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UNDERTAKING J1.1

Undertaking

OPG TO PROVIDE AN ILLUSTRATIVE EXAMPLE OF HOW THE EARNINGS SHARING
MECHANISM CALCULATION WOULD WORK, USING APPROPRIATE PROXY NUMBERS

Response

Provided below is an illustrative example for recording entries into the Earnings Sharing
Deferral Account pursuant to the earnings sharing mechanism (“ESM”) included within the
Settlement Proposal (Ex. O1-1-1, p. 18). The example has been constructed such that there
is an eligible amount to be recorded in the deferral account.

As noted in the Settlement Proposal, the parties agreed to an ESM based on the performance
of the combined nuclear and regulated hydroelectric business on an asymmetrical basis, with
a 100-basis point deadband above the OEB-approved Return on Equity (“ROE”) rate and 50/50
sharing beyond the deadband, which will be assessed over the cumulative 5-year period from
2022-2026. The 50% sharing amount would be recorded as a credit to the Earnings Sharing
Deferral Account, to be dispositioned following the 5-year period. The parties further agreed
that, for this purpose, the OEB-approved ROE rate for the regulated hydroelectric facilities will
be the rate base-weighted average of the OEB-approved ROE rate of 9.33% established in
EB-2013-0321." For the nuclear facilities, the calculation will be based on the prevailing ROE
rate specified by the OEB as of the effective date of the final payment amounts order in this
proceeding.

In Table 1 below, the example illustrates the calculation of the OEB-approved ROE rate as set
out above. Table 2 below shows the determination of the annual regulated earnings dollar
amount, if any, above the deadband and the application of the cumulative 5-year assessment
to determine amounts recorded in the deferral account. Other than the EB-2013-0321 ROE
rate, all figures in the Tables are hypothetical.

Table 1: Calculation of OEB Approved ROE Rate for ESM Purposes

Line Description 2022 2023 2024 2025 2026
A EB-2020-0290 OEB Approved ROE 8.34% 8.34% 8.34% 8.34% 8.34%
Rate (%)
B EB-2013-0321 OEB Approved ROE 9.33% 9.33% 9.33% 9.33% 9.33%
Rate (%)
C Nuclear Rate Base ($M) $8,700 $8,700 | $11,100 | $12,300 | $13,100
D Hydroelectric Rate Base ($M) $7,800 $8,000 $8,200 $8,500 $8,900
E OEB Approved ROE Rate 8.81% 8.81% 8.76% 8.74% 8.74%

" Average of the 2014 ROE rate of 9.30% and the 2015 ROE rate of 9.36%, as approved in EB-2013-0321.
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1 Table 2: Calculation of Earnings Above Deadband and Deferral Account Entry

Line

Description

Ref

2022

2023

2024

2025

2026

Cumulative

F

Actual Nuclear
Regulated Earnings
($M)

$300

$370

$500

$550

$500

Actual Hydroelectric
Regulated Earnings

($M)

$400

$400

$400

$400

$400

Total Actual
Regulated Earnings

($M)

(F+G)

$700

$775

$900

$950

$900

Actual Nuclear Rate
Base ($M)

$8,700

$8,700

$11,100

$12,300

$13,100

Actual Hydroelectric
Rate Base ($M)

$7,800

$8,000

$8,200

$8,500

$8,900

Actual Total Rate
Base ($M)

(I+J)

$16,500

$16,700

$19,300

$20,800

$22,000

OEB Approved
Equity %

45%

45%

45%

45%

45%

OEB Approved
ROE Rate (%)

Line E

8.81%

8.81%

8.76%

8.74%

8.74%

Deadband ROE
Rate (%)

M +
100bps

9.81%

9.81%

9.76%

9.74%

9.74%

Deadband
Regulated Earnings
($Mm)

KxLxN

$728

$737

$848

$912

$964

Regulated Earnings
Variance to
Deadband ($M)

H-0O

$(28)

$38

$52

$38

$(64)

$36

Deferral Account
Entry ($M)

P x 50%

$18.0
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UNDERTAKING J1.2

Undertaking

OPG TO DESCRIBE THE CIRCUMSTANCES AND MEANS BY WHICH IT WOULD
RECORD FIRM FINANCIAL COMMITMENTS IN THE NDVA

Response

This undertaking arose from a discussion regarding financial and regulatory accounting
details related to the Nuclear Development Variance Account (“NDVA”).! Pursuant to
O. Reg. 53/05, section 5.4(1), the account records “differences between actual non-
capital costs incurred and firm financial commitments made and the amount included
in payments made under [section 78.1 of the Ontario Energy Board Act, 1998] for
planning and preparation for the development of proposed new nuclear generating
facilities”.

Before turning to the specific undertaking request, OPG wishes to clarify that while the
NDVA is referred to as a variance account, as opposed to a deferral account, nothing
in its definition under O. Reg. 53/05 or the implementing payment amounts order
issued by the OEB precludes the “amount included in the payments” from being nil. In
such a case, actual costs incurred would be compared against the nil amount included
in the payment amounts, resulting in the full amount of actual costs being recorded in
the account. This was the case in the EB-2010-0008 and EB-2013-0321 proceedings,
where the approved revenue requirement contained $0 of costs for planning and
preparation for the development of new nuclear facilities and where such actual costs
were measured against the $0 amount for purposes of entries into the NDVA.?

With respect to the NDVA recording amounts related to “firm financial commitments”,
at Tr. Vol. 1, p. 86, lines 7-15, Ms. Ladak clarified OPG’s position that the impact of
any such commitments is captured in the account only in the circumstances and at
point in time that they give rise to a non-capital cost recognized in OPG’s financial
statements under generally accepted accounting principles. Thus, OPG does not
record amounts in the NDVA that it has not otherwise recognized for financial
accounting purposes, a determination that it makes like any other regulated or
unregulated entity following US GAAP.

"Tr. Vol. 1, pp. 52-68.

2 For example, the EB-2013-0321 Payment Amounts Order, App. G, p. 9 stated with respect to the NDVA: “The
monthly reference amount shall be 1/24 of the total forecast amount of $0 underpinning the two-year revenue
requirement approved by the Board for 2014 and 2015.”
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As a further point of clarification, OPG notes that any non-capital costs incurred for
planning and preparation for development activities for new nuclear facilities would not
be subsequently capitalized under US GAAP if the project meets capitalization criteria
at a later date. OPG would seek clearance of any such eligible costs recorded in the
NDVA in a subsequent proceeding.
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UNDERTAKING J1.3

Undertaking

TO EXPLAIN HOW OPG RECORDS COSTS IN THE VARIANCE ACCOUNT
RELATED TO LABOUR; TO ADVISE IF THE COSTS OF INITIATIVES INCLUDE ANY
FINANCING COSTS, TO EXPLAIN WHAT COSTS OPG IS BOOKING TO THIS
ACCOUNT, AND HOW AND WHETHER THE FULLY ALLOCATED COSTS AND
FINANCING COSTS ARE THERE OR WHAT EXACTLY IS BEING BOOKED

Response

The amounts recorded by OPG in the Nuclear Development Variance Account
(“NDVA”) represent non-capital costs incurred “for planning and preparation for the
development of proposed new nuclear generation facilities”, as per O. Reg. 53/05,
section 5.4(1). Amounts being recorded are expenditures to preserve the option to
build new nuclear generation, including maintaining the environmental assessment for
site licence renewal and advancing a number of environmental assessment
commitments necessary to be ready for eventual site preparation, as well as
preliminary planning and preparation costs for developing a small modular reactor at
the Darlington site, including technology developer selection, licencing, and project
development and oversight costs.

These costs include internal labour costs and expenditures on purchased services,
and are tracked separately in OPG'’s financial reporting systems. Internal labour costs
are for fully dedicated individuals or hours charged through OPG’s time keeping
system, and are based on standard labour rates that include base salary, benefits and
various payroll taxes. Purchased service costs are for external vendors and short-term
contracted staff working on planning and preparation for new nuclear development.

Only direct costs are tracked and recorded in the NDVA; there are no allocations of
common ‘overhead’ costs captured in the account.

Financing costs are not recorded in the NDVA. As authorized by the OEB, OPG
records interest on unamortized balances in the account at an OEB prescribed interest
rate.

All costs recorded in the NDVA are those incurred for planning and preparation for new
nuclear development at the Darlington site, including the potential grid-scale SMR
generating station. No costs are recorded in the account in relation to off-grid SMR
activities or initiatives.
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UNDERTAKING J1.4

Undertaking

TO CLARIFY THE NUCLEAR NEW BUILD LICENCE APPLICABILITY, WHAT IS THE
LICENSE FOR, AND TO FILE THE LICENCE

Response

The Nuclear Power Reactor Site Preparation Licence (“PRSL”) for OPG New Nuclear
at Darlington Generating Station is not specific to a nuclear reactor technology, and as
such, the licensing costs associated with maintaining and renewing this licence are
applicable irrespective of the nuclear technology that OPG is evaluating. The licence
authorizes the licensee to prepare the Darlington Nuclear site for the future
construction and operation of a new nuclear generating facillity. A copy of this licence
is provided in Attachment 1.

More specifically, the activity licensed by the PRSL is “site preparation” of the OPG
New Nuclear at Darlington site." Site preparation involves activities necessary to
facilitate the subsequent construction and operation of the new nuclear facility. The
PRSL does not permit physical works directly related to construction of nuclear facility
structures, systems, and components.

" For up to four Class 1A nuclear power reactors with a maximum combined net electrical output of 4800
megawatt electric (“MWe”) to supply the Ontario grid, and where a Class IA nuclear facility means: (a) a nuclear
fission or fusion reactor or subcritical nuclear assembly; and b) a vehicle that is equipped with a nuclear reactor.
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D LICENCE NUMBER:

) LICENSEE:

n LICENCE PERIOD:

vy LICENSED ACTIVITIES:

This licence authorizes the licensee to:

PRSL 18.00/2022 (Effective Date: August 17,2012)

Pursuant to section 24 of the Nuclear Safety and Control Act this
licence is issued to:

Ontario Power Generation Inc.
700 University Avenue
Toronto, Ontario

M5G 1X6

This licence is valid from August 17, 2012 to August 17, 2022,
unless suspended, amended, revoked or replaced.

(i) Prepare the Darlington Nuclear site, further described in OPG New Nuclear at Darlington Survey
Drawing, NK054-DRAW-01210-00007, for the future construction and operation of a new
nuclear generating station (hereinafter “the nuclear facility™) located in the Township of
Darlington, in the Municipality of Clarington, in the Regional Municipality of Durham, in the
Province of Ontario. Site preparation activities include:

a) construction of site access control measures:
b) clearing and grubbing of vegetation;
¢) excavation and grading of the site to a finished elevation of approximately +78 masl (metres

above sea level);

d) installation of services and utilities (domestic water, fire water, sewage, electrical,
communications, natural gas) to service the future nuclear facility;

e) construction of administrative and support buildings inside the future protected area;
f) construction of environmental monitoring and mitigation systems; and

g) construction of flood protection and erosion control measures.

{ii) Possess and use prescribed information that is required for, associated with, or arise from the

activities described in (i),
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EXPLANATORY NOTES:

Nothing in this licence shall be construed to authorize non-compliance with any other applicable
legal obligation or restriction.

Unless otherwise provided for in this licence, words and expressions used in this licence have the
same meaning as in the Nuclear Safety and Control Act and associated Regulations.

