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AMPCO Interrogatory #131

Interrogatory

Reference: Ex D2 T2 S10 Appendix 2k

In December 2004, Kinectrics Inc. completed a study “Strategic Option Study or OPG
Heavy Water Storage and Drum Handling.” In April 2006, Kinectrics Inc. was
contracted by this Project to further investigate the issues at Darlington and Pickering
and to develop options that would address OPG’s D20 management needs.

Please provide copies of all reports prepared by Kinectrics Inc. related to D20 storage.

Response

Please see Attachments 1 to 7, for a copy of the reports prepared by Kinectrics Inc.
related to D20 Storage Project. Additionally, please see Ex. L-D2-02-AMPCO-137,
Attachments 107 and 116, for two additional reports prepared by Kinectrics Inc. related
to D20 Storage Project.

Witness Panel: D20 Project






Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-131
Attachment 1

Internal Use Onl Page 1 of 83
UNTARIUFﬁWEn Coversheet Dl:;(m;;‘-u;:éP-SQOOOJ 002(:, —
G EN ERATI 0 N Sheet Number: Revision:
N/A ROO
Title:
KINECTRICS’ DTRF/HWM 2005 PLANT CONDITION ASSESSMENT REPORT
© Ontario Power Generation Inc., 2005. This document has been produced and distributed for internal Ontario Power
Generation Inc. purposes only. No part of this document may be reproduced, published, converted, or stored in any data
retrieval system, or transmitted in any form or by any means (electronic, mechanical, photocopying, recording, or
otherwise) without the prior written permission of Ontario Power Generation Inc.
Kinectrics’ DTRF/HWM 2005 Plant Condition
Assessment Report
NK38-REP-39000-10020-R00
Sheet Number: N/A
2005-09-19
Order Number: N/A
Other Reference Number: N/A
Internal Use Only
Date
Date
Accepted by: [ am S@Pft l Z/ o~
Charles Fong ' Date

Senior Design Engineer

CWMD-ESD

Accepted by: @waﬁ S

Denny Williams

Section Manager
TRF-Technical

N
Date

Associated with document type REP

N-TMP-10179-R000




DAVELLAL

Rectangle





Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-131
Attachment 1

Page 2 of 83

KINECTRICS

Plant Condition Assessment for the Darlington
Tritium Removal Facility (TRF), and
Heavy Water Management (HWM) Systems

Kinectrics Report; K-011146-PCA-0001-R2

May 2005

S. Sood
Canadian Power Utilities Services LTC.

V. Singh
Nuclear Waste & Tritium Solutions
Kinectrics Inc.

A. Antoniazzi
Nuclear Waste & Tritium Solutions
Kinectrics Inc.

A. Heics
Canadian Power Utilities Services LTC.

M. Moledina
CANATOM-NPM

Kinectrics Inc has prepared this report in accordance with and subject to the Master
Services Agreement (MSA) between Kinectrics Inc and Ontario Power Generation Inc

dated January 1, 2002
© Kinectrics Inc., 2005

PRIVATE INFORMATION
Kinectrics Inc., 800 Kipling Avenue, Toronto, Ontario, Canada M8Z 6C4





Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-131"

Attachment 1

Page 3 of 83

Plant Condition Assessment for the Darlington Tritium Removal
Facility (TRF) and Heavy Water Management (HWM) Systems

Kinectrics Report: K-011146-PCA-0001-R2

May 2005
Prepared by: "
5205 b6 /5
- Date
CPUS
Ve At 200505~ 3 {
V. Singh _ Date

Nuclear Waste and Tritium Solutions
Kinectrics Inc -

// | VS So6/0F

Antomazm ‘Date
Nuclear Waste and Tritium Solutions
Kinectrics Inc
Y. i % Le 205 /b6/6F
Aeics Date - :
CPUS

2o 05

Date

CANATOM NPM

ii : K-011146-PCA-0001-R2





Reviewed by:

N —

ﬂ(ﬁ. Robins, Project Manager i
Nuclear Waste and Tritium Solutions
Kinectrics Inc

F. E. Bartoséé’k -0
Generation Plant Technologies
Kinectrics Inc '

" . Approved by:
John Krasznai ~ (AJ

Nuclear Waste and Tritium Solutions
Kinectrics Inc

Accepted by: .

- LR

C. Fong
Engineering Services Division
OPG

.: i”"m}&\ .‘&%

D. Williams
Darlington Nuclear Division
OPG

Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-131
Attachment 1

Page 4 of 83

Date

Date

é@?&m los™

Date

i .
June 20, 2008
Date

i e

N e LN 10\.3
Date

K-011146-PCA-0001-R2





REVISION HISTORY

Filed: 2021-04-19

EB-2020-0290
Exhibit L

D2-02-AMPCO-131

Attachment 1
Page 5 of 83

Revision | Date Comments Approved
Number

A Jan 7, 2005 Circulated for comments. JRR

B Jan 21, 2005 Draft Released for Review to OPG JRR

C Feb 7, 2005 Draft with C. Fong comments included JRR

0 Mar 22, 2005 | Issued to team for review JRR

0 April 4, 2005 Issued to OPG for review JRR

1 May 9, 2005 OPG comments incorporated (Appendix 21) — | JRR

final report issued
2 June 9, 2005 Incorporating comments from F. Dermarkar/ | JRR

D. Williams, minor spelling changes

iv K-011146-PCA-0001-R2





g bhwWMhN =

Table of Contents

EXECUTIVE SUMMARY ....cciotieteerierisenessessaseesnesssssessnsssorassasenssnissssssssssssasssessses 1
WD R S COBE i i s s s s R S s T s s v e oh b 5
METHODOLEMGY, .. oo rsesssensissiesisssmsssssaisssnsnssmnmissasiasb s sons srssasiiinm it 5
GENERAL OVERVIEW OF THE PLANT CONDITION .....ccccoirimieminnninannieeeen, 7
5.1 Overview of TRF Equipment, Maintenance, and Organizational Problems7
52  Outol'Scops FINAINGS . ..uiieiiamiies i iesiiina oo svssissansbisniss sinssiasinsis 9
5.3  TRF System ASSESSMENT....cccoviieiiiiriiiie st ee s naees 10
ASSESSMENT OF TRF FRONT END SYSTEMS........cccoccvriiminviiicnininiinanennn. 10
6.1 System Descriplon =il st asimmnssaisiemim i 10
6.2  System Condition Statement, Degradation and Remaining Life ............. 11
6.2.1 FTS (Feed Treatment System) SCI 39310.......ccccevunnnnnnenn. 11
6.2.2 VPCE (Vapor Phase Catalytic Exchange) SCI 39320 ........... 11
6.2.3 DU (Dryer Unit) SCI 39320......c.ccciiimiiimiiimminninnnmsmmmin. 13
6.2.4 DMS (Deuterium Make-up System) SCI 39330..................... 14
6.2.5 DPS (Drain and Purge System) SCI 39360........ccccccevveiieennnn. 16
6.2.6 RS (Recombiner System) SCI 39360......ccccemieniirinininnnenainnne. 17
ASSESSMENT OF TRF CRYOGENIC DISTILLATION AND REFRIGERATION
O S TEM S v ot bedo i aih Chu vt ekt e b s A PR A Ao AR SR e 17
7.1 System DescrpPON «iumaisesis i s i i st i 17
7.2  System Condition Statement, Degradation and Remaining Life ............. 18

724 AU and LTC (Adsorber Unit and Low Tritium Distillation
Column) SCI 39410 and HTC (High Tritium Distillation Column)

o e L L i oy 18
7.2.2 CRS (Cryogenic Refrigeration System) SCI 39440 ............... 20
ASSESSMENT OF TRF AUXILIARY SYSTEMS .. A D
8.1 SyStoM DBSCHPYON .....oorseieereseisiivisiiisivorsnsinsisiavasisssminimsesivsissimsiims 23
8.2 System Condition Statement, Degradation and Remaining Life ............. 23
8.2.1 ACS and GBCS Turbing BIOWETS......ccnsiminimmmsinsssinsassasion s 24
8.2.2 AES aNd GBOES DIV o inn i n i eeie i 24
8.2.3 ACS and GBCS ReCOmMDINEIS.......u.eeiieiiiienrearienneensenneennennnes 24
8.2.4 ACS andiBBEB NVAWNES nsinnmisuimaiismsnms ssiseviasiiimems 24
8.2.5 GBCS Ozand N, Removal Beds ........cccceeiieiienimneeieeeeen s 24
8.2.6 ACS and GBCS Control Systems........ccovvvevivevenniiiieeieieeanenne 24
8.2.7 GBS Maghetic BlOWEF ... wiisssiinsissnrmmrisos vvsisnsis 25
8.2.8 TIB COMPONGNTS -/cici:iauiiiici it s s s S sk 25
8.2.9 ITC Activation SYStEM .......covveiiiiccniirirere s 26
8.2.10 Immobilized Tritium Container (ITC) Storage Vault............... 26
ASSESSMENT OF TRF CHILLED WATER, STEAM AND LOW PRESSURE
SERVICE WATER SUPPLY SYSTEMS ....c.ccoitierierireresssssressssssssssssssssmssssnens 26
9.1 Chilled Water System Description ........c.ccoeuirireeeiniininiiiiininenee e 26
9.2  System Condition Statement, Degradation and Remalmng Life o 27
9.2.1 BEUL and BELIR . . e 27
9.2.2 Chilled Water System ......ccceevviiiriniiniciinnninneenennne e 27
9.2.3 N BINBE Lo et oo et oo S oo G S S L i S s SR 27

9.2.4 Piping flanges and seals

v K-011146-PCA-0001-R2

Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-131
Attachment 1

Page 6 of 83





10

11

12

13

14

9.2.5 COMPrasBDsL. vt a st sl v s ap e es 27
9.3  Steam and Condensate System........cccciiiinieinninicisiiee e 28
9.4  Low Pressure Service Water System .........cccccciiiiiiimnmmmiinnninie i 28
9.5  Re-Circulating Cooling Water System .......cccccvvimninieneiiie e, 28
ASSESSMENT OF TRF AND DO MANAGEMENT BUILDING VENTILATION
(ST TBBYDY cucisusssvsssssnossasvosicisrsisiestissitssaisnsss snsssbonassossans ixssinsssasssmtsgassnansss snsonss 28
10.1  System DeSCHPLON ...cccuiiiaiimiinmiimniinieni i sonrsssssiisaassssinns: 28
10.2 System Condition Statement, Degradation and Remaining Life ............. 29
10.2.1 DRI A NG o o s ks by e msr sy mimosss sk sl 29
10.2.2 Heating and Ventilating Units HYU1 and HVU2 .................... 29
10.2.3 AleGooling Unit ACUT «smrsmmswusniisaisissssdisssisd 29
10.2.4 Steam Heating Coils, Face and Bypass Dampers................. 29
10.2.5 EXRAUSt Fals i iuisisssmusmavinssrsisvonsammasssassspisisseniamsssssonsined 29
10.2.6 Exhaust Filter VallS - aminmiasinsimivesmesi sy 30
10.2.7 DAMIPBTIS e sseesssmnsssnssassassssnsssnssanssssonasnsannassotdfsesasRaeasassissnrnses 30
10.2.8 L7 L 7> L O S S RO 30
10.2.9 EXhaUst StACKS ettt iisseiesvusat sibuisisl 30
ASSESSMENT OF HEAVY WATER MANAGEMENT (HWM) & STATION
UPGRADER (SUP), (SCI 38410/38430/34510) .....cccovieerierieninniniesseeneen 30
11.1  System DesCription .- ieismistoniiiiisiiiibasiaiioisiomtssserts eiseisancia 30
11.2  System Condition Statement, Degradation and Remaining Life ............. 31
11.2.1 General Comments: .......c.ccveeeveuernnmereesee e e 31
11.2.2 The D,O Cleanup System... .
11.2.3 Spent Resin Handling System msude the DZO Management
BOICHIG(BAB0). . erisrorssrrssesssesssrnsmmmrmsnnssarsasspassssssssasssssrass s 64814 5msmapasoges 33
11.2.4 D,O Upgrader ... o .33
ASSESSMENT OF HEAVY WATER MANAGEMENT & TRF BUILD!NGS (SCI
SRR SO0 ) oo ceitian o dint i ooz s saniaatnpen bhrss mssaishesenenssss oAb REAT HEHEAS IR A R s 34
124 “SyEtam BeBCHPHON b warummmessiabomeisndeions iraasmpessenmmssensm o 34
12.2 System Condition Statement, Degradation and Remaining Life ............. 35
12.2.1 Roofs .. R s 1
12.2.2 Blow- out Panels .................................................................... 35
ASSESSMENT OF TRF AND SUP (HWM) COMPUTER SYSTEM, (SCI
69791/69891)... e A B R a0
13.1 System Descnptlon ................................................................................ 36
13.2  System Condition Statement Summary.........ccoccvneninniininincsinciee e, 36

ASSESSMENT OF TRF AND SUP INSTRUMENTATION AND CONTROL, AND
ELECTRICAL EQUIPMENT

............................................................................... 37
141 SYSIOM DESCHPION «visssuaisssavsssinmvssiwnmmmsmiiisisimsaisi a ks ass sosioe s shmiois 37
14.2 System Condition Statement, Degradation and Remaining Life ............. 37
14.2.1 Analytical EqQUIpPMeNt......cccceiiiiiiireeciiisiiiiaii 38
14.2.2 IS - diiivvimuussinissmvnsssseiss simbns es Riess s RRWEKS VR RIS SRAS SR 4 4R GRS RRBSH N 38
14.2.3 Auxdliary EQUIDMBNE iceiuiiimmisiis Shnisimsiiaiisis isstiin 38
14.2.4 Recombiner SYstem........cccciviiiininninini e s 38
14.2.5 Feed Treatment System.......ccccevvvviiiiniinnirnniienin s 39
14.2.6 = ] T 39
14.2.7 5 UL o o e et B e s v 7y R TSP MR P 39
14.2.8 Cryogenic distillation system .........cccocovvviveniininniiineciiienenn, 39

vi K-011146-PCA-0001-R2

Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-131
Attachment 1

Page 7 of 83





15
16
17
18

19

20

21

Filed: 2021-04-19

EB-2020-0290
Exhibit L
D2-02-AMPCO-131
Attachment 1
Page 8 of 83
14.2.9 Cryogenic Refrigeration System.........c.euvvvvimiummiiemnnninnnininnnn 39
14.2.10  Tritium Immobilization System ........cccccviiiniiiiiiiiiiinncnieee, 39
SUININIARY st o i s o S s A U iR R b e s TR 40
ACKNOWLEDGEMENTS .....otiiiiiieiiieieniteesseae s ermeee s ssnnessesenesesisssssssssnsasssssanssns 42
REFERENEGES /.cicicssusussisavocuinsoneuusmasossnsss s s ossbaxss 55445 s4anayssensionsnata gors o nns ss45s 43
APPENDIX: CONTROL MAINTENANCE - LIST OF INSTRUMENTATION
PROBLEMS AT THE DTRFE......ccocsesmmusrsisssremssanssasranssssannsnsnssssseshssroriascsiig sioes 44
APBENDIXINIEBVIEWINOTES: .. .t vmminomniss sempsensmsmmmnsrssais el 45
191 'Oparations STalT i.iiimnmisiivimiu st wie 45
19.2 Mechanical Maintenance staff .........cccivininni i, 53
19.3 TRF System Engineering staff... verrenennnesDB
19.4 Interview with System Englneermg Staff December 17 2004 ............... 60
19.5 Interviews With Engineering Services Staff from OPG Head Office -
NovVEMDBET 24, 2004 .......uevieeriiiieiiririiurisnerertererrrnrre ..o as s sasas 63
APPENDIX: ASSESSMENT OF THE TRF AND SUP (HWM) COMPUTER
SYSTEM: SCI'69791 AND B98I . «.vvvnnummainimiinnmssiismssaasi s 67
20.1 System Condition Statement, Degradation and Remaining Life ............. 67
20.1.1 Man-Machine |MEIface ... i emsrmesssrn e 67
20.1.2 Universal File Servers APB400.........cccccooviveveeiininiinniinsnneanaans 67
20.1.3 Dual Ethernet Data Highway ........ccccceveiiniiniriininncineinninnnen. 68
20.1.4 Distributed Control Units DCU3200.......c.ccvvvervemmecniiecnniniens 68
20.1.5 External Lambda Power Supplies and Intrinsic Safety
RElaySIBANBIB e i s s i e s R R s U 69
20.1.6 PHNTEIS 1. st rocssnessnnsnansarrunsansanannnmnsnansmsss saessrsssns ssssrnnapansssynsmnss 69
20.1.7 Symphony SR 3.0 System Software .........cccccveniiiiiniiiinnnnns 69
20.1.8 Conductor UX dcu-sup Software, 7.1.16. ....cccoocevieiiiiniinnnn. 70
20.1.9 Configured Control Software: .......cccciereriinnnimrenr s, 70
20.1.10  Configured Display Software...........ccccccvverirerirciiiiinininninnnnne. 70
20.2 Spares Availability ... 71
APPENDIX - DISPOSITION OF OPG COMMENTS FFIOM HEVISION 0 ......... 74

vii K-011146-PCA-0001

-R2





Filed: 2021-04-19

EB-2020-0290
Exhibit L
PCO-131
chment 1
e 9 of 83

To: Nalini Valliere
Englngerlng Services D_wlsmn KINECTRICS
Ontario Power Generation

1 EXECUTIVE SUMMARY

There are two main components of Heavy Water Management (HWM) at OPG:

e Tritium control by D,O detritiation
e D,0 isotopic control by DO recovery, cleanup and upgrade.

Systems for cleanup, upgrade and detritiation of heavy water are the critical parts of the
heavy water management cycle. Efficient management of these components also
requires adequate D,O storage and handling capability [1]. At Darlington, the TRF works
with the Upgrader for heavy water management. Unlike other OPG stations, water
recoveries at Darlington are not segregated, and therefore Upgrader product is usually
only acceptable for moderator makeup, because the tritium concentration is too high for
PHT makeup. The TRF, by removing tritium, maintains moderator and PHT tritium

concentrations below their OP&P limits (Darlington moderator OP&P limit is 15 Ci/kg, and
the PHT limit is 1.2 Ci/kg).

The recent evidence of low reliability has focused attention on the Darlington Tritium
Removal Facility (TRF) and has highlighted that it is a key facility for heavy water
management. It is the only source of reactor grade, low-Curie make-up water for the PHT
system at Darlington and it is essential for ensuring that all stations meet their OP&P
limits. The decreased reliability of this aging facility has serious consequences for
management, storage, segregation, and diversion of heavy water.

This report assesses components in the heavy water management system, including the
TRF and Upgrader, and summarizes significant problems that have contributed to
downtime. The state of degradation and mechanism of degradation are described and the
expected remaining life is indicated.

The report was prepared using OPG documentation such as reports, summaries
prepared by OPG staff and information such as SCRs contained within various
databases. Interviews with a cross section of staff provided additional information. The
major forced outages at the TRF were reviewed both to identify systems that were major
contributors and to determine common issues.

The TRF, after 15 years of operation, has experienced significant degradation in key
systems:

Air Cleanup System (ACS)

Electrical and instrumentation systems
Cryogenic adsorber system

Drain and Purge System (DPS) pumps
Recombiner

Deuterium Make-up System

e o o & o @
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e Upgrader system

e Chilled Water, Steam and Low Pressure Service Water (LPSW) supply systems
¢ Roof and blowout panels on the TRF building

The Low Tritium Cold box and High Tritium Cold box and contents require inspection to
assess remaining service life. While the Cryogenic Refrigeration System (CRS) has been
a major contributor to unreliability because oil has migrated to cryogenic areas, this
appears to be an operational issue and is not primarily a result of equipment degradation.

The TRF/SUP Computer System components are relatively new (acquired by ABB in late
1996 and installed at Darlington in November 1998). However, different components have
displayed different reliabilities since commissioning.

Recommendations for Improvement

Short-term steps to improve TRF reliability are mainly procedural.

« Minimize or if possible, eliminate oil ingress to the CRS by revising operating
procedures to stop pumping oil around the circuit when the CRS is warming or when
the turbine has no load (not extracting energy); brief all operators on revised
procedures and have them acknowledge their understanding. [Note added in proof -
this has been completed during the most recent shutdown of the DTRF]

« Change oil in the turbine system only after analysis indicates that it is warranted rather
than changing the oil on a schedule.

s Ensure that turbine oil of the right specification is used and investigate if drying the oil
reduces contamination.

e Evaluate extension of scheduled maintenance intervals for the H, compressor and if
accepted, increase the intervals between maintenance cautiously from 8,000 h
upwards.

e Perform root cause analysis for the DPS Metal Bellows pump failures to eliminate the
cause of failures.

Medium to longer-term steps to improve plant condition require replacement of
components (e.g. in the Adsorber Unit). Many of the components in the plant are not
replaceable on a “like for like” basis because they are obsolete, and replacement requires
design engineering and the ECC process.

Replacement parts for some of the specialized equipment at the DTRF are not currently
available within OPG and due to the increased rigor in the procurement processes at
OPG an analysis of the level of work involved in obtaining spare parts should be
undertaken.

The TRF and HWM systems already have many of the processes in place to manage

plant resources: the next step is to better integrate the processes, optimize activities, and
improve communications between functional groups.

2 K-011146-PCA-0001-R2
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The Life Cycle Management project also requires results from the Maintenance
Improvement Initiative project, which is aimed at asset preservation. The project aims to
improve configuration management, prepare maintenance procedures where they are
missing, and build complete Bills of Material.

It is felt that the problems with the metal bellows pumps in the DPS system and the lack
of reliability of the DMS system are two areas that should have a more detailed root
cause evaluation done to determine why the problems exist within those systems.

The authors believe that this assessment of the plant condition is sufficient to use within
the Equipment Reliability methodology as a starting point in following the steps within the
area of Life Cycle Management. The Equipment Reliability methodology is a system that
is based on the principal of continuous improvement and thus is a cyclic process that
keeps coming back to assess if the situation is still as it was previously.

2 INTRODUCTION

This report assesses the current condition of Heavy Water Management Systems
including the Tritium Recovery Facility (TRF) and the Upgrader at the Darlington Nuclear
Generating Station with the objective of identifying and ranking areas for improvement.

Since 2001 the TRF has gradually moved from white to yellow to red in plant health
reporting mainly because of poor capacity factor, lack of spare parts, and the large
number of functional failures. The System Health rating for the TRF has been red for the
past two years. The Upgrader is yellow.

Figure 1 shows that the performance of the TRF has been erratic over the last four years
with unpredictable forced outages. Since commissioning 15 years ago, the plant has
experienced a number of significant outages; both planned and forced. These outages
are listed in approximate chronological order as follows:

+ Repair of seized VPCE Liquid Ring Compressor.

« Replacement of Charcoal Catalyst in CAT 1601 (equilibrator in CD4) with Pt/Alumina;
changes to the piping configuration in the HTCB, which involved cutting and welding
tritium-contaminated equipment.

» Replacement of the tube bundles in all eight VPCE evaporators and one feed
evaporator due to stress corrosion cracking of the original bundles; stainless steel
tubes were replaced with Inconel-625 tubes.

« Replacement of filter FR-3116 in the CRS with a filter having a coarser mesh size.

« Drying the DU molecular sieve after flooding by seal tank water from the Liquid Ring
Compressor.

3 K-011146-PCA-0001-R2
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« Replacement of leaking superheater tube bundles.
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» Replacement of Fisher valves in the VPCE and DU because the bellows failed (about
96 valves replaced).

« Replacement of the obsolete and trouble-prone control computer system in 1999 with

a Fischer and Porter System 6 computer system.

« Cleaning the CRS system piping by flushing with solvent to remove oil contamination.

« Repair and inspection of cracks in VPCE superheater nozzles.

In February 2005 an unplanned outage was caused by plugging in the CRS (by oil
carryover) and has resulted in actually cutting out lines within the CRS to drain oil. The

root cause of some of the material has not yet been determined.

Each outage has lasted for significant time periods ranging from a few months to up to 18

months.

K-011146-PCA-0001-R2
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Development of a life cycle management plan (LCM), aimed at improving the reliability of
this facility is important to OPG. The focus of this report is to consolidate and update
previous assessment efforts and thereby provides the most current condition of plant
systems. This will form the basis for the Life Cycle Management Plan.

3 WORK SCOPE

The scope of this assessment covers both the TRF and Upgrader system; Darlington is
the only CANDU station with a tritium removal facility. Conventional CANDU stations
have no tritium recovery facilities.

The Life Cycle Management Project being executed by Kinectrics has the following
deliverables in this phase:

Plant Condition Assessment (PCA) Report and establishment of priorities
Aging Report

Obsolescence Review Report

Critical Equipment Matrix review and update

QOutline of the Life Cycle Management Plan.

This report addresses the first deliverable and assesses the condition of subsystems and
components in the TRF and HWM system including electrical and 1&C, auxiliary systems,
low-pressure service water, HVAC, and building structure. Kinectrics, as an outside party,
critically reviewed existing work by OPG in this area and used this information in
preparing this report. Kinectrics undertook no testing or inspection of systems or
components during the assessment. For each system, the following are provided:

« System description

. System Condition Statement—a summary of the significant problems that have been
experienced by the system and the present state of the system and its contribution to
downtime

« Degradation—the state of degradation and the mechanism of degradation

« Remaining Life—the estimated remaining life of the system.

4 METHODOLOGY

The intent of this project is to compile and review operating and performance histories of
the TRF and Upgrader including outage reports, equipment maintenance history,
manufacturers’ service guidelines, current inspection and maintenance activities, relevant
industrial operating experience, and previous plant condition assessments.

This report was prepared using existing documentation available from OPG either as
reports or summaries prepared by OPG staff, or information contained within various
document handling database programs either in use within OPG or existing as legacy
systems. Documents up to 1 January 2005 were part of the study. The study did not
include any inspections of equipment except for a plant walk down.
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Throughout this report, equipment and components are classified in “good” condition if
three conditions are met:

1.
2,
3.

No SCR’s were found.
No comments were made about the equipment during interviews.

Engineering experience on the part of the authors suggested that the equipment
should still be in working condition to the end of the TRF design life.

A stronger statement on equipment and component condition is only possible with
inspection.

Many documents have been used during the preparation of this report:

Nooahkowh =

8.
9.

10.
11.
12.

13.

14.
15.

16.
17
18.
19.

Darlington Tritium Removal Facility, Experience Manual, 1990

Significant Event Reports (SER database), 1988-1998

Station Condition Records (SCR database), 1998 — 2004

Plant Operating Flow sheets

Critical Equipment Matrix, 2002

Inspection record for the DTRF, 1995 to 2003

Plant Condition Assessment, 2002 (where no changes have occurred since 2002,
portions of this report have been repeated in this analysis)

Plant Aging Matrix, 2002

TRF Long Term Outage Schedule, 2002 to 2007

COG OPEX database

OPG Nuclear Procedure — Critical Equipment Identification & Categorization, 2004
OPG Nuclear Procedure — Obsolescence ldentification & Strategies Evaluation,
2000

System Performance Monitoring Plan, Heavy Water Management & Upgrader
(SUP), 2000

In-Service Inspection Program for the DTRF, 1995

An Assessment of the Risks to OPG Operation Due to a Prolonged Outage of
DTRF, 2003

PM task list for the TRF and the Heavy Water Management building

Predictive Maintenance list of scheduled tasks for the TRF

Summary of Work Orders on the TRF 1998-2005

System Health Summary for Heavy Water Management and Upgrader (SUP), Dec.
31, 2001 to present

Detailed interviews with a cross section of staff augmented the documentation review.
The team held interviews in the last quarter of 2004 with key staff associated with the
plant. The following staff positions were interviewed:

& Chba ) Bt

Engineering Services Staff (Head Office) (3)

DTRF Technical Section Manager

Senior Technical Engineer and System Responsible Engineer (4)
Operations (2)

Control Maintenance (2)

Mechanical Maintenance (2)
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5 GENERAL OVERVIEW OF THE PLANT CONDITION
5.1 Overview of TRF Equipment, Maintenance, and Organizational Problems

In 20056—based on plant start-up in 1989—the TRF reached the middle of its expected
design life of 30 years. Ontario Power Generation requires the TRF to operate reliably to
the end of 2018 and has imposed a further requirement that lifetime be extended to 2022.
The objective of this study is to develop a plan for reliable, sustainable TRF operation that
meets lifetime requirements and targets an average throughput of 2300 Mg/year D,0.

The current average throughput for 1990-2004 is 1690 Mg/year and operation has been
erratic over the last four years.

At present, the technical and operational problems encountered in the TRF arise from
equipment aging, obsolescence, and lack of spare parts. The plant has little redundancy,
so that a problem in any one system may force an outage in the entire plant. Moreover
because isolation systems are not installed on some sections of the process, hydrogen

safety requirements demand that hydrogen be removed from equipment before
maintenance is performed.

While the TRF operates reliably at steady state, difficulties are encountered during
transients such as start-ups. Initial conditions in the system are not always consistent
and the cryogenic refrigeration system sometimes has difficulty in reaching target
temperatures; therefore small changes to start up procedures are necessary to
accommodate specific operating conditions that are encountered. For example, trace
impurities in the process gas impede establishing the desired liquid level in the final
distillation column. Establishing these levels can take 2-6 weeks, depending on the
concentration of residual He®.

The TRF still faces some high priority issues:

¢ The Air Cleanup System (ACS) has been inadequately maintained and has shown
design deficiencies. The system is required during accidents. Preventive
maintenance records only show calibration of tritium monitors and relief valves. ltis
only since 2003 that a Semi-annual test of the ACS has been in place (recently
changed to an annual test). This tests the dryer bed regeneration cycle, operation,
recombiner temperature and damper operation.

e Electrical and instrumentation systems are old and may break down. Spare parts are
either unavailable or have limited availability.

e The low tritium (LTC) and high tritium (HTC) distillation columns have not seen a full
PM program because there are no moving parts. The LTC design should reduce
protium in the gas by sending a small side stream to the recombiner, but the line
appears to have been plugged since the TRF was commissioned; on-line protium
extraction cannot be performed. This process itself is not a critical function and is not
a high priority issue, as it does not affect the reliability of the plant. It does contribute
to the recommendation that there should eventually be inspections within the cold box.
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¢ The cryogenic adsorber system operates with only one functional bed. When this
adsorber needs regeneration, feed is stopped for a few days, the unit regenerated
and the adsorber returned to operation. Operation with only one adsorber carries a
risk. At present, resources have not been assigned to design and build replacement
adsorbers.

e The Drain and Purge (DPS) pumps do not operate reliably and replacing the original
SRTI Wobble pumps by Metal Bellows pumps has not improved reliability. The
Recombiner unit must be operated manually because the control loops do not operate

satisfactorily. The seal on the Recombiner has vented frequently and this has the
potential to emit activity.

e Operation of the Deuterium Makeup System (DMS) has been unreliable and has been
a bottleneck to system start up. Electrolyte level control is inadequate and has
allowed electrolyte into vent lines.

Redesigning systems can solve some problems. Equipment obsolescence has formerly
been a driver for redesign and upgrade—such as acquisition of the new computer
system—but a complicated Engineering Change Control (ECC) process exacerbated by
resource limitations make such solutions difficult to implement. In many cases
equipment cannot be replaced “like for like” and substitution requires design engineering
and the ECC process.

In 2002 the TRF organization started a Maintenance Improvement Initiative project aimed
at asset preservation. The scope of this project was to improve configuration
management, prepare maintenance procedures where they were missing, build Bills of
Material and compile the Critical Equipment Classification List. The project was partially
completed, but was later cancelled due to lack of funding. This project has now been
restarted.

The current Preventative Maintenance (PM) program covers all rotating machinery,
hydrogen monitors, tritium monitors and relief valves. However, there are gaps. For
example WEKA cryogenic valves do not have a PM program because little information is
available. Nevertheless, station personnel consider the current PM plans adequate.

An inspection program has been developed for plant components but production

pressures impede completing the work. The inspection program needs a higher priority
within station activities.

Planned work, especially for outages, and FIN (Fix It Now) work are performed by the
same people. Generally FIN work takes priority, and planned work is delayed.

The TRF does not have an outage management group. The same group that plans day-
to-day activities also plans outages, and lack of resources may hamper outage planning.

The Upgrader has worked well. Care is taken with the chemistry of the Upgrader feed
water to prevent corrosion of the packing and this has greatly reduced the need for
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outages to clean distributors. It may be necessary to increase the level of preventative
maintenance on this equipment (see Section 11.2).

Obtaining spare parts is a time consuming process. The parts system within OPG has
changed and the number of approved suppliers has been reduced. More stringent
requirements for pressure boundary parts and the requirement that approved suppliers
are registered with the TSSA have increased the difficulty in finding qualified suppliers
and have increased procurement time. The more stringent requirements have also
resulted in a purge of older parts from stores. The TRF does not have adequate
resources to purchase parts within the rules of the new system.

Obsolescence is a severe problem at the TRF and as the plant ages, obtaining parts and
suppliers will become more difficult.

5.2

Out of Scope Findings

During this assessment, the team obtained information considered to be relevant to the
performance of the TRF but is outside the scope of the study. Therefore, this information

has not been investigated further, but is listed here since it is relevant to the evaluation of
TRF operation.

Staff at the TRF are dedicated to good performance of the facility, despite the
challenges to maintain operation.

The safety record at the TRF is good.

When the facility operates correctly, the TRF has the capability of detritiating
water to meet the design capacity. The tritium removal process can be
considered mature and proven.

The TRF is given a low priority within the Station and the resulting resource
shortage hampers the plant. This lack of resources affects the ability of the plant
to implement necessary design changes to equipment.

