPC Contract(s) 

Consultants 

Other 
ContractslCosts 

Interest 

Subtotal 

Contingency 

Total 123.1 113.5 125.2 19.2 - 381.1 100 

Notes 

Project Start Date 2006-11 -11 
Total Definition cost 
(excludes unspent contingency for Nuclear) 

Target In-Service (or AFS) 
2017-05-01 

Contingency included in this BCS 
Date (Nuclear only) 

Target Completion Date 2017-10-01 
Total contingency released p lus 
contingency in this BCS (Nuclear only) 

Escalation Rate 2.00% 
Total released p lus this BCS without 
contingency (Nuclear only) 

Interest Rate 5.25% 
Total released plus this BCS with 

$381 .1M contingency (Nuclear only) 

$650k 
Estimate at Completion 

Removal Costs included in (e.g., (Includes only spent contingency for Nuclear) 
$381.1M 

EPC Contracts) 

Prepared by: Approved by: 

Date 
d~h 

Art Roo Date 
J~~ /z) 
Section Manager, Darlington Projects MO' 2. lol5 Vice Presid nt ~<~(I' 
Project Manager Projects and Modifications 
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Internal Use Only 
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Document #: D-8CS-09701-10007 

Project TiUe: Heavy Water Storage and Drum Handling Facility, <Superseding> <Execution> Release 

Appendix B: Comparison of Total Project Estimates and Project Variance Analysis 

Phase Release 

Definition Partial 

Definition Full 

Execution Partial 

Execution Full 

Execution Superseding 

LTD 
M$ (Dec 

2014) 

OPG Project 
Management 2.7 
OPG Engineering 
(including Design) 4.4 

OPG Procured 
Materials 0.2 

OPG Other 9.5 

Design Contract(s) 

Construction 
Contract(s) 

EPC Contract(s) 

Consultants 

Other 
ContractslCosts 

Interest 

Subtotal 

Contingency 

Total 123.1 

Comparison of Total Project Estimates 

Approval 
Total Project Estimate in M$ Total 

Date 
(by year including contingency) Future Project 

2011 2012 2013 2014 2015 2016 Estimate 

2006-10-22 35.8 0.6 36.4 

2012-06-14 3 .0 10.8 38.4 41.3 14.6 31 108.1 

2012-07-18 3.0 10.7 38.8 40.9 14.7 108.1 

2013-05-14 3.0 9.6 28.0 52.1 17.2 110.0 

2015-02-15 3.0 9.6 33.4 77.1 113.6 125.2 20.1 381 .1 

Project Variance Analysis 

Total Project 

l ast BCS This BCS 

1.4 6.7 

4.6 7.4 

- 1.4 

2.8 18.6 

110.0 381 .1 

Variance 

5.3 

2.8 

1.4 

15.8 

270.9 

Comments 

See Comment (1) below 

See Comment (2) below 

See Comment (3) below 

See Comment (4) below 
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Project Tille: Heavy Water Storage and Drum Handling Facillly, <Superseding> <Execution> Release 

Explanation of Variances above: 

1. OPG Project Management - OPG Project Management costs have increased in alignment with the longer schedule to 
deliver the project as well as the increased amount of oversight required to actively manage the EPC vendor and support 
numerous initiatives which were not included at the onset of this project (i.e. Soil management, dewatering, etc.). 

2. OPG Engineering (including Design) - OPG Engineering support has increased due to the schedule extension for design 
(extension from July 2013 completion 10 September 20151argel completion). As well, of contingency was allocated to 
the Darlington Computer Group within OPG to complete the computer software design work for Ihis project upon finalisation of 
delineation between EPC scope and OPG scope for computer software. 

3. OPG Procured Materials - In the EPC contract, it is the responsibility of the vendors to procure materials for the project. 
On occasion, materials from OPG stores are used when lead times do not match project schedule, or field issues arise, and 
material is required to keep the field progressing. As well, OPG is now providing all wetding consumables, and allowance has 
been carried for those provisions. The last BCS did not carry any budget for materials from OPG stores. 

4. OPG Other - This significant increase is related to the additional OPG support required to actively support the vendors, 
such as security personnel to escort trucks to increase productivity at work face, additional OPG staff to support new 
procedure reviews, updates, etc., includes additional funds for OPG commissioning staff underestimated in the previous BCS, 
and additional oversight on the field progression. 