The “OPG NEW NUCLEAR AT DARLINGTON GENERATING STATION - SITE PREPARATION
LICENCE CONDITIONS HANDBOOK (LCH)” provides compliance verification criteria in order to
meet the conditions listed in this licence. The LCH also provides information regarding
delegation of authority and applicable versions of documents.

CONDITIONS:
General

The licensee shall have the documents required for site preparation accepted by the Commission,
or person authorized by the Commission, prior to the commencement of the licensed activities
described in Part IV (i) of this licence.

The licensee shall conduct the activities described in Part IV of this licence in accordance with
the licensing basis.

The licensee shall give written notification to the Commission, or person authorized by the
Commission, of any changes made to the documents needed to support the licence application.

The licensee shall report any apparent material non-compliance to applicable law at the federal,
provincial or municipal level that pertains to the activities described in Part IV of this licence to
the Commission, or person authorized by the Commission.

The licensee shall provide, at no expense to the Commission, office space for employees of the
Commission who customarily carry out their functions on the site premises (on-site Commission
staff). The licensee shall keep the office space of on-site Commission staff separate from the
remainder of the building in which it is located by walls, partitions or other suitable structures.

The licensee shall, in the event of any conflict or inconsistency between licence conditions,
codes, standards or regulatory documents referenced in this licence, direct the conflict or
inconsistency to the Commission, or a person authorized by the Commission, for resolution.

Management System

The licensee shall implement and maintain a management system in accordance with the
requirements of Canadian Standards Association (CSA) standard N286: MANAGEMENT SYSTEM
REQUIREMENTS FOR NUCLEAR POWER PLANTS.

Human Performance

The licensee shall implement and maintain safety and control measures to ensure that personnel
are qualified and competent to perform assigned work.

EB-2020-0290
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Operating Performance (Conduct of the Licensed Activity)

The licensee shall implement and maintain safety and control measures for the conduct of site
preparation activities.

The licensee shall implement safety and control measures for reporting to the Commission, or
person authorized by the Commission, that includes reporting of all events required by the

Nuclear Safety and Control Act and associated Regulations.

The licensee shall submit to the Commission, or person authorized by the Commission, an annual
report on the licensed activities.

Conventional Health and Safety

The licensee shall implement and maintain safety and control measures for occupational health
and safety.

Environmental Protection

The licensee shall implement and maintain safety and control measures for environmental
protection in accordance with the requirements of CNSC regulatory standard S-296:
ENVIRONMENTAL PROTECTION, POLICIES, PROGRAMS AND PROCEDURES AT CLASS I NUCLEAR
FACILITIES AND URANIUM MINES AND MILLS.

Emergency Management and Fire Protection

The licensee shall implement and maintain safety and control measures for emergency
preparedness and fire protection.

Waste Management

The licensee shall implement and maintain safety and control measures for waste management.
The licensee shall maintain a preliminary decommissioning plan for site preparation in
accordance with the requirements of Canadian Standards Association (CSA) standard N294:
DECOMMISSIONING OF FACILITIES CONTAINING NUCLEAR SUBSTANCES. The preliminary

decommissioning plan shall be revised every five years or when required by the Commission, or
person authorized by the Commission.

Security

The licensee shall implement and maintain safety and control measures for site security.

Site Specific

The licensee shall implement the mitigation measures proposed and commitments made during
the Darlington Joint Review Panel process.

The licensee shall implement the applicable recommendations of the Darlington Joint Review
Panel Report in accordance with the Government of Canada response.

The licensee shall implement and maintain an environmental assessment follow-up program.

EB-2020-0290
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10.4  The licensee shall maintain a financial guarantee that is acceptable to the Commission which shall
remain valid and in effect to adequately fund the preliminary decommissioning plan referenced in
condition 8.2 of this licence.

10.5  The licensee shall implement and maintain a public information program in accordance with the
requirements of CNSC regulatory document RD/GD-99.3: PUBLIC INFORMATION AND
DISCLOSURE.

10.6  The licensee shall submit to the Commission, or person authorized by the Commission, the

proposed quality assurance program for the design of the nuclear facility upon the selection of a
reactor technology.

SIGNED at OTTAWA on August 17,2012

Alan R. Graham
Chair, Joint Review Panel
Canadian Nuclear Safety Commission
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UNDERTAKING J1.5

Undertaking
TO PROVIDE THE CITED LESSONS LEARNED DOCUMENT

Response

See Attachment 1 for a copy of the lessons learned document.
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1.0

14

1.2

1.3

BACKGROUND
Project Background

The project scope is to build a facility for the storage of 2,100 m?® of D,O in tanks,
including a drum cleaning, testing and handling area and consolidated office space for
the Tritium Removal Facility (TRF) staff. The planned in service date is April 15, 2015.
Of the 2,100 m® of D,O storage to be provided, 1,700 m® is mandatory support of core
scope for Darlington Refurbishment (a value enhancing project). The remaining project
scope provides needed D,O management operational improvements.

This project is currently executing a Full Definition release to complete scope
definition, modification planning, and detailed engineering. This work is considered
Phase | of a three phase engineer, procure and construct (EPC) contract.

The project is also executing a Partial Full release in parallel to complete ordering of
long lead materials, such as Nuclear Class Ill tanks and pumps, and the start of site
preparation activities upon approval of the Darlington Refurbishment Environmental
Assessment.

The Modification Planning phase was substantially completed at the end of December,
2012.

Scope of Review

The scope of this lessons learned review is Contract Award and Modification Planning
activities from July-December 2012.

Subsequent Lessons Learned Report(s) will be issued for this project as the work
progresses.

Participants

A lessons learned workshop was held on February 5, 2013 with the following
participants. The project sponsor or delegate was also invited however declined due to
a conflict.

Refurbishment Engineering:

Chris De Vaal, Section Manager Refurbishment Design Engineering
Stuart Harris, Refurbishment Design Engineering Manager

Brian Krystolovich, Design Team Leader

Neil Mitchell, Vice President Nuclear Refurbishment

Marcel Poirier, Nuclear Refurbishment Design Engineering
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Mike Ismail, Engineering Lead

Projects & Modifications:

Peter Moore, Project Leader
Julian Read, OPG Modification Team Leader

EPC Vendor:

Jason Burnett, Project Manager RCM Technologies
Bruce Smith, Project Manager Black & McDonald Ltd.
Stephen Tutsch, Modification Team Leader RCMT

Tritium Removal Facility:

Glen Barton, TRF Operations
Nicole Go, TRF Lifecycle Projects
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2.0

PROJECT ORGANIZATION AND RESPONSIBILITIES

The overall project organization is shown below. For specific roles, see the Project
Management Plan NK38-PLAN-38000-0434605.

OPG Senior VP

v . v
VP Refurb VP Projects & OPG TRF
Execution E\';P E:;l::r: Modifications Manager
(Project Sponsor) g 9 (Executing Org) (Accepting Org)
|
A Y
Refurb Project Tesm TRF Technical &
Engineering (Manager, Project 0 ;
: AR [ T Rt perations
(Manager, SM, Lead, Project 25 FTEs
DTL) Engineers) -
II
¥
0SS Managed Oversight
Task Reviewers
Y
Black & McDonald
EPC Contractor
Project Manager
i 1 }
RCMT Ellis Don Other
Project Manager Project Manager subcontractors
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3.0 LESSONS LEARNED
3.1 Cost
Lessons learned are listed in order of highest to lowest impact.
# | Issue Summary Background Recommendation SCR (if
applicable)
C1 | Positive The TRF technology, design and operational details are unique in Other projects, especially those n/a
involvement of the OPG fleet and perhaps the world. As a result this project is involving unigue technologies,
expert stakeholders | utilizing a strategy of expert stakeholder complete integration into consider following this approach.
the project team. TRF staff has dedicated 2.5 FTE's to the project
and do not simply review submittals, but are proactively engaged,
attend most project meetings, and meet with the EPC vendor
frequently. As a result there has been excellent involvement from the
key stakeholder and many examples of good input and “catches”
which prevent errors or omissions from propagating very long into
the design cycle, preventing future rework and costs.
C2 | Expectations of As per C1 above, TRF stakeholders are intimately involved in the The corollary of C1 above is n/a
expert stakeholder project. However, there was inadequate definition by the project stakeholder involvement must be fine
involvement team of the level of the support expected. At the start of the project tuned to ensure the most efficient use

the stakeholder reviewed all submittals and details. It was realized
that certain submittals were being commented on, for example the
Design Plans, which was not required, resulting in inefficient use of
the resource and generating additional work for the EPC Contractor.

of the resource.
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3.2 Schedule
Lessons learned are listed in order of highest to lowest impact.
# | Issue Summary Background Recommendation SCR (if
applicable)
S1 | Quality and Lack of a quality, accepted schedule until late in Modification 1. Projects should consider, and D-2012-08890
timeliness of Planning. Schedule lacked integration between EPC vendor challenge, Contractor's “readiness to

schedule from EPC
Contractor was not
to expectations.

groups (construction, engineering).

Apparent causes:
1. There was flux in the B&Mc project manager position for 2
months until the permanent project manager joined the project.

2. The Scope of Work required a Class 3 schedule for Phase |
(Engineering) and Class 2 for the Overall Project at time of
contract award. Typically a Class 3 schedule is developed by the
contractor as part of its bidding process for the project, or by the
project team during the initial phases of planning. In hindsight
there was not enough information known to require a Class 3 at
the time of bidding. Class 3 should have been requested for
Modification Planning, Class 2 for Detailed Engineering, updated
to Class 3 upon completion of Mod Planning. Level 3 for all of
detailed design was not realistic for a project of this complexity.

4. Lack of resources initially — permanent project manager and
dedicated B&Mc schedule analyst.

5. Integration between RCMT/ED/B&Mc scheduling

execute” and resources at the RFP
stage.

2. Consider requested granularity of
schedule at contract award, based on
project complexity. Acknowledge any
unrealistic expectations.

3. Scope of payment milestones need
to balance SMART (Specific,
Measurable, Achievable, Realistic,
Timely) expectations with the state of
scope definition.

N-TMP-10204-R001 (Microsoft® 2007)
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processes/software was not ready at contract award.

6. Prescription of milestone deliverables i.e. which exact EC's
were to be included in each milestone, was too specific can
caused churn as some EC's were added and others deleted
during Madification Planning.

S2

Modification
Planning Milestone
missed

BCS committed date of October 29, 2012 for the Modification
Planning Complete (DES) milestone was missed. A recovery TCD
of November 21, 2012 was targeted as part of the recovery plan.
This recovery date and subsequent recovery was missed. The
milestone was completed on Dec 20, 2012.

Apparent causes:

1. The original contract start date was early June, 2012 and
contract was not signed until July 5, 2012 which used up some
float.

2. Quality issues (see Lesson Learned Q1) impacted schedule.

3. Milestones were fixed and were not allowed to float “from APO"
(award of purchase order).

4. Mandated milestones rather than planned based on OPEX.

Approximately 2 months was allotted
for Modification Planning, which
eventually took 6 months. Even with
the avoidable quality issues the
schedule was not realistic. Essential to
have credible schedule and to escalate
when required. Oversight required to
prevent quality issues which had a
large impact.