A change to the procurement process at OPG has had the short-term effect of
reducing spare parts and the number of approved suppliers available to the TRF.

Station outages can adversely affect essential utilities, such as steam, and shut
TRF operation. This subjects the TRF to the stress of additional start-up
transients.

Repeat errors, such as metal bellows pump failures, or oil in the turbine loop,
suggest that communication within the facility needs improvement.

TRF performance is threatened by loss of skilled maintenance, operating, and

design support staff. The facility requires long term succession planning to capture
tribal knowledge and operating experience.
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5.3 TRF System Assessment

The assessment is divided into separate sections as follows:

« Front End Systems—tritium removal from D20

« Cryogenic Distillation Systems—tritium extraction and purification
« Auxiliary systems—TRF operation support

« Service systems (Chilled Water, Ventilation)

« D,O management systems

+ TRF/SUP Computer Control System

« Instrumentation & Control Equipment

« Building and Structures

6 ASSESSMENT OF TRF FRONT END SYSTEMS

6.1 System Description

The TRF front-end systems consist of the following components:

e FTS (Feed Treatment System/Liquid Collection System) SCI 39310—eliminates
solids, dissolved gases, and organic contaminants from the DO feed stream.

¢ FPS (Feed and Product Storage) SCI 39340—stores and transports feed and
product heavy water using batch tanks.

e VPCE (Vapor Phase Catalytic Exchange) SCI 39320 — a multistage countercurrent
system, with co-current flow of heavy water vapor and deuterium gas within each
stage, which removes tritium from feed D0 by transferring tritium into deuterium gas
in the presence of a catalyst.

e DU (Dryer Unit) SCI 39320—removes heavy water vapor from the deuterium-tritium

gas using regenerating molecular sieve dryer beds; prevents ice formation in the
cryogenic system.

e DMS (Deuterium Make-up System) SCI 39330—provides deuterium gas to the TRF
by splitting heavy water into deuterium and oxygen gas using an electrolyzer.

« RS (Recombiner System) SCI 39360—oxidizes deuterium and hydrogen gas to

water either during regeneration of the adsorber unit, or during shutdown and startup
activities.

« DPS (Drain and Purge System) SCI 39360—handles process or purge gas during
maintenance or preconditioning.
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6.2 System Condition Statement, Degradation and Remaining Life
6.2.1 FTS (Feed Treatment System) SCI 39310

Evaporator EV1101 and Collection Tank TK2201. The evaporator and collection tanks
have been contaminated with gamma-emitting radionuclides (mainly Co-60) originating in
moderator water. In 1999, an assessment of a chemical cleaning process concluded that
the process was not effective, lead blankets have been used to minimize gamma fields
around the evaporator and collection tanks as part of worker radiation protection
measure. Radionuclide accumulation in the FTS has not contributed to downtime and is
more of a nuisance than a contributor to loss of capacity.

Decontamination of the evaporator and collection tanks is needed to protect workers from
radiation. Decontamination is possible either by water lancing or ultrasonic cleaning.
Water lancing, however, may be difficult to perform, because it requires cutting the
pressure boundary.

Pumps. Current performance of D,O transfer pumps is satisfactory. No problems are
anticipated. No major degradation mechanisms exist, other than mechanical wear, since
pumps are commonly used in low temperature and low-pressure service conditions. With
regular maintenance, pumps are expected to reach the design life of the TRF.

Charcoal Beds. Charcoal adsorbers ADS1101 and 1102 have high pressure drops,
most likely due to break down of charcoal particles. The effectiveness of the beds for
organics removal needs to be evaluated.

Degassing Columns. No major issues have been identified for the Degassing column.
6.2.2 VPCE (Vapor Phase Catalytic Exchange) SCI 39320

VPGE Superheaters and Tube Bundles: Stress corrosion cracking in the VPCE during
early operation has been attributed to residual chlorides leaching from the VPCE catalyst.
In 1995, tube bundles in HX1204 and HX1205 failed, which resulted in H,O ingress to
VPCE stages. Two tube bundles of HX1204 and HX1205 were replaced—Inconel tube
bundles replaced the 316SS tube bundles—and some tubes were plugged to remove
them from service. Failure of these tube bundles was not considered a generic issue, but
subsequent inspections of super-heaters have indicated similar defects. In 1999,
monitoring detected 40% through wall defects in some super-heater tubes’. The supplier
has increased quality assurance on manufacturing tube bundles. Due to high temperature
service conditions (about 200°C), tube bundle replacement for six superheaters (other
than HX1204 and HX1205) will most likely be required during the period 2007 to 2011.

Process Side Nozzles: In March 2003, a tritium leak was discovered and traced to
superheater HX1206. Helium leak testing eventually located the leak at the weld at the
outlet nozzle of HX1206 shell (SCR D-2003-02204, D-2003-02780). All other nozzles in the

' Monitoring information comes from the 2002 Condition Assessment
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system were then inspected and were found to be in good condition. An investigation
suggested that steam leaks into HX1206 shell were the primary origin of chlorides and
hence were the root cause of stress corrosion cracks. The platinum-charcoal VPCE
catalyst, which initially contained high chloride levels, may only be a contributing factor. [3]

Steam Side Gaskets: Three steam leaks from the superheater gaskets have occurred.
Because there is no radioactivity, these can be repaired with manageable downtime?.

VPCE Evaporators: Tube Bundles and Vessel Body. In 1990, all 316 SS tube bundles
in evaporators were replaced because stress corrosion and crevice corrosion were found
at the tube-sheet joints; the bundles were replaced with Inconel 625 tube bundles. Since
then, inspections show no sign of deterioration of the tube bundles. The performance of
evaporators has been satisfactory. During the TRF outage in 2001, the top part of the
internals of the VPCE evaporators were visually inspected via the inspection ports and no
abnormal condition was found.

Sight Glasses and Gaskets. During the 2001 outage, sight glasses on the VPCE
evaporators were opened for inspection and silicone gaskets were found damaged.
Some sight glasses also showed signs of corrosion, with deep grooves at the bottom of
the glasses (SCR D-2001-05032). The defective sight glasses were replaced either with
spare sight glasses or with stainless steel metal plates. Gaskets were also replaced with
a new material, which did not perform well (SCR D-2003-06536). The stainless steel
plates were replaced and all sight glasses and gaskets were returned to original condition
in July, 2003. Silicone gasket material was reapplied and, with careful control of the
chemistry in the evaporator, performed better. Therefore with a gasket inspection
program coupled with proper chemistry control, no substantial degradation is anticipated.

The VPCE Evaporators are expected to last to the end of the design life of the TRF.

VPCE Condensers. Performance of the VPCE condensers has been satisfactory. No
inspections have been performed on these exchangers to date. Based on earlier
inspection results of similar condensers in the CRS system, no problems in the VPCE
condensers are anticipated. With adequate monitoring and scheduled inspection, the
VPCE Condensers are expected to last until the end the TRF design life.

Catalyst Pots. Scheduled inspection on the vessel shells both in 1995 and in 2001
showed no degradation in wall thickness. All catalyst pot nozzle welds were UT inspected
in 2003. The performance of catalyst pots has been excellent. The VPCE catalyst pots
are believed to be in good condition. The catalyst pots are expected to last until after the
design life of TRF and the catalyst, because of the clean process environment is
expected to last until the end of TRF life.

VPCE Deuterium Compressors. See comments on the dryer compressors

% superheater gaskets are scheduled for replacement in 2006
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6.2.3 DU (Dryer Unit) SCI 39320

Dryer Units ADS1301 and ADS1302. During early TRF operation (1 990-1997) dryer
beds flooded because water carried over from the DU compressor seal water tank. After
each flooding, the molecular sieve was dried and this contributed to downtime.

Previous occurrences of flooding were attributed to deficiencies in the old computer

control system, which occasionally set the DU system valves incorrectly (not fully proven).

After replacement of the control computer in 1999, flooding is no longer considered an
issue. Additional improvements have also been implemented such as slowing the closing
of some motorized valves, which has helped reduce flooding. However, after the power
blackout in 2003, water was found in the DU outlet filter FR1301 (SCR D-2003-08366);
this is believed to be the result of drawing moist gas from DU seal tank via FR3101 to the
DPS®. Moving a water return line from the condensers to above the liquid level in the
LRC seal tank or the proposed installation of a check valve on the chiller CD1302 drain
line has been suggested’, but an assessment must be made by the plant.

Dew Point Performance. The performance of adsorber beds ADS1301 and ADS1302

has been acceptable, and the dew point of the outlet D, gas maintained at -80°C or lower.

However, the dryers are not achieving the same dew point that they were able to achieve
at commissioning because molecular sieves have aged. Improvements in dew point
meter calibration and gradual deterioration in valve seat leakage (SCR D-2003-08562)
complicate the assessment. The dryer unit dew point meter used to read “off scale low,”
but now reaching -80°C is difficult. The observed trend in dewpoint measurement has
been increasing from initial values of -90 to -95°C to -78 to -82°C now. A rising dewpoint
in the gas eventually leads to a large load on the cryoadsorber.

The time to reach a correct dewpoint on the dryer is inconsistent. On some start-ups the
time is short; other start-ups take almost a month to move from -76°C to -80°C dewpoint.
The operators have learned to keep the beds isolated and dry during an outage to reduce
drying time.

Molecular Sieve and Support Condition. The molecular sieve has not been replaced
since plant commissioning. Since the dryers are in a clean operating environment, the
lifetime of the desiccant is expected to be much longer than in other typical industrial
applications. The pressure drop across the dryer has not changed over the years despite
possible aging. However, there are no sampling ports on the dryer to check the molecular
sieves. The bottom of the dryer bed has been inspected by boroscopic examination and
deposits and caking are seen. Fine powder is produced and has been found in valve
seats. With replacement of molecular sieve, it is anticipated that ADS1301 and ADS1302
will last for the remaining of the TREF life.

DU Regeneration Heater. The performance of the DU regeneration heater has been
satisfactory. There has been no in-service inspection of this heat exchanger to date.
Leakage from the regenerator heater gaskets has been reported (SCR D-2004-00780).

® Opinion of the System Engineer.
% Notes from Engineering Services Staff
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However, it was considered that this issue has not contributed to TRF downtime. Because
of high temperatures (about 200°C), the DU regeneration heater will likely be replaced
after about 20 years of operation due to stress corrosion.

Liquid Ring Compressors. The liquid ring compressors have performed well. The OEM
supplier (nsb gas processing) was contacted and they indicated that the low tolerance
parts of these pumps are the critical parts as the pumps age. In the pumps at the TRF,
these parts are the port plate and the impeller. If cavitation has occurred during
operation, rebuilding the pump may become important. Traces of cavitation can be easilg
recognized visually”. During detailed discussions with another compressor manufacturer
it was suggested that the low clearance areas of these types of compressors should be
rebuilt after ten to fifteen years of operation; the TRF has reached this time for the
compressors. Minor vibrations have been observed on the liquid ring compressors, but
this was considered normal. Under certain conditions such as high-pressure differentials,
the vibration level in the compressors appears to be high and this is being investigated by
the Vibration Group at Kinectrics. In common with similar rotating equipment, routine
replacement of seals is recommended, although these compressor seals appear to have
an unusually long lifetime. With proper maintenance and an inspection program, it is
anticipated that the liquid ring compressors will last until after the end of TRF life.

Valves. Fisher pneumatic valves are used in TRF front-end systems. Bellows failures
were detected on several Fisher valves in early 1999 (SCR N-1999-00736). By the end of
1999, all Fisher valves were refurbished and redesigned bellows installed. Based on this
refurbishment and on anticipated valve degradation mechanisms, the majority of these
valves should be in good condition. Based on the previous valve bellows failure incident,
it is anticipated that some of the Fisher pneumatic valves (~30 valves), particularly the
ones that are operated frequently in the FTS and DU, will require another refurbishment
after 10 years of service (i.e., 2007 to 2011).

Velan manual bellows valves are in good condition. However, a bellows failure of one
Velan valve occurred in 1995, but this failure was considered an isolated event due to a
manufacturing defect. A bellows inspection program is planned to determine if
replacement of Velan valve bellows is necessary. Furthermore, it is anticipated that Velan

valve bellows will also require replacement or refurbishment during the remaining life of
the TRF.

6.24 DMS (Deuterium Make-up System) SCI 39330

DMS Electrolysis cell

Availability. The DMS is essential for start up especially if the shut down required
burning the inventory in the system. Therefore, although it is an auxiliary system to the

main process, it is a critical system for start up. However, during operation, it is not
needed and remains on stand-by. Electrolysis cells best operate continuously on a

® The authors are not aware if cavitation has been looked for on these pumps.
% Discussions with GARO, Italian manufacturer of the hydrogen liquid ring pumps used at the
Wolsong Tritium Removal Facility.
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reasonable load. They are expected to have reduced reliability when operated
intermittently and left on standby, full of electrolyte, for long periods of time’. Currently
there is a lot of research going on in the area of intermittent operation of electrolysis cells
associated with the hydrogen economy and powering these devices from wind turbines.
No definitive results are as yet available. A change in operation of the unit has been
prc:pc:s;edB where a proposed lay-up of the DMS is proposed when not in use and bottled
D, gas is used for process makeup.

The DMS has been unreliable when required on start up and has been a bottleneck (see
SCR D-2003-10615). The electrolysis cell has the following identified issues:

. The DMS is tested once per month on call-up. However, the test may not be adequate
because reliability of the DMS is inadequate.

. The DMS is obsolete and is based on old technology, which is still supported by the
vendor. The vendor can supply the updated system, if required.

The DMS will probably need replacement, at a cost of significant design effort®.

Membrane. Despite a number of module failures, root cause has not been investigated
(SCR D-2001-06617). Factors that contribute to membrane failure are high
temperatures, high current densities and high electrolyte concentrations. The electrolysis
membrane module failed in 2001, and a new unit replaced the defective module in early
2002. During plant operation, the unit remains on standby filled with high concentration
electrolyte. This may possibly lead to membrane degradation and KOD crystallization
from the electrolyte solution. This is an area requiring further study. The electrolyzer
manufacturer has recommended that the electrolyte be drained when the DMS is not
operating for a period of time (greater than the 30 days in the operating manual).

Level Control. Electrolyte level control has failed and has overfilled the electrolysis
module causing KOD electrolyte ingress to vent lines (SCR D-2000-01800, D-2001-
05900). The level control system allows overfilling the tank because it is possible for the
level switches to reset after the level goes above the setpoint. This eventually can push
electrolyte into piping.

Pressure Control. A general problem in the DTRF is that regulators on the instrument
air lines protect valve actuators, but these regulators have not been inspected; failure of
the regulator should not affect the valve actuators, if relief valves have been installed in all
cases, downstream of the regulators. In the DMS system in particular, if PRV1807 were
to become unstable it will affect the upstream back PRV transient response and could
affect the pressure control on the DMS'™. Delta P causes stress on the membranes.

’ The System Engineer has noted that the manufacturer of the system, Teledyne states that system
shutdown periods of up to 30 days require nothing beyond the normal isolation of facility services.

® Engineering Services Staff

° A DMS replacement project has been identified in the station 5-year plan.

'° The authors.
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Oxygen Analyzer. The Teledyne oxygen analyzer does not work properly as installed:
the cell experiences back-pressure, for which it was not designed. The cell needs to be
changed regularly.

Combustion Sensors. The combustion sensor on the cells can only be reset five
times'". Other than a paper label that is not always updated, there is no counter or other
device to ensure that no more than five resets have been made.

Control. The DMS has experienced an unusual upset event that may have been rapid
flame propagation‘z. The Control Maintenance technicians have indicated that when the
manufacturer's representative was at site, he limited the current to the electrolyzers (and
hence limited deuterium production rate and possibly cell temperature) by using a
potentiometer on the board. However, according to the System Engineer this change
was to bring the system back to the specifications in the operating manual. Since these
changes have been made and the back pressure regulators set, there have been

attempts to limit the number of operational power adjustments made on this equipment.
This should lead to better operation.

It is recommended that a detailed examination be done of the current problems with the
DMS system operation prior to the design effort required for the replacement of this
equipment. This is necessary so that in replacing the equipment the existing problems
can be avoided more effectively. The authors believe that the current operating scenario,
(intense use on startup and then long periods on standby), for the DMS will continue into
the future. Thus the new equipment must be designed for intermittent operation, quick
startup and long standby periods.

6.2.5 DPS (Drain and Purge System) SCI/ 39360

DPS Pumps. The Metal Bellows pumps do not operate reliably and a root cause analysis
is required to improve operation. The pumps have failed for a variety of reasons such as
manufacturing defects (SCR D-2002-08373), or inadvertent closure of isolation valves on
the discharge side. For example, a valving error resulted in equipment damage to two of
the DPS compressors (SCR D-2001-03707). In another incident CP2102 failed and
damaged system rupture discs (SCR D-2001-03644).

Both the bellows and bearings have failed (SCR D-2003-07693, D-2004-03584), and the
compressor shaft on CP2101 has failed on a few occasions (SCR D-2001-04255, D-
2002, 06090, D-2002-07058). Over 7 modifications have been made to these pumps
including strengthening the components (shafts have been changed due to specification

errors). At present, the downstream metal bellows pump, which acts as a compressor,
shows excessive noise.

A review and investigation of the operation of the DPS is required.

1 |nformation obtained from interviews with the Control Maintenance technician.
'2 The System Engineer has indicated this has not been proven nor investigated
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6.2.6 RS (Recombiner System) SCI 39360

RS TK1701 Liquid Seal Vent Line and Flowmeters. The RS system operates on
manual control for O, and D, flow, because the mass flowmeters in the system have not
worked properly since commissioning. While the system does operate satisfactorily in
this mode, during start-ups, pressure transients occasionally break through the liquid seal
on the vent line, which results in high tritium emission to the vent stack. Increasing the
“U” leg of the liquid seal and upgrading control of the flowmeters can minimize start-up
pressure transients. Strict adherence to a procedure for topping up the liquid in the
existing seal leg would also mitigate against emissions. Redesigning the seal leg should
also be considered.

The product water has a pH around 2 — 2.5. This is an improvement from early TRF
operation when air in-leakage, or a high level of nitrogen impurity in the oxygen supply
resulted in pH values of around 1 —1.5.

The stack flowmeter (F11715) control logic assumes that all gases are oxygen. This is an
unacceptable assumption, because there could be high excess hydrogen and no oxygen
at the flowmeter. To rectify this situation, an oxygen sensor should be added to ensure
that oxygen is supplied to the RS.

Nitric acid formed during operation of the recombiner system is corroding the carbon steel
vent piping. Replacement of the vent piping is anticipated following prolonged RS
operation. The RS is expected to last until after the design life of TRF.

Tank TK1401 Isolation. Provision for positive isolation of TK1401 from the
FTS/VPCE/DU systems during a TRF outage can save restarting time, since the LTC
inventory need not be burnt in the RS. Tank TK1401 is expected to last until after the
design life of TRF.

7 ASSESSMENT OF TRF CRYOGENIC DISTILLATION AND REFRIGERATION
SYSTEMS

71 System Description

The TRF Cryogenic Distillation and Refrigeration Systems consist of the following
components:

e AU and LTC (Adsorber Unit and Low Tritium Distillation Column) SCI 39410.
The AU cools the D, and DT gas and removes traces of nitrogen, oxygen, and heavy
water vapor prior to distillation. The LTC consists of a single column, which enriches
the less volatile tritium as a liquid deuterium-tritium mixture. The tritium-depleted
deuterium gas leaving the top of the column is recycled to the VPCE.

e HTC (High Tritium Distillation Columns) SCI 39420. Three distillation columns in

series along with a catalytic converter enrich the deuterium-tritium mixture into tritium
with a purity >99.8%. Depleted deuterium returns to the LTC column.

17 K-011146-PCA-0001-R2

Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-131
Attachment 1

Page 25 of 83





« CRS (Cryogenic Refrigeration System) SCI 39440. This consists of a cold gas

turbine and reciprocating compressors to provide the necessary refrigeration at 25K to

distill the hydrogen isotopes in the LTC and HTC columns.

e Each of the above systems is housed within its own cold box (CB), which is
maintained at high vacuum (10° Pa).

The main components of the systems are 304L SS piping, stainless steel distillation
columns and vessels, aluminum plate-fin heat exchangers and transition pieces between
heat exchangers and piping, and carbon steel for the non-cryogenic areas of the CRS.

7.2 System Condition Statement, Degradation and Remaining Life

7.21 AU and LTC (Adsorber Unit and Low Tritium Distillation Column) SCI 39410
and HTC (High Tritium Distillation Column) SCI 39420

ADS (AU). The cryo-adsorbers ADS 1401 and 1402 do not operate as specified in
design parameters. ADS1402 only cools to 90K (the original design adsorption
temperature was 65K'®). Poor thermal contact between the temperature diode and the
outside surface of the adsorber vessel or poor thermal insulation could account for poor
cooling. This will not be resolved until an inspection is performed.

Occasionally because of poor nitrogen cooling, adsorber 1402 is at about 100K. It can
operate in this manner for up to 6 months without regeneration, since the pressure drop
does not increase over this period.

The adsorber can operate as a cryotrap and freeze residual water vapor on surfaces.
Since the dryer unit is operating at a reasonably low dew point, it is possible that residual
water vapor is trapping both on the cryo-heat exchanger and on particles within the
adsorber vessel without plugging the unit.

ADS 1401 cools to 80K as expected but plugs quickly, indicated by a high pressure drop.

Silica gel in ADS 1401 may have deteriorated during an event in which a significant
amount of water was carried over into the adsorbers™.

The system can operate with the current state of the adsorbers (ADS 1402 on a long
cycle and ADS 1401 on a short cycle), but it is apparent that the design margin has been
reduced. The silica gel is present to remove trace nitrogen from the gas stream and if
there has been significant damage to the silica gel beads then the adsorption
performance will be reduced. If ADS 1402 were to undergo similar damage or
deterioration then the TRF would require a long outage to replace the adsorbers. The
adsorbers are custom designed vessels, and replacing the adsorbent is difficult.

'3 [reference: DTRF Process Design Description, Sulzer, 4-04-DTRF-008-2, 1981]
Narrow pore silica gel is intolerant of liquid water. Dropped into water, narrow pore silica gel
beads violently shatter into powder giving the impression of the water boiling [2].
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A project to replace the adsorbers has started but has not been completed™.

LTC and HTC. These systems are in good operating condition. The heat exchangers are
made of aluminum, the columns are fabricated from 316L SS and the systems are
operated in a clean gas environment. They are normally operated under cryogenic
temperature and low-pressure conditions. The plant is designed for fewer than 100
thermal cycles. It is not expected that thermal cycling will exceed the design criteria and
limit the lifetime of these systems. The LTC and HTC systems are expected to last for
the design life of the TRF. Some of the liquid-hydrogen piping from the CRS to the LTC
and HTC equipment is contaminated with oil. This could create a partial flow blockage
problem in piping or heat exchangers (e.g. the less than adequate steaming flow to
EV1501'®). Thus more frequent CRS filter inspection and replacement may be required'”.

There are few moving parts in the LTC and HTC system, and this system is not expected
to be a major contributor to TRF unavailability. This has been confirmed by operating
experience.

Oil diffusion pumps on the cold boxes are obsolete but work well. Occasionally, a
sugniflcant quantity of roughing pump oil has been found in diffusion pumps and vent

piping.” The analyzers on the system may also be obsolete, but have not contributed to
down time.

A small H, leak is suspected in the high tritium cold box, but has not hindered operation
(SCR D-2003-08983). A leak is inferred from the off-scale reading on the hydrogen
detector on the vacuum pump outlet, but it has not been possible to confirm this leak™

The startup procedure for the cryogenic systems is not consistent. Establishing steady
operation of the HTC is difficult; trace impurities such as helium can blanket the
condensers in the HTC and make it difficult to establish levels. Operators are given some
flexibility to try new ideas to try different approaches, based on previous experience.
Establishing correct operating levels in the final columns can take up to six weeks.

There is a minor chronic leak of tritium at valve flanges, e.g. at MV1415, PSV1407,
PSV1408, PSV1409, PSV 1410; flange gaskets require replacement (SCR D-2003-
10026, D-2003-10027, D-2003-10028, and D-2003-10030).

A level control problem in the HTC may be related to calibration problems with level
transmitters (neon pressure transducers). One of the condensers may have
contamination from oil carried over from the CRS.

lt is scheduled for completion in the 2006 outage
System Engineer

i/ The hydrogen piping in the LTD is scheduled for inspection in 2006 to assess the blockage issue.
® The System Engineer, recommends the use of dry roughing pumps

'® A Work Order has been raised to investigate this issue.
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7.2.2 CRS (Cryogenic Refrigeration System) SCI 39440

Performance of the TRF has been compromised by lack of adequate refrigeration. Most
of the problems with the CRS occur during startup after both planned and unplanned
shutdowns. These problems are mainly a result of ingress of impurities such as air, water
or oil, which either partially or completely block the CRS.

During evacuation and backfilling of the CRS, air can leak into the system through leaking
mechanical joints and relief valves. Unlike the configuration in the distillation columns
(LTC and HTC), the CRS has not installed a rupture disk before relief valves. Inadequate

purging of the system, resulting in blockage by frozen residual nitrogen, also causes
problems.

During the early operation of the TRF, filter FR3116 was replaced with one having a more
open mesh to reduce blockage. This allowed continued operation of the system and
increased refrigeration delivered to the condensers in the LTC and HTC. In the 2005
outage, FR3115 was also replaced with the same 20 micron element as FR3116. The
high pressure drop across FR3115 was confirmed to be caused by oil frozen at the inlet.
A blockage resulting a pressure drop as high as 100 kPa has been observed on turbine
filter FR3101 (SCR D-2003-09654); the cause of the blockage is unknown.

Oil ingress to the CRS has caused two extended forced outages of the TRF (including the
February 2005 outage), and has required opening the CRS to remove oil. The oil has at
times been removed by flushing with isopropanol. During the present outage, about 22
liters of oil were collected at various parts of the CRS by cutting and draining the low
points in piping. The low molecular weight oil found widely inside the cryogenic part of the
CRS is likely a degradation product of historical turbine oil. The CRS test heater and JT
heater can accelerate the oil degradation. The Mylar insulation around the test heater
was hardened; the melting point of Mylar is about 250 °C. About 250 ml of water/oil
mixture was found at the J-loop. The origin of the water is still not known but it is likely
originating from the QOil Skid because water is found nowhere else but at the J-loop (a few
drops of water were also found inside the turbine).2° The manufacturer recommends that
the oil skid idling time must be minimized to less than 30 minutes in order to minimize oil
ingress. The CRS oil skid had been left idling for up to three weeks with the turbine
isolated. This operating condition can lead to oil ingress and changes to operating
procedures have now been implemented to minimize the idling operation of the oil skid.

The CRS turbine has a manual valve on the discharge side and a control valve on the
inlet side. This presents a potential for operator error if the valves are not closed in the
correct sequence.

The presence of water in the CRS downstream of the turbine also indicates that the oil
brake system is the likely source. Changing the turbine oil on a regular schedule has the
advantage of protecting the moving parts, but has the disadvantage that it introduces
impurities such as water into the CRS brake system at every oil change, unless the oil is

% From the System Engineer
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completely dry. Although a molecular sieve trap (ADS3201) is built into the oil system,
the trap has not been effective since it may have saturated over the years.

Discussions with another operator of a similar refrigerator have indicated that they rarely
add oil to the brake system. They have only changed the oil once in 15 years of
operation and only top up the oil reservoir if it is low*'.

CRS Compressors. The hydrogen compressors are in good condition, and should last
for the design life of the plant, as long as regular maintenance is continued. Piston skirt
wear has been noted after 8,000 running hours, and component replacement is required
on a regular basis; typical wear components are the compressor suction and discharge
valves (32 per compressor), and carbon wear rings. Annual replacement of the wear
parts and inspection of the other components will ensure continued operation. A
manufacturer’s representative is usually on site for service of the compressors. The
present 8,000-hour maintenance interval can be extended accordingly by monitoring of
the compressor valve temperature. A sudden temperature rise at the compressor valves
is an indication of valve problems. This increase should be done in increments of no
more than 2000 hours over a 4-year period with the suggested increased monitoring.
Increases to the maintenance intervals must ensure that piston skirt wear is also
acceptable during the operating period.

The cooling water system on the CRS is contaminated with particulate matter and
biological growth, and this contamination interferes with flow measurements. As a
subsequent fix for flow measurements improvements to inter-stage temperature monitors
would allow reliable temperature measurements to be used to confirm that adequate
cooling flow is available to the compressors and intercoolers. Minor process gas leakage
has been observed at the intercooler CLR3411 outlet flange, because an incorrect O-ring
was installed (SCR D-2002-06724). The correct O-ring was installed in 2002.

Valves. The majority of the cryogenic valves are manufactured by WEKA. It is expected
that they will deteriorate due to aging. A program to monitor valve condition and life

should be implemented; there is no regular maintenance program on the cryogenic
WEKA valves.

The stem tips of these valves may have a limited lifetime; there are signs that the valves
pass across the seat. Replacement of valve stem tips will be required before end of plant
life. Valves have not been refurbished (to February 2005), but with refurbishment it will
not be necessary to replace all the valves.

Auxiliary Compressor. This is in good operating condition, showing no signs of material
deterioration. This equipment sees limited use (although since 1998 it has been used to
assist in evacuation of the process), is always kept in good operating condition, and
should be able to last for the life of the plant.

CRS Turbine. During the early years of operation, numerous turbine failures occurred.
These failures were eliminated by improvements to the control system, and to operating

! Conversations with Michel Gagne, BOC Magog.
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procedures, and by increased operating experience. Following restart of the TRF in
October 2001, a turbine failure occurred, causing loss of cooling (SCR D-2001-05632, D-
2001-06084). The root cause analysis indicated that the turbine failed because oil
pressure was low. PRV3208 on the oil skid was found to be passing, because foreign
matter in the oil—a plastic cap inadvertently left behind during maintenance—interfered
with operation of the valve (SCR D-2001-06408). PRV3208 was refurbished, and the
damaged turbine was replaced with a spare unit. The TRF was then successfully
restarted. The turbine unit normally provides satisfactory service, and with regular rotor
and bearing replacement, is expected to last the design life of the TRF. There are plans
to install flowmeters on the CRS oil skid supply lines, in order to monitor the turbine oil
supply condition.

Maintenance of the CRS is focused on moving parts. Spare turbines are kept in stock and
the turbine can be replaced in case of failure. Similarly, the oil pump (swash pump/gear
pump) is replaced rather than repaired.

Turbine Oil Supply Pump. Bearing failures—mainly caused by fatigue and wear—have
resulted in oil pump failures and motor damage. The motor is custom built and is no
longer available from the OEM. Because replacement parts or motors are not available,
complete replacement of the system may be needed before end of plant life.

Additional monitoring capability on the oil skid would be useful to provide diagnostic
measurements on performance; for example, an ultrasonic flowmeter on the oil hne could
monitor performance of the oil pump and performance of the swash pump (H. gas)®.

Heaters. Electrical heaters in the cryogenic systems have performed reliably, except for
the heaters associated with the CRS; the usual cause of failure is burnout of heating
elements. Heaters HTR3111 and HTR3112 on the J-T loop in the CRS are planned to be
replaced in the near future. They have previously caused some minor problems (SCR D-
2000-03002). Heater HTR3111 has been placed out of service since 2001 on the basis
that turbine speed and HTR3112 can provide better control of cooling loads.

Temperature control has improved since air pressure to TCV3111 was adjusted; this
control valve responds to the temperature downstream of the turbine at the outlet of
HX3104 and regulates the flow into HX3106, the J-T heat exchanger.

Heat Exchangers in the CRS system. These are performing well and there have been
no signs of operating problems. They are high quality (custom made) aluminum plate-fin
heat exchangers for cryogenic applications. Operating experience, both internal and
external, suggests that there are no issues expected with cryogenic heat exchangers.
Contamination or rapid changes in temperature are some of the few failure mechanisms
for these heat exchangers. The heat exchangers are expected to last for the design life
of the TRF.

For non-cryogenic equipment in the CRS, potential degradation mechanisms are fouling
and micro-biologically induced corrosion (MIC). Eddy Current Inspection (ECI) of the

2 authors
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cooler tubes has been performed as part of the In-Service Inspection (ISI) program. Heat
exchangers are in good condition. Some fouling in service water piping to the heat
exchangers has been found, but this is not of concern. Under current operating and
maintenance conditions, heat exchangers in non-cryogenic applications in the CRS will
last for the plant life.

CB Vacuum Systems. The pumps associated with these systems can be replaced as
required as part of the normal equipment maintenance strategy. Elastomer O-rings in the
vacuum systems have cracked; there is no regular program to inspect or change them.
Start-up delays have occurred because of cold box vacuum leaks (SCR D-2003-08076).
The oil in the Alcatel roughing pumps has occasionally been found in places like diffusion
pumps, vent lines and the HTCB analyzer tubing. These pumps aiso have a high
maintenance cost.

8 ASSESSMENT OF TRF AUXILIARY SYSTEMS
8.1 System Description
The TRF Auxiliary Systems consist of the following systems:

ACS (Air Cleanup System) SCI 39520. Removes airborne tritium (element or oxide)
from designated TRF rooms after an acute tritium release, thus reduces emission to the
environment. The ACS can also be used to decontaminate the purge gas streams from
the TIS, DPS, GBCS and HTCB vacuum pump discharge.

GBCS (Glovebox Cleanup System) SCI 39530. Removes tritium (elemental or oxide)
from glovebox argon atmosphere in case of an acute release. The system also removes
moisture, oxygen and nitrogen from the gloveboxes, while at the same time providing
sufficient argon flow to remove heat generated by the immobilization process and process
equipment.