5. Design Contract(s) - As a result of the EPC vendor contract termination, OPG now is carrying design contract costs 
directly for completion of the "Revision 0" design. which is a completed design excluding material supplier information. The 
new general contractor will assume the design and incorporate design changes and material supplier information into the 
design, which is carried as the new EPC contract. 

6. Construction Contract{s) -In order to manage the transition following termination of the former EPC vendor, two 
Construction Only contracts were awarded. One construction contract for construction support services awarded to support 
OPG meet its obligations as General Contractor during civil substructure construction and one contract to complete the 
mechanical and electrical installations as part of the civil substructure. l astly, following former vendor termination, a civit 
contractor was retained to complete the substructure work to maintain the schedule as a new General Contractor (EPC 
vendor) was procured. 

7. EPC Contract(s) - The original contracted target price fOrlhe coniract was $6S.7M, subsequently updated with OPG 
requested scope changes in the last BCS for a total EPC contract of $77.8M. The EPC contract has increased significantly 
from the original $65.7M target price (see Change Summary below). 

The new price includes the former General Contractor accrued costs and the new EPC contract to be awarded as General 
Contractor to complete the remaining work scope following substructure completion. This item includes material procurement 
costs related to the tanks/pumps taken over from the former EPC contractor. 

During implementation of the Execution Full Release, of the  contingency was released to increase completion 
of the former EPC contract. contingency was allocated to the original EPC contractor to do the following: 

low pressure service line Relocate and Tie-In 

Asbestos discovery and removal 

Trailer Rentals for Contractor Support On-sile 

Contaminated Soil Storage IncludIng construction and operation of soil laydown areas 

Completion of additional shoring requirements utilizing night and weekend shifts 

For further detail refer to Change Summary on page A-4. 

8. Consultants - This project did not include costs for any consulting contracts in the last BCS. Due to the cost increases 
experienced on the project, a third party estimating company was brought on board to validate the EPC estimates developed 
by the previous vendor. 

9. Other Contracts/Costs - Other contracts include re-categorization of legacy contract costs for technical evaluatIon, on­
going temporary trailer rental for rental trai ler related to project support, and previous value engineering costs. This section 
also covers the independent contracts with the design agency, civi l construction firm and mechanical and miscellaneous 
support contracts after the termination of the EPC vendor. 

10. Interest - Increased due to the increase in capital expenditures and schedule. 
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Change Summary 

The original preliminary estimate, prior to detailed design of $6S.7M for the EPe Contract was proposed by the EPe vendor 
based on a conceptual report and preliminary design requirements that were provided wi th the request for proposal. As the 
engineering design evolved and progressed towards completion, it has been identified that the original concept for the project 
would not meet the requirements of the design, and original assumptions were invalidated. The fjnal design is considerably 
more complex and expensive to construct because of the following main categories: 

A. The relocation of the building 7 metres to the west 

B. Increased materials quantities of piping and valves and equipment 

C. Requirement to have process piping run in a pipe chase/tunnel buried 7 metres below grade 

D. Design scope growth required to meet the design requirements 

E. OPG Requested Scope Changes 

F. Environmental Requirements 

G. Under estimate of effort 

A. The relocation of the building 7 metres to the west 

The original design concept had the new 020 Storage Building located immediately adjacent to the existing TRF. The new 
building would have a 'shared wall' in contact with the existing west wall of the TRF. 

As design progressed, it was determined that it was not feasible to arrange the new foundations for the 020 storage Building 
in a way that would not interfere with the foundations of the existing TRF. It was necessary to move the building 7 metres to 
the west to avoid the foundation interference. 

The building relocate meant that the building now required 4 architecturally completed sides - ra ther than the original 3-sided 
finishes. More significantly, the secant pile (caisson) shoring system became significantly more complex, including the 
addition of a modified tieback system and cross braces, as well as installation of struts. 