D-2012-10298

for EPC contractor

control SPOC joined the project, there were requests for a

need a site presence, which requires

S3 | Positive effect of Following a benchmarking trip in 2011 to Bruce Power to study Use of OPEX, consultation with Self
implementing their Heavy Water Storage Project implementation, a staffing plan | stakeholders, “acknowledging reality” Assessment
project staffing plan | was developed which included 2.5 dedicated FTE’s from TRF and | that the work could not be managed NO11-000423

up to 6 FTE's for design oversight. As a result of funding and with existing resources, and execution | SCR: N-2011-
implementation of the plan, the significant workload of submittal of the plan “making it happen” in this 04605
reviews has been managed successfully. All but 2 cases were case was successful.
completed within the prescribed turnaround time.

S4 | Lack of workstations | Once a permanent project manager was assigned and work On large projects EPC contractors n/a

N-TMP-10204-R001 (Microsoft® 2007)
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presence at
Darlington site

workstation at Darlington site which went unfulfilled due to difficulty
in finding available real estate.

assignment of workstation(s) at site.

S5 | Positive effect of The Scope of Work specified that no more than 4 design ECs per | Contract terms should not just specify | n/a
Scope of Work discipline were to be submitted at one time. This contributed to turnaround times for submittals, but
terms concerning most of the 10-day turnaround periods being met by OPG and also | how many submittals may be
submittals 3-day turnaround adherence on dispositions by RCMT, processed at one time.
3.3 Quality
Lessons learned are listed in order of highest to lowest impact.
# | Issue Summary Background Recommendation SCR (if
applicable)
Q1 | Initial design quality | Two key documents were rejected by OPG due to quality 1. As per engineering directive, N-2012-03854,

concerns

concerns:

1. The first Modification Design Requirement (MDR) submitted on
7/18/12 rejected due to noncompliance with new N-INS-00700-
10007 and with historical expectations of MDRs.

2. Modification Outline for EC 118632 was rejected due to
insufficient detail in solution and justifications, and incorrect
conclusion of an RRAM was possible.

Apparent causes:

1. This was one of the first EPC projects requiring engineering
vendor to produce MDR and there was little transition period for
this change in strategy.

2. Time pressures were involved i.e. 2 months to complete
Modification Planning.

vendors will not produce MDRs in the
future.

2. Projects should be cognizant of time
pressures.

3. Managerial “courage” to recognize
when schedule is unrealistic for the
required deliverable and to escalate.

N-2012-03914,
D-2013-01651,
D-2013-01653
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3. Vendor had limited experience producing OPG MDRs.

4. Expectations re: N-INS not clear in contract documentation, no
example MDR based on new N-INS.

5. Lack of acknowledgement by team that schedule for MDR was
unrealistic.

Note, following the Mod Planning activities in 2012, Construction
Services Mod Outline first submittal in 2013 was considered very
high quality.

Q2

Meodification
Outlines did not
initially take
advantage of ECC
process and “EPC”
nature of the
contract strategy.

Two MOs were planned and were eventually split into 5 in order to
classify appropriately in terms of risk.

Apparent Causes:

1. From initial proposal, MO's and MDR were planned from an
Engineering perspective not a holistic (engineering, construction)
perspective. "E" part of planning was activated before "PC".

2. OPG Project Team could have escalate risk of the plan more
effectively and that the contractor required help.

3. Time pressure to complete Mod Planning within 2 months did
not allow much time for planning the work.

4. Proposal did not include funding for construction input in Phase
L.

1. The goal to allow EPC contractors to
decide "how" to do the work. This
strategy should include "show me" how
the plan will work, not rely completely
on the Contractor to develop/execute
the plan.

2. Critical need for a strategic plan
before starting work.

3. Going forward OPG will produce
MDRs/MOs to lay groundwork for plan
prior to EPC start.

4. Senior leadership present at the
lessons learned workshop emphasized
that project teams have the option to
put work on hold until a strategic plan
is in place, and this will be supported
by the management team.

N-2013-00847

Q3

Consolidation of
OPG comments on
submittals

OPG comments on submittals were initially not consolidated
resulting in additional time/effort on part of the EPC vendor to
resolve duplicate or conflicting comments. Cost change order
resulted.

Comments must be consolidated
among all OPG stakeholders reviewing
documents before leaving OPG. This
is the role of the new Engineering Lead

N-2013-00848
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on the D20 Storage Project.

Qa4

Overall quality of
OPG comments on

Some OPG comments on deliverables were out of discipline, in
the form of information requests, or preferential in nature.

Discipline in commenting and
enforcement by Project Manager is

N-2013-00848

proactive
coordination with
OPG stakeholders

being proactive regarding coordination and walkdowns with OPG
stakeholders.

training/access for vendor personnel.

submittals required. Reviewers only comment for
their discipline. Reviewers should be
aware of the EPC model which holds
vendor responsible for how to execute
the work. Stop submittal review and
escalate if required.

Q5 | Integration of EPC The original Proposal provided by the successful EPC Contractor | Pay attention to quality of proposal as | n/a
Contractor’s was not well integrated; for example sections submitted by the it can be a precursor for later issues.

Proposal prime and subcontractors conflicted. This was a precursor to
integration problems seen later, as in Lesson Learned S1 & Q2.

Q6 | EPC vendor Frequently, the same errors appeared on submittals which were EPC vendor has accepted coaching. n/a
“Learning generic issues already subject to comment on previous submittals. | This is an area to be considered for
organization” area This was caused by multiple preparers, schedule pressure, and increased oversight.
for improvement on | parallel work.
submittals

Q7 | Enhanced COMS COMS deficiency: critical design attributes and characteristics of 1. Critical attributes and characteristics | Project
deficiency the design for enhanced COMS are required. This was deficient in | should be provided in advance of Oversight

a COMS package submitted to OPG. COMS meetings as applicable. Report #31555-
2. MP-0090 has been revised 007
regarding critical design attributes to
allow to not do enhanced COMS/AFS
for items clearly not commissionable.
Q8 | Positive effect of There were many good examples of EPC contractor personnel This positive result requires timely n/a
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Q9 | Project Oversight Due to the schedule and volume of submittals the documenting of | More attention to detail needed in N-2012-05614,
Plan execution area | oversight executed under the Project Oversight Plan sometimes documenting the oversight that is N-2012-05956,
for improvement taken a lower priority and can be improved. being performed. N-2012-06082
3.4 Process

Lessons learned are listed in order of highest to lowest impact.

around quality i.e.
“what good looks
like" and OPG
governance

Expectations on quality or rigour differ from manager to manager.
For example, acceptance of the Modification Outlines.

Apparent causes:

1. OPG Refurbishment Engineering staff turnover at start of
project (DTL, section manager) contributed.

2. OPG is utilizing a new COIR and EPC strategy/ expectations.

Refurbishment senior advisor to
resolve interpretation. Rollouts have
been completed with EPC vendors and
additional rollout is warranted.
Consider providing "client rep" at
vendor site to do in-line reviews,
identify issues early, and improve
communication.

# | Issue Summary Background Recommendation SCR (if
applicable)
P1 | Code Classification | In order to maintain the schedule, LLM (tanks) had to be ordered Schedule / plan early. Identify and n/a
risk for Long Lead prior completion of flow diagrams and therefore prior to obtaining track risks.
Materials (LLM) code classification from the CNSC. Tank order had to be placed at
some risk.
P2 | Expectations OPG governance sometimes vague and open to interpretation. Utilize DTL, Engineering Lead, and n/a

N-TMP-10204-R001 (Microsoft® 2007)
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P3

Management of
challenge meeting
process vs.
verification process

Final verification of an MDR is a design activity only, however all
stakeholders were initially allowed to review during this cycle.
Stakeholder input should have been via the challenge meeting.
Also, the challenge process was not fully complete (comments
resolved) prior to final verification — normal process not followed.

For MDR development, a challenge
meeting should be held to incorporate
all stakeholder input, and this process
should be completed (comments
resolved) prior to final verification by
Engineering only.

N-2013-00850

P3

Deviation from
normal Comment &

Disposition process.

Due to the challenging schedule and volume of comments on
deliverables like Modification Outlines and MDRs, the project
deviated from normal Comment & Disposition process. This
involved generating/resolving comments in a face to face session
outside normal documented Comment & Disposition Sheet
process after submission.

This deviance evolved due to sometimes unclear comments by
OPG, and unclear dispositions by RCMT, which meant OPG could
not rely on simply signing the Comment & Disposition Sheet to
trust that a comment would be incorporated to the reviewer's
satisfaction.

The model used by this project going
forward will be face to face discussion
of comments generated as part of
oversight, in a proactive way before
final submittal of a document. After
submittal, specific, high quality
comments, and specific dispositions
are required for process to run
efficiently.

n/a

P4

COMS process
issue

One scoping COMS for entire project caused problems. For
example, OPG DCC group involvement was missed and had to be
captured later.

Apparent cause was that related to Lesson Learned Q2, initially
there was one Mod Outline which was later split into 5, after
Scoping COMS was completed.

Going forward, the MP-0080 process
allows challenge meeting to serve as
scoping COMS. Implement COMS in
manageable chunks.

N-2013-00851

P5

OPG templates
area for
improvement

Ability to track changes on ECC forms such as Mod Outline, and
OPG Comment & Disposition Sheet (CDS) would save a lot of
time. CDS template was converted to an Excel sheet that was
much more user friendly.

Projects would benefit from revised
templates to allow tracked changes,
spell check, etc.

N-2013-00853
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# | Issue Summary Background Recommendation SCR (if
applicable)
O1 | Rollout of EPC Expectations surrounding interface with EPC Contractors and EPC | New strategy/ process did not have n/a
strategy area for strategy could have been rolled out better within OPG, eg. transition time. Need more project level
improvement Stakeholder groups not willing to work directly with EPC communication with station, for
Contractor (instead, only through OPG Project Representative), example at station POND or PHC
and adherence to contractual 10 day turnaround times. meetings.
02 | COMS quorum OPG failed to achieve quorum for one COMS meeting and several | Ensure COMS meetings notifications D-2013-00065,
issue #1 nearly had to be cancelled due to quorum issues except for last are sent and all material provided at
minute "heroics” of the team. least 10 days in advance. An overview | D-2013-00825
sheet with all COMS, and where a
Apparent causes: particular COMS fits in to the project,
1. Station Operations in particular did not have the resources to was beneficial. 3-way Communication
provide support for the volume of COMS meetings. Since then 2 with invitees to ensure attendance.
staff have been provided to support projects.
2. COMS process originally had a very short notification of 2-3
days, which has since been improved to 10-15 days.
O3 | Issue Tracking File | Issue Tracking File (ITF) not kept up to date with statuses and all Critical to keep ITF up to date to D-2013-01004
(ITF) area for issues (for example COMS issues). ensure issues are identified and
improvement closed. For complex projects with
large ITF, method to actively track is
required i.e. workdown curve or other
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metrics.

04 | COMS quorum
issue #2

Quorum was failed to be achieved for one COMS meeting due to
lack of attention to detail in scheduling the meeting. There are
usually "fringe" stakeholders who only interact with the project for
one COMS and require attention to detail in identifying and
ensuring attendance. Or, SSC's for which responsibility is not well
defined within OPG; for example yard drainage.

1. Attention to detail is required for
some stakeholders who only interact
with the project for one COMS, or for
SSC's for which responsibility is not
well defined.

2. More attention to detail with
nuances such as which COMS Station
Ops should attend vs. TRF Ops.

D-2012-10297,

D-2013-00825
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4.0 COMMUNICATIONS PLAN FOR THE LESSONS LEARNED REPORT

This Lessons Learned Report shall be communicated in accordance with N-MAN-
00120-10001-RISK-06 Darlington Refurbishment Lessons Learned and OPEX
Management.