TIS (Tritium Immobilization System) SCI 39720. Receives concentrated tritium gas

from the final stage of the high tritium cryogenic distillation column, and transfers it to the
Immobilized Tritium Container (ITC).

ITC Activation System SCI 39790. Activates the titanium sponge in the ITC's by
controlled heating of the ITC under vacuum.

ITC (Immobilized Tritium Container) Storage Vault SCI 39780. Provides safe and
secure storage of the loaded ITC's.

8.2 System Condition Statement, Degradation and Remaining Life

A number of legacy issues exist with respect to operation of the ACS; these include, but
are not limited to, the leak tightness of ACS dampers, condition of process controllers,
and the ACS testing program (SCR D-2001-00735). The testing program came into use
in 2003.
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8.21 ACS and GBCS Turbine Blowers

Currently the blowers are operational, but they often require time-consuming
maintenance. A work program is planned to replace them by more reliable and
maintenance-free blowers. According to the mechanical maintenance staff, GBCS blower
F2 ran for days without gas flows. This is not recommended as it creates unnecessary
wear and overheating.

8.2.2 ACS and GBCS Dryers

The performance of dryers has been good. Based on this good performance and on
minimal degradation of the desiccant, continued reliable operation of this subsystem is
anticipated for the remaining life of the TRF.

8.2.3 ACS and GBCS Recombiners

During commissioning tests there were indications that the recombiner did not operate
properly due to insufficient catalyst and in the early 1990s, more catalyst (five times the
original quantity) was added. Based on operating experience of similar recombiners used
in the other reactor systems, it is anticipated that no major degradation of the ACS and
GBCS recombiner catalyst will occur during the remaining life of the TRF.

8.24 ACS and GBCS Valves

Although the ACS and GBCS are currently operational, ball valves on the dryer skid
experience passing and need replacement or refurbishment. The ACS return dampers

(butterfly valves) exhibit insufficient sealing and a new design should be considered for
replacement.

Ball valves on the dryer skid (for both ACS and GBCS) and butterfly wafer isolation valves
(for ACS only) leak across the seat and assessment and implementation of a vaive
replacement is necessary as soon as practical. With a good valve inspection and
maintenance program, new valves should last for the remaining life of the TRF. In the
ACS the valves have been in one position for a long time; they are not stroked regularly,
and therefore may fail during operation. GBCS valves are seizing through lack of use.

8.2.5 GBCS 0,and N, Removal Beds

These beds are functional and can be put into service when required. Similar to the dryer
desiccants, no replacement of bed adsorbents is necessary.

8.2.6 ACS and GBCS Control Systems

The control systems are currently functional, but they are primarily based on a local
control panel. In particular, dryer regeneration cycles are controlled by motor driven,
programmable, multi-cam step-switches, which often need to be reset for the
regeneration cycle to proceed. A work program is planned to upgrade the 1&C system, so
that the ACS and GBCS can be controlled remotely from the TRF main control room. The
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control systems are out of date and spare parts and components are difficult to obtain.
New control systems should last the remaining design life of the TRF.

8.2.7 GBCS Magnetic Blower

The performance of the magnetic blower has been good®. No degradation of blower
components is anticipated with proper routine maintenance. It is anticipated that the
blower will last for the remaining design life of the TRF.

8.2.8 TIS Components

The TIS is a robust system, whose reliability and operation has been good. Glovebox 2 is
used for tritium immobilization about 60% of the time since it contains additional
equipment. Glovebox 1 is used for the remainder of tritium loadings. The main problems
experienced with the TIS have been difficulty of obtaining spare parts due to obsolete
equipment, instrument failures, dose hazard associated with the tritiated oil of the rotary
vane pumps, and failure of the turbo pumps. To maintain the TIS, parts have been
scavenged from the TAP system. The TAP system, built for dispensing tritium into sales
containers, was never commissioned in order to enable operators to focus on the core
business of heavy water detritiation. The large number of components in the TIS could
cause problems because coincident failure of key components required for tritium assay
and immobilization will not allow tritium draw off from the HTC.

Equipment such as metal bellows pumps; Nupro PVs and Jordan PSVs have not received
detailed preventative maintenance. Despite the lack of PM, the Nupro PVs have operated
reliably and no major valve problems have been identified. Potential degradation is
anticipated due to wearing of valve seats or fatigue of bellows. A valve inspection
program should be performed to determine if overhaul or replacement of TIS valves is
required to ensure the valves operate reliably for the remaining design life of the TRF.
There have been no problems associated with leak tightness of fittings and the system
has been disassembled only to a minor degree.

The TIS circulation pumps have not been used. The TIS has experienced one or two
motor failures of the metal bellows pump524. Potential degradation is anticipated due to
motor winding aging or overload. It is anticipated the circulating pumps, with proper
maintenance and spare parts, will last for the remaining design life of the TRF.
Maintenance work on the turbo pumps is difficult and time-consuming due to the need for
periodic re-balancing. Although several turbo pumps have failed, performance has
improved after the bearings were replaced with permanently lubricated ceramic bearings.

Rotary vane pumps operate with an oil charge, and this oil becomes contaminated with
tritium, and presents a dose hazard and high risk of spreading tritium contamination.
Therefore, PM is no longer performed on these pumps at the manufacturers
recommended intervals; the oil is topped up as required and the pumps are run to failure.

2 This blower is used as the main blower for the GBCS.
2 These circulation pumps have never been required to assist tritium immobilization.

25 K-011146-PCA-0001-R2

Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-131
Attachment 1

Page 33 of 83





HEHII]

These pumps should be replaced by oil-free (dry) vacuum pumps, which are available on
the market (providing the pumps meet the requirements for tritium service).

Although the inside surfaces of the gloveboxes are contaminated with tritium?®, the
glovebox windows are normally removed for ease of equipment maintenance. The ITC
airlock heaters, which are used for about <10% of ITCs, have not required replacement.
With the exception of a failure of the bellows used to connect the TIS to an ITC, there
have been no other problems with the ITC airlocks. The glovebox O-rings have not had
any PM and as a result many are noticeably cracked. Rupture disc RD407 has burst on

at least 7 occasions due to seat leakage across valve PV404 during warm-up of the HTC.

Operating procedures have been changed to ensure that manual valve V404 is closed to
prevent the TIS from being exposed to high pressure.

During the filling of an AECL ITC in the TSC airlock, a stack release of tritium was
experienced. The tritium may have originated from purging of the process side of RD407
resulting in residual tritium being flushed to the stack during purging of the TSC airlock
(SCR D-2004-05910).

8.2.9 ITC Activation System

The ITC Activation System is used to activate the titanium sponge in the ITCs by heating
the ITC under vacuum. A controller on the ITC Activation oven has failed. Poor
performance of an ITC recently (longer time to immobilize) resulted in a recommendation
to expedite repairs to the activation oven controller (SCR D-2004-06234). The controller
was to be replaced using the NICR (Non-identical component replacement) process in
ECC but is now scheduled for 2006.

8.2.10 Immobilized Tritium Container (ITC) Storage Vault

The storage arrangement of ITCs in the vault is not optimized. At the current rate of
tritium removal, the vault will not be able to hold lifetime production of the TRF%.

9 ASSESSMENT OF TRF CHILLED WATER, STEAM AND LOW PRESSURE
SERVICE WATER SUPPLY SYSTEMS

9.1 Chilled Water System Description

The Chilled Water System in the D,O Management Building is required to supply water
from 6 to 9 C to the Heavy Water Upgrader equipment, D,O supply equipment, Tritium

Removal Facility heat exchangers and unit coolers, Control Room, computer Room and
| & C Equipment Room Air Conditioning System.

2 smear records do not substantiate this statement, there is disagreement between various people
on the level of contamination within the glovebox
% |ncrease in rack space is scheduled for the end of 2005.
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The Chilled Water System consists of the following major components:

RFU1 and RFU2 are used to provide refrigeration for chilled water.
Pumps are used to circulate the chilled water for process cooling.
Valves are used for bypass and process isolation.

Compressors are used for compressing the refrigerant gas.

9.2 System Condition Statement, Degradation and Remaining Life
9.21 RFU1 and RFU2

RFU1 has been replaced because of poor reliability. The RFUs degrade by corrosion and
motor winding aging. Nevertheless, RFU1 is expected to last for the life of the plant.

RFU2 operates reliably, but uses Freon R12. The MOE requires Freon R12 replacement
around 2007. While RFU2 can be used as a stand-by for RFU1, it must be replaced in
order to conform to MOE guidelines.

9.2.2 Chilled Water System

The RFU1 refrigeration unit has been replaced with a unit that is too large when system
load is low such as during winter months. Tube bundles on chillers have not been pulled
for inspection.

9.2.3 Valves

Valves have served the system well so far, but wear and corrosion have been observed.
Some replacement is needed. There is potential for degradation due to wear on seats or
leak through stems. With some replacement, the remaining valves are expected to last
the remaining design life of the TRF.

9.2.4  Piping flanges and seals

Corrosion of lines and bolts has been noted, but corrosion is not extensive. There is
potential for degradation due to aging of seals. With some replacement, the remaining
flanges and seals are expected to last the remaining design life of the TRF.

9.2.5 Compressors

Corrosion and motor aging may lead to degradation. The RFU1 compressor is new, and
will last for the plant design life. The RFU2 compressor will last with a good PM program,
but the complete unit must be replaced to comply with MOE guidelines for Freon use.

The Chilled Water System is a closed loop system and there are signs of biological
growth in the system. This growth enters the flow indicators and reduces the flow

sufficiently to signal the plant to stop operation. The system has been flushed and the
TRF now has a biocide addition system.

27 K-011146-PCA-0001-R2

Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-131
Attachment 1

Page 35 of 83





9.3 Steam and Condensate System

The steam and condensate system has a problem with water hammer caused by two-
phase flow and differences in temperatures between various condensates. Steam from
the plant is poorly regulated especially on shut down; a relief vaive is observed to open
frequently on shut-down.

9.4 Low Pressure Service Water System

Low-pressure service water uses lake water and as a result has biological growth and
some zebra mussels. External corrosion is evident beneath pipe lagging and may be
caused by high humidity in the room. Replacement of carbon steel bolts in the plant has
been planned but not executed. Materials are available, but resources are insufficient to
complete the task. There is an SCR on the Low Pressure Service Water low flow tripping
the TRF and the crud build up. Although no problems are anticipated for continuing
service, refurbishment of corroding pipes may be required.

9.5 Re-Circulating Cooling Water System

This cooling water system is contaminated with particulate matter and biological growth.
This has caused some problems with the flow measurement devices.

10 ASSESSMENT OF TRF AND D,0 MANAGEMENT BUILDING VENTILATION
(SCI 73690)

101 System Description

The ventilation system removes heat, provides general ventilation, provides purge air to
areas where leakage of hydrogen isotopes may occur, minimizes contamination inside
the building, and minimizes the release of contaminants to the environment.

The system consists of the following components:

o Supply Air Fans draw outside air through intake louvers and distribute air through

ducting to all areas of the D,O Management Building and the H, Compressor Room of
the TRF.

o Heating and Ventilating Units HVU1 and HVU2 draw outside air and distribute air by
means of ductwork to all areas of the TRF except the H, Compressor Room.

« Air Cooling Unit ACU1 provides additional ventilation in the VPCE Room by
removing heat generated in the process.

o Steam Heating Coils, Face and Bypass Dampers heat outside air to about 15°C in
winter, before air is distributed to various areas of the building.
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e Exhaust Fans exhaust air from all areas of the building.

o Exhaust Filter Units consist of a steel housing, a bank of pre-filters, HEPA filters,
and charcoal filters that minimize the release of contaminants to the environment.

o Dampers allow proper system flow and pressure balance.

10.2 System Condition Statement, Degradation and Remaining Life
10.2.1 Supply Air Fans

The Supply Air Fans operate satisfactorily. Therefore, problems are not identified for
continuing service as long as they are properly maintained (e.g., bearing and parts
lubrication). In the ventilation system, fan motors require frequent maintenance and
there is difficulty balancing the air flows between the TRF and Upgrader systems.

10.2.2 Heating and Ventilating Units HYU1 and HVU2

HVU1 and HVU2 perform well. However, about 5 years ago, ammonia, a breakdown
product of hydrazine, corroded the copper coils of the heating sections. Carbon steel
coils replaced the copper coils, and no further corrosion problems have been encountered
and no major degradation is anticipated. The HVUs are expected to last until the end of
the TRF design life.

10.2.3 Air Cooling Unit ACU1

Current performance of ACU1 has been good. No problems or degradation for ACU1 are
anticipated. ACU1 is expected to last until the end of the TRF design life.

10.2.4 Steam Heating Coils, Face and Bypass Dampers

Operation is satisfactory. Copper coils were replaced; see 10.2.2 above. The Steam
Heating Coils and Face and Bypass Dampers are expected to last until the end of the
TREF life.

10.2.5 Exhaust Fans

The exhaust fans F3, F4, F7 and F8 had bearing failures about 5 years ago. To reduce
the torque exerted on the bearings and hence minimize bearing failure, the number of
belts in each exhaust fan was reduced from 7 to 5. With proper preventative
maintenance (e.g., routine bearing and belt replacement), it is anticipated that the
exhaust fans will last until the end of the TRF design life.
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10.2.6 Exhaust Filter Units

The performance of these units has been good. Prefilter and HEPA elements are
routinely changed as part of the general maintenance program. The charcoal filters have
not required change. No problems are anticipated for continuing service. With proper
maintenance (e.g., routine changes of filter elements), it is expected that the filter units
will last until the end of the TRF design life.

10.2.7 Dampers

Inlet louvers with dampers are provided in the south walls of the LTC Expansion Tank
Room. When the dampers are opened, the LTC Expansion Tank is exposed to outdoor
conditions. However, these louvers do not close completely. This could create DO
freezing problems, particularly during the winter months. There has been no in-service
inspection of the dampers, and there is a potential for degradation and malfunction due to
aging. Dampers in the LTC Expansion Tank Room need replacement because of
leakage and aging.

10.2.8 Vent Lines

Some carbon steel vent lines from the Recombiner outlet and the Analyzer Room are
connected to Ventilation Exhaust and have experienced severe corrosion. The carbon
steel lines should have been made from stainless steel.

Rust formation in the vent lines blocks the flow and causes overpressure. Some of the
vent lines are equipped with relief valves. An inspection program is in place to monitor
wall thickness of these vent lines and to look for signs of corrosion deposits. Some vent
lines such as the Recombiner lines need replacement after a few years of service in a
nitric acid environment, which is formed by combustion of nitrogen and oxygen in the
Recombiner. Because the line from the TIS relief valves is connected to the downstream
side of the exhaust fans, there is a potential backflow through the relief valve discharge
line into the room during the relief valve change out. To eliminate backflow through the
TIS relief valve discharge line, changes to operating procedures will be used to ensure
that exhaust fans are not running during relief valve change out.

10.2.9 Exhaust Stacks

There are three exhaust stacks in the Heavy Water Management and TRF Buildings. No

inspection has been done on these exhaust stacks to date; the stacks may degrade with
time.

1" ASSESSMENT OF HEAVY WATER MANAGEMENT (HWM) & STATION
UPGRADER (SUP), (SCI 38410/38430/34510)

1.1 System Description

The Heavy Water Management system and Station Upgrader essentially consist of the
following components:
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e The D,O Supply System (38110) stores reactor grade heavy water coming from
either the Moderator System or the Primary Heat Transport (PHT) System. It consists
of eight stainless steel tanks with a total capacity of 747 m®. It is used to stores heavy
water from unit Moderator System drainage and from the PHT system. The 8 tanks
are segregated, 4 for PHT water and 4 for Moderator water. Incoming high Curie
heavy water feed and the outgoing detritiated heavy water product processed by the
Tritium Removal Facility are both handled by the system.

e The D,0 Cleanup System (38410) purifies the recovered downgraded DO using an
oil and water separator, UV oxidation unit; charcoal filters, ion-exchange columns and
D,0 transfer pumps.

« Spent Resin Handling System inside the D,O Management Building (34510)
receives the spent charcoal and demineralized water from the D,O Cleanup System
filter (38410- FR1) into a 5 m°® storage tank (34510-TK4) and also receives the spent
ion exchange resins and demlnerahzed water from the D,O Cleanup System ion
exchange columns into a 10 m° storage tank (34510-TK3). Spent ion exchange resin
and charcoal from 34510-TK3 and —TK4, are transferred to the TRILLIUM transport
containers for off-site disposal.

o The D,O Upgrader (38430) uses vacuum distillation to remove light water from a
mixture of light water and heavy water, and produces a sufficiently high isotopic
concentration of DO to be used in the moderator and Heat Transport systems.

o Downgraded D,0 Transfer System (38500) transfers and stores downgraded heavy
water collected in the station during normal operation. The system consists of a 10

m? tank reserved for oil contaminated heavy water and two 25 m?® tanks reserved for
downgraded heavy water.

11.2 System Condition Statement, Degradation and Remaining Life
11.2.1 General Comments:

The Heavy Water Management and Upgrader systems have been performing well but are
showing signs of deterioration. Health Reports have been prepared on these systems
over the past four years. The rating of the system for the past two years is yellow
(marginal). This marginal rating is given because the clean-up systems cannot provide
sufficient feed water to the Upgrader system. The moderator and PHT isotopics have
continued to meet the targets of >99.96% and >99.00% DO, respectively. The SUP
capacity factor has progressively declined from 91% to 65.4% (June 30, 2004) in part
because of a UV oxidizer used for feed chemistry control and because downgraded feed
D,0 for upgrading was not available, i.e. the processing rate was greater than the
demand. The UV oxidizer operates well but it requires two days to process 20 Mg of water
in comparison to the rest of the clean-up system, which requires only 4 hours. The
bottleneck in the UV Oxidation system arises because it recirculates water. Recirculation
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is necessary since initial output of water does not meet the specification for organics.
This is a new system and may require optimization.

In general, a UV oxidizer not meeting specifications may be due to a number of
reasons:?’

e UV oxidation by itself is not effective on all organics
UV oxidation can require a long residence time, that may result in recirculation
The UV lamps in the unit can age, resulting in reduced output
The lamps can become coated with time and may require cleaning
Lamp(s) can malfunction

Successful control of the chemistry of the feed water to the Upgrader resulted in
continuous operation since 1988 without the distributor plugging. However, in 2004
during an inspection, distributor plugging was observed.

The UV oxidation system destroys organic impurities and results in water with high
conductivity and low pH (possibly the result of carbonic acid from the CO, dissolved in the
water). Carbon dioxide is formed during the destruction of organic material. The UV
oxidation product goes back to the D20 Cleanup Product tank and is not necessarily
reprocessed in the IX system.

The spent charcoal tank must be emptied. The tank fills above the recommended half-full
level as a result of problems with level indicators. Emptying this tank, which has been a
high priority item for years, has not yet been addressed. If this tank is not emptied soon,
it will cripple operation of the Upgrader.

An action to modify the Upgrader sampling cabinet has been in progress for years.

. Ergonomics of the sampling ports discourage taking water samples and this results in

using crude indicators, such as visual inspection, for corrosion monitoring.

The Storage and Inventory system lacks adequate storage capacity to support the station
during outages. The HWM system handles a large number of drums and for want of
storage space, temporarily stores the drums in available spaces such as corridors,
stairways and other empty spaces leading to housekeeping issues [1].

11.2.2 The D,0 Cleanup System

Valves are in good condition but all valves and elastomers degrade with age. Elastomer
replacement has been performed on critical valves, and other replacements are planned
as part of the Plant Seal Replacement Program.

Oil and Water Separator. The unit was commissioned, but it never operated because
downgraded D0 collected from the moderator and heat transport systems is relatively oil
free. Performance of the oil and water separator is yet to be demonstrated.

27 piscussions with Dr. A. Rudolph and Dr. S. Dias at Kinectrics
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UV Oxidation Unit. The unit reduces organic contaminants in downgraded D,0 from 40
ppm to less than1 ppm TOC. The performance of the UV Oxidizer has been verified
during commissioning, but new issues have arisen. The effluent water has high
conductivity, low pH, and occasionally high peroxide concentrations. To reduce the high
conductivity and to raise the pH, water is processed through ion-exchange columns in the
D,O clean-up system. This processing results in a faster spending of costly ion-exchange
resins and longer clean-up times, which reduces Upgrader capacity factor.

D,O Cleanup Pumps. Current performance of D,O transfer pumps 3841-P1 to -P3 has
been good. No problems are anticipated for continuing service. No major degradation
mechanisms can be identified, since pumps are normally used in the low temperature and
low pressure service conditions.

11.2.3 Spent Resin Handling System inside the D,O Management Building (34510)

lon Exchange Columns and Filters. The performance of ion exchange columns and
filters is satisfactory, and should continue as long as spent resins and filters are replaced
during maintenance. However, two operational problems remain.

1. To prepare spent ion exchange resin and charcoal for disposal, the two are slurried in
the storage tanks (4510-TK3 and -TK4) and pumped to TRILLIUM transport
containers. Due to poor design configuration (i.e., a long pipe run of ~100 feet and
flow restrictions), high pressure pumping (~ 1200 psi) is required to flush the transfer
lines. Nevertheless, residual spent ion exchange resin and charcoal remain in the
transfer lines and block flow.

2. The second operational problem has been traced to the tank being full of charcoal.
This prevents the system from being used as intended (it prevents the fluffing up of
the charcoal with demineralized water before slurrying. This could be fixed by limiting
the level of the charcoal to a maximum of 50% of the tank®. The tank level indicators
also read offscale high

The current method of slurring spent ion exchange resin and charcoal in the tanks and
pumping the slurry to transport vessels requires review and redesign. These problems
need to be solved because the ion exchange resins maintain feed water chemistry at the
correct levels, and feed water that does not meet the feed water quality cannot be
processed in the Upgrader.

11.2.4 D,0 Upgrader

D,O Upgrader Pumps. These pumps are built with double seals and are supplied by
Hayward Gordon. The pumps provide adequate service but the maintenance effort is
high. The pump failure rate (one or two pump failures per 3 to 4 months) is larger than
generally acceptable industrial standards. Operating experience indicates that the pump
oil seals are also prone to failure. At the advice of the pump supplier, different viscosity
oil was used as lubricant, but the situation has not improved. A work program is planned

28 Opinion of the System Engineer.

33 K-011146-PCA-0001-R2

Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-131
Attachment 1

Page 41 of 83





to resolve this issue. These pumps may need replacement during the remaining life of
the TRF.

Distillation Towers. The performance of the distillation towers has been relatively
trouble-free. A chronic problem of heavy water distillation that has also occurred at other
nuclear sites such as BND and PND, is that distributors plug. Darlington has been able to
reduce plugging of distributors by strictly controlling the chemistry of feed water to the
Upgrader. However, a recent SUP Tower Visual check noted that several distributor
nozzles are plugged to the point where downcomers are overflowing on Sections 5 and 6
of Tower 1 and Sections 19, 21 and 24 of Tower 3. Tower 3 is scheduled to be opened
during the next outage. While chemistry control of feed water has allowed long operation,
it is clear that plugging has begun and the distributors need to be cleaned. Tower
packing will last to the end of the design life of the TRF providing no major contamination
of the system occurs. The packing is phosphor bronze with an oxide coating, this coating
is vital to the correct operation of the packing within the tower and it can be damaged by

poor water chemistry and oil ingress. It is possible to regenerate the coating but the
process is difficult.

Heat Exchangers. The performance of heat exchangers has been satisfactory. They are
expected to reach the design life of the SUP.

Evaporators and Reboilers. The performance of evaporators and reboilers has been
satisfactory. They are expected to reach the design life of the SUP.

Turbine Flowmeters. These flowmeters do not provide reliable control for feed, top and
bottom material flows. This is a generic issue that has also occurred at PND and BND.
The “automatic mass balance” scheme for the distillation cascade cannot be performed
and the overall mass balance is set manually. Investigation of more reliable and accurate

meters, such as Coriolis flowmeters, has been made and an implementation program
should be planned.

Vacuum Pumps. Liquid ring vacuum pumps P14 and P15 have operated reliably.

Miscellaneous Systems. Other systems such as various collection sumps, D20
recovery and ALW have not been included in this report.

12 ASSESSMENT OF HEAVY WATER MANAGEMENT & TRF BUILDINGS, (SCI
23800/23900)

121 System Description

The Heavy Water Management Building is an L-shaped building, which houses the D,0
Station Upgrader (SUP), DO storage drums, other equipment and associated systems
such as instrument and control systems necessary to support the intended functions.

The extreme south of the high portion of the building contains the D,O Upgrader columns.
The remaining lower portion of the building is intercepted by the adjacent TRF building.
Roofs subjected to weather at various elevations are
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Upper roof at El. 143 m for DO Upgrader Area,

Roof at El. 121 m for Air Conditioning Equipment Room,
Lower roof at El. 115 m and

Roof at 104.5 m for Loading Bay.

The TRF Building is a rectangular shaped building, which houses the process equipment
and associated systems for the Tritium Removal Facility. The TRF Building is adjacent to
the Heavy Water Management Building at the southeast location. Roofs subjected to
weather at various elevations are

El. 138 m,

El. 128 m,

El.118 m and

El. 112 m (general roof, covering about three quarters of the entire TRF structure).

12.2 System Condition Statement, Degradation and Remaining Life
12.2.1 Roofs

The roof of the Heavy Water Management Building (El. 115 m) is adjacent to the roof of
the TRF Building (El. 112 m). Heavy rainfall collects on the roof of the Heavy Water
Management Building and drains onto the roof of the TRF Building; the apparent
precipitation load on the TRF roof is therefore heavier than suggested by simple
measurement. Three roof leaks have been observed—one in the CRS Compressor
Room (near the gravity ventilators), one in the HWMB room containing the Stack
Monitors, and the last in the Exhaust Fan (F3 & F4) Room in the HWMB.

12.2.2 Blow-out Panels

Some areas of the TRF Building contain gaseous hydrogen isotopes. Blow-out panels are
provided in the TRF Building for explosion venting as part of hydrogen safety protection.
These blow-out panels are installed on exterior walls and roof and are designed to relieve
at a maximum pressure of about 1.2 kPa(differential). Each blow-out panel is attached to
the steel frame of the building by a 16 mm diameter pivot hinge rod (on the top of the
panel) and a magnet (near the bottom of the panel). However, a few years ago, several
blow-out panels on the East side of the TRF Building (near the LTC and HTC Room) were
blown away by high velocity winds. Further investigation also revealed that the tie back
clips from the blowout panels had not been secured properly to the panel frames during
initial installation. The screws used to attach the clips to the panel frames had either
sheared, become dislodged, or were never installed. Plywood panels were temporarily
used to cover the opening. Later, the tie back clips for the blowout panels were repaired,
and the plywood panels replaced by standard blow-out panels. Seals on the blowout
panels have become separated at the corners and some of the caulking has deteriorated
with age; both are possible source of water migration into the building. A building
inspection in 2002 also uncovered damage to the single panel on the north side of room
TR-203. The damage does not affect the panel’s ability to perform its design function, but
it requires repair.
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13 ASSESSMENT OF TRF AND SUP (HWM) COMPUTER SYSTEM, (SCI
69791/69891)

13.1 System Description

The TRF and SUP Computer System consists of the following components:

Hardware:

e SCI69791: Man-Machine Interface (MMIF) complete with Monitors, XP-400 DCT
Logic Boxes, Keyboards, Mice

SCI 69791: Universal File Servers AP6400

SC1 69791: Dual Ethernet Data Highway complete with transceivers, fan-out boxes
and repeater.

e SCI69791: Distributed Control Units DCU3200 complete with: DCU Power

Supplies, Frames (Chassis), /0O Boards, Interface Terminal Boards and their Power
Supplies.

e SCI169791: External Lambda Power Supplies
e SCI169791: Printers complete with Printer Server

Software:

SCI169891: Symphony SR 3.0 System Software
SC169891: Conductor UX dcu-sup Software, 7.1.16
SCI169891: Configured Control Software.
SCI169891: Configured Display Software.

13.2  System Condition Statement Summary

All system components are relatively new (acquired by ABB in late 1996 and installed at
Darlington in November 1998). However, not all components are equally reliable. Since
2001, the system has been monitored according to Performance Monitoring Procedure
SPMP 69791 and Health Reports have been filed (See Section 20 for details).

Summary of system components:

1. Man-Machine Interface. Performance has been satisfactory and failures can be
handled with some replacements. This system is expected to last the design life of
the TRF.

2. Universal file servers. Performance has been fair. No major problems are anticipated
in the near to medium term. There are sufficient spares and redundant equipment to
last the design life of the TRF.

3. Dual Ethernet Data Highway. Performance has been satisfactory. With replacement
of some components these units are expected to last the design life of the TRF.
However, there are problems obtaining spares due to obsolescence.
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4. Distributed Control Units. Performance has been satisfactory. Spare parts exist for
this system. At the time the system was purchased, it was expected that suppliers
would continue marketing this system. However, this has not been the case. To
ensure support, a further inventory of spare parts should be collected.

5. External Lambda Power Supplies and Intrinsic Safety Relays and Barriers.
Performance has been satisfactory. Spare parts for the power supplies are limited.
However, they are expected to last the lifetime of the TRF.

6. Printers. Performance has been satisfactory. Replacement will be required before
the end of the plant lifetime but this is not difficult.

7. Operating System. Performance has been satisfactory. Standard software
maintenance is considered adequate to maintain the system for the design lifetime of
the plant.

14 ASSESSMENT OF TRF AND SUP INSTRUMENTATION AND CONTROL,
-AND ELECTRICAL EQUIPMENT

14.1 System Description

This section assesses both field instrumentation and control equipment (other than the
computer control system) and electrical systems for the TRF and SUP. Input has been
primarily obtained from Control Maintenance staff.

14.2 System Condition Statement, Degradation and Remaining Life

Rosemount Gould transmitters throughout the plant have been mounted sideways rather
than vertically, and this results in bubbles in the transmitters. In the incorrect orientation,
they are difficult to flush or calibrate. An SCR has been raised.

Hard-wired shutdown relays were recently repaired because the springs on the relays had
failed. They had been closed for 15 years. While they were checked periodically to
ensure that the relay opened, they were only checked to ensure that the contact lifted,

and they were never checked to determine that the contact went to the fully open position.

Springs on the relays in the hard-wired shutdown system are aging, which is a safety
concern. The majority of these shutdown relays have been replaced and more will be
replaced in the next TRF outage.

No PM tasks have been identified for gauges in the plant, and therefore reliability of
readings may be questionable.

Heavy electrical equipment appears to be fine; however, there is little guidance on

equipment maintenance. Cabling in the plant is not a problem except for the Class 1
Division 1 connectors, which may be damaged but have not been inspected.
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Hydrogen detector electronics do not fit the housing and the maintainers break the boards
every time they remove them for calibration.

14.2.1 Analytical Equipment

The analyzers are obsolete; spare parts are not available and analyzers need frequent
maintenance. For example an oxygen analyzer has been out of commission for 2 years.
Capacitors on circuit boards of analyzers are failing and no longer protect IC chips from
voltage spikes. The IC chips are obsolete and cannot be replaced. Moisture analyzers
on the Air Clean Up System were obsolete when they were installed, 15 years ago.
Today, they can no longer be maintained.

Area and process tritium monitors have obsolete IC circuits. If they fail, the complete unit
will have to be replaced. Replacement monitors are still available.

14.2.2 DMS

Oxygen analyzers on the DMS system can fail if left exposed to oxygen, generally the
system is left purged with helium. In addition they were not designed to operate with

backpressure. The upstream rupture disk (set at 100 kPag) bursts easily (SCR D-2002-
04342). ‘

14.2.3 Auxiliary Equipment

Gauges and elastomers on the gas supplies need replacement. The gauges do not read
correctly in many cases but they are still used for control purposes.

Annunciators on beeties are obsolete.
Control room mimic panel annunciators and lights are failing due to age.

Intrinsically safe relays and barriers on Sulzer equipment were replaced at the time the
control computer upgrade was made. However, intrinsically safe barrier systems on
auxiliary equipment and on non-Sulzer equipment were not replaced. These barriers are

important for the hydrogen safety within the plant and an assessment should be made on
the necessity of replacing more units.

14.2.4 Recombiner System

There are flow transmitter problems on the Recombiner. The control valves are oversized
for the lines on which they are installed, resulting in a slow response. Operators run
these valves manually. Controllers and flow orifices were obtained from two different
suppliers and may be incompatible.

Leakage from RV2401 caused surface contamination in room TR207 (SCR D-2000-

00897). This leakage was resolved successfully. This serves to highlight the critical
nature of this relief valve.
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14.2.5 Feed Treatment System

The weigh scales run hotter than their normally expected temperature; there is no PM
program for flow switches on this system and instrumentation is obsolete.

14.26 VPCE

Rosemount Gould transmitters are mounted sideways (see above) and Control

Technicians cannot guarantee calibration of level transmitters. They should be replaced
by level switches.

14.2.7 DU

The Panametrics dew point meters are obsolete; the sensors are available but the
electronic boards are obsolete.

14.2.8 Cryogenic distillation system

The controllers for the heaters are poorly designed. Many IC'’s are obsolete. One of the
gas thermometers has failed and the gas has leaked from it. Diffusion pumps have failed
but repairs were possible. Diffusion pump valves are obsolete.

14.2.9 Cryogenic Refrigeration System

Ashcroft pressure switches do not operate reliably because their set points change
whenever the cover on the switch is replaced. The CRS shows corrosion in the cooling
water system, and flow indicators, blocked by debris, do not reliably confirm flow.
Temperature measurements on cooling water lines could be used instead for flow
indication. European DN fittings on the CRS are not readily available in Canada.