B. Increased materials quantities of piping and valves and equipment 

The cost of permanent plant material is significantly higher than the original estimate for the project. The increase driven 
primarily by: 

• Increase in the Quantity 01 process & services piping that was identified as design was completed and full 
requirements were determined and designed for 

• The HVAC / Chiller system is larger than originally estimated by the former EPe vendor due to additional loads of 
Instrument air/service air, vapour recovery system (which includes items such as heat exchanger, condensers. 
evaporative coolers, etc) 

• Former vendor under estimate of equipment has significantly contributed to increase costs 

c. Requirement to have process pipinq run in a pipe tunnel 

The interconnecting process piping was originally conceived to be routed from the existing TRF into the new 020 Storage 
Building via an overhead, above ground, pipe corridor. The water hammer analysis that was done on this piping configuration 
indicated that a severe water hammer would occur during the start-up of the transfer pumps, eliminating this option. 

A number of solutions were considered. Ultimately, engineering concluded that the most cost effective option was to route the 
interconnecting piping into the new building via a buried pipe chase at a low enough level to eliminate the water hammer issue. 
This increased the cosl due to: 

• Engineering rework to modify the transfer piping (and related civil design packages) 
• Increased construction costs to: 

o Construct a concrete pipe chase 7 metres below grade 
o Relocate burled piping along the pipe chase roLlte 
o Penetrate the existing TRF basemenl- a 1.3 metre thick concrete wall . 

D. Design scope growth required to meet design requirements 
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Design Scope Growth represents a cost element that refleclS the increased construclion cost (direct labour) of the project from 
the original concept. While design scope growth also increases the cost of materials, the materials cost has been discussed 
previously. The design engineering was a fixed price scope, 

Under the contract, the vendor prepared the detailed system level Design ReqUirements, per the OPG Engineering Change 
Control process. The RFP and original performance fee price was based on the preliminary design requirements and a 
conceptual design report. As design was progressed, many assumptions were invalidated. increasing the construction effort 
to build as designed. 

E. Scope Changes 

• The Darlington Refurbishment Environmental Assessment committed no net increase of tritium emissions on site as a 
result of refurbishment activities. This meant that a 020 Vapour Recovery system incorporating a Dryer woutd need 
to be added to the scope to accommodate short and long term heavy water to be stored at the Darlington site. 

• The original project requirement identified existing plant instrument air/service system for the new 020 Storage 
project was high risk of not having sufficient capacity. The vendor bid in this area was based on the conceptual 
design requirements which planned for connection to the existlng station, During design, It was discovered that the 
existing plant could not expand the air load list for the new building. II has now been determined the vendor estimate 
did not have any allowance for tie-in to this high risk capacity system, and in cost reimbursable contract the overall 
costs have increased. Furthermore, the additional equipment required that the building be enlarged to provide the 
equipment room on the second floor. 

• Temporary construction trailers were required to be provided to support the field oversight of the work at the 
Darlington site. 

• A maintenance procedure 10 pump out the box drain was completed 10 mitigate lritium in the ground water risk, 

F. Environmental Requirements 

Soil and water tesUng during the construction phase of the project revealed the presence of tritium above the free release 
limits of the Darlington license. The consequences of this were that special soil storage areas (C13 and F1) needed to be 
constructed to manage the soil and ground waler to support requimd excavation activities for the project. The F1 stockpile site 
has the operational requirements to manage the water runoff and turn the soil on an onOgoing basis. The environmental 
requirements increased the cost of the dewatering system by impacting the supplied equipment and discharge point. 

G. Under Estimate of Effort 

This cost element represents the areas of the project where the effort required 10 execute Ihe project was under estimated 
based on the original scope of work. The staffing levels required managing the work and integrating the project plans into, 
especially as the firsllarge ES-MSA. EPC, and Refurbishment project were much greater than the original budgets for Ihese 
positions. Additionally. the effort to generate the Construction work packages and inspection test plans were also higher. The 
staffing plan and organization charts were updated to provide adequate staff to manage the work. 

As well, effort to relocate the LPSW line was entirely missing 
this work ended up be completed for Significantly higher costs (-$10M) due to increased 

complexity of shoring and Significant overtime expended to mitigate schedule delay to TRF outage T1301. 
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Appendix C: Financial Evaluation Assumptions 

Key assumptions used in the financial model of the Project are. 