5.0 CONCLUSIONS

In conclusion, the most impactful lessons learned are summarized here. Additional
lesson learned report(s) will be required throughout the project lifecycle.

#C1 & S3 Staffing plan and positive involvement of expert stakeholders. Due
to the relative uniqueness of the TRF, and lessons learned from other Utilities
around EPC Contractor oversight, the project benefitted from dedicated design
oversight and expert stakeholder resources to review submittals and provide
oversight. However, the expert stakeholder oversight must be carefully controlled
and targeted for maximum efficiency.

#S1 Quality and timeliness of schedule from EPC Contractor was not to
expectations. Challenge Contractor’'s readiness and resources at RFP stage.
Carefully consider requested schedule granularity at contract award. The
granularity of deliverables specified within payment milestones needs to be
balanced with the state of scope definition at time of award.

#S2 Modification Planning Milestone missed. After Modification Planning was
complete, the team recognized that even with the avoidable quality issues, the
schedule for Modification Planning had not been realistic. Essential to have
credible schedule and to escalate when required. Properly delivered oversight
required to prevent quality issues which had a large impact on missing milestone.

#Q1 Initial design quality concerns. Be cognizant of time pressures and exercise
managerial “courage” to recognize when schedule is unrealistic for the required
deliverable and to escalate. As per engineering directive, vendors will not produce
MDRs in the future.

#Q2 Modification Outlines did not initially take advantage of ECC process
and “EPC” nature of the contract strategy. There is a critical need to have a
strategic plan before starting the work. Project teams have the option to put work
on hold until a strategic plan is in place, and this will be supported by the
management team.

#Q3 & Q4 Quality of OPG comments on submittals. Comments from OPG must
be consolidated among all stakeholders reviewing a submittal and vetted properly
for quality — in discipline, specific, non preferential in nature.
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COIR:

COMS:

EC:
ED:
EPC:
e
MDR:
MO:
0SS
PHC:

POND:
RCMT:

RRAM:

SSC:
TRF:

Appendix A: Acronyms

Contract Owner Interface Requirements

Constructability, Operability, Maintenance, Safety

Engineering Change (package)
Ellis Don

Engineer, Procure, Construct
Full Time Equivalent

Modification Design Requirement
Modification Outline

Operational Support Services
Plant Health Committee

Plan of the Next Day

RCM Technologies Canada
Reduced Risk Modification
System, Structure, or Component

Tritium Removal Facility
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Undertaking

TO IDENTIFY THE STUDY MENTIONED, TO DETERMINE WHETHER IT NEEDS
TO BE PRODUCED AS PART OF AN UNDERTAKING, AND TO CONFIRM
WHETHER THE REFERRED TO STUDY IS THE ONE CITED

Response

See Attachment 1 for a copy of the referenced study prepared by OPG.
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Executive Summary

Purpose and Scope

The overall objective of this project is to provide sufficient heavy water storage capacity at the
Darlington site during the refurbishment period. The operational improvement needs have also
been incorporated separately in this report.

According to the draft Darlington station refurbishment outage scheduling [Appendix A:] there is
a minimum gap of ten weeks between the refilling of one unit and the dewatering of the next
unit. As a result, the refurbishment storage capacity needs to meet the requirements of one
Unit. »

The main emphasis of this report is to identify the most appropriate solution for heavy water
storage that will provide the best flexibility and least disturbance to the plant operations and to
develop a cost estimate for the storage facility.

The various options investigated are presented as part of this report with benefits/shortfall
rationalizations.

The estimated storage facility cost presented in this report will be part of the overall business
case summary of the Nuclear Refurbishment Project - Darlington.

Conclusion

Build a new Heavy Water Storage Facility at Darlington NGS with 1245 Mg of Heavy Water
storage capability located inside the Inner Security fence immediately west of the existing
storage building. The 1245 Mg of D,O storage capacity is for:

- 845 Mg in support of the refurbishment of the 4 DNGS units
- 400 Mg in support of the normal operation of the in-service DNGS units and the TRF

Estimated cost of the combined project is $ 138.5 Million when implemented over a period of 4
years.

When taking normal cost scaling factors into account, this estimate is nominally comparable
with previous estimates produced for storage at Darlington.
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1.0

INTRODUCTION

The overall objective for this project is to provide sufficient heavy water storage
facilities at Darlington sites during the refurbishment period.

There are three drivers for the additional storage capacity planning, two required by
Refurbishment (draining and decontamination) and one required by Operational
Improvements (for continuous station operation at the Darlington site).

The requirements for Operational Improvements are reflected in a previous project
(# 16-31555) for the addition of a 400 Mg HW storage and drum handling facility.
This project was later deferred, in order to be implemented together with the
Darlington refurbishment project, as being more cost effective to be carried-out
together (Ref [16] and Ref [17]).

Based on the DNGS refurbishment screening level Draft Rev. 0, dated 27-Apr-2009
(DNGS 2/3-4 months - Engineering Mods — Level 1& 2 Activities) there is a 10 weeks
gap between the end of refilling of one unit and start of dewatering of the next unit.
This means that storage volume for one unit HW (Moderator and HTS) will be
sufficient for refurbishment purposes.

The total refurbishment storage capacity needs to meet the requirements of one unit
refurbishment is 845 Mg as follows:

e 350 Mg for D20 from one unit Moderator Systems _
e 345 Mg for D20 from one unit Primary Heat transport (PHT) Systems

¢ 150 Mg designated for decontamination prior to refurbishment (medium risk -
see section 2.2 for details)

The operational improvement needs for continuous station operation are:

¢ 400 Mg HW storage space for continuous operation improvements as per Ref
[16] and Ref [17] (for details see Section 2.2.2). This quantity requirement
could change in the future as new circumstances arise until the start of
refurbishment.

The cost estimate for both projects will be presented separately in this report. The
Refurbishment project cost estimate will be detailed, and the cost of the previous 400
Mg project will be presented as received from the project team.

The Heavy water management cycle at Darlington is different from that at Pickering
due to the presence of a single, mixed recovery Upgrader. Upgrader product is
utilized as addition/swap to the Moderator system keeping the isotopic at a very high
level (approx. 99.98% D20). This results in significant fuel savings for the station. The
TRF is integrated into the heavy water management cycle and is used to produce
low-Curie make up to compensate for HTS losses, thus removing the requirement to
segregate recoveries during normal operation of TRF. When the TRF is on outage for
prolonged periods, recoveries must be segregated imposing additional storage (and
manpower) requirements.
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2.0

21

2.2

2.21

2.2141

NEED FOR ADDITIONAL D,O STORAGE CAPACITY

Existing D,O Storage & Inventory
The existing Storage and Inventory has four objectives:

¢ normal operation of the units

e segregation of the high isotopic (> 99.98% D20) and high curie (> 1.2 Ci/kg)
reactor grade D20 (upgrader product) for the moderator systems

e segregation of the lower isotopic (< 99.96% D20) and lower curie (< 0.7 Ci/kg)
reactor grade D20 for the PHT systems, and

e support outages

The station existing Storage and Inventory System includes eight storage tanks with
a total volume of 747 m3 and two weigh tanks:

(@) Four PHT tanks with a capacity of 100 m® each (i.e. 38110-TK7/8/9/10)
(b) One PHT weigh tank with a capacity of 30 m® (i.e. 38110-TK1)

(c) 3 Moderator tanks with a capacity of 3x100 m® each & 1moderator tank of 47 m®
(i.e. 38110-TK3/4/6 & 38110-TK5 respectively)

(d) One Moderator weigh tank with a capacity of 10 m3 i.e. 38110-TK2

Details of the system can be found in references [18] and [19] and the details of the
seismic qualification in references [5] and [19]

Additional D,O Storage Capacity Needs

There are three drivers for the additional storage capacity planning, two required by
refurbishment (draining and decontamination) and one required by operational
improvement. The project for the latter was deferred, in order to be implemented
together with the refurbishment project, since this approach would be more cost
effective (Ref [16] and Ref [17]). This additional storage can also be used during TRF
Refurbishment (see Ref [25] for details).
Refurbishment
There are two refurbishment drivers for the storage capacity planning:

o HTS and Moderator D,O draining capacity during refurbishment

o D,0 capacity for decontamination during refurbishment

Refurbishment HTS and Moderator draining capacity needs

The refurbishment HW storage capacity needs are set by the volume of HTS and
Moderator drained from one unit.
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e 345 Mg for D20 from one unit HTS (Ref [23]).

e 350 Mg for D20 from one unit Moderator Systems (Ref [23], Ref [9], page 3 &
Ref [10], page 2, Ref [1] Table 5.7)

Total Required [Mg] Tanks Need
HTS 1x343 345* 3x115
Moderator 1x343 350 3.5x100
Total 695 3x115+3.5x100

Table 1: DNGS Refurbishment D,O Storage Need to drain 1 Unit

* Note: Although Ref [8] (Table 1, page 528), and Ref [1] (Table 5.1) calls for a total
inventory of 273 Mg storage space for the HTS, we selected the most
conservative solution from Ref [23].

2.21.2 Decontamination capacity needs during Refurbishment

The Retube & Feeder Replacement Study is not yet completed at the time of issuing
this report.

The Decontamination D,O Storage needs are based on the preliminary judgment
articulated through the email in Appendix C: and the minutes of meeting in Appendix
D: and they are:

Decontamination Total Required [Mg]
High Risk Medium Risk Low Risk
0 150 350

Table 2: DNGS Refurbishment D,O Decontamination Storage Need (for 1 Unit)

The basis of the judgment is that the Darlington contamination levels are less than
the Pickering B (Ref [2]), the HTS Tritium limit is 1.2 Ci/ kg D20 and the Moderator
Tritium Limit is 15.0 Ci/kg versus 2.5 Ci/ kg D20 and 25.0 Ci/kg respectively (Ref [3]).
In addition the operating levels are much lower than the OP&P levels.

We made the assumption that the existing SUP can handle (if needed) the quantity
and in time processing of the downgraded D,O from the decontamination of the unit
under refurbishment.

High Risk:

The decontamination process is very unlikely since the contamination levels in DNGS
is very low; as a result, no HW storage space is needed (see Appendix C: and
Appendix D: option A).
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222

Medium Risk

The next likely scenario (per Appendix D: option E) is a decontamination of the HTS,
with no fuel in core, and up to the header level. Per the appendix the volume of low
Curie HW needed is 120 m® (132 Mg).

The above quantity of 132 Mg low Ci HW is in addition to the quantity taken from the
HTS system as explained in the following (based on Ref. [13]):

The decontamination of the HTS main circuit header-to-header is done in principle
by draining the main circuit above header to LLDS (130 Mg), keeping the rest of
the inventory (140 Mg) in the main circuit header-to-header. After the fuel is
removed the decontamination skid is installed between the inlet and outlet
headers and circulating chemical reagents through the loop. The decontamination
skid is equipped with pumps, filters, ion exchange columns and other equipment
(Ref. [13)).

The deuteration and de-deuteration of ion exchange resins will generate about
400 m® of downgraded HW having an isotopic content of about 60%. The HW in
the 60%-isotopic would correspond to 231 m® of reactor grade HW (254 Mg).
(These volumes were calculated scaling the volumes/quantities from Pickering B
decontamination study, Ref. [13]). To provide this 254 Mg low Ci HW, 130 Mg can
be used from the drained main circuit above header to LLDS and the rest needed
is 124 Mg and has to be provided from additional station reserve. This conclusion
is close to the quantity proposed per Appendix D: option E (132 Mg).