14.2.10 Tritium Immobilization System

Failing capacitors have been found on ion gauge controllers, pressure transmitters, turbo
pump controllers and the mass spectrometers. Valve FCV405, used for draw-off of
tritium from the HTC, does not operate reliably. Several instruments have required repair
to ensure continued operation (e.g. W.O. #D-83174, D-83238, D-96286, D-1142181 and
D-1153486). Instrument controllers, readouts and relays have been installed in the
confined spaces of the control panels and racks without adequate ventilation. As a result
the units are exposed to higher operating temperatures than recommended which may
affect instrument reliability (WO #D-613664).

The mass spectrometer used to analyze the quality of tritium gas has experienced several
computer component-related failures (e.g. W.O. #D-83174 and D-1153486). Although
still functional, the mass spectrometer is obsolete and replacement parts are difficult to
obtain. The mass spectrometer CRT is difficult to read. There are plans to replace the
mass spectrometers (W.O. #D-1117289). Instrument cables and elastomer instrument
seals exposed to the dry glovebox atmosphere have not been inspected or replaced.
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15

SUMMARY

The findings of this investigation indicate that the TRF after 15 years of operation has
experienced significant degradation in key systems:

The Air Cleanup System (ACS) has been inadequately maintained and design
deficiencies have been found. It is an essential system, required during accidents. A
periodic test has been developed for the ACS to ensure critical equipment is available
for service and that the dryer bed regeneration cycle is operational.

Electrical and instrumentation systems are considered potential problems due to the
age of the systems, and limited availability of spare parts.

The Low Tritium Cold box and High Tritium Cold box systems have not seen a full PM
program. Engineering staff have noted that the cold box should be inspected.

The cryogenic adsorber system operates with only one functional adsorber bed, and
this carries a certain risk. Resources have not been assigned to design and build
replacement adsorbers.

The Drain and Purge System (DPS) pumps have experienced repeated failures.

The Recombiner is run manually because the control loops do not operate
satisfactorily. The loop seal on the Recombiner vents frequently and could emit
activity.

The Deuterium Make-up System is unreliable when required for start up and
consequently slows the process. Electrolyte level control is inadequate

The Cryogenic Refrigeration System (CRS) contributes to downtime because oil
migrates to cryogenic areas; this appears to be an operational issue and is not
primarily a result of equipment degradation.

The Heavy Water Management and Upgrader systems perform well but are showing
signs of deterioration. Successful control of the chemistry of the feed water to the
Upgrader resulted in continuous operation since 1988 without distributor plugging.
However, an inspection in 2004, observed distributor plugging; remedial work is required.

The TRF Chilled Water, Steam and Low Pressure Service Water (LPSW) supply systems
show signs of wear and corrosion. The LPSW system has biological growth and zebra
mussels. However, no significant problems are anticipated for continuing service
although refurbishment of corroding pipes is required. Replacement of carbon steel bolts
in the system is recommended.

The TRF and HWM Building has experienced some roof leaks and blowout panel
damage.
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The performance of the TRF and HWM Building Ventilation System has generally been
satisfactory. No problems are anticipated.

The TRF and SUP Computer System components are relatively new (acquired by ABB in
late 1996 and installed at Darlington in November 1998). However, reliability of
components varies. Since Q2, 2001 the System has been monitored by Performance
Monitoring Procedure SPMP 69791and Health Reports have been filed. The performance
of the system has been satisfactory.

Short-term steps to improve TRF reliability are procedural. It is recommended that the
following steps be taken to reduce the probability of repeated forced outages:

« Eliminate oil ingress to the CRS by revising operating procedures to stop pumping oil
around the circuit when the CRS is warming or when the turbine has no load (not

extracting energy); brief all operators on the revised procedures and have them
acknowledge their understanding

e Change turbine oil only after analysis shows that it is warranted, rather than changing
the oil on a schedule. Use dry oil and revise the oil specification to include this
requirement.

e Evaluate extension of H, compressor scheduled maintenance intervals and if
accepted, increase the intervals between maintenance cautiously from 8,000 h to
20,000 h. This should be done in increments of no more than 2000 hours over a 4-
year period with increased monitoring.

¢ Perform root cause analysis for the DPS metal bellows pump failures and eliminate
cause of the failures.

In the medium to longer term, the plant can only be improved by replacement of
components such as the Adsorber Unit. The majority of the components in the plant will
not be replaceable on a “like for like” basis because they are obsolete; replacement
requires design engineering and the ECC process. ’

Replacement parts for some of the specialized equipment at the DTRF have been
eliminated from stores at OPG. With an increasingly rigorous procurement process

getting suppliers approved and parts on order is now a significant piece of work for the
station.

Another improvement to operation is a project to install double block-and-bleed isolation
valves on the front-end systems to isolate the LTC Expansion Tank. A significant time
saving (several weeks) will be realized by avoiding burn down of large quantities of D, gas
and subsequent generation of this gas for start-up and inventory build-up. The project has
been scheduled since 1991 but has not had sufficient resources and priority to be
completed.

In parallel to the Life Cycle Management project, it is important to pursue the
Maintenance Improvement Initiative project, which is aimed at asset preservation. The
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scope of this project is to improve configuration management, prepare maintenance
procedures where they are missing, and build Bills of Material (BOM).

The authors would like to acknowledge the efforts of the following people in completing
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APPENDIX: CONTROL MAINTENANCE - LIST OF INSTRUMENTATION
PROBLEMS AT THE DTRF

(Given to the authors during the interview stage)

1.

2.

ouns O

N

10.

11.

12.
13.

14.
15.

16.
17.
18.

19.
20.

Tritium Monitors 0-63945-AN2451, 2501,2551,2571,2701 - Overhoff -
obsolete and failing capacitors, IC’s are obsolete

Tritium analyzer Transmitter 5 in 1 0-63945-AT2701, 2451, 2501, 2551, 2571 —
Overhoff — obsolete and failing capacitors

Hydrogen Analyzers 0-63945-AN2702, 2752 - Teledyne 227 AMB-20X -
obsolete IC’s

02 Analyzer 0-63945-AN2401 — Teledyne 307WAM-020X — obsolete IC’s

02 Analyzer-0-63945-AT2601, 2652 — Teledyne 317A201X — obsolete IC’s

DMS Electrolyser 0-39330-EM1800 — Teledyne — needs to be replace — entire
unit

Mass Spectrometers 0-39720-AlS110, 0-39720-AIS210 — Spectromass Dataquad
— obsolete equipment, failing capacitors, obsolete IC’s

lon Gauge controller 0-39720-PIS210 — MKS Type 290 - failing capacitors,
obsolete IC’s

Vacuum Pump controller 0-39720-JC139, 0-39720-JC239 - Leybold-Heraeus
NT150/360 — failing capacitors, obsolete IC’s

Pressure indicator ~ 0-39720-PIT107#1, PIT117#2 - MKS 270B-failing
capacitors. Obsolete IC’s
Heater controller SCR 0-67369-HTR101, ITC Oven 0-63979-TC1,

Partiow, 0-39790-OV1 — obsolete controller, failing capacitors, obsolete IC's —
Dispatch Controller — obsolete — Barber Coleman Controller — obsolete

Weigh Scales — Tank Type 0-63934-WI11101, 1102, 1201, 1202 — Masstron,
have to operate with doors open due to heat build up, obsolete IC’s

Auto valve vacuum pump/valve controller — 0-62941-XC1501, 0-62942-XC1601,
0-63944-XC3301 — CVC Products — obsolete, obsolete IC’s

Control Room CRT’s — 0-69791-CRT1, 2,3,4,5 — failures due to heat

Elkon Panel SCR Heater controllers — 0-63900-PL1862-21 — obsolete I1C’s on
firing boards

Ashcroft Pressure switches — poor design — setpoint changes when cover is put
back on

Vacuum pump — solenoid valves (Shuttle type) — obsolete, not able to obtain
equipment, seals not able to be obtained

PRV 0-63933-PRV1807, elastomers, Fisher 98H, an example of many PRV’s
that require elastomer replacement

Hydrogen detectors 0-62344-AE1 to 13, Bacharach 234012 — transmitter boards
FAATM's — 0-62341-RM101 to 123, Overhoff T-321-OH, failing capacitors,
obsolete IC’s
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19 APPENDIX: INTERVIEW NOTES

Interviews with DTRF Staff — Held December 8" and 9", 2004
(Note there are comments from the report’s authors, placed in these notes in square
brackets and italics. These comments are intended to indicate key areas where the

opinion of the interviewed staff member can or cannot be substantiated directly with
evidence.)

19.1 Operations Staff

General Impressions of Plant Health

Over the last 10 years the plant has become less reliable. Long-term problems are lack

of bills of materials, procedural problems, and the need for capital improvements. They

need a supplier’s list and a clear idea of where to get parts. Itis their belief that achieving

a 60% capacity factor would be sufficient for the plant. Actions that would help

e Reduce the waiting time for spare parts. Getting parts takes too long, even though the
parts may be in stock.

 Increase the priority the DTRF has at getting spare parts out of the system

o Need the compressors in separate rooms to allow for maintenance; ideally would like
to see 3 compressors

¢ Consistent procedure for DTRF start-up
¢ Dedicated maintenance crews for DTRF

Very low history of major investment at the plant except for the new control computer.
The TRF has not been given adequate priority within the Darlington Station.

New valves that have been installed have improved operations.

Operating experience/outage experience

As far as the procedures to run the plant, they have never started up or shut down the
plant in exactly the same way twice. They do not have a clear shut down/start up manual.
There are often no contingency plans and each start up is inconsistent in terms of the
procedures used.

If there is an unplanned outage, there is often no list of other jobs to address during the
outage (a lack of an outage plan). Lack of availability of station services such as steam
or power will cause shut down of the DTRF. They have no control over this but it can
have a major effect on their capacity factor. Often the DTRF staff is used in the Nuclear

station during outages, as a result they build up banked time which they take off when
they return to the DTRF resulting in problems there.

It takes time to get the plant properly set up during a start up; frequently now they find
they are forced to start up rapidly.

Cryogenic Adsorber
Five years ago they were meeting about the problems with the adsorber bed 1401, as yet
nothing has been done to completely solve this problem. They only use 1401 during start
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up since they can’t get any normal flow through it. Bed 1402 is virtually un-pluggable.
They believe that one of the beds has cemented closed and the other has cemented up
with a hole through it. The adsorber bed 1402 runs up to 6 months without regeneration.
Seems to act as a cryo trap, temperature is 80-90K for the operating point. As long as
the dryer dew point is good there is no problems with the cryo adsorber. Since they don't
remove all of the gas during a shut down the gas system stays clean and nitrogen is not a
problem. They wonder if it is really necessary.

Dryer

The molecular sieves are probably near the end of life. Flooding problems in past
operation have been stopped and the operating experience is better. There has been
leaking of drain valves and they are known to pass gas. They have reworked the seats
on valves in the dryer to prevent cross leakage. However the dryers are not achieving the
same dew point they used to. They used to achieve, off scale low, now they struggle to
get to —80°C dewpoint. It takes a long time of operation to go the last little bit of the
dewpoint, they have waited up to a month to get below a certain level of dewpoint.
Pressure drops across the beds have stayed consistent over the years. They wonder if
the dewpoint they are seeing now is the correct number and previously measured lower
values were a calibration problem with the dewpoint meters. The dryer is not user friendly
to maintain. Some of the drain lines are plugged with desiccant fines.

DPS

They can't properly purge this unit. There is a reliability issue with the Metal Bellows
pumps. The unit is not reliable; they cannot always rely on it being available to remove
gas. For example at present the last metal bellows pump, which acts as a compressor,
now shows a bit of excessive noise. There are chronic problems with the MB pumps and
this needs a full investigation

DMS
They have had fires and rapid flame propagations in unit. It now requires a C/M tech to

be present to start it up. This unit is not reliable and is not always available when they
need gas.

This is a critical system for start-ups, but the operation of the unit is “hit & miss”. The DMS
is tested monthly on call-ups, but the tests may not be adequate. Some PCVs in the DMS
are obsolete. Newer models of electrolysers are available on the market.

TIS

Have had a number of major equipment failures (pumps, pressure transducers and the
mass specirometers), and spare parts have been raided from the TAP. They have just
about used up all available spare parts. At one point in the discussions it was noted that
the parts that are broken and removed from the TIS, have been put back into the TAP in
place of the spare parts being raided. When they come along later to look at parts in the

TAP they discover they are looking at an old TIS part not a new one. The mass
spectrometers are at end of life.

The Operators find the mixture of units (i.e. kPa, torr, atmospheres) on instruments within
the TIS a problem when operating. Operators have also noted complications between
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absolute and gauge pressure measurements and it was noted that certain operators
might not understand “millibar” and instead rely on knowledge of “where the needle
should be”. The turbo pumps have been often replaced. The oil-lubricated vacuum

pumps are not maintained but are completely changed out due to handling concerns of
tritiated oil.

The Storage Vault is running out of space and there is a requirement by CNSC for access
to the ITCs. A revised layout that gives more storage space has been approved by not
yet implemented.

The main problems experienced with the TIS are availability of spare parts, dose hazard
associated with tritiated pump oil, failure of turbo pumps, rotary vane pumps, mass
spectrometers and operational problems of FCV405. The TIS could potentially be a real
problem in the future due to the large number of components.

Some equipment, which is installed in the gloveboxes, tends to overheat due to the argon
atmosphere. It is necessary to heat about 10% of the ITCs to enable tritium
immobilization. The type of flexible hose connection used in the TSC airlock is preferred
over the bellows connection used to couple ITCs in the ITC airlock. Glovebox 2 is used
for tritium immobilization about 60% of the time due to its additional installed equipment.
The gloveboxes are clean of tritium contamination.

FTS/VPCE
The operators do not have many problems with this area. The VPCE sight glasses seem
very unnecessary; they question why they were ever installed especially in this area of

high curie water. No real problems since there are few moving parts. The main problems
have been steam leaks in the superheaters.

The VPCE sight glass gaskets have been replaced and are leak tight now, but could be a
potential source of problems in the future.

Cryogenic Distillation Columns

The main Cold boxes are not a problem. Cryogenic valves were refurbished at the same
time that they worked on all of the valves. Sometimes they get liquid hydrogen where
they don’t want it during start up.

CRS

Oil problems have plagued the CRS. Linde has come in to help with the current outage
and they have learned a number of new things about the turbine oil lube system they did
not know before. They should not be changing the oil every year only when testing it
indicates it needs it. They do get support from Linde but only at a high cost. There is a
manual valve on the outlet of the turbine that the Operators feel should be an automatic
valve.

The top 3 problems with the CRS are

e They have problems now during start up getting the plant to reach setpoint of 31K
that would automatically shift them from startup into operating mode. They have
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to intervene every time now to get the plant into normal operations. They are not
getting the full cooling on the refrigeration unit now and often need to get
permission to shift set point to get into normal operating mode which kicks in extra
cooling.

 Finding the cause and source of oil in the CRS and resolving it for the long term

o They have seen nitrogen concentration that is too high sometimes in the CRS
after warm up.

The oil pump motor for the turbine brake is obsolete and is no longer replaceable.

The planned maintenance for the H2 Compressors causes planned downtime, but they
have wondered if the intervals between maintenance could be extended.

Operators have expressed a request for a second roughing pump on the cold box (“a nice
to have”).

General Comments

The DPS, DMS and CRS are the top 3 problem areas. A lot of work seems to be fire-
fighting type of activity.

Operating crew is fairly stable but maintenance staff change frequently. The current
trend is to use temporary staff and this results in no ownership of equipment.

Design changes are considered to be too much work to do. As a result people have a
tendency not do design changes. Even previous changes are being returned to the
original design because of configuration control and no detailed documentation has been
created on the changes made. It is easier to return to the design basis than it is to do a
design change. Procedures to implement design changes are onerous and resourcing is

not adequate to cover the work.

The operators would like more feedback on the results of maintenance work.

The operations have daily/weekly Internal Investigation Limits (lIL)set on oxide and
elemental tritium. They have occasionally hit the daily lIL. Never have they hit a
regulatory limit.

The 13-week maintenance schedule used at the station is a poor fit for the DTRF due to
the lack of redundancy, the number of breakdowns and the aging of the plant.

The minimum time required for equipment changeout is between 1/2 and 1 day.

The TRF does not run anything to failure by deliberate choice they maintain everything.

Operators have commented on the lack of day-to-day communication.
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Control Maintenance staff

General Impressions of Plant Health

The overall process is finicky — but once operating, operates reasonably. The new
control computers have helped to improve reliability and avoid upsets. It is often difficult
to get through start up to steady state operation. Obsolescence of parts a major concern.
Steam, power outages at the Station have impacted TRF reliability and caused downtime.

They need a clear definition of critical components. Documentation throughout the plant
is not as good as they would like. OMs, BOMs have to be made up to date. There are
few maintenance procedures. The availability of spare parts is a problem. They would
also like to see improvements in documentation such as drawings, procedures,
maintenance manuals, operating manuals, etc.

A lot of changes have been made in the past with less than the required documentation.
In many cases they are now reversing these even though the change worked better due
to the lack of documentation.

They keep getting told that engineering changes are too difficult and thus they have

stopped doing them. Any design changes are too expensive to make —i.e the ECC
process is cumbersome.

There are problems like the operation of the turbine on the CRS system with the
discharge valve closed, which should not happen.

General Comments
Many of the analysers are out of date and obsolete. Spare parts are not available. For

example they have had an oxygen analyzer out of commission for 2 years. Other
analysers are either out of commission or unreliable.

Equipment has often been installed in poorly ventilated, hot environments. They often run
equipment with the doors open to keep cool.

Transmitters throughout the plant have been mounted sideways when they should have
been mounted vertically (Rosemount Gould transmitters). This results in bubbles in the
transmitters and they have had trouble properly flushing or calibrating these. There has
been an SCR issued on this.

Hard-wired shut down relays were recently repaired. The springs had failed. They had
been closed for 15 years, people would check that the relay opened but only as far as the
contact lifting, they never went to the relays to determine that the contact actually went to
the fully open position with the spring. Springs on the relays in the Hard-wired shutdown
system may be aging — a potential safety concern.

in many valves they have started changing the elastomers but the progress may not be
fully documented. They are concerned about the regulators upstream of the valve
actuators. These have not been checked but if they fail they will destroy the valve
actuators diaphragms. A lot of diaphragms on PRVs have not been replaced (e.g.
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PRV1807 — diaphragm has failed). Elastomers have been changed in many valves, but

apparently there was no tracking system put in place to determine which elastomers
should be changed again.

They are concerned about an apparent lack of a PM program on all of the gauges
throughout the plant; you cannot rely on what the gauge reads.

There is no apparent procedure for stroking valves, which are installed on seldom, used
systems. As a result, many of these valves may have seized and required replacement.

Most of the heavy electrical equipment is fine. Cabling in the plant is not a problem
except for some of the Class 1 Div 1 connectors that may have been damaged due to
people standing on them and they have not been inspected.

Hydrogen detector electronics do not fit the housing and they are breaking apart the
boards every time they remove them for calibration.

Run-to-failure would be a good idea on some of the equipment in the TRF. This is only if

the parts can be obtained quickly and easily and the operators can run without the piece
of equipment easily.

A comment was made: “the documentation is brutal”. TAP parts have already been used
for TIS, but there is no tracking of which parts have been used.

The Upgrader runs well, but they believe that as a result there may not be as much
attention put to long term preventative maintenance on this system.

Analytical Equipment

Most of this equipment is obsolete. On the boards in the equipment they are concerned
about the capacitors because if they fail they will destroy the IC chips that cannot be
replaced. The electrolytic capacitors in many cases are old and no longer working to
protect circuits from spikes. Certain IC chips in old analytical equipment are no longer
made. As soon as stocks are depleted, they will not be able to repair the instruments.

On the air clean up system the moisture analyzers were old when they were installed,
now 15 years later they cannot be maintained.

Area and process tritium monitors have obsolete IC circuits. If they fail they would have
to replace the complete unit. These units however, are still available.

DMS

This unit is difficult to maintain. Recently the representative of the company came in and
limited the current by using a potentiometer on the board. The technical representative
also suggested a new way of starting up the DMS. This may not captured anywhere in
procedures. The unit gets left for much of its life shut down with caustic in the system.
The technicians believe it should be drained when it is not in use.
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They have problems with the oxygen analyzers on the system. The cells have a life span
problem due to the long time they are left without the unit being used. The Teledyne O2
analyser cell needs to be changed regularly. The backpressure on the cell is an issue —
since these cells are designed to operate with no backpressure.

There have been occasions where KOD has been pushed into the vents. Some of this is
due to the level control on the DMS tank. The level control system can allow you to
overfill the tank because the level switches can reset after the level passes them. This
eventually pushes electrolyte into the piping. This could be simply solved by having lights
on the level sensors indicating which sensor the level is up to.

The combustion sensor on the cells can only be reset 5 times. This is stated on the
package for the unit but there is no counter or other device to be sure that no more than 5
resets have been done (other than a label that is not always updated).

The operation of this equipment is based on a lot of tribal knowledge rather than written
procedures.

Auxiliary Equipment

Low-pressure service water (LPSW) system exhibits corrosion. They think the corrosion
is caused by high humidity in the room. External corrosion is evident beneath pipe
lagging.

In the ACS the valves have been in one position for a long time, they are not stroked
regularly and could fail.

Chilled Water System: RFU1 Refrigeration unit has been replaced with one that is too
large a system for its use — so that it is under utilized. RFU2 has not been replaced — it

uses Freon and therefore cannot be repaired but will have to be replaced, i.e. it's
obsolete.

Steam supply to the TRF causes problems with the high-pressure steam when the TRF
trips off — need positive isolation when the TRF shuts down to stop the RV from lifting.

On all of the gas supplies the gauges and elastomers need replacement. The gauges do
not read correctly in many cases but they are still used for control purposes.

Annunciators on beetles are obsolete

Control room mimic panel annunciators and lights are failing due to age (presently the
lights can be replaced).

The intrinsically safe relays and barriers on the Sulzer equipment were replaced at the
time the control computer upgrade was done; however the intrinsically safe barrier
systems on the auxiliary equipment and non-Sulzer equipment were not done at that time.

The cabling in the plant may be OK, but the Class 1, Div2 connections should be
inspected.
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DPS

Vacuum pump failures are a major problem. These pumps have failed 6 or 7 times. The
bellows and the bearings have failed, over 7 modifications have been made to these
pumps. The C/M techs are not satisfied with the logic used to start them; they have
observed that the motors do a double start when turned on.

Recombiner

There are flow transmitter problems on the recombiner and the control valves seem to be
oversized for the size of line they are installed on resulting in slow control. They are now
running all of these valves manually.

FTS

The weigh scales are another piece of equipment that runs hot. Some Instrumentation is
obsolete.

VPCE
Another system with the transmitters mounted sideways. They cannot guarantee the
calibration of the level transmitters; it would help if there were level switches.

Dryer
There is desiccant in the valves on the dryer. The Panametrics dew point meters are

obsolete, the sensors are the same as those available today but the electronic boards are
obsolete.

The critical flow and pressure transmitters on this system are only checked if the
operators think there is a problem, no regular maintenance program.

Cryogenic Distillation system

The controllers for the heaters are very poorly designed. Many of the IC’s are obsolete.
One of the gas thermometers has failed, the gas has leaked out of it. Diffusion pumps
have failures. The diffusion pump valves are obsolete.

CRS

Ashcroft pressure switches are a real problem throughout the plant; they reset their set
point when they put the cover back on the switch. The CRS has some observable
corrosion in the cooling water system. It was perhaps not flushed properly when they
changed from lake water to the closed loop system. Flow indicators on the system are
stuck due to dirt; they need temperature monitoring on the cooling water because you
cannot rely on the flow monitors to tell you if you have flow. They are concerned about all
of the European DN fittings on the CRS as they are not readily available in Canada.

TIS

Instrument controllers, readouts and relays have been installed in the confined spaces of
the control panels and racks without ensuring adequate ventilation. As a result the units
are exposed to higher operating temperatures than recommended. The mass
spectrometers are obsolete and potentially a future problem. The mass spectrometer
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CRT is now difficult to read due to age. Cables within the glovebox and elastomer seals
on instruments and feedthroughs have not been inspected or replaced.

19.2 Mechanical Maintenance staff

General Comments
There has been water flooding in many of the plant systems.

The plant seems to operate very well once it is up and running. Itis the start up that
causes the main problems.

Right after the installation of the new computer system everything ran very well and then
it seemed to just drop off.

Obsolete parts are not so much of an issue for the MM staff. One of their concerns was
the liquid ring pumps and how to rebuild them. Apparently recently they have found a
supplier of parts.

The DMS and the DPS systems sit too long between operations and this causes
maintenance problems.

There does not exist a good training program to transfer the knowledge of the older staff

Often there are no procedures for a task and they have to get it out of the manufacturer’s
manual. It would be a lot easier if a procedure were written down.

There are often a lack of records of mechanical changes that have been made.
Preventative maintenance system exists but it may not be adequate. They usedtodo a
daily walk down of the plant and look at equipment operating. They would record

temperatures, pressures etc. This is not done now.

Spare parts are difficult to obtain, as the BOM'’s are not verified. Often equipment was
purchased as a skid with no breakdown of the parts.

In the Chilled Water System, the replacement RFU1 refrigeration plant is too big for the
load that is on it.

They have not pulled tube bundles for inspection on chillers except for the compressors.

Some vent lines are corroded, the carbon steel lines perhaps should have been stainless.
In general the ventilation system has some contamination and corrosion.

GBCS valves are seizing up due to lack of use.” They are never touched and get frozen in
place.
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Low-pressure service water system is corroded. The replacement plan for the carbon
steel bolts in the plant is still not done. They have all of the materials they just have not
had the resources to do it.

Working in a hydrogen environment (Class 1, Div.2) is not considered to be a problem.

Minimum 1 to 2 days required for simple maintenance assuming spare parts are
available.

CRS

The existing 8000-hour maintenance was because of the valves. They are not seeing
wear anymore and feel that the maintenance interval could be extended (based only on
their own experience). The cooling water system on the CRS has a particulate problem.

Dryer

Desiccant residue has been found in the valves. They have sent a camera into the dryers
and looked at the bottom screens and the screens appear to be falling apart [Note: no
documented evidence of this inspection has been found].

DPS/DMS

Pumps on the DPS are an ongoing problem. They have experienced several bellows and
shaft failures.

TIS

A difficult system to work on due to the tritiated oil contamination and the fact that working
on it can spread it around. The gloveboxes are dirty, that is, there is some surface
contamination within them. Windows are removed for maintenance activities. The turbo
pumps have been performing well since replacing the bearing with permanently lubricated
ceramic bearings. The ITC airlock heaters have not required replacement. The system
has been disassembled to only a minor degree. There has been very little PM performed
on the system (no PM on metal bellows pumps, Nupro PVs and Jordan PRVs). Despite
the lack of PM, the Nupro PVs have operated reliably. There have been no problems
associated with leak tightness of fittings. With the exception of a failure of the bellows
used to connect the TIS to an ITC, there have been no.problems with the ITC airlocks.
There have been no problems experienced with the gloveboxes. [Note there are a total of
20 PM’s existing for system 39720, of these 5 are filter replacements, 4 are RV service, 3
are PSV testing and 8 are oil changes and greasing]

Vacuum systems

Elastomers O Rings appear to be cracking in the vacuum systems. There is no regular
program to inspect or change.[ Note: in reviewing the PM listing for the DTRF there were
no jobs identified with inspection of the vacuum system o-rings] They should be changed
as needed. They feel that the cold box vacuum pump capacity may need to be
increased. Operators want to evacuate the cold box too fast, which reduces the life of the
pump.
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SUP
Liquid ring vacuum pumps P14 and P15 are obsolete [Note: these pumps are not
obsolete].

Chillers
The LPSW supply to the chillers is causing rusting and corrosion.

Top 5 & other issues
e DPS-MB Pumps, DMS, TIS Vacuum Pumps (Oil problem), ACS damper leakage,
Blower work is difficult
CRS turbine run for days without gas load — so that oil may have got into system.
GBCS blower F2 was run for days without gas flows.
Liquid Ring Compressors on VPCE, DU are obsolete.
Is the VPCE superheater tube plugging indicative of a trend, which is a life issue?
An RV test bench is available in the TRF but is not used [Note: installation
delayed].
e Procedures are not available for many tasks. Manufacturer’s documentation not
available often.
Ventilation system lines are now contaminated with tritium.
Communication between groups could use improvement.

19.3 TRF System Engineering staff

General Comments

The TRF has been in the Red category in the plant system health reports for the past two
years. The HWP is in the Yellow category. The health reporting system was started in
2001 and the TRF has gradually moved from white to yellow to red mainly due to the poor
capacity factor, lack of spare parts and the large number of functional failures.

The worst problems are equipment aging and obsolescence and lack of spare parts.
The plant has little redundancy, lose any system and you have a major problem.

Even though the CRS has had oil contamination problems, it is not considered to be the
worst system because the system has such a rigorous PM program.

The TIS has redundancy and it is not felt it is a big issue; however, they have not done a
major PM program on the TIS due to the redundancy being available. [Note; as stated
before there is some PM done on the TIS]

Major problems
The ACS is a problem since there is no PM system in place for this system and it has not
been a focus of attention. [Note: no PM functions have been identified for this system]

The electrical and instrumentation are a problem due to lack of expertise in the SRE to
support this. No focus on these systems and not much of a PM program. Interfacing
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equipment such as A/D converters have not been maintained. [Note: PM’s on the
instrumentation are primarily calibration]

The LTC, HTC systems have not been worked on extensively because there are no
moving parts and because they have never dropped the bottom of the LTC Cold Box for
inspection. There is the ability to have a side stream drawoff and thereby reduce protium
in the gas by taking a small overheads stream to the recombiner, but this side-stream

appears to have been plugged since it was commissioned and they have never been able
to get it running.

DPS/Recombiner systems have problems with the vacuum pumps and compressors.
They are pumping on water containing systems, there may be charcoal fines in the
system. The original SRTI wobble pumps were replaced by Metal Beliows pumps, which
have also not been trouble-free. The recombiner has to be run on manual all of the time,
none of the control loops operate. The loop seal system causes problems and creates an
emission issue. Need to have the operators fill the loop regularly before start up.

A lot of the problems could be solved by a re-design of the systems but there is no
program for design upgrade. Obsolescence is only driver for an upgrade, this is what
resulted in the new computer system. Simple improvement is not a good enough reason
to do an upgrade. The biggest problem is the design resource issue; they have projects
on the books but no budgets and no resources to do them. For example they would like
to put double-block-and-bleed valves on the expansion tank. This has been on the books
since 1991 and they are still working on that project. The replacement of the adsorber is
more of a maintenance project, a like for like replacement. However, they do not have
resources assigned to design and build the replacement adsorbers. It is seen as a risk
the way they are operating now with only one adsorber. There was a comment that the
majority of components, where there will be significant procurement issues, are those for
which like-for-like replacement is not possible. This extends even to small items such as
oven controllers. Another area of difficulty will be for those components designed by
Sulzer, for which there are no detailed design documents.

In 2002 they started a maintenance improvement project, an asset preservation project.
They intended to look at all of the Sulzer supplied equipment where there is poor
documentation for skid-supplied equipment. They were going to look at the components,
categorize them, look at critical items put together the specifications and put together the
necessary framework to allow procurement of these parts. They intend to restart this
project in January 2005 running for 2 Y2 years. The intent is to consider all components,
categorize them, put together technical specifications, identify suppliers, prepare Cat IDs
and build the BOMs. They would like to use the critical equipment list as a way of
focussing this program. The bills of materials are not perfect for this plant. This project is
supposed to get this fixed. This project is also supposed to fix up configuration
management issues around the plant.

The chronic oil problem in the CRS is a major issue since the root cause is not known.
They see high pressure drops indicative of partial plugging of a CRS filter. The CRS was
not operating well before the current outage since the turbine flow was reduced. The DF
of the plant was not 35 but running more like 18 — 22 due to lack of cooling and thus
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reduction of the reflux. They can operate with this low DF as long as they are careful
which water they are processing. Darlington water is low enough tritium levels that the
DF is adequate, other water they run at a reduced feed rate. They have some flexibility.

The Dryer unit is another problem since the molecular sieve has not been changed since
commissioning (approx. 15 years). The trend in the dewpoint has been from —-90 to —95
to where it has reduced to —78 to —82 °C. This will eventually lead to a major load on the
cryoadsorber. There are no sampling ports on the dryer to check the sieves. There has
not been a change in the delta P across the dryer despite the aging. They have
inspected the bottom of the dryer bed and see deposits and caking. Fine powder has
been found in valve seats.

The DPS pumps have always got one out of service. These metal bellows pumps are
specifically built for the DTRF because of the pressure requirements. Failures have
occurred on the secondary bellows due to weld failure. Reed valves have been modified
but are still a problem. They get failures on both the vacuum pumps and the
COMPpressors.

The recombiner only uses a single burner currently and it is run on manual. Mass flow
meters have been a problem for the last 15 years. Never have had the resources to fix
the problems. Corrosion has been a problem in this system, as have deposits in the
pipes. The loop seal is a problem on restart and the operator has to remember to fill the
loop, this would be better if it could be re-designed.

When the TRF is operating at steady state, the past operation has been pretty good.
However, the start-up procedures used are not always consistent. This is because the
system is finicky and also because of the aforementioned CRS problems, which create
difficulty in reaching the desired low temperatures. For example, any trace impurities will
cause problems in establishing levels in the last column of the HTC. Establishing levels in
the HTC can sometime take 2-6 weeks, depending on the levels of residual He3.