General: 
The NPV calculations include the Heavy Water Management Operational Improvements portion of the integrated Heavy 
Water Management Facility. The going forward costs and benefits are included in the calculation. 
Project Cost: 
For each alternative, a portion of the Integrated Heavy Water Management Facility capital cosl , 28%, was allocated to the 
Heavy Water Management Operallonallmprovements scope for financial evaluation. 
Financial : 

1. 2% escalation 
2. 7% discount rate 
Proj ect Life: 

For the Heavy Water Opera!ional tmprovements scope of the facility (Ianks and drum cleaning facili ty), the in service date 
assumed was May 2017 (for the preferred alternative) and May 2019 (for al ternatives 2 and 3). The Heavy Water Operational 
improvements portion of the integrated facility is assumed to operate until slaUon end of life (2055) for all alternatives 
considered. 
Operating Cost: 

For the integrated Heavy Water Management Facility, the following incremental staff requirements were assumed: Operator-
1.5 FTE, Control Maintainer -1 FTE, Mechanicat Malnlainer - 1 FTE, Engineer - 1 FTE, Civil Maintainer- 0.5 HE. For the 
Heavy Water Management Operationallmprovemenls portion of the facility, one incremental operator was included in the 
financial evaluation for all three alternatives considered. 
Other: 

Benefits for Operational Improvements Management 

1. Minimizes risk of capital cost of refurbishing TRF or building a new TRF faCility in 2035. Assume cost of 
$532M (2012$) and 30% probability 

2. Reduces impact of unplanned TRF outages on OPG ability to manage heavy water inventories. Assume 
50% probability of saving $7.2M/yr (2012$) during operation of the faci lity. 

3. Improves ability 10 achieve incremental third party heavy water sales. Assume 50% probability of $3.1 M/yr 
(2012$) of facility operation un\ll2043. 

4. OPG achieves dose savings during outages. Assume $450klyear (2012$) during facility operation. 
5. Reduces risk of need to detritiate primary heal transport heavy water after storage in moderator S&l lanks 

during a Vacuum Building Outage/Stalion Containment Outage. Assume one occurrence eliminated saving 
$3 .6M (2012$) and modeled as $600k (2012$) every 6 years during faci lity operation. 

6. Elimination of Kinectrics Drum Handling Contract. Assume saving of $30klyr (2012$) during facility 
operation. 

7. Avoids risk of downgrading reaelor grade heavy water during acute recovery events or SUP outage. 
Assume savings of $0.9M (2012$) over 40 years, or $22k1yr during facility operation. 

Note: For alternatives 2 and 3, these benefits were started in May 2019 when the heavy water 
Operalionallmprovements portion of the integrated facili ty is assumed to be placed in service. 

I App,nd; , 0 , 

NIA 
References 
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Table 1

Line 2013 2014 2015 2016 2017 2018 2019 2020 2021

No. Description Actual Actual Actual Budget Plan Plan Plan Plan Plan

(a) (b) (c) (d) (e) (f) (g) (h) (i)

Darlington Refurbishment  

  Darlington Refurbishment Unit Refurbishment 
1

1     Darlington Refurbishment Program - Definition Phase 318.0 463.1 485.0 0.0 0.0 0.0 0.0 0.0 0.0

2     Darlington Refurbishment Program - Execution Phase 0.0 0.0 0.0 1,011.6 1,070.3 1,121.0 978.9 858.3 1,194.8

3   Total Darlington Refurbishment Unit Refurbishment 318.0 463.1 485.0 1,011.6 1,070.3 1,121.0 978.9 858.3 1,194.8

4     Facilities and Infrastructure Projects 100.6 152.0 148.2 164.1 19.6 0.4 0.3 0.0 0.0

5     Safety Improvement Opportunities 11.7 79.2 72.6 55.2 4.8 (0.0) 0.0 0.0 0.0

6 Total Darlington Refurbishment 430.3 694.3 705.8 1,230.9 1,094.6 1,121.4 979.2 858.3 1,194.8

Notes:

1 The DRP Unit Refurbishment includes the Unit 2, Unit 3, Unit 1, Unit 4, and early in-service projects.

Table 1

Capital Expenditures Summary - Darlington Refurbishment Program ($M)
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Table 2