The 132 Mg station reserve low Ci HW has to be stored in additional tanks to the
already planned storage tanks, because after decontamination the remainder of the
of the HTS inventory (140 Mg) in the main circuit header-to-header needs to be
drained to the refurbishment storage.

Low Risk

The safest scenario (per Appendix D: option D) is a decontamination of the entire
HTS, with no fuel in core. The volume of low Curie HW needed is 305 m3 (335 Mg).

The major difference from the above scenario is that the draining of the main circuit
above header to LLDS (130 Mg) will not be performed; as a result the quantity of 130
Mg HW from HTS is not available for deuteration and de-deuteration of ion exchange
resins. This amount of low Ci HW needs to be provided in addition to the medium risk
case. Even though the sum of the two is about 254 Mg, we need to consider the
deuteration and de-deuteration of a larger quantity of ion exchange resins; as a result
we increased the storage volume from 254 Mg to 350 Mg. It needs to be repeated
that 350 Mg of additional low Ci HW needs to be provided by the station during
decontamination.

Operational Improvements additional storage capacity needs

The needs for sufficient heavy water storage and segregation had been recognized
for years in OPG and initiatives were taken since 2004 to improve the heavy water
management process. As a result studies were initiated leading to, in November
2005, the project charter (Ref [16]) and the Kinectrics report (Ref [18]). The report,
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examined in detail the heavy water and drum management issues for both Pickering
and Darlington.

As an outcome of the report it was concluded that there is inadequate S&! capacity to
allow large voiume bulk swap to be performed. A new storage facility building similar

to the existing Heavy Water Storage Facility was recommended with a capacity of
400 m® as follows:

e 100 Mg (2x50 Mgq) for Downgraded Dirty D20 Tank/Drum Emptying Tank for SUP
o 100 Mg (2x50 Mg) for Downgraded Clean D20 Tanks for SUP

e 200 Mg for TRF operations support (2x50 Mg TRF Feed Tank/Moderator Drain
Tank and 2x50 Mg TRF Product Tank/Upgrader Product Tank)

e Drum handling (storing, emptying, washing and testing) station for 300 drums

Operational Improvements
Total Required [Mg] Number of Tanks
400 4x100

Table 3: DNGS Operational Improvements D,0 Storage Need

A draft copy of the scope of work for the 400 Mg project is attached in Appendix E:.
This was not approved since the project was deferred. The Kinetrics report was used
and accepted by OPG as Scope of Work (ref. [18]).

Note: As per Appendix F: the addition of the New IXCU system was subsequently
excluded from the Scope of Work.

2.3 Summary of Total Storage capacity needs

The total storage capacity needs at Darlington during refurbishment are calculated by
adding the requirements from Table 1, Table 2, and Table 3. The results are
summarized in the following table:

Total Required [Mg Tanks required
High Risk Medium Risk Low Risk Medium Risk
1095 1245 1445 3x115+9x100 Mg

Table 4: DNGS Total D,O Storage Need (for 1 Unit Refurb. & Op. Improvements)
Following are the details explaining the final numbers:

e High Risk: 695 Mg (Refurb. Mod & HTS) + 400 Mg (Op. Impr.) + 0 Mg (Refurb.
Decont.)

¢ Medium Risk: 695 Mg (Refurb. Mod & HTS) + 400 Mg (Op. Impr.) + 150 Mg
(Refurb. Decont.)

e Low Risk: 695 Mg (Refurb. Mod & HTS) + 400 Mg (Op. Impr.) + 350 Mg (Refurb.
Decont.)
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3.0

3.1
3.1.1

3.1.2

3.1.3

3.2

REVIEWED OPTIONS

New buildings
Build separate facility south of the existing storage

This option is unattractive, as the space should be reserved for a possible/likely new
TRF. There is as well a Hydrogen supply station on this location. The underground
soil as deep as 15 m is unexplored geologically.

Build separate facility south of the SG storage tank and west of the SG

This option is unattractive, as the space should be reserved for a possible/likely new
TREF. In addition to this, we have to consider the environmental issue due to
closeness to the lake. Also the soil conditions are unknown which is a risk for
construction of a seismically qualified building such as the D,0 Storage facility. By
comparison the projected new TRF building has no seismic requirements and its
basement is expected to be only about 5 m beiow ground level, which may be
acceptable.

Extension to existing S&I

This option seems the most practical. The main benefit is the closeness to existing
storage and the lower cost for tying in to this system (even though the new storage
facility will be provided with independent functionality).

Using existing facilities with addition of new tanks

The Kinetrics study (Ref [18]) examined several options where additional heavy water
could be stored within the existing station structures to avoid the need for building
extension or new building. The two explored options of the study were:

e Provision of Additional Storage at each Unit, one 50 m® tank located at each
Reactor Unit (4x50 m® tanks in total).

o Locate Additional Tanks in the OGMS Room (could only accommodate a 100 m®
tank or about 8 x 20 m® tanks)

The space available within the pre-existing structures was deemed inadequate for
meeting the needs of additional heavy water storage defined in the report. It was
concluded that for a building extension or new building, the incremental costs
associated with the heavy water tanks are minor and the various options of providing
additional storage for only one or two systems were deemed unnecessary.

Since the refurbishment requirements are much greater, we concluded that revisiting
those options were not worth consideration.

The preferred option is to locate the storage facility in a new building.
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4.0

PREFFERED OPTION —~ NEW BUILDING - DESIGN REQUIREMENTS

A total of 1245 Mg of storage tank capacity (made up of 3 x 115 + 9 x 100 Mg tanks)
shall be provided for segregation of different streams of D,O. This storage is for one
unit Moderator drain (350 Mg), PHT drain (345 Mg), Decontamination (150 Mg) and
the additional Operational Improvements requirement (400 Mg) as explained in
details in section 2.2 and 2.3. All tanks with associated pump, piping, valves etc. will
be located inside the new building.

Consideration shall be given to ensure maximum flexibility in storing and transferring
different grades of D20 to and from reactor units, TRF, Upgrader, etc

The storage facility should have provision for the treatment of the moderator drain
(Gd removal prior to detritiation in the TRF and chemistry control prior to refill).

There shall be no negative impact to the performance of existing systems as the
result of this project and the current mode of operation shall not be degraded.

System

All pressure boundary systems and components shall meet the requirement of CSA-
N285.0-08.

CNSC approval of the proposed system code classification of “Class 3” and “Class 6”
is required.

Most of the D,0 lines and storage tanks are expected to contain more than 74
GBaq/kg (2 Ci/kg) tritium, hence all nuciear systems are classified as Class 3. Only the
conventional part of the system is classified as Class 6.

Building

The building needs to meet the requirement of a Zone 3 area and shall meet the
requirements of National Building Code of Canada 2005, the National Fire Code of
Canada 2005, CSA-N293-07 (Fire Protection for CANDU Nuclear Power Plants), as
well as all federal, provincial and local municipal regulations. (For costing purposes
2005 codes and standards are acceptable. However, the design should be based on
the codes and standards in effect at the time of the design and construction.)

e The building to have heating system to maintain minimum OSHA ambient
conditions during winter months with building sealing/insulating to minimize heat
losses (see Ref [6] for details).

e The building to have ventilation system and kept under marginal negative
pressure to maximize the recovery of D20 and isotope products in order to
minimize release to the environment including radiation monitoring with alarm and
exhaust through HEPA filters (see Ref [6] for details).

e Tritium monitoring, tritium emission reduction and D20 recovery from vent lines
must be considered.

e Itis not a safety related system

The D20 storage tanks, transfer pumps and associated equipment shall be located in
a pit at elevation depth of 87.000 m. The road elevation is at 100.000 m.
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A platform shall be provided in the pit at El. 96.700 m to provide access to the top of
the D20 storage tanks for maintenance and inspection work.

The seismic qualification requirement for the proposed additional storage is similar to
that of the existing storage facility (reference [4] & [5]). The substructure of the West
Annex Building, enclosing the D20 tanks, is to be seismically qualified to DBE
category D (including the dyke around the tanks that would contain the D20 inventory
if the tanks were to fail during a seismic event and that would contain the spill of D20
to the environment).

The concrete substructure of the dyke is sited on rock at elevation 87.000 m.

The superstructure of the building to be braced steel frame resting on a concrete
structure. It does not need to be seismically qualified. However, it shall be analyzed
for earthquake loads as per NBC 2005.

The suggested location for the building is inside the Inner Security Fence at
immediate proximity of the existing HWMB to the West as indicated in Appendix H:
(two variations of layouts). The approximate size of the building is 400 m2 (width
between 13.3 m to 18 m and length between 22 m to 33 m, depending on the option)
with a height of maximum 13 m below ground level of 100.000 m required by the
refurbishment storage and a maximum height of 20 m above ground level of 100.000
m required by the 400 Mg Operational Improvement project.

Drainage shall be provided in the new building so that spills can be drained to the
sumps in the D20 Management Building.

Appendix G: shows the Conceptual D20 Refurbishment Storage Schematic.
Material

The materials required to complete the project shall be procured as per OPG
specifications/standards.

All equipment and piping shall be enclosed in a building to prevent freezing of system
contents

Material of tanks and piping is Stainless Steel AlSI 304L.

The new tanks shall be designed to Class 3. The orientation is vertical. The Design
Pressure is 240 kPag (35 psig). The Design Temperature is 66 °C (150 °F) (ref [19)).

Each tank shall have a partition in the centre to divide it into two storage
compartments. The capacity shall be at least 110% of the total storage capacity.

The tanks shall be inter-connected with piping (Size 2 inches) with provision for
isolation, transfer and purification of the content. Piping shall include tank inlet and
outlet headers, tank vent and drain lines and provision for tank recirculation,
complete with sample points and quick disconnect fittings (or equivalent) for
connection to a local IXCU.

All pipe fittings and valves are stainless steel. EPDM rubber is used for items such as
gaskets, valve diaphragms and flexible hoses, which are in contact with D,O.

Two 100% Nuclear Class 3 canned centrifugal type pumps with stainless steel
internals. Capacity is 8 Us at a total head of about 147 m. Design pressure is 2000
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kPa(g) and Design Temperature is 68 °C (Ref [24] & Ref [19]). The pumps shall be
connected to a common suction and discharge header. Manually operated isolation
valves shall be designed to ensure a flow path can be established from any of the
tanks to any of the pumps.

Instrumentation

The new storage tanks shall be designed to tie in to existing control/transfer systems,
and still to have independent functionality.

Level and pressure indications shall be provided for the new D,0 storage tanks, both
locally and in the Control Room. Alarms (locally and Control Room) shall be provided
to alert operator of abnormality in the storage tanks. The existing control computers
in the D,O Management and TRF Building shall be utilized for any new equipment
indicating alarms and control functions.

Fixed Area Alarming Tritium monitors shall be installed to detect the presence of
tritiated water and/or vapour leakages.

Beetle alarms shall be provided to alert operator of leaks or spills. The new alarm
system shall mirror the existing design for consistency

Cover gas shall be provided for the storage tanks from the existing system. The tanks
shall be designed for a pressure equivalent to the cover gas pressure plus the static
elevation of a water column in the tank.

Isolations and draining shall be provided to isolate/drain any individual tank for
maintenance. Double block and bleed arrangements shall be used for isolation
between tanks designated for PHT D20 and Moderator D20, interconnecting lines
between reactor grade and downgraded D20.

Means of sampling and analyzing of the contents in the tanks shall be provided. In
order to obtain a representative sample, the water present in the tanks must be re-
circulated for several minutes using the appropriate recirculation line.