After the computer replacement, the start up was good because extra care was taken and
the plant was essentially re-commissioned.

The DMS has been a problem, but they do pretty good maintenance now.

A re-write of the procedures for the plant was done 4-5 years ago, but the procedures do
need improvement. This will be part of the maintenance improvement project.

Auxiliary Systems

Chilled water system is a closed loop and there is a problem with biological growth in the

system. This gets into the flow indicators and can reduce the flow and can shut down the
plant. They have flushed the system and have now a biocide addition system that took 2
to 3 years to get approved but has not yet been started up.

Low-pressure service water is just lake water and it also has biological growth and a few
zebra mussels. Again the main problem is the instrumentation.
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The steam/condensate system has a problem with water hammer due to the 2-phase
flow. Differences in temperatures between various condensates that are injected into the
system also cause problems. There is a problem regulating the steam from the plant, it
has been noted by a couple of groups that the steam system has a PRV and a RV that
tend to operate poorly on shut down of the steam. The relief vaive goes frequently as it is
used as part of the shut down. Steam traps are a problem since Sulzer used European

traps and there are no spare parts. They will eventually have to cut out the steam traps
and replace them.

In the ventilation system there has been frequent fan motor maintenance and they have
trouble balancing the flows especially between the TRF and the HWM. There is lead
blanketing required on EV-1101 and TK-2201 due to gamma contamination.

HWM air cleanup charcoal beads are not evenly distributed and they will have to be
reloaded. The FTS also has charcoal beds for water clean up that are running at the top
end of the allowed delta P. They carefully monitor the water quality.

General Discussion

They agreed that the start-up procedures are not always consistent because the starting
conditions of the system are not always the same. Getting the HTC to run properly is a
very difficult task and trace impurities such as helium can affect them greatly as they are
started up. To establish levels in the last columns operators end up trying a lot of
different things to get them running. The operators have been given some flexibility for
starting up. Getting the correct operating levels in the final columns can take from 1 week
to 6 weeks on start up. Getting the correct dewpoints on the dryer is the same issue; it
can take a long time or a short time. They have learned to keep the beds isolated and
dry during an outage to help this process.

Right after installing the new computer system they had the best start up ever and ran
very well. This was because they completely shut the systems down and removed all of
the gas. They eliminated all of the trips from the computer systems, spent a lot of time on
the plant (essentially re-commissioned it) and they had a seamless start up and good
purity results from it. Right after this good year they were hit with human performance
problems as well as unplanned issues due to oil and equipment obsolescence. The good
start up after the new computer they started the LTC first and then evacuated the HTC
thoroughly and filled it with clean pure D, from the sump of the operating LTC. They tried
this again on the next start up when there was tritium in the system and it did not work.
They had problems with tritium releases and valves passing.

The DMS system can delay a start up. They have had a number of module failures for
which they don’t know the root cause. This is not an obsolescence problem with this unit,
because it is the same as ones run by other plants; however because the TRF runs it
intermittently they have problems. They have had KOD carry over from the tank into
valves to cause problems. They have considered replacing or re-designing the system.

The FEG matrix is a grouping of equipment into areas for maintenance so that you know
all of the equipment in an area to maintain. The PM schedule comes from Passport as
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“pre-defines” work requests automatically created in Passport from the information put in
to it. The criticality matrix has not been integrated into the work request system.

The PM program covers all rotating machinery, hydrogen monitors, tritium monitors and
relief valves (by regulation). There are gaps. For example the WEKA cryogenic valves
have no PM because there is very little information available on these valves. Not
everything is covered with a PM program. They have to balance what they do with the
available resources. It was felt that the current PM plans are adequate.

An inspection program has been developed for components in the plant but they have a
great deal of difficulty completing this program due to production pressures. They would
like the inspection program brought to a much higher level of attention.

The planned work and the FIN (Fix It Now) work is all done by the same people. This is
not a good arrangement

The TRF does not have an outage management group; the same people do everything.
As a result they end up with problems planning outages due to lack of resources. No
planning is done ahead of time for major outages since the same group is planning the
day-to-day activities and running the current outage.

The plant SCR system does not capture potential equipment probiems. They have their
own in house list of things to do in the future. Currently there are 116 items on that list.
Not all are equipment. The top 20 items are usually the focus of engineering support.

The HWM system works well so they have not spent a lot of work on it. They are feel that
it is heading for problems because of this. They take a lot of care with the chemistry of
the water to prevent problems.

There are serious problems with configuration management as many changes have been
made to systems without being documented. The TRF status is RED due to unavailability
of parts, low capacity factor and backlog of work.

Major Parts Problem

Obtaining spare parts is a very long process. Due to a streamlining of the parts system
within OPG they have greatly reduced the number of approved suppliers and sole source
suppliers have been taken off the list when the system was changed from Darwin to
Passport. This is a real problem for the TRF where many of its parts are from sole source
suppliers. It is a great burden to get a supplier back on the approved supplier list. For
example, Teledyne, the supplier of the modules within the DMS system, fell off the

approved suppliers list. When the TRF needed a new module it took an additional 6
weeks to get the supplier back on the list.

In addition, parts that no one has accessed for a long time have been scrapped. For the
TRF this means that unique parts for equipment that is now aging do not exist. Valve
seats for the WEKA valves were in stores but are not there now. There are now much
more stringent requirements for pressure boundary parts and the approved supplier must
be registered with the TSSA. This has also resulted in a purge of older parts.
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This is going to become a very severe problem at the TRF as it goes forward. As it ages
getting parts and suppliers will become more and more difficult.

Building Problems
Most of the problems in the building are the blow out panels and the aging of the hinges

on these panels. The seals and the hinges require inspection and maintenance. There
have been problems with loss of panels during windstorms.

There is also a problem with roof leaks. This is a problem for the whole site and
apparently the responsibility for civil structures has changed and they are trying to hand it
off from the architectural design group to the station and to the SRE group. This group
has not experience or expertise in civil work.

19.4 Interview with System Engineering Staff -December 17, 2004

The top issues which are seen as impediments to improving TRF performance are rated
as:

Lack of Spare Parts and uncertainty of availability from OPG stores
Lack of BOM

ECC Process complexity

Too many procedures which are too constraining; the system responsible engineer does
not need to approve all procedures for his system.

[Note: It is interesting that none of these issues are equipment related. |
The top 5 systems contributing to lack of reliability are:

CRS
DU
LTC (Vacuum leaks)

Vacuum Systems (Roughing pump maintenance requirements)
DMS

CRS

The turbine running with no load for an extended period may be troublesome. This mode
of operation is also not recommended by the supplier. The avoidance of this mode is now
being formalized in the Operating Procedures so that it is prevented form occurring in the

future. There is a need to avoid running the oil skid during warm up of the CRS when the
turbine is not running.

The scheduled maintenance interval for the H2 Compressors may be able to be extended
from 8,000 h to 20,000 h in a stepwise manner This would significantly increase the
capacity factor for the TRF. This will greatly help in reducing down time. Better
temperature monitors for the inter-stage temperatures are required.
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The heater in the J-T loop is being replaced. Temperature control in this area used to be
a problem. The TCV now controls better since the air pressure to the operator has been
reduced from 320 kPa to 180 kPa.

During the current forced outage of the TRF, 700 mL of oil and 150 mL of water were
found in the CRS. It is not clear how water could have got downstream of the turbine in
the CRS unless it originated form the turbine oil system. It is possible that the small
molecular sieve bed in the oil system may have been saturated by now.

The current oil contamination may have resulted form running the oil skid when the
turbine is not running ( e.g. during warming up)

It would be nice to have more monitoring capability on the oil skid — e.g. ultrasonic
flowmeter on oil line, to monitor performance of the oil pump, also to monitor performance
of the swash pump (H2 gas).

The evacuation/backfilling procedure for the CRS needs to be simplified — it is too
complicated to follow. During evacuation, there exists the possibility of sucking in air if
there is any leak. Perhaps the procedure should be changed to one evacuation followed
by a pressure purge (minimization of leak paths not practical?)CRS vacuum header
rupture disc blows often, e.g, resulting from a small leak from a valve. A design change is
suggested.

DU

The past flooding of the dryers is much better now — although it has not been completely
eliminated. Changes have been implemented to slow down the closing of some MVs,
which has helped. However, after the last power blackout, some water was found in the

DU outlet filter. A reposition of the return liquid line to the top of the seal tank rather than
the bottom was suggested.

Under certain conditions, the vibration level in the DU compressors appears to be high.
This is being investigated.

The dew point generated by the dryers has slowly deteriorated over the past few years,
although it is still acceptable at -80C. However, it takes quite a bit of time to go from -76 C
to -80C and they commence feeding after a delay without achieving —8-degC. The Dew
Pt. meter is calibrated regularly — thus eliminating this source of error...unsure it can be
calibrated; just an on-line function check is done...in any case, operational problems from
ice build up from increase pressure drop were not reported. Some mol sieve fines are
blocking drain valves in the system. They do not see a change in dew point with flow.

AU

The TRF is essentially operating with one effective adsorber. Sometimes, operation
occurs with impaired N2 cooling, in which case the adsorber is at about 100K.
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LTC

There is a minor chronic leakage issue at valve flanges, e.g. at MV1415, PSV1408,
PSV1409, PSV 1410.

HTC

There is a level control problem during operation, which may be related to calibration
problems with the level transmitters (neon vapor pressure PTs). There is probably some
oil in one of the condensers due to a legacy issue of carry-over form the CRS.

DPS, RS

The DPS is mostly doing its job. Sometimes, emissions from the RS are high. It would be
nice to have an oxygen analyzer at the stack, to ensure that there is excess oxygen being
supplied to the RS. A method of self-recovery after a blown seal was seen to be
desirable.

Analyzers

Analyzers are mostly obsolete. Parts are difficult to obtain and analyzers need frequent
maintenance. The DMS O2 analyzer works against backpressure, therefore, the cell
needs frequent replacement, as it is only designed for atmospheric backpressure. The
upstream rupture disk is easy to blow (set at 100 kPag).

FTS/VPCE

Decontamination of EV1101, TK2201 is required via water lancing or ultrasonic cleaning.
However, water lancing may be difficult to perform, as it will require cutting of the
pressure boundary.

The charcoal adsorber has high pressure drop.

The gasket leakage in the VPCE evaporators may have been caused by an acidic
environment generated by leaching of chlorides from the catalyst. Hence, the problem
may not repeat itself and may have resolved itself.

PM vs Corrective maintenance: The TRF has about the right amount of preventive
maintenance. There should be a shift towards predictive maintenance in the future.

The VPCE superheaters have leak-off points, which can be used to check for leaks by
using a portable tritium monitor.

A second steam supply is desirable.

DMS

There is a planned project to replace the DMS — the system is difficult to troubleshoot.
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OTHER

Transformer maintenance results in reduced TRF capacity factor.

19.5

Interviews With Engineering Services Staff from OPG Head Office -
November 24, 2004

Systems: FTS, VPCE, DU, DMS

FTS

1.

DMS

DU

The issue around the lead blanketing and fields near the FTS Evaporator were
reviewed. It was felt that the Co-60 accumulation in the FTS has not contributed to
downtime in the past and is more of a nuisance than a potential contributor to loss
of capacity.

No major issues were identified around the Degassing column or the charcoal
beds

. The DMS has been a bottleneck in the past. Membrane failure in the electrolysis

cells has been a problem and has caused repeated failures with resultant
downtime. The DMS system is based on old technology which, however, is still
supported by the vendor. The vendor can supply the updated system if required.
The DMS is required to be available when required, for example, after an
unplanned outage which requires burn down of the inventory in the system.
Therefore, although it is an auxiliary system to the main process, it is still judged to
be a critical system for the TRF.

A project to enable double block-and-bleed isolation of the front-end systems from
the LTC Expansion Tank is intended to be completed and is in the next 5 year
plan for the TRF. When this is completed, a S|gn|f|cant time saving will be realized
by avoiding the burn down of approx. 1400 m?® of D2 gas and subsequent
generation of this gas for start-up and inventory build-up.

Leakage from the Regenerator Heater gaskets has been reported in SCRs.
However, it was felt that this issue has not contributed to TRF downtime.

In the past, flooding of the Dryers has occurred due to water carry-over from the
DU compressors (Liquid Ring Pumps). In the past, this has contributed to
downtime. The flooding problem appears to have been resolved, since it has not
recurred since 1997. The previous occurrences were attributed to the deficiencies
of the old computer control system which caused the DU system valves to
occasional be in the wrong positions. Since the control computer replacement in
1999, the flooding is felt to be no longer an issue.
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3.

VPCE

VPCE,

1.

Previously, there were incidents where it was difficult to achieve the required dew
points from the DU system. This was caused by leakage across valve seats
resulting in moist gas contaminating the dry gas product of the dryers. However,
this issue also appears to have been fixed by the replacement of all of the Fisher
valves in the DU as part of resolving the bellows cracking problem. The dew points
achieved by the system have been acceptable since then. This also indicates that
aging of the molecular sieve, which is now about 15 years old, has not caused
deterioration in performance. Desiccant fines have also not been a major problem.
Since the dryers are in a clean operating environment, the lifetime of the desiccant
is expected to be much longer than other typical applications.

. There have been 3 incident is the past of steam leaks from the superheater

gaskets. Since there is no radioactive release issue, these are normally handled
by maintenance and are not felt to be a major potential contributor to downtime.
Stress corrosion cracking has been experienced in the VPCE in the past due to
residual chlorides leaching out from the VPCE catalyst. In the past, all of the
evaporator tubes were replaced with Inconel tubes. Recently, some nozzles on the
superheaters have shown damage due to cracks. At this time all the other nozzles
in the system were inspected and shown to have no cracks. It is possible that
some damage could still to be occurring in these nozzles, but since the
superheaters are covered in insulation, reliance will have to be placed on leak
detection as a means of checking on these nozzles in the future.

DU Compressors

No significant issues have been observed with the performance of these
Burkhardt liquid ring compressors.

Systems: LTC/HTC

1.

There are very few moving parts in the LTC/HTC system. Thus, this system was
not expected to be a major contributor to TRF unavailability. This has been
confirmed by operating experience.

The cryo-adsorbers ADS 1401/1402 are not operating as per their design
parameters. ADS 1402 does not cool down well. It only cools down to 90K. It is
suspected that this may possibly be caused by poor thermal contact between the
temperature diode and the outside surface of the adsorber vessel on which the
diodes are mounted.

ADS 1401 cools down to 80K as expected but plugs up quickly, indicated by a
high pressure drop. It is suspected that the silica gel in ADS 1401 may have
deteriorated and may have swelled up. This could have been caused by an event
a few years ago when significant amounts of water was carried over into the
adsorber area.
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The system can operate well with the current state of the adsorbers (ADS 1401 on
a short cycle), but it is apparent that the design margin has been reduced. If
similar damage or deterioration were to be experienced with ADS 1402, then there
would be significant problem for the TRF and a long outage would have to be
taken to replace the adsorbers, as these are custom design vessels and it is not
easy to replace the adsorbent.

A project was started some time ago to replace the adsorbers, but the present
status of this project is not clear.

Obsolescence issues: Oil diffusion pumps on the cold boxes are obsolete but work
well. The analyzers on the system may be obsolete also, but have not contributed
to down time in the past.

A small H2 leak is suspected in the HTCB, but has not hindered operation in the
past.

A list of significant unplanned outages that the TRF has experience in the past
was generated during the meeting and discussed. There have been 9 significant
outages. These are listed in approximate chronological order as follows:

Replacement of the Charcoal Catalyst in CAT 1601 with Pt/Alumina
Changes to the piping configuration in the HTCB (this involved cutting and
welding of tritium-contaminated equipment)

¢ Replacement of the tube bundles in all 8 VPCE evaporators due to stress
corrosion cracking of the original bundles. Stainless steel tubes were
replaced with Inconel-625 tubes.

e Replacement of the filter FR-3116 in the CRS with a filter having a more
coarse mesh

o Replacement of about 96 Fisher valves in the VPCE/DU due to cracking of
the bellows in these bellows-sealed valves.

e Replacement of the obsolete and trouble-prone control computer system in
1999 with a Fischer and Porter System 6 computer system.

o Flushing of the CRS system piping to remove oil which had carried over.
The piping was flushed with a solvent to remove oil.

o Repair and inspection of the cracks in VPCE superheater nozzles
(suspected to be caused by stress corrosion)

« The present unplanned outage which is caused by plugging in the CRS (by
oil carryover?). The root cause of this has not yet been determined.

Systems: CRS

1.

Most of the problems with the CRS occur during startup of the system after a
planned or unplanned shutdown. During some past startups, plugging of filters or
lines has occurred causing an inability to startup. This can be caused by either
inadequate purging of the system, resulting in blockage by frozen residual
nitrogen or due to plugging by oil carry-over from the CRS turbine. Currently, the
TRF is in an unplanned outage due to a very high pressure drop and suspected
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plugging in the CRS. One possibility is of oil carryover into the heat exchangers.
At this time, this has not been confirmed and will require an inspection. Unlike in
the LTC/HTC system, the relief valves for the CRS are not preceded by a rupture
disk. Therefore, it is suspected that air can sometimes be sucked into the CRS
during maintenance, etc. if the relief valves don’t make a tight seal.

Turbine oil has been found on the process side in the past and has caused an

unplanned outage. The oil was removed by flushing with isopropanol as a solvent.

The CRS turbine has an oil brake and the turbine has a manual valve on the
discharge side and a control valve on the inlet. This has sometimes been a
problem area and presents a potential for operator error. Solenoid valves on the
oil side may also be a problem. The turbine and its brake system is a critical area
for TRF reliability and also an area for potential improvement in the future. Any
improvement which will prevent oil carryover will improve TRF reliability.

. Maintenance of the CRS is focused on the moving parts. Spare turbines are kept
in stock and the turbine can be replaced in case of failure. Similarly, the oil pump
(swash pump) is replaced rather than repaired. The H2 compressors have
operated quite reliably and are on regular scheduled maintenance. A
manufacturer’s rep is usually on site for service of the compressors.

. A question was raised on the lifetime of the heat exchangers in the CRS. External
OPEX should be searched to see what experience exists on the lifetime of these
exchangers in hydrogen service. Currently it is not certain whether oil has been
carried over into the HXs during this unplanned outage.

. There is no formal maintenance program on the cryogenic WEKA valves. Is
lifetime of the stem tips of these valves an issue?

. The heaters on the J-T loop in the CRS are being replaced in this outage. These
have caused some minor problems in the past.

. Some further discussion with Art Reid and the CRS operations staff will be
required to determine their view of the condition of the CRS.
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20 APPENDIX: ASSESSMENT OF THE TRF AND SUP (HWM) COMPUTER
SYSTEM, SCI 69791 AND 69891

20.1 System Condition Statement, Degradation and Remaining Life

All system components are relatively new (acquired by ABB in late 1996 and installed at
Darlington in November 1998). However, components are not equally reliable. Since Q2
2001, the System has been monitored according to Performance Monitoring Procedure
SPMP 69791and Health Reports have been filed.

20.1.1 Man-Machine Interface

Operation of the interface is satisfactory; screen freezing is infrequent and easily reset by
the logic box. With five, fully redundant smart terminals (DCT’s), this is unlikely to create
problems in the near to medium future. Degradation is most likely due to aging
components, DCT Logic Box failure (EPROM), DCT Logic Box recoverable Memory
Corruption, CRT failure, Keyboard failure, Mouse failure, Connector and cable failure,

Power supply failure, or noise. The man-machine interface, with some replacement, will
last for the design life of the TRF.

« There has been one DCT Logic Box failure (December 2004) and 8 second-hand pre-
tested Spare DCT's exist.

« There are no spare CRT’s: the second-hand CRT'’s have all been used. EDE Tech
Unit will need to order contemporary replacement analogue CRT’s. Some digital
CRT’s might be compatible. Testing can be done on the Training & Testing System.

20.1.2 Universal File Servers AP6400

Performance has been fair. Due to full redundancy at least one of the servers is available
at all times ensuring MMIF availability.

. ltis anticipated that satisfactory performance of Universal File Servers CON1 and
CON2 can continue with the current Performance Monitoring procedures, walkdowns
and standard maintenance.

« The performance of CON1 is marginally better than that of CON2. Failures occurred
due to Event Historian/Historical Database corruption or Memory Module failures.

« The third server, DMC3 does not contribute to MMIF reliability but is now connected to
Station LAN via the Router. Its performance has improved since 2002.

« There are two Spare Servers (one in Stores and one Hot Spare on Hardware
Maintenance System, HMS). With licenses for spares now supplied by ABB, no major
problems are anticipated. Degradation may occur because of aging components (e.g.
CPU), interface controller failure (e.g. Mother Board), Memory card errors (e.g. SIMM
modules), Hard Disk#1 failure (in CPU box), DAT Tape Drive Failure (in Exp. Bx#1),
Power supply failure, or noise. Universal File Servers AP6400 may need to be
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replaced after 2008 (ten years from installation at site) due to wear and unavailability
of parts or technical support. However, there are five servers at site and only one is
required to support TRF/SUP MMIF without redundancy.

Two hard drives have been purchased and Symphony and Conductor UX Software
loaded onto one of them. It was used to test replace the hard drive on HMS. The
original (good) hard drive with Software was removed from HMS and returned to
Stores

A lifetime supply of SIMM Modules was acquired and the inventory is split between
the CSTK Shop in HWMB, the A-15 TRF Software Cabinet, and Stores. SIMM

Modules have been lost while in Stores, hence precautions are taken to safeguard the
stock.

Server performance should improve after additional filtered fans were installed (fall
2004).

20.1.3 Dual Ethernet Data Highway

It has been performing well with no collisions observed during routine walkdowns.
Thinnet Ethernet connections and transceivers are prone to wobbling, but with proper
seating, verified during walkdowns, no problems are anticipated in the near to medium
term. Degradation due to aging components, Fan-out Box failure, Repeater failure,
Power Supply failure or noise, Transceiver Failure, ECCS Board Failure, T connector
failure, Thin-net Cable failure, Thick-net Cable failure, Terminating Resistor failure,
Slip-out of Terminating Resistor Cap. Dual Ethernet Data Highway —with replacement
of some components (transceivers, fan-out boxes) would last for the plant life if
spares were available.

There was one failure of a thicknet transceiver in June 2004. No spares can be
purchased from the original manufacturer (obsolescence).

Some Spares exist as they were purchased back in 2000 from ABB.

EDE will need to acquire more Data Highway “plumbing”, probably from Second Hand
Computer Equipment Brokers.

20.1.4 Distributed Control Units DCU3200

They have been performing well and no problems are anticipated in the near to medium
term. There are spares. Degradation due to: aging components; (DCP is a surface
technology board with no component level maintenance intended), mechanical wear or
damage, connectors, cables, back plane, Power supply noise. Power on/off cycles,
Environmental conditions. (Temperature, humidity, dust), Electromagnetic interference,
System overloaded. (e.g. by incorrect software configuration), Memory corruption.
Distributed Control Units DCU3200 — with some replacement, DCU’s will last for the
design life of the TRF.
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« EDE recommends that more Spare 1/O boards and DCP Processors be purchased
from ABB by mid 2006. The product is still active but 1 Board, DCP — Processor DCU,
1 Board, A-Loop DCU, 1 Board, D-Loop DCU and 1 Board, A-Input DCU may likely
not be enough to support the System for the life of installation. At the time the System
was purchased (1996) it was expected that Bailey would keep marketing System Six,
but ABB abandoned this idea. Lifetime supply of DCU Spares (I/O Boards and Power
Supplies) should therefore be purchased before 10 years have elapsed from the date
the Contract was signed (mid 1996).

20.1.5 External Lambda Power Supplies and Intrinsic Safety Relays/Barriers

They have been performing well. No problems are anticipated in the near to medium
term. There are some spare Lambda Power Supplies (one of each type for those that
were replaced in 1998). However, as the original, good Lambda Power Supplies, replaced
in 1998, were not returned to stores but disposed of the spares are limited. Degradation is
due to aging components, mechanical wear or damage (to fans, chassis and wiring),
environmental conditions. (temperature, humidity, dust). External Lambda Power Supplies
and Intrinsic Safety Relays/Barriers -with some replacement, will last for the lifetime of the
plant.

20.1.6 Printers

Printers complete with Printer Server. Laser printer has been performing well, Color
Printer worse and Alarm Line Printers barely fair. When routine PM on printers finally
begins, no major problems are anticipated in the near future. There are spares.
Degradation due to: aging (Microplex Printer Server failure), mechanical wear or damage
(print-head, toner cartridge, transfer rolls, paper supply), Paper Feed failure due to
excessive fan-fold paper accumulation, connector and cable failure. Printers complete
with Printer Server-will need to be repiaced at least once before the end of plant life. On-
going review and maintenance intensity will determine replacement time (likely before
2006).

« A standard, contemporary Laser Printer replaced the failed Laser Printer on the T&TS
and is performing very well.

« EDE suggests testing possible replacement printers on T&TS such as a colour laser
printer used on the Business LAN at Darlington.

« EDE recommends that contemporary replacement Print Servers be purchased and
tested on T&TS.

20.1.7 Symphony SR 3.0 System Software

The operating system has been performing well except for interfaces with Event Historian
and Historical Database, which is prone to corruption. On one such occasion an
unacceptable MMIF slowdown occurred. Since no Factory Patch is planned by ABB,
satisfactory performance will be maintained with the current Performance Monitoring
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procedures, walkdowns and standard maintenance as per Performance Monitoring
Procedure SPMP 69791. Software corruption can be caused by

« hardware faults

« software faults

« Improper Vendor Software (Symphony and Conductor UX) performance due to known
or unknown design deficiency

« Improperly configured software -changes in a shipment or individual patches.
« IP or Ethernet Addresses incorrectly assigned to Network Nodes.
« Configuration control problems.

Software - the intent is to use ABB’s software for the lifetime of the plant unless upgrades
are required by hardware replacement (e.g. change of platform from server based
Conductor UX to PC based Conductor NT). Software maintenance process as per D-
PROC-MP-0014 is adequate to keep software configuration at the level required by the
Users for the design lifetime of the plant.

20.1.8 Conductor UX dcu-sup Software, 7.1.16.

The performance has been satisfactory. ABB supplied licenses for spare frames. No
problems are anticipated in the near to medium future.

20.1.9 Configured Control Software:

Software Shipment Level 0 was installed in October 2000 and has been operating
satisfactorily ever since. Patches to Level 0 are being added as per D-PROC-MP-0014
and will form the basis for Software Shipment Level 1. No problems are anticipated in the
near to medium term, although major expansion of DCU2 and DCU3 Software
configuration will require faster DCP’s. Configured Software is monitored as per
Performance Monitoring Procedure SPMP 69791.

20.1.10 Configured Display Software

Software Shipment Level 0 has been installed in October 2000 and has been operating
satisfactorily ever since. Patches to Level 0 are being added as per D-PROC-MP-0014
and will form the basis for Software Shipment Level 1. No problems are anticipated in the

near to medium term. Display Software is monitored as per Performance Monitoring
Procedure SPMP 69791.
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20.2 Spares Availability

Due to the aforementioned obsolescence of computer equipment, the spares that
Darlington currently has are priceless. EDE recommends that CSTK (TRF Control
Maintenance) try to store as many of System Six Spares as possible in the air-conditioned
rooms and locked cabinets in HWMB. Also, all spares that are not stored at TRF should
be traced in the Warehouse and their location known and recorded by CSTK. PassPort
no longer shows Part location. However, Stores Employees who use SAP can still see
where a part is stored. HWMS Computer Spares were stored partly in the Air-Conditioned
Warehouse in Whitby and partly in East Warehouse. SIMM Modules and Lambda Power
Supplies (one of each type) were stored in Upper Stores in the Powerhouse. Part location
checks were made between 2000 and 2003. Since then parts could have been moved. It
is essential that parts still in stock at Darlington not be lost.
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SYSTEM SIX spare parts tested on July 22-23 / 2004 WO 1093227

Monitors (CRT's)
No Spares left
[ |
IIYAMA Corp. Fischer Porter
Model Serial Model Serial
I I I I
1| MF-8221 3011798 XP350 27780101 To scrap
2| MF-8221E 5008012 n/a n/a For TRF MCR
I I I
3| MF-5321A 910931 n/a n/a For Simulator
4] MF-5621 2001674 93098007u01 9309B8007/1/B1 For Simulator
| |
51 MT-9021E 5006879 n/a n/a To scrap

All interconnecting cables and power cables will be returned to the

TRF control maintenance shop for storage.

| | [

71 K-011146-PCA-0001-R2





Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-131
Attachment 1

Page 80 of 83

SYSTEM SIX spare parts tested on July 22-23 / 2004
WO 1093227
XP400 Logic Boxes
Model Serial Physical Address
1 808G074U03 9607150010 08100 (|11 ]05]|5C | 54
2 808G074U03 9607260572 08 |00}|11]|105|5C | 84
3 808G074U03 9607260577 08 |00 [ 11 [ 05 | 5F | 94
4 808G074U03 9709020284 08 |00 (|11 |07 | 02| A8
5 808G074U03 9804170018 08 |100}|11]07|2C | 8B
6 808G074U03 9809190001 08100 |11 |07 | 14 |73
7 808G074U04 9809220033 08 |00 1107} 32| 87
8 808G072U06 9509230012 08 |00|11 |03 | E4 | B4
SYSTEM SIX spare parts tested on July 22-23 / 2004
System Six Keyboards
WO 1093227 [ ]
Part Number Serial
| | | [ 1 [ |
1 KBA-F9314A-US 9333 177A135U01 100307
2 KBA-F9314A-US 9333 177A135U01 100321
3 KBA-F9314A-US 9408 177A135U01 124442
| | [ | | | |
4 KBA-F9314B-USEB 9633 177A546U010 233879
5 KBA-F9314B-USEB 9651 177A546U01 251508

The original set of Spares as purchased from Bailey/ABB, 2000 update

(most parts have been tested, some parts have been used)

TRF/SUP Replacement Spares PO 2802 (OHAS 979897217-70) Updated 00Feb18 / VH

Cat.ID Orig | Revised | Description Required Part #
QTY QTY ABB
309186 1 CPU, R4400SC 200MHz, 256MB RAM, 2.3GB Hard 808G082U06
Drive/Floppy, Redundant ECCS Board.
491901 1 Expansion Box with CD-ROM and DAT Tape Drive 808G076U02
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The original set of Spares as purchased from Bailey/ABB, 2000 update

(most parts have been tested, some parts have been used)

TRF/SUP Replacement Spares PO 2802 (OHAS 979897217-70) Updated 00Feb18 / VH

Cat. ID Orig | Revised | Description Required Part #
QTY QTY ABB

309187 1 Terminal, ADDS Systems Console 4000/160
309188 1 Logic Unit, XP-400 808G074U04
491903 1 Meonitor, 21" CRT MF 8221E
309189 1 Keyboard, US Full Travel, Type DCU KGA-F9314
309190 1 Chassis, Single Frame Type for Bailey System 6 40AC3200
309191 1 Power Supply, DCU for Bailey System 6 40PS3205A
309192 1 Board, DCP — Processor DCU 40CN3210A
309193 1 Board, A-Loop DCU 40PB3201A

- 309194 1 Board, D-Loop DCU 40PB3202A
309195 1 Board, A-Input DCU 40PB3206A
309196 1 4 Cable, ITB to Board, 8 foot 40CA3200A-008
491874 4 Cable, ITB to Board, 4 foot 40CA3200A-004
309197 1 Board, ITB/AX DCU 40TE3201A
309198 1 Board, ITB/AX12 DCU 40TE3216A
491905 1 Board, ITB/AM DCU 40TE3202A0
309199 1 Board, ITB/D! DCU 40TE3203A
309200 1 Board, ITB/DOR DCU 40TE3207A0
309201 1 Board, ITB/PS24VDC DCU 40TE3208A0
309202 20 Module, Intrinsic Safety Relay — Stahl 9251-02-40
309203 3 Module, Intrinsic Safety Barrier — Stahl 9001/02-175-100-
491908 1 Module, Intrinsic Safety Barrier — Stahl 9001/001-886-050-
491909 1 Module, Intrinsic Safety Barrier — Stahl 9001/001-886-1 50-
491910 1 Module, Intrinsic Safety Barrier — Stahl 9001/011-886-050-
491911 1 Module, Intrinsic Safety Barrier — Stahl 9001/0 11-886-1 50-
309204 1 Printer, Tektronix Phaser 240 including start-up kit 179E;I 86UO4
309205 1 Transceiver, Dual Port, configured AT270 AT278
491915 1 Transceiver, Single Port, configured AT200 AT208
309206 1 Transceiver, Micro AT-MX10
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21 APPENDIX - DISPOSITION OF OPG COMMENTS FROM REVISION 0

Disposition of comments (please note in some cases there were overlapping comments;
all comments on a section were reviewed and the sections re-worked to reflect the total
set of comments received)

1. Darek Kulczynski
e 3 minor corrections, pg 36, 69 and 72 — implemented

2. Thomas Wong

e Corrected the wording in the section describing the DO storage tank
volume(pg 28)

e Corrected the use of TRILLIUM packages (pg 29)

e Reviewed the section on the UV oxidizer operation. Discussed it with staff at
Kinectrics familiar with the process. Corrected the wording in the section,
indicated that recirculation is required due to not meeting spec. Gave some
reasons for recirculation with these units, indicated optimization may help.