Final Total Partial/Devmt Initial Superceding In-Service In-Service In-Service In-Service In-Service In-Service

Line Project Start In-Service Project Cost Release Full Release Full Release 2016 2017 2018 2019 2020 2021

No. Facility Project Name Number Category Date Date ($M) ($M) ($M) ($M)  ($M) ($M) ($M) ($M) ($M) ($M)

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j)  (k) (l) (m) (n) (o) (p)

ONGOING PROJECTS FROM EB-2013-0321

1 DN Darlington Refurbishment - Unit Refurbishment - Unit 2 Various
Unit Refurb -

Unit 2
2010 Feb-20 4,800.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4,799.8 0.4

2 DN R&FR - Tooling for Removal Activities 73112
Unit Refurb - Early 

In-service 
Feb-12 May-16 87.0 0.0 0.0 0.0 87.0 0.0 0.0 0.0 0.0 0.0

3 DN Heavy Water Storage Facility 
3 31555 F&IP Nov-06 May-17 381.1 0.0 110.0 381.1 0.0 365.9 0.0 0.0 0.0 0.0

4 DN Water & Sewer Project 
3 73802 F&IP Jun-10 Nov-15 57.7 0.0 40.6 57.7 3.7 0.0 0.0 0.0 0.0 0.0

5 DN Darlington Energy Complex 
3 73803 F&IP Mar-10 Jul-13 105.4 0.0 105.4 0.0 0.9 0.0 0.0 0.0 0.0 0.0

6 DN Retube Feeder Replacement Island Support Annex 
3 73810 F&IP Sep-11 Oct-15 40.7 0.0 40.7 0.0 40.4 0.0 0.0 0.0 0.0 0.0

7 DN Refurbishment Project Office 
3 73815 F&IP Sep-11 Jan-16 99.9 0.0 99.9 0.0 7.6 0.0 0.0 0.0 0.0 0.0

8 DN Electrical Power Distribution System 
3 73821 F&IP Nov-10 Oct-15 20.8 0.0 16.9 20.8 2.4 0.0 0.0 0.0 0.0 0.0

9 DN Third Emergency Power Generator 
4 73360 SIO Apr-12 Oct-16 120.4 0.0 77.2 120.4 105.3 0.0 0.0 0.0 0.0 0.0

10 DN Containment Filtered Venting System 
4 73365 SIO Aug-13 Aug-16 80.3 0.0 80.6 0.0 80.1 0.5 0.0 0.0 0.0 0.0

11 Subtotal 5,793.5 327.4 366.4 0.0 0.0 4,799.8 0.4

COMPLETED PROJECTS FROM EB-2013-0321

12 No projects in this category 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

13 Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0

PROJECTS NOT IN EB-2013-0321

14 No projects in this category 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

15 Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0

16 Total - Projects ≥ $20M Total Project Cost 327.4 366.4 0.0 0.0 4,799.8 0.4

Notes:

1

2

3

4 For SIO, Total Project Cost and release information reflect approved Gate Progression Form or Change Control Form.  

Table 2

Capital Project Listing - Darlington Refurbishment Program

Projects ≥ $20M Total Project Cost 
1,2

Projects with expenditures during Test Period OR In-Service Amounts in Bridge or Test Period.

In-Service forecasts reflect RQE.

For F&IP, Total Project Cost and release information reflect approved Business Case Summary.
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Table 3

Final Total In-Service In-Service In-Service In-Service In-Service In-Service

Line Project Project Start In-Service Project Cost 2016 2017 2018 2019 2020 2021

No. Facility Project Name Number Category Description Date Date ($M) ($M) ($M) ($M) ($M) ($M) ($M)

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k) (l) (m) (n)