Tanks to be protected against overpressure by a pressure relief valve in the vent line.
Relocation of services: (List of pipes/sewer/cable ducts affected)

The following yard services are located within the construction area of the proposed
location of the new storage building and have to be relocated (see ref [11] and [12]):

o A ¥2” diameter buried Helium Supply Piping 7554-L601-H1/2ANF (SCI 75540
Helium) (SCI 75000 Compressed Air, Gas & Vacuum Services) (SCI 75500
Miscellaneous Gas Services)

e A 10" diameter buried Fire Protection water Piping (7811-L18-W10APAA) (SCI
78110 Fire Protection Water Supply/Distribution)

¢ A Fire Protection water Piping of unknown size (SCI 78110)

e A 600 mm diameter buried yard drainage Piping (SCI 15200) (Sewer CSP -
Corrugated Steel Pipe)

¢ A catch basin CB 483 (SCI 15200)

e A 6” diameter buried drain line from HWMB roof drain to catch basin (SCI 79110)
(7911-W6APAB)
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e A 300 mm diameter buried drain line from catch basin to yard drainage piping
(SCl 15200)

e 7210-L921-W30A Low Pressure Service Water Open System Pipe (SCI
72100 — Liquid recovery)

e Cable Duct from Standby Gen OIL Tanks #1&2 to the Generators. (low probability
to interfere)

All the yard services, except for the fire protection water piping of unknown size, will
be relocated toward the west under the road. The fire protection water piping of
unknown size will require further review relative to relocation.

There are four buried construction pipes (12" Steam, 3” C.R., 6’ Air, 8" Water)
running along the middle of the road west of the HWMB (see ref [11] and [12]). These
pipes might not be in use and might not need to be relocated, only capped. The cost
of these four pipes relocation should be included in contingency.

41 Benefits of the proposed location

e System tie-ins to the existing systems are less expensive than other farther
location options

e Use of an extension to the HWMB reduces costs as it is already a Zone 3 building
with a suitable ventilation and stack monitoring

e There are existing D20 transfer lines which simplifies piping installation needs
e Tanks can be monitored by existing HWMB operations staff

e Extra flexibility for segregation and management of D20 during the extended life
of the plant reducing the outage duration and cost

4.2 Disadvantages of the proposed location

e The existing truck ramp and the loading dock will be affected and a temporary
area needs to be provided on the north side of the existing HWMB to facilitate the
loading and unloading operations of D20 drums during the construction of the
HWMB West Annex.

e The proposed location is affecting the existing road that needs to be relocated
toward west by about 2 meters.

e The closeness to the existing building imposes additional excavation and
construction difficulties

¢ Since the HWMB West Annex systems are, in most cases, extensions of the
existing systems in the HWMB, temporary design modifications to the following
systems may be required to minimize the interruptions of their operation during
system tie-ins: D,O Supply System (SCI 38110); D,O Cleanup System (SCI
38410); Downgraded D0 Transfer System (SCI 38500); D,O Sampling System
(SCI 63800)

o The existing service pipes (firewater, helium, and storm water) and the 600 V
electrical cables located on the west side of the existing HWMB need to be
relocated or re-routed.
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4.3

Cost Estimate

In the following sub-sections are presented the cost estimates for the Operational
Improvement 400 Mg D,0O Storage and Drum Handling project, the cost estimate for
the Refurbishment 845 Mg Storage, and the combined cost estimate for 1245 Mg
Storage.

The Operational Improvement 400 Mg D,O Storage project cost estimate was
prepared by Project Management Office (PMO) on May 22, 2008 (section 4.3.1), and
forms the basis for the Refurbishment 845 Mg Storage cost estimate (section 4.3.2).

The total cost of the combined storage of 1245 Mg is $ 138.5M (section 4.3.3). There
is a cost reduction of 10% to 15% if both projects are completed together. This saving
comes from space saving, PM, labour etc.

mpuemenis oo | Sefubdmert | combred
Mg Storage

8giti‘r’:’é‘;ncy $ 55.9M $61.7M $ 103.4M
Contingency $19.0M $21.0M $ 35.1M
Total Cost $74.8M $82.7M $ 138.5M

Table 5: Cost Estimate Summary for 400 Mg & 845 Mg Storage

Notes:

o All the estimates are in $ 2008
o Interestis not included
o Installation work is done by an external contractor
o All work is within the secured “protected area” with the incumbent restrictions
o Commissioning and Work Plans are prepared and managed by OPG

Procedures
o External agency to provide design and construction documents for the facility

Operating and Maintenance costs (excluding personnel) during the
Refurbishment (approximately 7 years) is not included

o Costs related for approval procedures (CNSC, local municipality to obtain
building permit) is included

o We made the assumption that the existing TRF and SUP can handle (if
needed) the quantity and in time processing of the drained D20 from the unit
under refurbishment

Cost of detritiation and upgrading is separately indicated in section 5.0

Cost of TRF refurbishment / new TRF is not included in this report (for this cost
see Ref [25])

o Cost of D,O Storage for TRF refurbishment is not included in this report
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4.3.1

Cost Estimate for the Operational Improvements 400 Mg D,O Storage project
The cost of the Operational Improvement 400 Mg D,O Storage project is $ 74.8M,
and it was prepared under Project 31555 by PMO (Ref [20]).
The scope of the project is given in section 2.2.2.
AppI:\fc.iix | Description Cost % ?:Ltsczta'
Tables
Process Systems incl. Tanks
Table 1A | Material $5,000,000 | 8.95%
Table 1B | Installation $9,000,000 | 16.12%
Sub total $14,000,000 | 25.07%
Building
Table 2A | Material - 13 meter height (160 m?) $2,400,000 | 4.30%
Table 2A | Material - 6 meter height (820 mz) $5,600,000 [ 10.03%
Table 2B | Construction - 13 meter height (160 m?) $4,335000 | 7.76%
Table 2B | Construction - 6 meter height (820 m?) $10,115,000 | 18.11%
Table 2B | Relocation services $1,000,000 | 1.79%
Sub total $23,450,000 | 41.99%
Sub total Material & Installation $37,450,000 | 67.06%
Table 3 Design Engineering $8,500,000 | 15.22%
Table 4 Project Management $5,862,364 | 10.50%
Table 5 Lgf:ﬂ'izgg:iggpgéfoi‘;pgi)d””"9 installation, $4.035669 | 7.23%
Sub total $18,398,033 | 32.94%
Total before contingency $55,848,033 100%
Contingency @ 34% $18,988,331
Total including contingency $74,836,364
Table 6: Cost Estimate for Operational Improvements 400 Mg D.O Project

Since the cost breakdown of this project is not available in the PMO documents, the
cost breakdown was derived as follows, to facilitate cost estimation of refurbishment
storage costs:

The Table 1A, Appendix |: Material cost (tanks & process system) gives the cost of
long lead items i.e. tanks & associated process system material cost as $ 5M.

One 100 Mg tank cost is $ 500k which is based on the Pickering B Refurbishment
D,O Storage estimate (ref [21]). Four tanks cost is $ 2M, therefore the process
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4.3.2

systems cost is $ 3M. As a result, the process system cost is 1.5 times the cost of the
tanks.

The Table 1B, Appendix I: gives the installation (tanks & process system) cost as $
9M, which is 1.8 times the material cost.

in Table 2A, Appendix I: Material cost (building), the total cost of material for building
is $ 8M. The cost is proportionately calculated for two different heights. The higher
unit cost for the 13 m area takes in to consideration that the building is completely
underground; it needs special foundation and isolation, and is seismically qualified.
This method of proportionate allocation is used for both the building material and
construction costs.

Area Unit Cost Total Cost
Total Material Cost $8,000,000
13 meter high area 160 m? | $15,000 /m? | $2,400,000
5/6 meter high area 820m? | $6,829/m? | $5,600,000

Table 7: Building Material Cost, Operational Improvements 400 Mg D,0O Project

In Table 2B, Appendix I: the total cost for construction of the building is $ 15.45M and
includes the relocation of services.

The cost is proportionately calculated as mentioned above.

Area Unit Cost Total Cost
Total Construction Cost $15,450,000
13 meter high area 160 m? | $27.094 /m? $4,335,000
5/6 meter high area 820 m® | $12.335/m® | $10,115,000
Relocation of Services $1,000,000

Table 8: Building Installation Cost, Operational Improvements 400 Mg D,O Project

in Table 3, Appendix |: the Design Engineering cost is $ 8.5M, and it represents 23%
of the total material and instaliation cost.

In Table 4, Appendix I: the Project Management cost is $ 5.86M, and it represents
16% of the total material and installation cost.

In Table 5, Appendix I: the OPG Installation cost is $ 4M. The cost includes OPG
support during Design, Installation, Commissioning and Closeout; and it represents
11% of the total material and installation cost.

Conceptual Cost Estimate for the Refurbishment D,O Storage of 845 Mg
The cost for the Refurbishment D,O Storage of 845 Mg, alone, is $ 82.7M.
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The conceptual cost estimate for the Darlington Refurbishment D,O Storage project
of 845 Mg is based on the cost estimates and notes provided in section 4.3.1, for the
Operational Improvements 400 Mg D,O Storage project.

The scope of the Refurbishment D,O Storage of 845 Mg is presented in section

221.
Description Cost (x1000) % ZL::tal Comment
Process Systems incl. Tanks
8 tanks at 500k$ (same for
Material $10,000 | 16.20% | oo & 190Mg ;2"532“%
piping, valves
Installation $17,778 | 28.80% | Dook workedlo get64%
Sub total $27,778 | 45.00%
Building
Material (300 m?) $4,500| 7.29% | $15,000/m?
Construction (300 m?) $8,128 | 13.17% | $27,094 / m?
Relocation services $750 | 1.21%
Sub total $13,378 | 21.67%
Sub total Material & Installation $41,156 | 66.67%
Design Engineering $9,466 | 15.33% | 23% of material & install.
Project Management $6,585| 10.67% | 16% of material & install.
Installation OPG
(support during installation, $4527 | 7.33% 11% of material & install.
commissioning & close out)
Sub total $20578 | 33.33% | o9 & Eng. costis 30%
Total before contingency $61,734 | 100%
Contingency @ 34 % $20,990
Total incl. contingency $82,724

Table 9: Conceptual Cost Estimate for the Refurbishment D,O Storage of 845 Mg

4.3.3 Conceptual Cost Estimate for the Combined D,O Storage of 1245 Mg

The cost for the Combined D,O Storage of 1245 Mg is $ 138.5M.

The conceptual cost estimate for both projects (the Darlington refurbishment D,O
storage project for 845 Mg & the Operational Improvement Project of 400 Mg) are
presented in parallel in Table 10.
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There is a cost reduction between 10 to 15% if the two projects are implemented
together mainly because there will be an area savings for the entire building from a
more favourable tanks arrangement and other organizational costs savings.