¢ Corrected the statement on the charcoal in the slurrying tanks regarding the
level indicators and the amount of charcoal in the tanks

¢ Reviewed the section on distributor plugging agreed with the word “several”

3. Francis Tang

e Changed section on steam gaskets and inserted the use of manageable
downtime
Added details on inspection of evaporators

e Added note on UT inspection of catalyst pots

¢ Reviewed information on dryer water ingress during power failure, inserted
opinion on source

¢ Added information on vacuum pump oil problems, leaking in mechanical joints,
filters in the CRS and detailed information on 2005 oil examination in the CRS.

¢ Reviewed section on CRS compressor maintenance and modified it based on
these comments and others received

¢ Added information on heaters out of service and further vacuum pump oil
problems on the CRS cold box

4. Omar El-Behairy

e Added information on ACS testing program (issue noted by a variety of
reviewers)

e Added note on lack of replacement of ITC controller
e Added note on when vault optimization will be done

5. Curt Noel
e A study was made of available information on the operation of electrolysis
units in other areas. All available information indicates that most electolysis
systems are operated on a constant load basis. However, no information was
found that indicated intermittent use would directly lead to a failure. Based on
this modifications were made to description of the possible failure mechanisms
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of the DMS. Additional comments from the Engineering Services staff review
were also added with respect to potential changes in the operation of this
system when on standby.

Statements from the control technicians used in the report were shown to be
from that source and that there was a difference of opinion on the factual
nature of some of the statements.

PRV statements were clarified

Clarified statement on oxygen analyzers concerning purge with helium
Added information on recalibration of control systems to spec and the limiting
of operating changes to the equipment

Included a recommendation for further review of this equipment to aid in the
anticipated replacement

. Kaly Kalyanam

Corrected OP&P limit from 1.5t0 1.2

Added requested section with recommendations for some further
investigations and how this report can be used in the Equipment Reliability
process.

Reviewed the request to include key findings in the Executive Summary, it was

felt it would be too long to include all of the findings and they were better left to

the body of the report

Corrected a number of areas suggested for rewording

Noted that use of on-line protium extraction is not critical

Added references where appropriate

Added some recommendations for lifetime of components, some of this had
already been addressed in disposition of comments of the system engineers
Added a recommendation on the review that should be done before the

replacement of the DMS system to be sure the replacement will resolve
problems currently encountered.

Harold Vogt

Comments reviewed and the noted minor corrections made to the report
Design limits on adsorbers added to report
Comments on the TIS have been reviewed and comments and changes

incorporated. Discussion on tritium release, rewritten following review of SCR
and discussions with Harold.

Comments on contamination levels in the TIS glovebox reviewed and rewritten

Requests for additional information on some systems not in the reportwere
reviewed and added where possible
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Engineering Services Division

e : KINECTRICS
Ontario Power Generation

1 INTRODUCTION

1.1 LCM Background

Life cycle management (LCM) integrates plant engineering, operations, maintenance,
aging management, regulatory, and economic planning to
o Manage plant conditions
e Optimize operating life
e Maximize plant value while maintaining plant Safety, Reliability (and Availability)
and minimizing the cost of operating and maintaining the facility.

Life Cycle Management encompasses 3 key areas:

1. Periodic Assessment of the System, Component Health, and Vulnerabilities

o Perform periodic assessments of system health and vulnerabilities. This
activity analyzes the aggregate effect of various failures and trends of
system performance, prioritizes corrective actions, and updates the long-
term maintenance strategy.

¢ Integrate system and component trends to develop overall indication of
health.

e Include operations and maintenance concerns to support management
prioritization of equipment improvements.

o Identify and prioritize vulnerabilities and ensure corrective action priorities
are appropriate and that adequate progress is being made.

o Assess the effectiveness of modifications or other corrective actions that

have been implemented to verify that the desired improvements were
realized.

¢ |dentify any aging or obsolescence concerns.

¢ |dentify specific actions, responsible persons or organizations, and target
dates for completion.

2. Development and Updating of Long-Term Maintenance Strategy for Systems and
Components
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e Establish the optimal maintenance methods for each potential failure, and
define the frequency for long-term condition-based maintenance, planned
refurbishment, and replacement. Outage Management and Forced
Outage Preparation are important facets of the plan. Long-term
maintenance strategies for component types (based on Criticality) that
exist in multiple systems should be included in each applicable system
strategy for consistency.

e The following guidance is useful in determining the LCM Strategy:

» Integrate the various maintenance tasks that have been established for
each component type to group similar activities and avoid duplication of
effort.

= Look for opportunities to consolidate and integrate tasks, tests, and
inspections.

= Group predictive maintenance tasks to obtain overall health
perspective (e.g., perform vibration, oil analysis, and thermography at
the same time).

= Adjust preventative maintenance (PM) and surveillance frequencies for
optimal grouping (Functional Equipment Groups)

= Align tasks for redundant components within the respective redundant
trains (if possible).

= Lay out major planned outage activities for multiple operating cycles.

= Specify frequency for recurring activities that cannot be performed on-
line.

= Specify periodic requirements for infrequent activities (such as 10-year
I1SI, 5-year overhauls of major equipment, major PMs).

= Ensure major modification plans are included in the design engineering
department long-term schedule.

= Use cross-discipline teams to help develop the plan; operations and
maintenance personnel have important perspective and experience to
contribute.

= Lay out the time line and milestones for major activities.

= Estimate resource and budget requirements.

= Obtain management commitment to the plan.

3. ldentification and Disposition of Aging or Obsolescence Concerns

e Aging or obsolescence concerns that have been identified from the periodic
health reviews, need to be integrated into the LCM Plan and a management
strategy developed based upon the recommendations. The system and
component improvement activities need to be input in the station business
plan.

e Some methods for identification of aging or obsolescence concerns:
» Participation in industry groups such as Nuclear Utility Obsolescence
Group (NUOG), CANDU owners groups'

' The DTRF is not a nuclear plant so the usefulness of these groups and the database data is
limited. However the DTRF does contain a large number of common components such as non-
cryogenic valves, liquid ring pumps, instruments etc. with the rest of the nuclear industry.
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= Review of obsolescence and reliability databases such as EPIX and
the Obsolete Item Replacement Database (OIRD) that is supported by
NUOG

= System health reports and continuing equipment reliability
improvement reviews

= Review the procurement process for any impact on equipment or parts
purchases

* Vendor inquiries and notices

» Review of planned parts replacement in advance to ensure sufficient
inventory and time for procurement, if needed

* Periodic review of approved ASME/TSSA suppliers list to determine if
any pressure boundary material maintained in stock is traceable to a
vendor not currently listed and thus requiring more extensive effort
before use

These key areas require an alignment of goals across the entire station for them to be
effective within the DTRF.

2 LCMPLAN GOALS

The LCM Plan will provide the structure for supporting the Equipment Reliability Process
(depicted below) and consists of activities (PM, PdM, CM, MOD'’s, etc), schedules for
those activities and projections of long-term expenditures. The LCM Plan is both a short
and long term plan for Preventive (and Predictive) maintenance, replacement and or the
redesign of SSC’s important to safety and reliability that optimizes the SSC’s contribution
to the plant value. A review of the interaction of all constituents important to Equipment
Reliability will provide the holistic capturing of the LCM process.

3 K-11146-001-RA-0003-R1
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Equipment Reliability Process
Top Level Diagram

PM implementation
= Prevertive Maintenance (PM) work
= Documert equipment "as-found”
equipment condition
= Equipment condition feedback
= Standard Post Maintenance Test

Comective Action

= Comective Mairtenarce

« Cause 8 Comective £ction L e

= Pnomization of Bquipmen Problems
Continung Equipment Reliability Improvement " |
= Developmert and use of PM Templates Life Cycle Management
= Continuing Adjustments to P Task and Frequency Basedon « Lsng Ter Straegy for Systam and C nent Heath

- ?.tahn i) E?&Wﬂlﬂpe:age?perienn = Prioritization of mprovement Activiies
» Consideration of Aternzive Mai testo Eneure = Integration of Long Term Pians withthe Ration Business

Reliable Equipmert phrateay
= Continuous Improvement from Plant Xaff Recommendations

A well developed and properly implemented LCM plan

Improves plant safety

Improves plant reliability and availability

Provides a framework to review aging mechanisms and their consequences for
long-term plant life.

Provides a method to address obsolescence.

Integrates existing plant activities and programs such as Maintenance
Optimization, RCM, Corrective Maintenance, Preventive Maintenance Basis and
Equipment Qualifications.

Captures Plant and Industry experience

Links the plant and systems, structures and component deficiencies with the
checkbook.

Provides site ownership and empowerment of plant personnel. It is important that
the Department Manager at the TRF own the LCM so that it can be driven from the
highest level of the organization. The DTRF will also need to have similar types of
staff that are found in the Generating Station, to address the LCM issues.
Provides engineers with a methodology for performing equipment aging,
obsolescence identification, performance and economic evaluations.

These goals require organization and infrastructure to accomplish.
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3 LIFE CYCLE MANAGEMENT PLAN STRATEGY

The LCM Plan Strategy will provide the DTRF with the governance for establishing the
process for performing equipment aging, obsolescence and performance evaluations.
The objective of life cycle and aging management planning is to establish a registry of
rational plans and select the LCM plan for each SSC that produces the optimum level of
safety, reliability and economics over the life of the facility. The optimum strategy
represents a summation of inputs from information and work groups such as engineers
and managers to make better use of current DTRF data, taking into account all applicable
factors such as safety, reliability, cost, risk of failure, regulations, public attention, and
overall station and company goals. Engineering and management judgment is important
since it is difficult to assign absolute failure risks and costs for all the aforementioned
factors.

The strategy suggested for the DTRF is outlined below. The current project has
produced some of the recommended output already. In addition, the Plant Condition
Assessment Report (K-011146-PCA-0001) produced during this study (with input and
feedback from the DTRF engineering staff), has already given a recommendation on the
priority that should be given to specific equipment at the DTRF. Life cycle management
is a process, and is not specific to the equipment priority.

An important point is that the process does not stop with a single assessment but is an
ongoing process of continuing improvement.

5 K-11146-001-RA-0003-R1
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DTRF Life Cycle Management Plan Strategy
1 Facility Objective

1.1 Determine Aging Management process for Tritium Removal Facility

1.2 Implement process to incorporate station personnel into the information,
data collection, report creation and recommendations to continuously

improve aging management and LCM process at DTRF

1.3 Develop a process to incorporate aging management for DTRF to Optimize

Plant Operation

2 Plant Operating Strategies

21 Operate Plant for remaining design life
2.2 Support CANDU facility operating limits.

3 Selections of Structures, Systems and Components for Evaluation

3.1 Develop criteria for identifying SSC’s for LCM evaluation.

3.2 Criteria needs to be applied agreed upon by site personnel and consistently
applied.

3.3 Utilization of existing initiatives by site personnel should be used for

review.

4 Plant Specific Evaluation Process

41 Review plant and industry Operating Experience
4.2 Review DTRF program upgrades
4.3 Review Current Maintenance Programs

4.3.1 Preventive Maintenance

4.3.2 Planned Maintenance

4.3.3 Corrective Maintenance

6 K-11146-001-RA-0003-R1
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4.4 Prepare aging matrix and perform preliminary aging assessment
4.5 Determine appropriate level of evaluation for parts and assemblies
4.6 Identify credible aging management alternatives

4.7 Obtain or develop failure rate data

4.8 Obtain or develop cost data

4.9 Perform performance and economic evaluations

4,10 Select optimum SSC level aging plan

4.11  Roll-up data into station budget and final aging management plan

5 Observations and outcomes at the Tritium Removal Facility

5.9 Review actual versus expected outcomes of LCM project plan.
5.2 Challenge results and determine if changes to LCM process are required

5.3 Revise LCM Plans as required based on DTRF business planning and long

terms station goals.

7 K-11146-001-RA-0003-R1





4 LIFE CYCLE MANAGEMENT OUTLINE

The LCM Plan Outline will provide the DTRF with the format for performing and
documenting equipment aging, obsolescence and performance evaluations. The
optimum LCM plan may not be the one with the lowest cost. The optimum LCM planning
approach is almost always a strong function of the planned life of the facility. In
developing the plan, life expectancy is important, but consideration may also be given for
early shutdown, and operating for longer than the specified original end of life.

The following sections provide an outline of the process steps that should be considered

in a LCM Plan. Obviously this template can be changed but provides a standard
approach for the LCM Plan.
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DTRF Life Cycle Management Plan Outline

1

1.1

1.2

1.3

2

2.1

2.2

2.3

2.4

3

3.1

Executive Summary

Describe the LCM process for identifying the most effective and economical
way to manage the aging and obsolescence of important systems,

structures and components.

Provide established Goals of LCM Plan relating to long term reliability,

availability and economic value

Review results and recommendations of LCM Plan

Introduction and Background

Describe background of LCM process

LCM Integrates engineering, operations, maintenance, regulatory,

environmental and economic planning.
Discuss LCM optimization of operating life.

Discuss how LCM will maximize plant value while maintaining value

Identify Structures, Systems and Components (SSC’s) important to safety,

availability and economics

Example criteria of SSC Selection for determining if an LCM plan is required
— i.e. if any questions are answered “Yes” than LCM Plan is required;

otherwise LCM plan is not required.
3.1.4 Is the SSC Risk Safety Related?

3.1.5 Can SSC cause the DTRF to trip or significantly lengthen the Outage
schedule?

3.1.6 Is the failure of the SSC very costly?
3.1.7 Can the failure of the SSC lead to a Regulatory concern?

3.1.8 Is the SSC subject to significant degradation?

9 K-11146-001-RA-0003-R1
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3.1.9 Is there an Obsolescence issue, or are parts hard to get, for the SSC?
3.1.10 Is the SSC a chronic maintenance problem?

4 Determine appropriate LCM evaluation level

4.1 Critical SSC’s requiring in-depth LCM planning
4.2 Important SSC’s requiring LCM planning

4.3 SSC’s for which maintenance plans are adequate and formal LCM is not

required
4.4 SCC’s for which no maintenance plan is required

5 System Description

51 Safety and Operational Significance

5.2 SSC Functional Boundaries (determined by the permit and blocking

schemes of the site)

5.3 SSC Design and Operating Parameters

6 Component Groupings

6.1 Groupings are SSC’s that have common design features and are subject to
similar service and environmental conditions.

7 Operating and Maintenance Experience

71 Review plant operating and monitored performance history
7.2 Review current maintenance plan

8 Industry Operating Experience

8.1 Review industry operating and performance history
8.1.11 Kinectrics, EPIX, OPEX, EPRI, COG, NRC, INPO, WANO, NEI etc.
8.1.12 PM Template Review of similar components

8.1.13 Performance Reviews

10 K-11146-001-RA-0003-R1
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9 Determination of Maintenance Activities

9.1 Detailed review of Maintenance effectiveness

9.2 Reviewing Corrective Actions that were deficiencies in maintenance

standards

10 System Performance Issues

10.1  Assess condition and performance

11 Aging Management Evaluation

11.1  Identification of the structure / components and its principle materials
(main materials of construction)

11.2  Characterization of the expected operating environment

11.3 Identification of aging effects and their associated aging mechanisms

11.4  Review of any existing aging management programs previously performed

11.5 Perform technical obsolescence assessment (is aging leading to the
obsolescence of the SSC, is the unique nature of some of the custom

components leading to obsolescence)

12 LCM Planning Options

12.1 Develop operating strategies that are consistent with business plan,

decommissioning time frame, etc.

13 Summary of Results and Conclusions

14 Reference Materials
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5 GLOSSARY

ASME American Association of Mechanical Engineers
CM Corrective Maintenance

EPIX Equipment Performance Information Exchange
INPO Institute of Nuclear Power Operations

1SI In Service Inspection

LCM Life Cycle Management

MOD Modification

NEI Nuclear Energy Institute

OPEX Operating Experience

PdM Predictive Maintenance

PM Preventative Maintenance

RCM Reliability Centered Maintenance

SSC Structures, Systems and Components

TSSA Technical Standards & Safety Authority
WANO World Association of Nuclear Operators
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6 APPENDIX — EQUIPMENT RELIABILITY DETAILED PROCES
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TO: Nalini Valliere

Engineering Services Division
Ontario Power Generation

KINECTRICS

1 EXECUTIVE SUMMARY

There are two main components of Heavy Water Management (HWM) at OPG:

e Tritium control via D,O detritiation
e D,0O isotopic control via D,O recovery, cleanup and upgrading

An essential contributor to efficient management of these two components is having
adequate D,O Storage and handling capability. Systems for cleanup, upgrading and
detritiation of heavy water form a critical part of the heavy water management cycle at
OPG. The recent low reliability of the Darlington Tritium Removal Facility (TRF) has
focused attention on the fact that the TRF is a key facility for heavy water management at
OPG. It is an essential facility for all stakeholders as it is the only source of reactor grade,
low Curie make up water for the PHT system and is essential to ensuring that the Stations
meet their OP&P limits. The decreased reliability of this aging facility has a large impact
on management of heavy water including its storage, segregation, and diversion.

The operation of the Upgrader and the TRF is ailso integral to heavy water management
at Darlington. The Upgarader product is generally only acceptable as moderator make-up,
since recoveries are not segregated at Darlington during normal operation. Thus the
tritium concentration of Upgrader product is normally too high for PHT make-up. In
addition, the TRF is required to maintain moderator and PHT tritium concentrations below
their OP&P limits (Darlington Moderator OP&P limit is 15 Ci/kg, the limit for the PHT is 1.2
Ci/kg).

This report provides an assessment of the aging of both the TRF and the Heavy Water
Management Systems at the Darlington Nuclear Generating Station. The assessment is
based on consideration of the factors that have caused aging of the systems in the past
and that are expected to contribute to significant deterioration of system condition in the
future. At this time, the study team has undertaken no in-plant investigations of the aging
of components.

The report was prepared using OPG documentation such as previous reports, summaries
prepared by OPG staff, or information such as SCRs contained within various databases.
Detailed interviews with a cross section of staff were used to provide additional
information. Operating experience in other industries has been investigated, if possible.

Operating experience over the past 15 years has shown that some areas of the TRF have
been susceptible to aging by corrosion.

1 11146-001-RA-0002-R1





In the VPCE, stainless steel components have experienced stress corrosion cracking via
the action of chlorides. These chlorides have originated from the Pt/carbon catalyst used
in the VPCE which was found to have unacceptably high levels of chlorides.

Another source of corrosion is possible in the Recombiner system, where the low pH is
obtained in the recombiner product due to the formation of nitric acid from the trace
amounts of air in the oxygen feed to the Recombiner. This is formed by the energy
release from the hydrogen burning in the Recombiner.

In the Deuterium Make-Up System some corrosion in the vent piping has been observed
due to carry-over of KOD due to level control upsets. Some carbon steel vent lines from
the Recombiner outlet and the Analyzer Room, which are connected to the Ventilation
Exhaust, have experienced severe corrosion. Some vent lines will need replacement
after a few more years of service in the corrosive environment. In the Deuterium Make-
Up System some corrosion in the vent piping has been observed due to carry-over of
KOD due to level upsets.

The TRF Chilled Water, Steam and Low Pressure Service Water (LPSW) supply systems
show some signs of wear and corrosion. The LPSW system has biological growth
(microbial induced corrosion, MIC) and some zebra mussels. WANO (World Association
of Nuclear Operators) will be recommending that MIC damage be addressed. MIC
damage is a concealed form of corrosion, which could lead to high cost for repairs. With
a strategy for controling MIC in place no foreseeable problems are anticipated for
continuing service at present although refurbishment of corroding pipes may be required
in the future. Replacement of the carbon steel bolts in the system is recommended.

The TRF and HWM Building has experienced some roof leaks and blow-out panel
damage. However, no foreseeable problems are anticipated for continuing service.

The performance of the TRF and HWM Building Ventilation System has generally been
satisfactory. No foreseeable problems are anticipated for continuing service.

The TRF/SUP Computer System components are relatively new (acquired by ABB in late
1996 and installed at Darlington in November 1998). However, different components have
displayed different reliability since commissioning. Since Q2, 2001 the System has been
monitored as per formal Performance Monitoring Procedure SPMP 69791 and Health
Reports filed. The performance of the system has generally been satisfactory.

Aging of electrical components due to heat may result in failures such as the capacitors in
power circuits. This type of failure will result in a cascading failure of other components.

Hard wired shut down relay failures were recently repaired because the springs on the
relays had failed. The majority of these shutdown relays have been replaced now, and
some more will be replaced in the next TRF outages.

In the Dryer Unit erosion of the molecular sieve peliets has resulted in gradual breakdown

of the pellets. In addition, the binder used in the fabrication of the pellets is expected to
deteriorate with age. The aging mechanism is hydrothermal stability of the binders [9].
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The cryogenic adsorbers have shown signs of aging and blockage, which is discussed at
length in the PCA report. Replacement of the cryogenic adsorbers is planned as a project
to be executed during an outage in the next few years.

The equipment of greatest concern within the DTRF for long-term aging issues are:
Dryers — molecular sieve aging

High temperature components in the VPCE

Recombiner high temperature areas

All cooling water systems due to MIC

Electrical and |1&C equipment — general long term deterioration

2 INTRODUCTION

This report provides an assessment of the aging of both the TRF and the Heavy Water
Management Systems at the Darlington Nuclear Generating Station. The assessment is
based on consideration of the factors that have caused aging of the systems in the past
and that are expected to contribute to significant deterioration of system condition in the

future. At this time, the study team has undertaken no in-plant investigations of the aging
of components.

Since 2001 the TRF has gradually moved from white to yellow to red in the plant health
reporting system mainly due to the poor capacity factor, lack of spare parts and the large
number of functional failures. The System Health rating for the TRF has been red for the
past two years. The HWM is in the Yellow category.
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Figure 1 shows that the performance of the TRF has been quite erratic over the last 5
years and forced outages have been unexpected and unpredictable. Since the
commissioning of the TRF, 15 years ago, it has experienced a number of significant
forced/planned outages. These outages are listed in approximate chronological order as

follows:

Repair of seized VPCE Liquid Ring Compressor

Replacement of the Charcoal Catalyst in CAT 1601(equilibrator in CD4) with
Pt/Alumina. Changes to the piping configuration in the HTCB (this involved cutting
and welding of tritium-contaminated equipment)

Replacement of the tube bundles in all 8 VPCE evaporators and 1 feed evaporator
due to stress corrosion cracking of the original bundles. Stainless steel tubes were
replaced with Inconel-625 tubes.

Replacement of the filter FR-3116 in the CRS with a filter having a more coarse
mesh size

DU molecular sieve flooding from LRC (Liquid Ring Compressor) seal tank water
carryover

Replacement of leaking superheater tube bundles

Replacement of about 96 Fisher valves in the VPCE/DU due to failure of the
bellows in these bellows-sealed valves.

Replacement of the obsolete and trouble-prone control computer system in 1999
with a Fischer and Porter System 6 computer system.
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¢ Flushing of the CRS system piping to remove oil which had carried over. The
piping was flushed with a solvent to remove oil.

¢ Repair and inspection of the cracks in VPCE superheater nozzles (suspected to
be caused by stress corrosion)

e The present unplanned outage, which is caused by plugging in the CRS (by oil
carryover). During this outage cutting of the CRS tubing has been done. The root
cause of this has not yet been determined.

Each of these outages has lasted for significant time periods ranging from a few months
to up to 18 months.

Development of a TRF & HWM life cycle management plan (LCM), aimed at improving
the reliability of this facility, is therefore of high importance to OPG. The focus of this
report is the assessment of aging mechanism, which is expected to impact the reliability
and lifetime of TRF systems.

3 AGING MECHANISMS AT THE TRF

An aging mechanism is a specific process that gradually changes the characteristics of a
system, structure or component with time and use. Aging of a component may be
experienced because of environmental factors, e.g. temperature, humidity or service
conditions, e.g. vibration, mechanical stress, etc. A significant aging mechanism is one,
which, if in the normal and abnormal service environment, causes degradation during the
installed life of the equipment that progressively and appreciably renders the equipment
vulnerable to failure {1]. There has been a shift in industry philosophy from attempting to
identify and address all possible aging mechanisms to evaluating and mitigating known,
significant aging effects [1].

Typical aging mechanisms are, corrosion, mechanical wear, erosion and fatigue. In
addition, the effects of cryogenic temperatures, the presence of tritium and hydrogen in
the process and refrigeration systems needs to be considered. In general the materials of
construction in the TRF have been selected to be compatible with the process fluids and
temperature and pressure conditions. For example 316L and 304L austenitic stainless
steel and aluminum was selected for fabrication of components in the cryogenic parts of
the TRF. In general, 316L stainless steel was used as the preferred material due to its
slightly superior tritium compatibility and proven ductility at cryogenic temperatures.
Further qualification of the material was done during testing of weld samples at 20K at the
University of Vienna and Teledyne during the design of the system [10]. Cryogenic heat
exchangers, condensers and reboilers were of the plate-fin type, fabricated from
aluminum.

3.1 Corrosion

The TRF is generally free of corrosive chemicals, which are typically known to cause
aging by corrosion. However, operating experience over the past 15 years has shown
that some areas of the TRF have been susceptible to aging by corrosion.
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in the VPCE, stainless steel components have experienced stress corrosion cracking via
the action of chlorides. These chlorides have originated from the Pt/carbon catalyst used
in the VPCE, which was found to have unacceptably high levels of chlorides.

Another source of corrosion is found in the Recombiner system where a low pH is
obtained in the recombiner product due to the formation of nitric acid from the trace
amounts of air in the oxygen feed to the Recombiner. This nitric acid is formed in the
combustion process.

in the Deuterium Make-Up System some corrosion in the vent piping has been observed
due to carry-over of KOD from level control upsets in the electrolysis systems.

3.1.1 DMS Electrolysis Cell Membrane

There have been a number of module failures for which the root cause is not determined
(SCR D-2001-06617). Membrane failure in the electrolysis cells has been a problem
contributed to by the high temperature, current density and high concentration electrolyte.
There have been repeated failures with resultant downtime. A failure of the electrolysis
membrane module occurred in 2001, and a new unit replaced the defective membrane
module in early 2002. The unit is maintained charged with high concentration electrolyte
during standby. This can lead to problems with membrane degradation, which is common
in electrolysis units and KOD crystallization out of electrolyte solution. The electrolyzer
manufacturer has recommended that the electrolyte should be drained when the DMS is
not operating for an extended period of time (up to 30 days is acceptable).

3.1.2 Low Pressure Service Water (LPSW)

Corrosion and biofouling have been experienced in the LPSW system. Corrosion is in the
form of rusting of the carbon steel piping and biofouling is the result of zebra mussel
infestation. External corrosion is evident beneath pipe lagging. This may be caused by
high humidity in the room. Carbon steel bolts in the plant are to be replaced. As a means
of addressing the aging of the LPSW system, refurbishment of corroding pipes may be
required in the future.

The VPCE condensers are susceptible to scale formation (CaCO3) on the LPSW side due
to the high process temperatures and the variation in lake water temperature.

The CRS also has corrosion in the recirculating cooling water system. Flow indicators on
the system are stuck in a fixed position due to dirt.

Internal corrosion, microbially induced, is a serious form of degradation of system
materials in the nuclear industry, particularly systems like the LPSW. Screening the COG
OPEX database for just the year 2003 produced 65 hits. With a strategy for controlling
MIC in place, no foreseeable problems are anticipated for continuing service at the TRF.
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3.1.3 Chilled Water System

The chilled Water System is a closed loop system. The system has provisions for
chemical treatment to mitigate corrosion. The piping is low carbon steel class B. As a
result there are no major corrosion concerns.

3.1.4 LTC Expansion Tank Room and Air Cleanup System Dampers

Inlet louvers are provided in the south walls of the LTC Expansion Tank Room. These
louvers are provided with dampers and when the dampers are opened, the LTC
Expansion Tank is effectively exposed to the outdoor condition. However, these dampers
for some reason cannot be closed completely. These dampers may need replacement
due to aging and should be inspected.

Some dampers in the ventilation system are not leak-tight. There has been no in-service
inspection of the dampers to date. There is a potential for degradation and malfunction
due to aging.

3.1.5 VentlLines

Some carbon steel vent lines from the Recombiner outlet and the Analyzer Room, which
are connected to the Ventilation Exhaust, have experienced severe corrosion. Some vent
lines will need replacement after a few more years of service in the corrosive environment
e.g., the Recombiner vent lines normally see strong nitric acid, which is formed due to the
combustion of nitrogen with oxygen in the Recombiner. In general the ventilation system
is contaminated and corroding.

Rust scale formation in the vent lines can generate flow blockage and result in an
overpressure protection issue, since some of these vent lines are equipped with relief
valves. An inspection program has been carried out to routinely monitor the wall
thickness of these vent lines and also signs of corrosion deposits in the vent lines.

3.1.6 Exhaust Stacks

There are three major exhaust stacks in the Heavy Water Management & TRF Buildings.
No inspection has been done on these exhaust stacks to date. There is a potential for
degradation due to aging.

3.2 Mechanical Wear, Fatigue

In the TRF, aging due to mechanical wear and other mechanical mechanisms such as
fatigue and erosion is expected for components with moving parts, such as pumps,
compressors, turbines, valves and components subject to large fluid shear forces such as
the liquid ring compressors. Therefore, these components are generally subjected to
regular inspections and maintenance, as opposed to most of the components, for
example, in the cryogenic systems. At present it is not clear whether the repeated failure
of the bellows in the DPS pumps is as a result of fatigue, weld defects or excessive
vibration under operating conditions. Further investigation is recommended in order to
determine the root cause of the failures.
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3.2.1 Valves

Pneumatic (Fisher) valves are used in the TRF front-end systems. Bellows failures were
detected on several Fisher valves in early 1999 (SCR N-1999-00736). All Fisher valves
were refurbished, and a re-designed bellows installed, by the end of 1999'. Based on the
previous valve bellows failure incident, it is anticipated that some of the Fisher pneumatic
valves (~30 valves), particularly the ones that are operated frequently in the FTS/DU, may
require another refurbishment, possibly after another 10 years of service as result of
bellows fatigue.

3.2.2 VPCE Superheater Steam Side Gaskets

There have been 3 incidents is the past of steam leaks from the superheater gaskets on

the steam side. This is a symptom of aging under the high temperature service
conditions.

323 TIS

In the TIS system, equipment such as metal bellows pumps, Nupro PVs and Jordan
PSVs have not received detailed preventative maintenance. Despite the lack of PM, the
Nupro PVs have operated reliably and no major valve problems have been identified to
date. It is apparent that the aging mechanisms that affect these valves are sufficiently
slow and thus significant failure of these valves is not anticipated. However, a valve
inspection program is recommended. Several of the oil-lubricated rotary vane pumps
have experienced bearing failures, which may be due to heavy load conditions or lack of
preventative maintenance during oil changes. Argon leakage from ganged solenoid
valves into the gloveboxes has been believed to be a problem since start-up of the
system. The elastomeric seals on the gloveboxes have not had any PM and as a result
many are noticeably cracked.

3.2.4 Electrical and Control Systems

Aging of electrical components is primarily due to service conditions such as heat or
length of service of the component. The electrical and instrumentation systems are
considered a potential problem area due to the age of the systems. On the circuit boards
of the analyzers, there is concern about the capacitors because if these fail, then the IC
chips will lose their functionality and are not replaceable due to obsolescence.

It has not been possible, within the scope of this project, to check the status of electrical
cabling in the TRF via inspection to determine if signs of aging are present in the cables.
However, based on experience at other aging facilities (e.g. Pickering A) it is
recommended that an inspection of the cabling should be performed to ensure that they
are in good condition. Similarly, it is accepted that motor windings will deteriorate with
age, particularly under conditions of high ambient temperature or humidity. As a result
megger tests of key motors should be performed in the future.

' This was a design issue rather than an aging of the bellows.
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Electrical panels associated with the tritium monitors as well as other instruments are
failing due to aging, requiring repair of individual boards by Control Maintenance since the
instruments are, in most cases, obsolete.

Hard wired shut down relay failures were recently repaired because the springs on the
relays had failed. They had been closed for 15 years and were checked periodically to
ensure that the relay opened but only checked to ensure that the contact was lifting. The
relays were never checked to determine that the contact actually went to the fully open
position with the spring. Springs on the relays in the Hard-wired shutdown system may be
aging — a potential safety concern. The majority of these shutdown relays have been
replaced now, and some more will be replaced in the next TRF outages.

In the TIS, there have been problems experienced with failing capacitors on ion gauge
controllers, pressure transmitters, turbo pump controllers and the mass spectrometers.
The mass spectrometer used to analyze the quality of the tritium gas has experienced
several computer component related failures (e.g. W.O. #D-83174 and D-1153486).
Although still functional, the mass spectrometer is obsolete and replacement parts are
difficult to obtain. The mass spectrometer CRT is now difficult to read. Instrument cables
and elastomer instrument seals exposed to the dry glovebox atmosphere have not been
inspected or replaced. Potential degradation of all pump motors is anticipated due to
motor winding aging or overload.

Control room mimic panel annunciators and lights are failing due to aging.

3.2.5 TRF/HWMB Building Roofs

The roof of the Heavy Water Management Building (El. 115 m) is adjacent to the roof of
the TRF Building (El. 112 m). During/following heavy rainfall, water collected on the roof
of the Heavy Water Management Building could also drain onto the roof of the TRF
Building. This would result in a heavier precipitation and rain loads to the TRF roof. As a
result of aging, roof leaks have been observed — one in the CRS Compressor Room (near
the gravity ventilators), one in the HWMB room containing the Stack Monitors, and the
other in the Exhaust Fan (F3 & F4) Room in the HWMB.