 ONGOING PROJECTS FROM EB-2013-0321

1 DN
Fuel Handling - IFB Heat Exchanger Plate 

Replacement 
73164

Unit Refurb - 

Early In-

service 

Replace the plate packs for all 8 heat 

exchangers of the irradiated fuel bay system 

to restore cooling capacity and mitigate 

margin management issue  

Mar-14 Jul-15 6.4 0.2 0.0 0.0 0.0 0.0 0.0

2 DN Balance of Plant - Negative Pressure Containment 73471

Unit Refurb - 

Early In-

service 

Provide a redundant monitoring capability in 

Unit 3 for negative pressure containment 

parameters used in three safety related 

systems

Apr-12 Oct-16 5.1 4.0 1.1 0.0 0.0 0.0 0.0

3 DN
Balance of Plant - Heavy Water Islanding 

Modifications
73472

Unit Refurb - 

Early In-

service 

Provide isolation valves and a redundant 

pressure relief path for the headers used to 

transfer moderator and primary heat transport 

heavy water between units and the heavy 

water processing facility

Apr-12 Aug-16 5.6 5.6 0.0 0.0 0.0 0.0 0.0

4 DN Balance of Plant - Low Pressure Service Water 73514

Unit Refurb - 

Early In-

service 

Re-orient a valve to allow a hose connection 

to be attached as part of the low pressure 

service water temporary modifications during 

Unit 2 refurbishment  

Oct-14 Feb-18 6.4 0.0 0.0 6.4 0.0 0.0 0.0

5 DN
GM Facility Interim Office Leasehold Improvements  
3,5 

73806 / 

73814
F&IP

Make leasehold improvements for the Nuclear 

Refurbishment Interim Office Facility at 1908 

Colonel Sam Drive "GM Facility" that will 

accommodate the Nuclear Refurbishment 

organization and some delegated support 

staff for the period between the fall of 2010 

until the fall of 2013 when the Darlington 

Energy Complex is ready for use

Mar-10 Feb-20 9.3 0.0 0.0 0.0 0.0 8.5 0.0

6 DN Vehicle Screening Facility 
3 73817 F&IP

Build an extension to the vehicle screening 

infrastructure at the DNGS Sally Port to 

increase throughput of vehicles 

entering/exiting the Darlington Protected Area 

at the Sally Port from the refurbishment and 

Campus Plan projects  

Jun-13 Oct-14 6.6 2.4 0.0 0.0 0.0 0.0 0.0

7 DN Powerhouse Steam Venting System Improvements  
4 73370 SIO

Increase nuclear safety margins by the 

addition of a second redundant control loop in 

the Powerhouse Steam Venting System 

initiation logic

Oct-12 Oct-15 5.6 0.5 0.0 0.0 0.0 0.0 0.0

8 DN Shield Tank Overpressure Protection  
4 73380 SIO

Install relief devices to the Shield Tank 

Cooling System in each Darlington Unit to 

prevent shield tank failure from over-

pressureization under Beyond Design Basis 

Accidents

Jan-13 Jul-17 13.5 6.9 6.9 0.3 0.0 0.0 0.0

9 DN Emergency Service Water Buried Services  
4 73398 SIO

Replace the buried Emergency Service Water 

Piping L6 due to extensive corrosive pitting 

observed during inspection

Jul-13 Nov-15 14.6 1.3 0.0 0.0 0.0 0.0 0.0

6 Subtotal 73.1 21.0 8.0 6.7 0.0 8.5 0.0

COMPLETED PROJECTS FROM EB-2013-0321

7 No projects in this category 0.0 0.0 0.0 0.0 0.0 0.0 0.0

8 Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0

PROJECTS NOT IN EB-2013-0321

9 No projects in this category 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10 Subtotal 0.0 0.0 0.0 0.0 0.0 0.0 0.0

  

 11 Total - Projects $5M - $20M Total Project Cost  21.0 8.0 6.7 0.0 8.5 0.0

Notes:

1

2

3

4

5

For SIO projects, Total Project Cost reflect approved Gate Progression Form or Change Control Form.  

These are temporary F&IP Projects that will continue to attract interest until the in-service date of the first refurbished unit. 

Table 3

Capital Project Listing - Facilities & Infrastructure / Safety Improvement Opportunities Projects

Projects $5M - $20M Total Project Cost 
1,2

Projects with expenditures during Test Period OR In-Service Amounts in Bridge or Test Period.

In-Service forecasts reflect RQE. 