Cost if
e 400 Mg Cost | 845 Mg Cost | Total Cost |implemented
Description (x1000) (x1000) (x1000) together
(x1000)
rocess Systems incl. Tanks
IMaterial $5,000 $10,000 $15,000
installation $9,000 $17,778 $26,778
Sub total $14,000 $27,778 $41,778 $37,600 [10% less
Building
Material (13 m high) $2,400 $4,500 $6,900
Construction (13 m high) $4,335 $8,128 $12,463
Material (6 m high) $5,600
Construction (6 m high) $10,115
Relocation services
see note below) $1,000 $750 $1,750
Sub total $23,450 $13,378 $36,828 $31,304 [15% less
folalMaterial &Installalion|  g37.450 | 41,456  $78606|  $68,904
Design Engineering $8,500 $9,466 $17,966 $15,848
Project Management $5,862 $6,585 $12,447 $11,025
Installation OPG
(support during install., $4.036 $4,527 $8,563 $7,579
commissioning & close out)
Sub total $18,398 $20,578 $38,976 $34,452 [12% less
(before contingency) $55,848 $61,734 $117,582 -$103,356
Contingency @ 34 % $18,988 $20,990 $39,978 $35,141
Total
(including contingency) $74,836 $82,724 $157,560 $138,497 112% less
Table 10: Conceptual Cost Estimate for the Combined D,O Storage of 1245 Mg
Note:

Relocation of services cost for 845 Mg project is in addition to the relocation services
cost for 400 Mg project.
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4.4

Schedule

Total project duration for 1245 Mg D,0 storage project is 4 years. The details for

each act

ivity can be found from the following schedule (based on Ref [26]):

Year 1 Year 2 Year 3 Year 4

Task I Duration in years

1 2 3 45 6 78 91011 12]1 23 4567 8 0101 12]1 23 4586 7 89 101112}1 23 45867 8 9101112

Project Management

Construction of facility (Civil)

Commissioning

Close Out

Preliminary and detailed design

Procurement of material (Long lead)
Installation of tanks and piping

Installation of electrical & I/C work

The overall schedule for execution of the project includes time for approvals from
municipality and CNSC.

5.0

REFURBISHMENT UPGRADING AND TRITIUM REMOVAL COST ESTIMATE

PHT Tritium limit is 1.2 Ci/ kg D,O and Moderator Tritium limit is 15.0 Ci/kg as per the
Darlington Operating Policies & Principles (Ref [2]).

The cost

O O O O O

was calculated on the following judgments:

Decontamination HW does not need de-tritiation

PHT Ci level is 1 before refurbishment

Moderator Ci level is 10 before refurbishment

De-tritiation cost is $25/kg (Ref [22])

Upgrading cost is $1,050 ($2,000 for decontamination HW at 60% isotopic).

(Cost of upgrading is taken from the 1991 estimates provided by common
services, Pickering B and adjusted to 2007) (Ref [22])

Detritiated D,O (Ci = 0.7) will be mixed to adjust the curie level by the

following formula:

Where:

Qp = Qt* (Ca-Ct) / (Ca-Cp)

Qt = total quantity (273 Mg for PHT or 340 Mg for Moderator)
Ca= actual concentration (of PHT or Moderator D,O)

Ct= target concentration

Cp=0.7 Ci/kg detritiated water from TRF
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6.0

Following is the cost summary for Tritium Removal & Upgrading of the D,O drained
from units throughout Refurbishment:

High Risk | Med Risk | Low Risk
Cost Cost Cost
Tritium Removal Total 4 Units $0 $29.25M | $32.90M
Upgrading Total 4 Units $0 $1.78M $ 3.95M
Tritium Removal & Upgrading Total $0 $ 31.03M | $36.85M

Table 11:  Refurbishment Upgrading & Tritium Removal Cost Estimate

Calculation details are presented in Appendix J:

PROJECT RISKS

The following list is created for both the refurbishment project and the operational
improvement project.

The current estimate is a conceptual level and unforeseen technical issues may
arise that were not accommodated for in the proposed scope and not covered by
the 34% contingency

Correspondence with Regulators will require approvals from both the CNSC and
TSSA. Obtaining approvals from outside parties can be time-consuming and may
cause significant delays. In addition, it is possible that various levels of government
may get involved, which have not been anticipated, such as the Ministry of the
Environment.

Scope Changes depending on the progress of the project and the information
communicated over the course of the project. Scope changes may affect the
schedule and/or price.

The unavailability of design basis documentation that reflects the “as built”
condition of the systems and/or equipment may cause additional processing and
engineering effort in order to complete the engineering change packages.

Effectiveness of OPG/Contractor team Interface, as the project process will require
multiple interfaces between the design engineers and the approvers (OPG) for
each design change (i.e. COMS review, issues resolution, document approvals,
etc.).

It is assumed that the refurbishment project D,O upgrading and tritium removal can
be accommodated during the refurbishment of one unit (this assumption is in
conjunction with the requirements of the 400 Mg Operational Improvement project
which must be satisfied). Some of the operational needs may require to be re-
scheduled accordingly. Any non-conformance to this rule may affect the
refurbishment schedule.

The outage schedule as per 27 Apr 09 (10 weeks gap between the end of refilling
of one unit and start of dewatering of the next unit) could change and there could
be an overlap.
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Appendix A: DNGS Refurbishment Outage and D,O Managing Schedule

Task Nameg

Start

Finish

Q117 Q217 Q317 Q417

Qri18 Q218 Q318 Q418 Q120 Q420

Q221

Q421
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Q123

Unit 1

10/1/2016

11/1/2018

Unit 2

7/1/2018

8/2/2020

Ja

Mai ApipayJury Jul Se, louDedJa

Mad ApriMayJun| Ju! ed O mlDec JanFel{Ma: OchmIDec

{Aopayun

OcfNor{Ded

var] e

Unit 3

4/1/2020

5/1/2022

Unit 4

1/2/2022

2/1/2024

Store U1

2/8/2017

8/17/2018

Store U2

10/28/2018

5/16/2020

Store U3

7/30/2020

2/15/2022

]
2
3
4
5
6
7
8

Store U4

5/2/2022

11/10/2023

Olap 1-2

7/1/2018

11/1/2018

Olap 2-3

4/1/2020

8/2/2020

Olap2-3 [ 1240 |

OLap 3-4

1/2/2022

5/1/2022

GAP 1-2

8/17/2018

10/29/2018

GAP 2-3

5/16/2020

7/30/2020

GAP2-3 [ 7ed |

GAP 3-4

2/15/2022

5/2/2022

Table 12: DNGS Refurbishment Outage and D,O Managing Schedule
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Appendix B:

DNGS Refurbishment D,O Process Flow

Reactors Volume
HTS 25 Mg/hr 25 Mg/hr Moderator
343 Mg 343 Mg
Refurbishment l Refurbishment
Refurbishment Storage
v
350 Mg
150 Mg Moderator
HTS Decontamin
135 Mg -
Refurbishment
Gd Removal
(Process)
D20 Recovery
(Process)
TRF @ sal
1500 Ma/Yr 750 Mg
(Darlington) [T > (Darlington)
A
Cleanup IXCU
(Process)
Upgrade
SUP
4.8 Ma/Day 0.21 (0.25) Mg/hr
(Process)

Legend: B Refurbishment Activity

»»»»»»»»»»»»»»»»»»»»»» > Normal Process Activity
Figure1: DNGS Refurbishment D,O Process Flow

N-TMP-10010-R008 (Microsoft® XP)




Report

Filed 2021-08-13
EB-2020-0290
J1.6

Attachment 1

Internal Use Onlyage 24 of 45

Document Number:

NK38-REP-09701-0265054

Revialon: Retention: Page:

R0O00 T20 24 of 45

Title:

DARLINGTON REFURBISHMENT D20 STORAGE FACILITY EVALUATION

Appendix C: GE Email DNGS Refurbishment Decontamination D,O Storage

Feb 27th, 2009

HITACHI

David Kurpjeweit, Ontario Power Generation

Nuclear Refurbishment Projects

889 Brock Rd., Pickering ON L1W 3J2

GE Hitachi
Nuclear Energy Canada Inc.

Graham MacDonald
Manager, Field Services

1160 Monaghan Raad
Peterborough, Ontario K9J 785
Canado

T 705748 7061
F 705 748 8187
M 705872 2344
E graham macdanald@ge.com

Job #: Ta4756
Ref #: N/A

Subject: Darlington Retube and Feeder Replacement D20 Considerations - Preliminary
Attachments: 1. GEH-C Sketch, DNGS R&FR PHTS Chemical Decontamination Application Scenario Map.
References: A.  Mesting Notes, OPG Dorlington R&FR Study, Status Update Meeting #4, 19-Feb-2009

B. OPG Doc. W-REP-03460-00015 ROO "Reference Plan for Management af Low- and Intermediate-Level
Waste From Darlington Refurbishment”
C. OPG Doc. N-SPEC-09701-10001 RO0O * Scope of Work - Darlington Retube and Feeder Replacement

Study”

D. OPG Doc. NK38-SR-03500-10001 R0OO2 "Dartington Safety Report - Part 2 Design Description®

Dear Mr. Kurpjeweit:

As discussed during our recent Status Update Meeting (Ref. A), we have prepared the following rough
estimate of the D20 supply requirements for the various identified scenarios for Darlington Retube

and Feeder Replacement (R&FR).

Regarding D20 requirements for chemical decontamination, please see the attached scenario map
(Att. 1) that plots the various decon permutations. The table below pravides preliminary, qualitative
recommendations for each scenario, and a rough estimate of the D20 requirements:

10 Scenario Likelihood Notes
A No Decon Recommended No additional D20 req'd
B Decon, Fuel in Core. 020 medium Not Recomm. ~ 240 m? for IX deuteration
Full PHTS (+5Gs) ~ 40-50 m* for decon system volume
~ 7 m?* make up for removed fuel volume
de-deuteration water must be upgraded
C Decon, Fuelin Core, D20 medium Not Recomm ~ 120 m3 for IX deuteration
Up to Header Levet ~ 40-50 m3 for decon systermn volume
de-deuteration water must be upgraded

fE-ritoc by Mucler Erergy Canoda

ALLRIGHTS RESERVED THIS MATERIAL MAY NQT BE USED OR REPRODUCED WATHOUT PRIOR WRITTEN CONSENT OF GE-HITACHI NUCI EAR ENERGY CANADA INC
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10 Scenario Likelihood Notes
D Decon, No Fuel in Core, D20 medium | Not Recomm. Bounding scenario for D20.
Full PHTS {+5Gs) -~ 240 m? for 1X deuteration
~ 40-50 m3 for decon system volume
~ 15 m? make up for removed fuel volume
de-deuteration water must be upgraded
€ Decon, No Fuet in Core, D20 medium | Recommended ~ 120 m? for IX deuteration
Up to Heoder Level Decon scenario ~ 40-50 m? for decon system volume
de-deuteration water must be upgraded
F Decon, No Fuel in Core, H20 medium | Not Recomm. No additionat 020 req'd
Full PHTS {+SGs), D20 removed Tritiated H20 an issue
G Decon, No Fuel in Core, H20 medium | Not Recamm. No additionat D20 req’d
Full PHTS (+5Gs), D20 present Upgrading with high % H20 required
H Decon, No Fuel in Core, H20 medium | Not Recomm. No additional D20 req'd
Up to Header Level, D20 removed Tritiated H20 an issue
! Decon, No Fuel in Core, H20 medium | Not Recomm. No additional D20 req'd
Up to Header Level, D20 present Upgrading with high % H20 required

An additional consideration is that of flushing either the Primary Heat Transport System (PHTS) or
Moderator System with low-Currie D20 prior to undertaking R&FR activities.
Flushing the PHTS with low Currie D20 is not recommended for any scenario due to impact on
schedule, assuming bulk drying of the PHTS is applied.
Flushing the Moderator with low Currie D20 is not recommended, but should have no impact
upon schedule and could be a useful tool for “soaking” out tritium from Moderator metallic

components.