3.2.6 Blow-out Panels

A number of the blowout panels’ perimeter seals have become separated at the corners,
some of the caulking had deteriorated with age, and is a possible source of water
migration into the building. A building inspection in 2002 has also uncovered damage to
the single panel on the north side of room TR-203. The damage does not affect the
panel’s ability to perform its design function, but it will also require repair.
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33 Erosion, Blockage

3.3.1 Dryers ADS 1301, 1302

Decrepitation of the molecular sieve in the Dryer Unit has already been experienced in the
TRF. This is likely caused by erosion of the molecular sieve pellets by shear forces
resulting in friction between adjacent pellets and gradual breakdown of the pellets. The
binder used in the fabrication of the pellets is expected to deteriorate with age. This
aging mechanism in molecular sieve is called caking. Caking is mostly observed in the
middie of the adsorber. Without sampling of the molecular sieve this aging mechanism is
not readily observed. Caking is the result of hydrothermal instability of the clay binder.
Caking has an effect on the mass transfer behavior of the molecular sieve. Experiments
have shown that deactivation by caking leads to a loss of water adsorption capacity due
to increased residual water content upon regeneration rather than a loss of maximum
water capacity [9].

In the petrochemical industry, manufacturers recommend replacement of the molecular
sieve in adsorbers/dryers every 3-5 years. However, the TRF dryers operate in a very
clean environment and as a result already have lasted for about 15 years.

There has not been a change in the pressure drop across the dryer despite the possible
aging. Pressure drops across the beds have stayed consistent over the years. The
bottom of the dryer bed has been inspected and deposits and caking is seen. Fine
powder is produced and has been found in valve seats and there is evidence of blockage
of drain valves in the DU by molecular sieve powder. As a result, replacement of the
molecular sieve should be considered.

The performance of ADS1301 and ADS1302 has been acceptable, with the dew point of
the outlet D, gas maintained at -80 °C (or lower). However, the dryers are not achieving
the same dew point that they were able to achieve in the past, due to a variety of reasons
including molecular sieve aging (SCR D-2003-08562). The dryer unit used to achieve,
“off scale low” on the dew-point meter, but now it can have a problem to get to —80°C
dewpoint. The observed trend in the dewpoint has been from values of —90 to —95°C to
where it has reduced to —78 to -82°C. Although this dew point is currently in the
acceptable range, further deterioration will eventually lead to a major load on the
cryoadsorber.

3.3.2 Cryogenic Adsorbers ADS1401, 1402

The adsorbers have shown signs of aging and blockage, which is discussed at length in
the PCA report. Replacement of the adsorbers is planned as a project to be executed
during an outage, in the next few years. However, it is believed that the blockage that has
been experienced is unlikely to be due to normal aging of silica gel. It is suspected that
the blockage resulted from break down of the silica gel which may have occurred during
an incident in the past where water may have been carried over into the adsorbers.
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3.3.3 Liquid Ring Compressors

The performance of liquid ring compressors has been good. However, the inlet and outlet
ports in these compressors experience high shear forces and possible gradual erosion.
This should evidence itself with gradually increasing vibration levels over time. Recent
detailed discussions with liquid ring compressor manufacturers? have indicated that it may
become necessary to rebuild low clearance areas of these types of compressors after ten
to fifteen years of operation. This type of aging will have to be addressed when the TRF
observes a drop off in the generation of a head pressure by the compressors.

With proper maintenance (e.g., routine changes of the compressor seals) and an
inspection program, it is anticipated that the liquid ring compressors will last until after the
end of TREF life.

3.3.4 Charcoal Beds

The charcoal adsorber ADS1101 and 1102 in the FTS have high pressure drop, believed
to be most likely due to break down of the charcoal particles by erosion. The pressure
drop across these beds should be monitored in the future for possible signs of blockage.

3.3.5 Chiller Water System

The piping distribution is designed for 10 ft/sec velocity and thus there is no concern for
erosion. The life expectancy of 40 years is comfortably achieved with the design features
provided.

The manual and control valves are made of cast iron body with brass internals. The valve
design is very robust and durable. However, the valve elastomers do breakdown with
aging or when the valve is in a closed position for very long time. With periodic inspection
and replacement of the elastomers 40 years life expectancy of these valves is achievable.

TCVs are subject to cavitation erosion because of their flow throttling function, which
involves significant pressure drops. Therefore, it is expected that the TCVs including a

short length of piping downstream will sustain erosion damage resulting in reduced life
expectancy.

3.3.6 Steam and Condensate System

The major concern in this system is the frequent failure of steam traps. When the trap
failure occurs, it results in water hammer and or severe piping vibration. Control vaives
and the piping immediately downstream will suffer degradation due to erosion effects.

3.3.7 D0 Upgrader Distillation Towers

Distributor plugging can occur in D,O Upgrader Distillation Towers due to corrosion of the
phosphor-bronze packing by weak acidic attack and subsequent deposition in the fine

2 Both GARO, a supplier of this equipment for the WTRF and NSB Gas Processing, supplier of the
original equipment at the DTRF, have mentioned this problem as an aging issue.
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distributor holes. During a recent SUP Tower Visual check, it has been observed that
many distributor nozzles are plugged significantly to the point where the downcomers are
overflowing on Sections 5 & 6 of Tower 1 and Sections 19, 21 and 24 of Tower 3. Tower
3 is scheduled to be opened during the next outage. Darlington has been very successful
at controlling the Upgrader feed chemistry resulting in the long operation of the Upgrader
(in service 1988) without distributor plugging but plugging has begun and cleaning of the
distributors needs to be addressed.

34 Tritium Aging

Exposure of elastomeric materials to tritium is expected to result in effects such as
hardening and degradation of the material. Hardening of elastomers will affect the
effectiveness of the seals. Degradation can produce by-products that can further affect
the associated systems. The TRF has been designed to avoid the use of elastomers
where possible and to avoid the use of materials that are incompatible with tritium service
(such as Teflon which degrades and produces HF). Thus this is not expected to be a
significant aging mechanism.

Tritium exposure of oils and lubricants in general will result in a level of degradation.
These effects are well understood within the TRF and are handled by either regular
changing of the oil® or the replacement of equipment (for example the oil-filled vacuum
pumps in the TIS)*.

Hydrogen-induced cracking can occur more easily in steel exposed to tritium for extended
periods of time because of the creation of helium-3 within the metal from tritium diffusion
into the steel and its radioactive decay. The effects of helium-3 at ambient temperatures
make fracture easier by impeding plastic flow. Helium precipitates as nanometer sized
bubbles that pin dislocations and act as a barrier to dislocation motion.

These effects have generally been studied in metals exposed to tritium at elevated
temperatures and pressures (423K and 4500 psi) [3] or by ion implantation studies from
accelerators [4]. The results have shown that tritium and decay helium reduced the
cracking threshold for certain stainless steels. They also indicate that subcritical cracking
can occur in tritium-exposed stainless steel at velocities much lower than hydrogen-
exposed steels because of decay helium effects.

This mechanism of aging in the TRF is not considered a concern. In general, permeation
of hydrogen and tritium in metals follows the Arrhenius equation and is highly dependent
on the driving pressure and temperature. At the sub-atmospheric pressure and ambient
temperature conditions in the TIS, where pure tritium is handled, it is expected that tritium
aging effects will not be a factor over the life of the TRF [8].

The ITC containers were the subject of some research into the effects of the tritium
contained within them during their design in the early 1980’s. A series of reports were

j Frequency of these oil changes exceeds the manufacturers recommended interval
Pumps are only replaced on failure
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commissioned to examine the potential problems of tritium in austenitic stainless steel
and the effects of helium on the steel. It is understood that no problems have been
observed in these devices due to tritium issues.

3.5 Cryogenic Aging Mechanisms

The cryogenic equipment within the TRF is exposed to stress associated with thermal
cycling of the equipment through large temperature ranges. These effects were taken
into account in the mechanical design and operational procedures of the plant. Well
defined heat up and cool down rates has been established in the operating procedures.
The choice of materials was made initially in the design of the TRF to withstand these
stresses and be compatible with the temperatures found within the plant. Typical
materials that are used in cryogenic systems, and were used in the TRF, are austenitic
304L and 316L stainless steel, and aluminum alloys. These materials were selected due
to their suitability for cryogenic conditions.

Based on operating experience in the cryogenic industry, there have not been any
specific aging mechanisms identified that can be associated exclusively with the
cryogenic temperatures. Fatigue associated with the repeated application of stress is not
expected to be a problem at the TRF. At cryogenic temperatures the selected materials
retain their ductility and their fatigue strength generally improves.

Reflective insulation (such as aluminized Mylar) is typically used within the TRF cryogenic
equipment. This type of insulation has the benefit of its ability to maintain its functionality
for indefinite periods in adverse environments without causing or contributing to damage
to the insulated component [4]. Within the vacuum cold box the insulation is not
subjected to any form of harsh environment. The exception to this is around the electrical

heaters where it is subjected to some heat effects and melting has been observed within
the CRS system.

3.6 Hydrogen Embrittlement

The TRF handles significant volumes of hydrogen in a large number of systems both as a
refrigerant and as a process gas. Hydrogen can cause a significant deterioration in the
mechanical properties of metals. This effect is referred to as hydrogen embrittiement and
is a significant design issue for cases where hydrogen is handled at high pressures.
Hydrogen embrittlement involves a large number of variables such as temperature and
pressure of the environment; the purity, concentration and exposure time of the hydrogen;
and the stress state, physical and mechanical properties, microstructure, surface
conditions and nature of the crack front of the material [5].

The types of hydrogen embrittlement are:

1. Environmental hydrogen embrittlement that has been observed in metals and
alloys plastically deformed in a gaseous hydrogen environment (usually at high
pressure). Deformations under such conditions lead to increased surface cracks,
loss of ductility and decrease in fracture stress
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2. Internal hydrogen embrittlement caused by adsorbed hydrogen. Small amounts of
hydrogen may cause premature failures in some metals; the failures may occur
with little or no warning. Cracks start internally.

3. Hydrogen reaction embrittlement that occurs when the adsorbed hydrogen
chemically combines with one or more constituents of the metal to form a brittle
hydride. This reaction more readily occurs at elevated temperatures.

The mechanical properties of metals are reduced in the presence of hydrogen:

1. The susceptibility of an alloy to adverse hydrogen effects increases as the
strength of the alloy increases

2. Hydrogen embrittlement has been observed over a wide range of temperatures
but for many metals and alloys the effect of internal and environmental hydrogen
embrittlement is at a maximum in the temperature range of 200 to 300 K. In
contrast, hydrogen reaction embrittiement is associated with temperatures above
room temperature. Most data on embrittlement is at pressures in excess of 800
kPa.

3. The susceptibility of steel to hydrogen embrittlement increases as the hydrogen
purity increases (a significant factor in the TRF).

4. Susceptibility to embrittlement generally increases as the tensile stress level
increases.

Materials that exhibit negligible embrittlement are 316 stainless steel and aluminum alloys
[5,6). These have been used in the TRF in the cryogenic areas.

Welds are susceptible to hydrogen embrittiement in all hydrogen environments. The heat
affected weld zone frequently produces hard spots, residual stresses and microstructure.
In 1999 studies were done on material properties in liquid hydrogen environments [8]
using SS 304, SS 316 and aluminum alloys. It was found that the base metal survived
well in liquid hydrogen environments. However, weld metal showed high embrittlement
susceptibility with respect to low temperature hydrogen embrittiement in liquid hydrogen.
In low temperature hydrogen gas environments, SS 304L showed high embrittlement
susceptibility.

Sulzer has used carbon steel (S.A. 516 Gr. 55, SA-266 class 1, SA106 Gr. B SA234 Gr.
WPB) in non-cryogenic service areas in the hydrogen coolant side. Carbon steel can be
classified as either severely or extremely embrittled in hydrogen service at high pressure.
The key issue is the pressure. The maximum pressure that these carbon steel
components should be exposed to is approximately 1045 kPa within the DTRF. This is a
“low pressure” for hydrogen ernbrittlement problems. Typically problems of measurable
failure are typically at pressures of 70,000 kPa.

Generally the materials chosen for construction of the TRF are negligibly susceptible to
hydrogen embrittlement [5,6]. Information on the susceptibility of weld materials in liquid
hydrogen environments is very limited. It is not considered necessary to inspect the TRF
for hydrogen embrittlement problems.
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4 AGING MATRIX

The attached aging matrix summarizes the aging mechanisms anticipated to affect the
critical components within the DTRF.

A column in the matrix is given on Equipment Condition. The assessments in this column
are based on the number of issues that were found with a given piece of equipment
during the plant condition assessment. The ratings of “Good”, “Fair” or “Poor” are a
subjective assessment done by the team based on the plant condition assessment.

The equipment of greatest concern within the DTRF for long-term aging issues are:
Dryers — molecular sieve aging

High temperature components in the VPCE

Recombiner high temperature areas

All cooling water systems due to MIC

Electrical and 1&C equipment — general long term deterioration
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6 APPENDIX A. DISPOSITION OF COMMENTS FROM OPG ON REVISION 0.

Disposition of Comments received on Revision 0 of the Aging Report

1. Edwardo Tam

a.

VPCE Condensers CD-1201 to CD1208 and the susceptibility for scale
formation on the LPSW side due to high process temperature and lake
water variations. Comment considered valid and added to potential aging
mechanisms associated with the LPSW. CaCOj; has an inverse solubility
with temperature so increased temperature of lake water during the
summer could increase the problem.

CRS Hydrogen loop and hydrogen embrittiement in the H, compressors
carbon steel discharge piping. Sulzer has used carbon steel (S.A 516 Gr.
55, SA-266 class 1, SA106 Gr. B SA234 Gr. WPB) in non-cryogenic
service areas on the hydrogen coolant side. Carbon steel can be classified
as either severely or extremely embrittled in hydrogen service at high
pressure. The only question still outstanding is rate and pressure. It is
difficult to know the rate of embrittiement a priori and the pressure at the
discharge is approximately 1044 kPa (approx 140 psig). This is still a “low
pressure” for hydrogen problems which are typically measured at 10,000
psig. However a note will be added to the report to cover the use of
carbon steel in these areas and the higher potential for problems.

2. Harold Vogt

a.

b.

oo

Reference given for aging of Molecular sieve binder (Gas Purification).
Aging mechanism is hydrothermal instability of the binders.

Dates and durations of all of the past outages due to problems were not
included as this list was only for information and not intended to be a
specific chronology of the DTRF.

Cutting and flushing of the CRS will be clarified

The section on aging did not include all of the entries in the aging matrix.
The report was only intended to highlight specific areas

Agree with the comments on D,0 in the LTC Expansion tank and will
modify the section.

Will clarify ventilation and ACS systems

A question was asked about the ITC containers and tritium aging. The
team examined the references on the work done during the design phase
of the ITC containers. A number of reports were done in the 1980’s on the
interaction of tritium and austenitic stainless steel (eg two reports were
done at Chalk River on “Tritium in Austenitic Stainless Steel Vessels, The
Integrity of the Vessel”, C.E. Ells and “Helium in Austenitic Stainless Steel
in Tritium Handling Facilities”, C. E. Ells and S. A. Kushneriuk). It was
concluded that the design of the containers had reviewed the potential
problems with tritium in the containers. No evidence of problems is
currently known to the team. The team was not able to identify a design
life for the ITC containers. It is assumed that it is the same as the plant
design life of 30 years. It is anticipated that there should not be problems
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with the ITC containers but we are not aware of subsequent testing of any
ITC container after use for a long period of time.

A note will be added to mention the problems of Mylar insulation near
heaters and the melting that has been observed in the CRS system.
Hydrogen embrittlement is seen at a variety of pressures. Measurements
on 304 stainless steel indicate that significant hydrogen adsorption into the
steel does not occur below 800 kPa pressures. Most data that we have
available for actual failure is at pressures in excess of 70,000 kPa. There
is a lot of literature available on this subject but generally it is at pressures
in excess of those seen at the TRF.

3. Kaly Kalyanam

a.

On your question about steam leaks causing SSC due to chlorides. This
statement was based on a section in the PCA report discussing a tritium
leak in March 2003 in superheater HX 1206. The leak in the weld at an
outlet nozzle was inspected and the interpretation given to the failure was
the possibility of a steam leak into HX 1206 being the primary source of
chlorides (referenced a report on metallurgical analysis). This conclusion
may have been based on the fact that the chloride source from the catalyst
was long dealt with by 2003. Your details on the steam contents and the
low chloride level indicate that the analysis done on the leak may not be
the complete answer and this section will be rewritten.

Aging of the DMS currently seems more to be related to operational issues
and replacement of the unit with a modern system taking into account the
way the DMS operates at the DTRF should not introduce new aging
problems.

The use of the term Charpy impact tests is not accurate and will be
changed and the testing was at liquid hydrogen temperatures. Tests were
undertaken by Sulzer on weld samples at 20K by the University of Vienna
and Teledyne during their selection of material for cryogenic service
(reference: Darlington Tritium Removal Facility Process Design
Description, document no 4-04-DTRF-008-2, 1982, Sulzer Engineering)
The bellows problems on the Fisher valves were a design issue not really
an aging issue and this section will be rewritten to reflect that.

The information on aging for the liquid ring compressors came from OEM
information (the supplier of equipment for the WTRF — GARO and at a
later date than revision 0 of the Aging Report, | also received information
from the supplier of the DTRF compressors — NSB Gas Processing). We
did not look at operating experience in this area.
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Disposition of comments received on the Aging Matrix

1. Omar El Behairy

a.

Comments on the problems with the Alcatel pumps in the TIS will be taken
into account and the aging condition changed

2. Kaly Kalyanam

a.

b.

C.

Use of notes on all of the tables will be cleaned up and references to
removed notes eliminated

Hydrogen embrittlement will be included (as a low probability event) for
more equipment

Thermal Embrittiement is used incorrectly in these tables and will be
removed. The term specifically applies to embrittlement of autenitic
stainless steel in the temperature range of 475°C and above where
problems occur with the ferrite phase. The team had intended to use this
phrase to cover loss of ductility in materials as they are cooled to cryogenic
temperatures. This will be clarified in the tables.

Notes will be added to cover the periodic replacement of UV lamps and IX
resins

Oxide coating degradation is still a potential mechanism for aging even
with UV oxidation if the chemical control of the feed water to the distillation
columns is not maintained. A note will be added to this effect.

We agree that distributor plugging is more an aging mechanism of the
packing and will be so noted.

3. Harold Vogt

a.

b.

C.

—r

Questions on thermal embrittlement are correct in light of the incorrect use
of this title.

The inconsistencies on notes, similar equipment assessments and
problems with equipment identification will be corrected

It is a fair question as to how to assess the condition of cryogenic valves
with no inspections of the valves. These will be listed as “Unknown”.
Electrical heaters can be exposed to fatigue due to thermal cycling
(connections, mounting etc.) and it is felt that this is still a valid
mechanism.

Filters on the CRS will be re-examined and corrected

Comments on the consistency between the PCA report and these matrices
will be checked and corrected.
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| i ‘
t - Af - - - - - [ - R B - - . [ — - . t ————— —
| ) o i ;%Tabile‘ A.1 Degradation Mechanism for Front End Systems .
S U S . ‘ . : et l [, L, -
DTRF Front-End Systems: FTS (SCI 39310)/VPCE (SCI 39320)/DU (SCI 39320)/RS (SCI 39360)/DPS (S_GTI 39360)/DMS (SCI 39330)LCS (SCI38310) , 477 |
1 ? \ 1 ! : L
e L —f Aging —

EQUIPMENT sScc Fatigue Thermal Mechanical Erosion Corrosion (see noles) Blockage o |
|Component CONDITION Embrittlement Wear o
Degassing Column COL 1101 Good 1T I - ]
|Feed Evaporator EV1 1"'11: Good :: X Nota 1 T
| I
[Feed Pumps P1101/P1102 Good X ]
zPCE Feed Pumps Good X
[P1201/P1202
[VFCE Product Pumps Good X
P1203/P1204
VPCE Evaporators Good X X
[EV1201 - EV1208
EPCE Catalyst Pots Good X Note 2
[CAT1201 - CAT1208
B Fair
|VPCE Superheaters Note 3 X X X
[HX1201 - HX1208
VPCE Compressors Good X X
CP1201/CP1202

[Note 1: Deposits of radionuclides occ

Note 3: The superheaters will require

on-going monitoring

and inspection

for leaks due to cracking

ur during abnormal conditions, continued deposit and difficulty of removal may present patential aging problem
[Note 2: Potential catalyst degradation and loss of activity
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N Table A.1(cont) Degradation Mechanism for Front End Systems S o . Page27or3
‘ N e — 1 ‘
Aging
EQUIPMENT |ScC Fatigue Thermal Mechanical |Erosion Corrosion (see notes) Blockage
mponent =, CONDITION | =l Embrittlement | Wear o ) ]
, | | | S I i ]
| 1 | 1 B B
DU Campre 5 Good X ' X I T
[CPi13o1/CP1302 | 1 1 N
B I Acceptable o T
trending
DU Dryers to poor X Note 1 X
[ADS1301/ADS1302
[RS Recombiner TK1703 Good X
IRS Recombiner Pump P1701 Good X
Hydrogen Generator HS125C Poor Note 2
note 3
Electrolyser Unit/Cell Module Poor Note 3
I
IDPS Vac. Pump Unit VACP2101/210] Fair X X
[DPS Compressors CP2101/CP2102 Fair X X
Liquid Collection Pump Good X
P2201
zalves (Manual/Pneumatic) Good X X
Fisher, Velan & NUPRO, stc.
[Note 1: Degradation of performance due to loss of adsorption capacity
Note 2, Electronic aging, relays and timers are weak points | - |
Note 3: Expected life is 3 to 5 years; cell deltaP, temperature and torque control are critical; 3 or & month drain, open, inspect and deposit flush and electrolvte replacement racommended
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o f]‘gplgA 2 Degradatlon Mecthq[sm fgg Cryogenlc Dlstlllatlon System ! . o |

|DTRF Cryogenic Distillation: AU (SCI 39410)/LTD (scl 39410)/HTD (scl 39420) ”j T ’t R v e
I i ‘
EQUIPM ENT sccC Faﬁgue Thermal Mechanical Erosion Corrosion Creep Aging Blockage
Component CONDITION Embrittlement Wear (see notes)
| Precoolers HX14011/HX 1402 Good X L R | x| 1 X Noted |
IHX 141 1/HX1412/HX1403 N o
[AU Adsorbers ADS1401/ADS 1402 Poor Note 1 X
- note 1 R
Eealers HXE6003/HX6004 Good
Escrﬁar Regeneralion Good X X
[Vacuum Pump VACP6001
[Low Tritium Column COL1501 Good ) }
Ee_m_i Condenser CD1501 Good
[Rehoiler EV1501 i Good
zacul_x_m Pump Adsarbers B Good X Note 2
[ADS 1502/ADS 1504 B
Vacuum  Pumps : Fair X Note 4
VACF'1 501/ VACP1503 |
[VACP1502/VACP 1504 X
He_at Exchangers Good X
HX! 501/HX1521/HX 1522
_gh Tritium Columns Good
COL160!!COL15021’=“OL|603
Reboilers EV1601/EVI1602/EViE03 | Good X
Catalyst CAT 1601 |Good
'Vacuum Pumps Fair X Note 4
IVACP1801
[VACP 1602
Heg@_l:l_x_changers Good X E X Note 4
HX16(}1 HX1602/HX1621 - =
gy_qggqic Véiy_e:s (Manual/Pneumatic) Unknown - X X
IWEKA, NUPRO, elc. ] Note 3
[Note 1: Degradation of the silica gsl, loss of adsorption capacity, probiems with fiow
INote 2: Lass of adsomtion capacity
been performed on the cryogenic valves, they are expacied o be in "Fair' condition

Note 3. No inspegiton has
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Table A.3 Degradation Mechanism for Refrigerator .
g'ﬂ{em' Cryogenic Refrigeration System (SCI 39440) e o R )
EQUIPMENT SCC Fatigue Thermal Mechanical |Erosion Corrosion Creep Aging Blockage
Component CONDITION Embrittiement Wear (see notes)
Hydrogen Compressors o Good . X o B X
CP3401/CP3501
H, Coolers o Good X
CLR3411/CLR3412/
[CLR3511/CLR3512
Oil Pumps CP3401 & CP3501 Fair X
|Auxiliary Compressor CF3801 Good X
[Heat Exchangers _ Good X X
[HX3101/HX3102/HX3103
[HX3104/HX3105/HX3106
Turbine TU3200 Good X
Vacuum Pump VACP3301 Fair X
Vacuum Pump VACP3302 Fair X
% i
[Heaters Ha111/Ha112 Good X
[Seal Gas Pump P3201 Good X N X
Turbine Oil Pump P3202] Poor - X - X
Turbine Oil Cooler CLR3201 Good - X
| - - X
Filters - l Good
FR3100/FR3101/FR3115/ —
FR3202/FR3801/FR311¢E = = | =
[Heater HX3842 B Good ~ X
Zal_vas (Manual/Pneumatic) Unkniown X X
Fisher, WEKA (Cryogenic) & NUPRO, etc.  [Note 1
Note 1; No inspeciton haé been performed on the cryogenic valves, they are expected 1o be in "Fair” condition
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EQUIPMENT scc Fatigue I Thermal | Mechanical | Erosion | Comosion | Creep Aging Blockage Oxidation |
Embrittlement Wear (see Notes) |
Componsnt CONDITION [
T -
: 1
ACS/GBCS Regen Blowers F2 1 Poor 1 | :
[ - T [
L
ACS/GBCS Regen Heaters HTE2 Good X
ACS/GBCS Heaters Good X
ACS/GBCS Dryers Good X X Nota 2 X
ACS/GBCS Recambtiners Good
ACS/GBCS 02 & N2 Removal Beds Good X
ACS/GBCS Valvas Fair X
5BCS Argon DistribunonIBlower F3 Good X
Water Chiflars RFU1 Good X (Compressors) X Note 1
Waier Chillars RFU2 Poor X (Compressors) X Note 1
Filters FR2701/FRZ702/ Good X
FR2751
INote 1: Loss of refrigerant or refrigerant no longer In use
Note 2: Degradation of performance due to loss of adsorption capacily
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_Table A.4(cont) Degradation Mechanism for ACS, GBCS, CHW & TIS - - - Page 31 of 35
i - f N A R
EQUIPMENT | SCC Fatiguse |  Thermal | Mechanical T Erosion Corrosion Creep Aging | Blockage Oxidation
Embrittlement Wear (see Notes)
Component CONDITION
S, — - - - -
ms@e720) | S E A I o
Process Roughing Pump! | Poor ~ X _
P141/P241 . o 3 o - ]
GB Airlock Pumps P163/P21 63 | Poor L R R ]
Process Gas Sampling Vacuum Pump Poor %
P199 %
Sample High Vacuum Pumps Poar X
P139/P239
Circulation/Transfer Pum Good X
P126/P226 Note 1
Circulation/Transfer Pumps Good X
P129/P229 Note 1
Glovebox Pumps P166/P266 Good X
I
I Tritium monitor pumps | Good
P45Y/PS0IPS13/PE0Y |
P613P623
ITC AL Heat Excharigers| Good X
HX120MH X220
Vaives (Manual/Preumatic) Good ’ 1 X
Fisher, Worchester & NUPRO, stc L
glencld valves Fair : x
Eo;g control valve - Falr - i X
Fevaos i
Eurnp relief valves Good i X
35\."1 37/PSVv2237 Note 2 |
| Glovebox relisf bubblers | Good X

INcte 1: Pumps naver used
Note 2 Little or no maintenance
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T

:Tabrleﬁl\i.-{(cont)l Degradation Mechanism for ACS, GBCS, CHW & TIS
{

EQUIPMENT sCC Fatigue Thermal Mechanical Erosion Corrosion Creep Aging Biockage| Oxidation IC failure
Embrittiement Wear (see Notes)
Component CONDITION

EC AL pressura safsty Guood X

valves PSV152/PSV252
IPSV182/PSV2e2 I a—|

TSC AL prassure safety | Good X | I =

vaive PSV3s2 i - - — - _ HE

[Rupture discs = Good . . S S I — D
[RD407, RD421 _ B _ - [ u

U bea Tr221 . Good | E— I | D x ]
Ubed heater HTR621 Good | % 1 I ] T ]

ITC airlock heaters Good | | x | 1 | SR B —
HTR190-1/HTR290-1 E— i — = = = —
HTR190-2/HTR280-2 | | . | I === =
HTR180-3HTR280-3 . o : —

.  —— - = ._ . — 1 S
A|S1'IGFAIS2!0_ | N S — : -

GE Oxygen monitors | Good __ T X7 ]|
AlS187/AIS287 | | — 1 1 SR E—
ITC & T5C AL Oxygen ~ Good : | — | X

monitors o = = . i — S
AlISBIVAISS1E - N . [ I

GE Moisture monitor . Good X |
AIS196/A15296 L | — =

L S — = ——S =

ITC AL moisture monitor Good B X
AIE 1068/A1S206 ! ! d —

GB tritium monitor | Good | | | A
AIS50/AIS603 ] 1 ~

ITC & TSC AL Tritium B Good B o - = =—o B X
manitor I . 1 — |
AIS513/AIS813 ! _ — —_— —_— -

[Vaivebox and transfer Good o | | — X
line tritium manitor [ . — —
AlS453 _ i =

TIS exhaust tritium ) Good I | — S —— T | x
monitor AIS623 e R R _

Capacitance __ __ B Fair : 7'__ | R —— I - — . . X
manometers ] | | =
PE107-1/PE207-1
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L _ l e _ _

Ao . {1 S _ g
[Heavy Water Managemelnt (HWM) & Upgrader (SUP), (SCI 38410/38430/34510/381 10/38500) N s e N

] H
EQUIPMENT [scC Fatigue Thermal Mechanical Erosion Corrasion Creep [Aging Distributor | Blockage |
Component CONDITION Embrittiement Wear (see notes) Plugging
SUP Feed Evaporators ITV1 &EV2 Good - - — ]
SUP Towers TWR1/TWR2/TWR3 "1 Good I 1 O X
Column Packings % note 1 Note 3 X
Note 6
B Fair
ISUP Pumps P1 to P13 note 2 X
@3 Reboilers HX1 & HX2 Good
olars CD1/CD2 Good

[SUP Filters FR1 & FR2 | Good : X
SUP 1X Column 1X1 Good
[OilWater Separator 051 Unknown
Purnp P4 Note 7 X
UV Oxidation Unit Good X Nate 4
Pumps P202, P203
D20 Cleanup Pumps P1 to P3, P201 Good X
D20 Cleanup IX Columns IX1 to IX3 Good Note 5
D20 Cleanup Filters FR1 & FR2 Good

I
Spent Resin Handling Pump P3 Good X
Spent Charcoal Handling Pump P4 Good X

|
Valves (Manual/Pneumatic) Good X X
HT Transter Pumps P1, P2 Good X
Moderator Transter Pumps P3 & P4 Good X

I
Loading/Unloading Facility Flexhoses and fittings Good X
Note 1. Monitoring required; known problem with other upgraders
Note 2. High maintenance effort required for oil seals; one to two pump failures every three to four months
Note 3: Oxide coating on the phosphor bronze packing can degrade due to water chemistry, currently under control with UV Oxidation system
Note 4: Degradation of UV light source (UV lamps are replaced as necessary)
Note 5: Degradation of IX resin (IX resins are periodically replaced)
Note 6: Distributor plugqing is a result of the aglng of the column packil
Note 7: Has not been in service !
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S N .
S O S e L S S
TRF/SUP (HWM) Camputer Syslem, (SCI 69791/69891L # - B B i o S 1 o
| | : ;
Aging
Environmental Hardware Electro (electronic Incorrect Network Nodes/
EQUIPMENT Conditions Software Mechanical |magnetic componeant Improper Confliguration/
nen CONDITION (T, H & Dust) Fault Wear Interference aging) Design Deficlency
[MMIF (Man-Machine Interface) - L
IDCT Logic Box Failure (EPROM), Good X
DCT Logic Box recoverable Memory Corruption, Good X
CHT iailure, Keyboard failure, Good X
Mousa failure, Connector and cable faiiure, Good X
[Power supply failure or noise Good X
[Universal File Servers AP6400 =
CPU intarface controller fallure (e.g. Mother Board), Good X
[Memory card errors (e.g. SIMM modules), Good X N
[Hard Disk#1 failure (in CPU box), Good X
[DAT Tape Drive Failure (in Exp. Bx#1), Good o X
[Power supply failure or noise Good = X
Dual Ethernet Data Highway: - =
|Fan-out Box fallure, Repealer failure, Power Supply fallure | Good B X
jor noise, Transceiver Failure, ECCS Board Failure, Good X I —
T connector failure, Thin-net Cable failure, Good . X
[Thick-net Cable failure, Terminating Resistor failure, Good - X
Slip-out of Terminating Resistor Cap. Good X
Distributed Control Units DCU3200 - - -
bcP _ Good. X X i
Connectors, cables, back plane, Powsr supply noise, I Good X
[Power on/olf cycles, Good LS -
[External Lambda Power Supplies & X X N [
|Intrinsic Safety Relays/Barriers Good - - -
Fans, chassis and wiring. Good X |
[Printers compiete with Printer Server - e - B 3 -
[Microplex Printer Server failure _ Good X
Print-head, toner cartridge, transter rolls, paper supply Good o X - X
Peper Faed failure, connector and cable failure. Good X B X - |
Software —r s [ —— — = X
Software corruption Good — X =
Instrumentation ] T J— E— - E i
instrument IC Components Fair X IR E—
— | - note 1 o
I:Estmml_ani E_)_a_l_:;ia_s - ~ Good B . - o _ .
|
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[DARLINGTON TRITIUM REMOVAL FACILITY AGING MATRIX

[ B

Table A7 Degradatlon Mechanisms for TRF Buildlng

J— L - . N

[DTRF Front-End Systems: FTS (SCI 39310)/VPCE (SCI 39320)/DU (SC1 39320)/RS (SCI 39380)/DPS (SCI 39360)/DMS (SC1 33330)/LCS (SCI 39310)

EQUIPMENT |SCC Fatigue |Thermal Mechanical |Erosion |Corrosion Aging Blockage |H2 Embrittlement
Component CONDITION Embrittlement |Wear
| 2 o [ S | — SEREEE
Panels Fair Note 1 X
- — - J - g [ —
Lighting Good Note 2
[Power Cables Good | o I T
- % — —
| Utilitiy Systems ~ Fair X - X - Note 3 -

[Note 1. Several panels have fallen off the building (original installation problems)

Nme 2: Electrical aging due to service and heat I

INote 3. Sediment in water pipes; steam condensate systems mstablllty











Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-131
Attachment 5

Page 1 of 87

KINECTRICS

KINECTRICS INC.