For F&IP projects, Total Project Cost and release information reflect approved Business Case Summary.
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Table 4

Total Average Cost In-Service In-Service In-Service In-Service In-Service In-Service

Line Number of Project Of All 2016 2017 2018 2019 2020 2021

No. Project Name Projects Cost ($M) Projects ($M) ($M) ($M) ($M) ($M) ($M) ($M)

(a) (b) (c) (d) (e) (f) (g) (h) (i)

1 Unit Refurbishment - Early In-service 4 5.4 1.4 2.0 0.0 2.2 0.0 0.0 0.0

2 Facilities & Infrastructure Projects 1 0.9 0.9 0.0 0.0 0.0 0.0 0.9 0.0

3 Total - Projects <$5M Total Project Cost 5 6.3 2.2 2.0 0.0 2.2 0.0 0.9 0.0

Notes:

1

2 Total Project Costs and In-Service forecasts reflect RQE. 

Table 4

Capital Project Listing - Facilities & Infrastructure / Safety Improvement Opportunities Projects

Projects <$5M Total Project Cost
1,2

Projects with expenditures during Test Period, or In-Service Amounts in Bridge or Test Period.  
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Table 5

Line 2013 (c)-(a) 2013 (g)-(c) 2014 (g)-(e) 2014 (k)-(g) 2015 (k)-(i) 2015

No. Business Unit Budget Change Actual Change OEB Approved Change Actual Change OEB Approved Change Actual

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k)

1
Darlington Refurbishment - Unit 

Refurbishment - Unit 2
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

2
Darlington Refurbishment - Unit 

Refurbishment - Early I/S
0.0 0.0 0.0 0.0 2.1 (2.1) 0.0 7.4 11.1 (3.7) 7.4

3 Subtotal 0.0 0.0 0.0 0.0 2.1 (2.1) 0.0 7.4 11.1 (3.7) 7.4

4 Facilities & Infrastructure Projects
1 104.2 (5.0) 99.2 (55.7) 16.6 26.8 43.5 68.1 89.6 21.9 111.6

5 Safety Improvement Opportunities 0.0 0.0 0.0 0.0 0.0 0.0 0.0 28.2 42.7 (14.5) 28.2

6 Total In-Service Capital Additions 104.2 (5.0) 99.2 (55.7) 18.7 24.8 43.5 103.7 143.4 3.7 147.1

Line 2015 (c)-(a) 2016 (e)-(c) 2017 (g)-(e) 2018 (i)-(g) 2019 (k)-(i) 2020

No. Business Unit Actual Change Budget Change Plan Change Plan Change Plan Change Plan

(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k)

7
Darlington Refurbishment - Unit 

Refurbishment - Unit 2
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4,799.8 4,799.8

8
Darlington Refurbishment - Unit 

Refurbishment - Early I/S
7.4 91.4 98.8 (97.7) 1.1 7.5 8.6 (8.6) 0.0 0.0 0.0

9 Subtotal 7.4 91.4 98.8 (97.7) 1.1 7.5 8.6 (8.6) 0.0 4,799.8 4,799.8

10 Facilities & Infrastructure Projects 111.6 (54.1) 57.4 308.4 365.9 (365.9) 0.0 0.0 0.0 9.4 9.4

11 Safety Improvement Opportunities 28.2 166.0 194.1 (186.7) 7.4 (7.2) 0.3 (0.3) 0.0 0.0 0.0

12 Total In-Service Capital Additions 147.1 203.3 350.4 24.0 374.4 (365.5) 8.9 (8.9) 0.0 4,809.2 4,809.2

Line 2020 (c)-(a) 2021

No. Business Unit Plan Change Plan

(a) (b) (c)

13
Darlington Refurbishment - Unit 

Refurbishment - Unit 2
4,799.8 (4,799.8) 0.4

14
Darlington Refurbishment - Unit 

Refurbishment - Early I/S
0.0 0.0 0.0

15 Subtotal 4,799.8 (4,799.8) 0.4

16 Facilities & Infrastructure Projects 9.4 (9.4) 0.0

Safety Improvement Opportunities 0.0

17 Total In-Service Capital Additions 4,809.2 (4,809.2) 0.4

Notes:

1

Table 5

Comparison of In-Service Capital Additions - Darlington Refurbishment Program ($M)

2015 OEB approved for FIP was reduced by $66.0 million, the amount for the AHS and OSB projects that are now in the Nuclear Operations Portfolio.
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