Note that condensed D20 product that is removed from both the PHTS and Moderator, during bulk
drying, as per recommendations to come in the R&FR study, would need to be processed for
upgrading and de-tritiation.

I trust this provides the preliminary assessment that your group requires.

Sincerely,

Dl

Graham MacDonald
Manager, Field Services

cC

R. Asadi 0OPG
M. Craowford GEH-C
M. Toland GEH-C
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Scenario Map for DNGS PHTS Chemical Decontamination
as part of Retube and Feeder Replacement (R&FR)

Dry D20
prior to
H20 Fill?

Decon
whole PHTS
(+ SGs)?

Decon
with Fuel in
Reactor?

Decon
with D207

Decon
whole PHTS
(+ SGs)?

Decon
with D207?

Dry D20
priorto > -
H20 Fill?

NOTE: There is no plausible scenario for decon GE-HITACH! NUCLEAR ENERGY CANADA INC
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HITACHI GE Hitachi

with fuel in core using H20 in the PHTS. e
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Appendix D: Meeting Minutes DNGS Refurbishment Decontamination D,O Storage

Minutes of the meeting:
Subject: D20 Storage requirement for Decontamination during DNGS Refurbishment

Date: March 13, 2009

Participants:

David Kurpjuweit
Rafi Asadi
Stefan Varga
Raju Chander

Context:

D20 Storage for Refurbishment of DNGS needs to be finalized to develop the corporate HWM
strategy. Volume of D20 for decontamination is one of the inputs required for determining the
quantity of D20 storage during refurbishment. The strategy of decontamination of DNGS has
not been finalized yet. Conclusion of this meeting is based on the information obtained from GE
and the AECL assessment on Pickering B decontamination.

Conclusions:

1. Moderator system decontamination is not necessary. Hence there is no D20 storage
required. There are no alternative options for moderator system decontamination.

2. PHT system decontamination: GE has recommended two options, out of this the preferred
option is (A) i.e. — No Decontamination — No D20 storage required. The next preferred option is
(E) i.e. — no fuel in core, D20 up to header level - D20 storage required is 120 Cu. M. Third
preferred option is (D) i.e. — no fuel in core, PHTS full — D20 storage required is 305 Cu. M.

Minutes prepared by: Raju Chander
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Appendix E: DNGS Project # 16-31555 Scope of Work

Important Note: This scope of work is a draft copy only and was not used for Technical
Evaluation Packages or bids by the selected vendors.

The original scope of work (incorporated in RFP #2007804) was based on Kinetrics report (ref
[18]). Their conceptual study was accepted by OPG as the basis for the design of the new D=0
Storage Facility. The document provides the information required to carry-out the additional
storage and drum handling upgrades of the existing DO management system.

That original scope of work was supplemented subsequently by the “Clarification #7 — Scope
Addition” (incorporated in RFP #2007204)

Original Scope of Work:

o A total of 400 Mg of storage tank capacity made up of 8 x 50Mg tanks shall be provided
for segregation of different streams of D,O. Consideration shall be given to the new
“design/build” to ensure maximum flexibility in storing and transferring different grades of
D0 to and forth from reactor units, TRF, Upgrader, etc.

¢ The new storage tanks shall be designed to tie in to existing control/transfer systems.
The current mode of operation shall not be degraded as the result of the new
“design/build”.

¢ Level and pressure indications shall be provided for the new D20 storage tanks, both
locally and in the Control Room. Alarms (locally and Control Room) shall be provided to
alert operator of abnormality in the storage tanks. The existing control computers in the
D20 Management Building and TRF shall be utilized for any new equipment indicating
alarms and control functions.

o Cover gas shall be provided for the storage tanks.

¢ |solations and draining shall be provided to isolate/drain any individual tank for
maintenance. Double block and bleed arrangements shall be used for isolation between
tanks designated for PHT D20 and Moderator D20, interconnecting lines between
reactor grade and downgraded D20.

¢ Means of sampling and analyzing of the contents in the tanks shall be provided.

¢ Venting shall be provided where necessary. The design of the venting system shall
maximize the recovery of D20 and isotope products in order to minimize release to the
environment.

¢ Vacuum Relief devices shall be installed on the tanks to minimize the risk of implosion
during emptying

¢ Based on the Kinectrics report, the new tanks shall be designed to Class 3.

All tanks shall be assumed to be filled to a maximum of 90% capacity.

¢ The pit in which the new D20 storage tanks located shall be seismically qualified with
dykes around that would contain the D20 inventory if the tanks were to fail during a
seismic event. This would limit the spill of D20 to the environment. Beetle alarms shall
be provided to alert operator of leaks or spills. The new alarm system shall mirror the
existing design for consistency.
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o Sufficient storage space for 300 drums, with drum pressure test capabilities shall be
provided. A drum requires pressure testing prior to re-use. Consideration shall be given
to the new “design/build” to maximize the space available for drum storage and handling.
Empty drums may be stacked to maximize the use of space.

e The new “design/build” shall take into consideration the movement of drums between
storage and the loading bay to ensure easy access and drum handling. Human factors
shall be considered in the new “design/build” to minimize operator efforts in operating
and maintaining the facilities. Provision for hoist to lift drum shall be considered.

o Pressure test facility shall be provided to pneumatically test the drum to 90 kPag (13
psig) to ensure the integrity of the drum before re-use. The drum testing shall be located
in the vented area to prevent release into the room.

e For high dose areas, proper shielding shall be required.

e Drainage shall be provided in the new building so that spills can be drained to the sumps
in the D20 Management Building.

e There shall be no negative impact to the performance of existing systems as the result of
this project.

e The new “design/build” shall take into consideration means to minimize any interruptions
to the existing infrastructures and Station operations during construction, installation,
commissioning, etc.

e The technical package shall include sufficient descriptions / directions to enable a firm
fixed price bid for the EPC contract. The technical package will be reviewed by OPG
which may ask for additional supporting drawings and documents.

Additional Scope of Work:

(1) Drum Emptying Station.

- Design of a new Drum Emptying Station in the same area as the new Drum
Washing/Rinsing Station.
- Basis of design:
1. Emptying D20 from the drums to the Dirty Downgraded D20 Tanks via the
existing filtering system.
2. Incorporate a small pump to pump out the drums during the emptying process
instead of using air pressure (existing process).
3. The estimated capacity shall be 25 drums per shift.

(2) New IXCU System.

- Design a new IXCU System with the dual task of supporting the new Drum system and
to act as an emergency back up for the existing system
- Basis of design:

1. Estimated capacity to be 50% of the existing IXCU System.

2. Shall include its own in-line filter (for quick replacement), charcoal filter and 2
(two) IX with connections to the existing activated charcoal and spent resin tanks,
and all the necessary services for the clean-up operation

3. Shall operate as much independently as possible with the new system, but shall
have the flexibility to take over the functions (not operation) of the existing IXCU
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system in case of any shut down (emergency or maintenance) of the existing
IXCU system.
- It is expected that this new IXCU System together with the associated piping, shielding
and maintenance access will reduce some of the drum storage area capacity. The
design shall be such as the impact is minimal.

Note: As per Appendix F: the addition of the New IXCU system was excluded from the
Scope of Work

(3) Two of the tanks from the current design submitted shall be split into halves.

The design work shall be supplemented to include:
- Split 1 Dirty Downgraded D20 Tank into half.
- Split 1 Clean Downgraded D20 Tank into half.
- All in and out piping, part of the 2 tanks original design, shall now have a simple split
with all required valves.
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Appendix F: DNGS Project # 16-31555 Exclusion from Additional Scope of Work

JOK Eric -NUCLEAR ( = AU [Lore )
\
From: SULLIVAN Aileen -DARLINGTON
) Sent: Monday, March 10, 2008 2:12 PM
To: JOK Eric -NUCLEAR; THAM Stephanie -NUCLEAR; MARTIN Brent -DARLINGTON;

Cc:

WILLIAMS Denny -DARLINGTON; CORNACCHIA Mario -NUCLEAR; FOSTER Charles -
NUCLEAR; FUNG fan -NUCLEAR; VELAYUTHAN Mano -NUCLEAR
GAINE Dianne -NUCLEAR

Subject: RE: D20 Storage - Scope Addition meeting with Stakeholders.

As actioned below, please move forward with the project including the following scope addition(s)
1) drum emptying station
2) splitting 2 tanks into havles.

As discussed with and confirmed with TRF Ops, please do NOT include the scope addition for the New IXCU system.

Thank You

Aileen Sullivan

TRF Manager, Darlington
ESSB 324, x 1361
cell/pager - 416-526-4381
aileen.sullivan@opg.com

-----Original Message—---

From: JOK Eric -NUCLEAR
Sent: Monday, March 03, 2008 3:09 PM
To: THAM Stephanie -NUCLEAR; SULLIVAN Aileen -DARLINGTON; MARTIN Brent -DARLINGTON; WILLIAMS Denny -DARLINGTON;

CORNACCHIA Mario -NUCLEAR; FOSTER Charles -NUCLEAR; FUNG Ian -NUCLEAR; VELAYUTHAN Mano -NUCLEAR
Ce: GAINE Dianne -NUCLEAR
Subject: D20 Storage - Scope Addition meeting with Stakeholders.

The Conference Call meeting was called off at 11:40am due to missing key participants.
However, Aileen Sullivan called Stephanie Tham at 11:45am to re-start the meeting:

Present:
Aileen Sullivan, Brent Martin, Stephanie Tham, Eric Jok.

Objective of meeting:
This meeting was NOT intended to SELECT vendor A or B for the Scope Addition. It was intended for questions and

discussions about the Quotes for the Scope Additions and any Schedule impact from them - so that a management
decision can be made to move forward with 1, 2 or all 3 Scope Addition ltems.

Scope Addition Quote Update ~ quotes received on Feb.11, 2008 from both vendors (NSS and Wardrop) regarding:
Scope Addition # 1: Drum Emptying Station
Scope Addition # 2: New IXCU System
Scope Addition # 3: Divide 2 of the tanks into halves.

The Scope Additions, schedule impact and some cost issues were discussed. It was noted that for the vendor with
longer schedute impact, OPG overhead cost would have to be added to reflect the total cost, and therefore, reducing
the cost gap between the 2 vendors.

The project team wilf continue the vendor selection process, and the chosen Scope Addition Items will then be added
to the Overall Project Scope with the selected vendor.

Based on the Total Project Quote received in late January/2008 from the vendors, the preliminary NPV re-visit has
indicated it changes from +4.4M to the -ve zone without the Scope Addition Costs. An exact NPV re-calculation will be
conducted later.

Due to the tight timeline of the project, the Scope Addition choices will have to be made by Mar.17, 2008.

Note: The choice for the Scope Addition tem(s) should not be based on the less price of the 2 vendors, because the
1
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final vendor selected may mean the higher cost for that Item.

Action:

Aileen S. will forward an e-mail to Stephanie T. by Mar.17/2008, indicating which Scope Addition(s) will be chosen to
move forward.

Regards,

Eric Jok P.Eng PMP

Design Projects, Proj & Mods
905-839-1151 x8550

Pager 416-442-6612
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Appendix G: DNGS Refurbishment D.O Storage Conceptual Schematic
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Figure 2: DNGS Refurbishment D,O Storage Conceptual Schematic
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Appendix H: DNGS Refurbishment D,O Storage Conceptual Tanks Arrangement Layouts

(5

Note 1:

For details of Yard services see Dwgs.
NK38-D1H-10249-1343 and NK38-D1H-10249-1353
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