Production of Cost Estimates
for the Construction of
Heavy Water Storage Facilities

Kinectrics Report K-015634-REP-0001-R00

Ontario Power Generation P.O. 4400032110

January 5, 2011

PRIVATE INFORMATION
Kinectrics Inc. 800 Kipling Avenue, Unit 2, Toronto, ON, Canada M8Z 6C4
Copyright Kinectrics Inc.




DAVELLAL

Rectangle





Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-131
Attachment 5

Page 2 of 87

KINECTRICS

KINECTRICS INC.

Production of Cost Estimates for the Construction of
Heavy Water Storage Facilities

K-015634-REP-0001-R00

January 5, 2011

Prepared by: Wlm Date: </ﬂ/ﬂ’\- 4 ’ 2o/

Andy Heics

Senior Project Engineer

Nuclear Waste and Tritium Solutions
Kinectrics Inc.

Prepared by: . @L gﬁ L-_\ 4&, o g,ﬂc Date: o | \
Ruth Burany

Senior Scientist

Date: "t /)‘D“

Reviewed by:

Senior Scientist
Nuclear Waste and Tritium Solutions
Kinectrics Inc.

Approved by: Date: /ot /0S

Manager
Nuclear Waste and Tritium Solutions
Kinectrics Inc.

Accepted by: Date:
Yves Larrue
Corporate Investment and Asset Planning
Ontario Power Generation

Confidential & Proprietary to KINECTRICS INC.
WWW.KINECTRICS.COM Page 2 of 87






Revision History

Document Details

Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-131
Attachment 5

Page 3 of 87

Title Total no. of Pages
Production of Cost Estimates for the Construction of 87
Heavy Water Storage Facilities
Revision History - Date
Re\rfllzlon Date Purpose of Release; Details of Rev./Amendment
0A Dec. 13, 2010 Draft issued
Final issue
00 January 5, 2011 | Changes include addition of summary, textual clarifications,
and some spreadsheet modifications
Revision History - Signatures
Re\':;;-.lon Date Prepared By Reviewed by Approved by
A. Heics/ s ;
0A Dec. 13, 2010 R. Burany A. Antoniazzi J. Robins
A. Heics/ — . !
00 January 5, 2011 R. Burany A. Antoniazzi J. Roblw






Filed: 2021-04-19

EB-2020-0290

Exhibit L

Production of Cost Estimates for the Construction of Heavy Water Storage F%i’diﬁgg?ﬁnoe;f;

Kinectrics Report K-015634-REP-0001-RQQ 4 of 87
KINECTRICS OPG Purchase Order 4400032110

Production of Cost Estimates for the Construction of
Heavy Water Storage Facilities

K-015634-REP-0001-R00
January 5, 2011

SUMMARY

As part of the decommissioning plans for OPG’s nuclear facilities, cost estimates for storing all
heavy water used in the primary heat transport and moderator systems have been prepared.
The storage will be handled by dedicated on-site facilities at the five nuclear sites: Darlington A,
Pickering A and B, Bruce A and B. The heavy water storage facility is a stand alone building
utilizing 100 and 150 Mg stainless steel tanks. The different costing scenarios utilize either all
Class 3 tanks or a combination of Class 3 and Class 6 tanks. The total storage capacity for
each nuclear site ranges from 6,332 to 13,113 Mg dependent on the number of storage tanks
utilized.

The estimated cost for the storage facilities utilizing Class 3 tanks range from a low of 23 M$
(Darlington A, 4 tanks) to a high of 65.9 M$ (Darlington A, 31 tanks). In the case of a mixture of
Class 3 and Class 6 tanks the cost estimates range from 22.2 M$ (Darlington A, 4 tanks) to
60.4 M$ (Darlington A, 31 tanks).

The estimates include design, procurement, construction, equipment installation and
commissioning activities. The construction cost estimate does not include pricing specific to the
nuclear site location. The stand alone storage facility location within the site is undefined.
Additionally, the estimates apply to construction outside the protected area. The soil at each
site is assumed to be ready for construction and detailed soil analysis has not been conducted
for this study. Preliminary engineering identified the processes and components associated
with a heavy water storage facility. Supplier quotes were obtained for a significant number of
components.

An order of magnitude estimate has been performed for the dismantling of the heavy water
storage facilities at the end of life; the costs range from 1.3 to 4.2 M$ for the 4 and 31 tank
facilities respectively. The cost estimate excludes working in a protected area with its
associated radioactive work practices, decontamination, and nuclear waste disposal
(packaging, transportation, final storage). The amount of conventional waste generated from
the dismantling of the facility ranges from 6500 to 14000 m® while the nuclear waste volume
varies from 670 to 4200 m°.
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DISCLAIMER

Kinectrics Inc. has prepared this report in accordance with and subject to the Master Services

Agreement (MSA) between Kinectrics Inc. and Ontario Power Generation Inc. (OPG).
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1. BACKGROUND

At the end of life for OPG’s nuclear generating stations, all heavy water used in the primary heat
transport and moderator systems is required to be removed from the units and stored in
dedicated on-site storage facilities as part of decommissioning activities. In order for OPG to
update their decommissioning plans for its nuclear facilities and consider financial obligations,
cost estimates have been produced by Kinectrics for construction and dismantling of the heavy
water storage facilities for various storage scenarios.

Cost estimates have been produced for heavy water storage facilities using storage capacity
scenarios forecast by OPG for each of their nuclear sites. These storage capacities, which
depend on the availability of existing storage tanks for each site, range from 6,332 to 13,113 Mg.
Separate heavy water storage facilities are required for each of the five (5) nuclear sites.

The construction cost estimates include design, procurement, construction, equipment
installation and commissioning activities. Stand alone buildings containing an array of heavy
water storage tanks, with individual capacities of 100 and 150 Mg, complete with features such
as containment dikes, heavy water transfer equipment and facilities, building ventilation and
tritium monitors. Although the intent is to detritiate all heavy water before storage, the cost
estimates also consider cases having Class 3 storage tanks required for tritium concentration in
heavy water exceeding 2 Ci/kg. Preliminary engineering has been performed to the extent
necessary to produce this level of cost estimates.

The construction cost estimate does not include labour pricing specific to the nuclear site
location. The stand alone storage facility location within the site is undefined. Additionally, the
estimate applies to a construction outside the protected area. Other key assumptions that
impact project costs are identified in Section 3.

2. OPG REFERENCES

Kinectrics has produced the cost estimates based on the following OPG reference documents:
i. Specification #2010419- Production of Cost Estimates for the Construction of Heavy
Water Storage Facilities.
i.  Appendix A- Storage of Heavy Water Following Unit Shut Down
iii.  Appendix B- Specifications- Heavy Water Storage Facility
iv.  Appendix C1- Project Cost Estimate- Construction

v.  Appendix C2- Project Cost Estimate- Dismantling
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3. SCOPE OF COST ESTIMATES
Cost estimates have been produced based on the various heavy water storage capacity options
specified by OPG in Table 1.
Table 1: Heavy Water Storage Options
Site Heavy Water Storage Capacity (Mg)
Option 1 Option 2 Option 3 Option 4
PA 1994 1994 1869 1504
PB 1989 1989 1864 1499
DA 3282 1582 799 415
BA 2918 2118 1652 1196
BB 2930 2930 2329 1728
PA — Pickering Nuclear A side, PB- Pickering Nuclear B side, DA — Darlington Nuclear
BA — Bruce Power A side, BB — Bruce Power B side
(Source: OPG Specification #2010419)
The actual storage capacities shall be at least 110% of the storage capacities quoted above.
In addition, space is provided in each facility option for up to two (2) extra 100 Mg tanks. For
storage layout options having up to eleven (11) tanks, space is provided for one (1) extra 100 Mg
storage tank.
For equipment requiring replacement during the 50 year lifetime of the facility, additional labour
and replacement equipment costs are considered. The items requiring replacement and the
replacement intervals are provided in Table 2. The costs of these interval replacements are
included in the total project cost.
Confidential & Proprietary to KINECTRICS INC. Page 9 of 87
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Table 2: Replacement Intervals

It Expected Life Number of
em .
(years) Installations
Tank Level Indicators 15 4
Beetles 15 4
Radiation Monitors 15 4
Sump Pump 15 4
Canned Pump (transfer pump) 10 5
Hoses 15 4
Class 3 Vent Condenser for Cover Gas System 25 2
Silica Gel Trap for Cover Gas System 20 3
Misc. Mechanical Fasteners 25 2
Building Roof 15 4
Ventilation System (HVAC) 15 4
Water Heater 15 4
Instrument Air Compressor and Dryer 15 4
Breathing Air System (compressor/pumps) 15 4
Fire Protection Sprinkler System Pumps 15 4

Cost estimates are covered for two (2) separate cases for each option:

Case A: 100% of tanks are Class 3 tanks

Case B: Approximately 50% of tanks are Class 3 and remaining 50% of tanks are Class 6.

The ancillary building is considered identical for all storage options. The ancillary building houses
facilities outside the storage tanks area (i.e. transfer bay, drum transfer area, laboratory, office,

storage area washrooms and equipment penthouse).

Key items excluded from the cost estimate:

e Preparation of the building site and all facilities external to the building (e.g. roadways,

lighting, fencing)

e Laboratory analytical equipment and facilities,

e Taxes, interest on borrowed funds, bonds, permits, etc,

o Cost of OPG site supervision during construction and commissioning activities,

¢ Building security, external radiation monitoring facilities, drum storage area, drum
cleaning facility, change rooms and showers, overhead crane.

o Cost of decontamination and waste disposal.

Confidential & Proprietary to KINECTRICS INC.
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The full list of assumptions made in preparing this cost estimate is provided in Appendix C. The
key assumptions impacting cost are summarized in Table 3.

Table 3: Key Assumptions Impacting Cost

No. | Assumption

1 The storage facilities are stand-alone facilities which are not required to interface
with other facilities.
2 During construction, a construction island separated from the nuclear site, shall

be temporarily erected. Within this construction island, controlled by the general
contractor, construction work proceeds as if it is a general commercial building.

3 Being a new facility, no engineering change (ECC) process is applied to the
design and construction activities.
4 Local work force assumed (no per diem expenses).

Additionally, the following guidelines provided by OPG impact on the costing exercise:

GRS e

No site visits or detailed investigation of site conditions for building.

Site will be ready for construction.

Site will be serviced (basic service only).

Specific location on site for the storage facility location is undefined.

All approvals are in place.

Construction to be done as per an “owner only” contract — OHSA rules apply.

Kinectrics has produced the cost estimates in accordance with our ISO 9001 quality program.

4,

STORAGE FACILITIES DESCRIPTION

Layout sketches of the heavy water storage facilities have been produced based on the
preliminary design. Layouts are shown in the Appendix A for the reference case facility (18
tanks) and the eight (8) storage building footprints.

Based on preliminary design, key features of the storage facilities are as follows:

Stand alone storage facility for each nuclear site,
Storage of heavy water for a minimum nominal period of 50 years,

Array of storage tanks enable segregation of contents according to tritium activity and
isotopic content.

Use of tritium compatible equipment and materials for heavy water handling systems,

300 series stainless steel tanks and process equipment,

Confidential & Proprietary to KINECTRICS INC. Page 11 of 87
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Heavy water is stored in 100 Mg tanks or 150 Mg tanks,

Approximately 50% of volume is stored in 100 Mg tanks, the remainder is stored in 150
Mg tanks,

Heavy water storage tanks and transfer bay containment dikes to contain heavy water
spills and enable recovery,

Means of tank contents sampling and analysis,
Tank cover gas system equipped with heavy water vapour recovery system,

Common headers are used on the pump discharge and pump suction to enable the
transfer of heavy water between any set of tanks,

Tank recirculation and heavy water transfer using Class 3 pumps,
Storage tanks are arranged in rows of three (3) for all facility options,

Catwalks are situated near the top of the storage tanks for inspection and maintenance
access,

Tanks (150 Mg) are spaced 2 m apart for supports loading,
Horizontal distance from tank wall to containment dike is at 0.9 m,
Manual isolation valves are used to direct the flow of heavy water,

Heavy water loading/ unloading bay for Multi-Purpose Transportation Package (MPTP),
tanker and drums,

No automatic controls are applied to process equipment,

The building is equipped with a ventilation system that meets all requirements relating the
storage of tritiated heavy water within a Zone 3 designated area,

Ventilation designed for a minimum of 4 air changes per hour in heavy water handling
areas (high speed fan operation triggered by area tritium monitors),

Building maintained at slightly negative pressure with respect to ambient,
Building is equipped with electrical space heating equipment (i.e. no air conditioning),

Back-up diesel generator for operation of building ventilation fans, process
instrumentation and tritium monitors,

Active drainage system for lab and drum transfer area floor drains,
Heavy water spill recovery equipment including building sumps,

Tritium in air monitoring (one monitor each 3 rows of tanks, plus 2 in transfer bay/drum
transfer area),

Tritium stack monitor,

Breathing air manifolds for use of plastic suits,
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e Heavy water emissions collection bed (silica gel),

e A full service air set-up and an air compressor is provided.

e The superstructure of the building is braced steel frame resting on concrete structure, the
building is not seismically qualified,

o Combination of 100 Mg and 150 Mg tanks, with no single tank exceeding a storage
capacity of 150 Mg (options for Class 3 and Class 6 tanks to be considered),

¢ Interconnect piping to permit isolation and transfer of contents to any other storage tank
within the storage facility utilizing manually operated isolation valves,

e Building height to the underside of the roof is 18 m (includes 2 meter truss height
allowance). Height of transfer bay is 12 m.

e Capability to ship, receive, transfer, drain, fill and transfer heavy water,

o Use of instrument air for pressurizing heavy water drums, transport packages and tanker
for transfer of heavy water to the storage tanks,

e Tank cover gas system (instrument air) for tank venting with tank over-pressure
protection and tank under-pressure protection,

e Monitoring and alarm capabilities are provided to ensure regulatory requirements are
satisfied with respect to environment emissions and hazards to personnel,

o Sampling laboratory (with floor area of ~50 sq. m) with future provisions for connections
to active ventilation and active drainage systems.

o Measure of storage tank level and pressure featuring both local and remote displays and
alarms,

o Determination of heavy water inventory using tank level transmitters no sight glasses or
weigh tank provided),

o Beetles are situated on the floor below each storage tank to provide indication of spills of
heavy water,

e The building sub-structure and tank containment dikes are seismically qualified to DBE
category D,

e Buildings meet the requirements of a Zone 3 area, the National Building Code of Canada
(2005), the National Fire Code of Canada (2005), CSA N293-07-Fire Protection for
CANDU Nuclear Power Plants and all federal, provincial and local regulations.

5. METHODOLOGY

The cost estimates and estimate of waste volume were produced by Kinectrics according to the

following plan:
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¢ Produce preliminary engineering design concepts for process equipment and buildings,
e Presentation of guiding assumptions and draft facility layout to OPG,

o Obtain supplier quotations for basis of major equipment facility cost estimates,

o Estimate process equipment and materials and labour costs,

e Materials and labour estimated per tank basis for reference case facility (18 tanks),

o Subcontract cost estimates for building structural, HVAC, utilities and conventional
facilities to The Walter Fedy Partnership,

e Produce high level estimates of dismantling cost and waste volume, overview of
preliminary design and major equipment costs with CPUS subject matter expert,

e Follow-up sessions with OPG as required.

The preliminary engineering was performed by applying generally accepted practices for nuclear
facilities designed for handling and storage of tritiated heavy water. The basis for costing the
majority of building and facilities items was the RSMeans Building Construction Cost Data Book
(33rd annual ed., 2010), an industry accepted reference for cost estimates.

The facilities utilize 100 Mg and 150 Mg storage tanks with the intent to have approximately 50%
of the water volume for each facility stored in 100 Mg tanks and the remaining volume stored in
150 mg tanks for storage flexibility. For the design of heavy water handling and storage
equipment, a reference design case was developed based on a storage capacity of 2,200 Mg
heavy water in eighteen (18) tanks. This represents the middle range of all specified storage
capacity options.

Process equipment construction and dismantling cost estimates were produced by breaking
down costs on a per tank basis plus costs which are fixed for all facility options. This allows the
cost estimate for any facility option to be calculated for any combination of storage tank capacity
or code classification.

Building structure, utilities, facilities and dismantling cost estimates were produced for each of
eight (8) storage building footprints according to the total number of storage tanks as follows:

4 tanks,

8 tanks,

11 tanks,

14, 15 & 16 tanks
17, 18 & 19 tanks,
21 tanks,

27 tanks,

31 tanks.

As building equipment, such as heating ventilation and air conditioning systems, does not scale
by the number of storage tanks, cost estimates and dismantling estimates for the building
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facilities and support systems were produced for each one of these eight building footprints. A
layout drawing showing these options is included in the appendices.

During the production of this cost estimate no site visit specific to this project were undertaken.

Supplier quotations were obtained for the following equipment:

100 Mg tanks, Class 3 and Class 6 (quotes received from two suppliers)
150 Mg tanks, Class 3 and Class 6 (quotes received from two suppliers)
Transfer pumps (canned pumps),

Process isolation valves, Class 3 and Class 6,

Heavy water loading arms,

Process piping, Class 3 and Class 6,

SAM monitor,

HVAC equipment,

Electrical components (transformers, switch gear)

Mobile crane for tanks installation, dismantling,

Instrument air and breathing air system components.

Copies of quotations for major equipment, such as the storage tanks and valves, are included in
Appendix B.

Note: tank quotes are on a per tank basis. A 7% discount was quoted for quantity greater than
4 tanks by one of the storage tank suppliers. This discount has not been considered in the cost
estimates.
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6. RESULTS

6.1 SUMMARY OF COST ESTIMATES

The following is a summary of the construction and dismantling costs estimates. Detailed results
are shown Appendix C and the associated costing spreadsheet (MS Excel file) provided to OPG
with this report.

Table 4: Cost Estimate Summary for CASE A: 100% Class 3 Tanks

CASE A-100% Class 3 Tanks
#Tanks Construction Dismantling Conventional | Nuclear
Class 3 Cost Estimates Cost Waste Waste
100 Mg | 150 Mg | Total (M$) (M$) (m?) (m°)
Option 1
PA 10 8 18 46.1 2.8 9,507 2,575
PB 10 8 18 46.1 2.8 9,507 2,575
DA 20 11 31 65.9 4.2 14,021 4,209
BA 16 11 27 60.3 3.8 13,146 3,756
BB 16 11 27 60.3 3.8 13,146 3,756
Option 2
PA 10 8 18 46.1 2.8 9,507 2,575
PB 10 8 18 46.1 2.8 9,507 2,575
DA 7 7 14 40.0 2.4 8,777 2,075
BA 10 9 19 47.7 2.9 9,508 2,733
BB 16 11 27 60.3 3.8 13,146 3,756
Option 3
PA 10 7 17 44.5 2.7 9,506 2,417
PB 10 7 17 44.5 2.7 9,506 2,417
DA 5 3 8 28.9 1.7 7,319 1,170
BA 8 7 15 41.4 2.5 8,778 2,184
BB 11 10 21 49.2 3.1 11,688 3,019
Option 4
PA 9 5 14 40.0 2.4 8,777 1,976
PB 9 5 14 40.0 2.4 8,777 1,976
DA 2 2 4 23.0 1.3 6,589 670
BA 6 5 11 33.8 2.0 8,048 1,612
BB 9 7 16 42.0 2.6 8,779 2,292
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Table 5: Cost Estimate Summary for CASE B: 50% Class 3 Tanks, Remainder Class 6
Tanks
CASE B- ~50% Class 3 Tanks, remainder Class 6 Tanks
Class 3 Class 6 Class 3 Class 6 Construction
100 Mg 100 Mg 150 Mg 150 Mg Total Cost Estimates
Option 1 (M$)
PA 5 5 4 4 18 42.7
PB 5 5 4 4 18 42.7
DA 10 10 6 5 31 60.4
BA 8 8 6 5 27 554
BB 8 8 6 5 27 55.4
Option 2
PA 5 5 4 4 18 42.7
PB 5 5 4 4 18 42.7
DA 4 3 4 3 14 37.6
BA 5 5 5 4 19 442
BB 8 8 6 5 27 55.4
Option 3
PA 5 5 4 3 17 41.5
PB 5 5 4 3 17 41.5
DA 3 2 2 1 8 27.7
BA 4 4 4 3 15 38.6
BB 6 5 5 5 21 454
Option 4
PA 5 4 3 2 14 37.6
PB 5 4 3 2 14 37.6
DA 1 1 1 1 4 22.2
BA 3 3 3 2 11 32.0
BB 5 4 4 3 16 39.3
The level of uncertainty in the major cost categories are presented in Table 6. The labour effort
is believed to have the highest level of uncertainty followed by electrical materials. In most
projects electrical and instrumentation is a large risk factor. Material costs uncertainties are
generally lower due to availability of manufacturer quotes. Design has the lowest level of
uncertainty because the building and process are straightforward and are not integrated with
other facilities.
Confidential & Proprietary to KINECTRICS INC. Page 17 of 87
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Table 6: Level of Uncertainty in the Cost Estimates

Level of Uncertainty in the Cost Estimate
Design Materials Labour
Building Structural | Electrical | Mechanical | D20 Tanks | Building | Process
Low (%) -10 -10 -15 -10 -15 -20 -25
High (%) | +15 +25 +35 +20 +20 +50 +50

6.2 CONSTRUCTION COST ESTIMATES

The construction cost estimates were produced using a spreadsheet program.

e All cost estimates are in Canadian dollars (2010),

e As imperial units are commonly used as the basis for costing and materials estimating in
the construction industry, conversions have been made for reporting in metric units,

e The assumptions are specified on a worksheet in the spreadsheet,

o Workflow process is shown on the Costing Overview worksheet,

o Process equipment costs are determined using a combination of costs dependent on the
number of tanks and costs independent of humber of tanks to allow scaling of process
equipment costs for number of tanks,

e Building costs are shown for each of eight (8) building footprints covering all storage
facility options.

6.3

FACILITY DISMANTLING ESTIMATES

High level estimates were produced for cost and resultant waste volume at the end of life for
each facility option. Results are shown in the costing spreadsheet provided to OPG with this

report.

Equipment and materials are categorized as either nuclear waste or conventional waste
depending upon its function and potential exposure to tritiated water. To reduce the volume of
nuclear waste due to the high cost of disposal, it is assumed equipment and materials in this
category are packaged with a higher degree of care compared to conventional waste.

At the end of facility life, equipment and materials assumed to be nuclear waste includes:
storage tanks, heavy water process equipment, piping and instruments, tank vent piping,
containment dikes, active drainage system, sump pumps, sumps and the top 10 cm layer of
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concrete slab. Conventional waste includes components and materials such as: building
envelope components, building structural steel, catwalks, stairways, electrical equipment, HVYAC
system, tritium area monitors and the cover gas supply system.

Volume minimization has not been considered. For example, it is estimated the resultant volume
per tank would be 15% of original volume, if compacted. The effort of cutting tanks into smaller
pieces has not been considered in the cost estimates.

The cost estimate excludes working in a protected area with its associated radioactive work
practices, decontamination, and nuclear waste disposal (packaging, transportation, final
storage).

To reduce the volume of nuclear waste, contaminated components can be placed into opened
storage tanks for disposal or alternatively the storage tanks and other equipment can be
compacted. Compaction has not been considered in the overall waste volume estimates.

7. COST COMPARISON

A previous construction cost estimate produced by Kinectrics for addition of four (4), Class 3,
100 Mg tanks at Darlington in an extension to the Heavy Water Management building was 27.1
M$ (2006)". If costs for interest, OPG field management and OPG project management costs
are excluded the total cost estimate of construction for this project was ~21 M$ (2006). This cost
estimate included additional costs for engineering changes to an existing facility.

The cost estimate produced in 2006 is in the same vicinity of the construction cost estimate
produced herein for a four (4), Class 3, tank storage facility consisting of two (2), 100 Mg tanks
and two (2), 150 Mg tanks (Option 4- DA, Case A) of 23 M$ (2010).

! Kinectrics Report K-012667-001-RA-0001-R01, March 2007, OPG Heavy Water Storage Management
and Drum Handling — Study of Preferred Solution.
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Heavy Water Storage Facility
K-015634-GA-0001 Rev 00

Reference case layout -18 siorage tanks (10 X 100 Mg & B x 150 Mg= 2200 Mg)
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APPENDIX B - COSTING ASSUMPTIONS

. | General

1 | The storage facilities are stand-alone facilities which are not required to interface with other systems or
structures at site.

2 During construction, a construction island separated from the site, shall be temporarily erected. Within this
construction island, controlled by the general contractor and not OPG, construction work proceeds as if it is a
general commercial building.

3 | Being a new facility, no engineering change (ECC) process is applied to the design and construction activities.

4 | Local work force assumed (no per diem expenses)

5 | The storage facilities are to be equipped with the following facilities:

Building floor sumps,

Heavy water loading/ unloading bay for tanker truck, drums, TDO packages and ISO containers,

Drum handling facility for loading /unloading,

Cover gas system equipped with vent condenser for vapour recovery,

Tritium in air monitoring and tritium stack monitoring,

Active drainage system,

Heavy water spill recovery equipment (i.e. sumps, pumps, and hoses),

Hand and foot radiation monitors and a small article monitor (SAM),

Storage cabinets for PPE and supplies,

Washrooms and emergency shower

6 | The storage facilities do not include the following:

External monitoring (e.g. environmental, well monitoring),

Drum storage area,

Drum cleaning facility,

Dryers for building atmosphere detritiation,

Change rooms and showers,

Building security,

Loading dock,

Ground water monitoring wells in the vicinity of the heavy water storage facilities.

Il. | Facilities

1 | As storage and handling of heavy water within the facilities is at ambient temperature, no pipe lagging is
required.

2 | Entire storage building is zone 3 area.

3 | A 3.5 m corridor is provided around the storage tanks containment dike for equipment access.

4 | Catwalks are used to provide access to the top of tanks for inspection and maintenance of equipment located
above the level of the storage tanks (e.g. vent recovery condenser and instruments).

5 | No overhead crane is required. Catwalks and mobile cranes (rental) are used for maintenance.

6 | Analytical Laboratory fume hoods, analysis equipment for tritiated heavy water is the responsibility of OPG. The
lab has been costed as unfinished space. The cost of analytical equipment is not included in this estimate. A 500
sq ft laboratory space with ventilation for two (2) fume hoods will be provided.

7 | All drum handling is performed using a dolly or forklift truck. Cranes are not used.
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8 | The drum transfer area is equipped to unload up to four (4) drums at once. A ventilation hood is provided in this

area.

9 | The storage tanks containment dike shall have sufficient capacity to contain the heavy water stored in one tank
of the highest storage capacity,

10 | The containment dike is subdivided into up to 3 parts to reduce the spread of contamination in the event of a
spill.

11 Ap10 cm high containment dike surrounds the transfer bay.

12 | Ventilation system would be sized to provide minimum of 4 air changes per hour for the storage tanks, transfer
bay and drum transfer area.

13 | Buildings are maintained at slightly negative pressure (-50 Pa) with respect to ambient

14 | Make up air unit fan and exhaust fan are 2 speed fans. Low speed to be for normal operation (No leak situation)
as required by ASHRAE 62, high speed would be for leak situation (High speed would be activated by tritium
monitors signal to provide 4 ACH).

15 | Ventilation to the storage building consists of make-up air unit (100% outside air) located in the penthouse and
ducted to the storage. Exhaust air distribution system in the storage building connected to an exhaust fan
located in the penthouse that exhaust air to the outside thru a stack.

16 | Building designed to climatic data as per clause 1.1.3 NBC (2005) geotechnical parameters not known.

17 | Assumed bearing capacity of 150 kPa for design of footings.

18 | Underside of all footings assumed 1.2 m deep below grade for frost protection.

19 | Reference ground condition used for determination of seismic hazard for design of building and foundation
(excludes tank foundation) is site class C (NBC 2005 Clause 4.1.8.4)

20 | The building height of the storage tanks containment dike is 700 mm for all storage options.

21 | The building height to the underside of the transfer bay roof truss is 12 m

22 | The height to the underside of the storage area roof truss is 16 m

23 | Materials and labour for the shared support for the transfer bay and storage tank area is tabulated under the
ancillary building

lll. | Heavy Water Storage Tanks

1 | Singly contained storage tanks are used for storage of heavy water.

2 | Storage tanks are vertical orientation.

3 | All storage tanks are located on a single level.

4 | Storage tanks are required to be seismically qualified.

5 | For each facility option, ~50% of heavy water is stored in 100 Mg tanks, the remainder is stored in 150 Mg tanks.

6 | Class 3 valves are used for instrument isolation on class 3 tanks.

7 | Class 6 valves are used for instrument isolation on class 6 tanks.

8 | Installed storage capacity for each facility includes 10% surplus capacity.

9 | No volume discount on tank prices are assumed for multiple tanks.

10 | No sight glasses are provided on storage tanks.

11 | A beetle to detect heavy water spills is positioned beneath each tank.

12 | Heavy water inventory is determined by the level transmitters. An intermediate weigh tank is not required.

13 | Space to be allowed for up to two (2) 100 Mg storage tanks for each facility option. Facilities having up to 11
tanks will have space for one (1) extra 100 Mg tank.

IV. | Process Equipment

1 | Isolation valves on heavy water process piping are class 3 valves.
2 | No radiation shielding is required on any equipment.
3 | Drip pans to be used for drum transfers and D20 sampling to contain small spills.
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4 | Heavy water is sampled from the discharge header of the transfer pumps.

V. | Utilities and Auxiliary Systems

1 | Electrical power is provided by the grid during construction and operation

2 | Back-up power for storage facility ventilation, compliance monitors and instrumentation supplied by diesel
generator.

3 | Electric heating equipment is used for space heating of buildings.

4 | Ventilation to the storage building consists of make-up air unit (100% outside air) located in the penthouse and
ducted to the storage area and transfer area, drum type diffusers capability of long throw of air to be mounted on
the side of the duct (Two runs of ducts). Exhaust air distribution system in the storage building connected to an
exhaust fan located in the penthouse that exhausts air to the outside thru a stack. One run of exhaust duct
located in the middle of the storage room.

5 | ventilation ducting is stainless steel

6 | Breathing air system is required for use of plastic suits during maintenance and spill clean-up.

7 | The active drainage system is provided for the lab floor drain, lab sink and drum transfer area floor drain.

8 | Asilica gel drum trap is used to determine heavy water emissions from the cover gas system.

VI. | Storage Facility Dismantling

1 | Atthe end of life, dismantling includes removal of all equipment and buildings. All equipment and material will be
waste and will not be salvaged.

2 | Waste volume estimates are high level approximations

3 | Piping will be chopped up into reasonably straight sections during dismantling to reduce the volume of waste.

4 | All necessary decontamination has been performed by OPG prior to dismantling equipment and facilities

5 | Top 10 cm of concrete slab in dike containment, transfer bay and drum transfer facility and all containment dike
materials is considered nuclear waste

6 | All D20 storage and handling equipment (i.e. wetted by D20) is considered nuclear waste

7 | Waste categorized as nuclear waste will be deposited into waste containers with some degree of care to
minimize volume

8 | All decontamination has been performed by OPG prior to dismantling.

9 | All equipment and material will be waste and will not be salvaged.

10 | An option is to place all process equipment categorized as nuclear waste in open end of storage tanks,
remaining tanks can be compacted

11 | In the event storage tanks are compacted for volume reduction, estimated resultant volume per tank is 15% of
original volume

12 | Dismantling costs does not include a premium for working within the OPG security fence and contaminated

facility, factor of 2 to be applied
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CASE A- 100% Class 3 Tanks
#Tanks Construction | Dismantling | Conventional Nuclear Construction Cost Estimates - Case A
Class 3 Cost Estimat Cost Waste Waste
100 Mg 150 Mg Total ($M) ($M) (m%) (m%) @ Option 1 D Option 2 DOption 3 OOption 4
Option 1 70.0
PA 10 8 18 46.1 2.8 9,507 2,575 —
PB 10 8 18 46.1 2.8 9,507 2,575 60.0
DA 20 11 31 65.9 4.2 14,021 4,209
BA 16 11 27 60.3 3.8 13,146 3,756 s 500 —
BB 16 11 27 60.3 338 13,146 3756 S 400 |
Option 2 e
Ll
PA 10 8 18 46.1 2.8 9,507 2,575 c 300 =
PB 10 8 18 46.1 2.8 9,507 2,575 :g 200 |
DA 7 7 14 40.0 24 8,777 2,075 e .
BA 10 9 19 477 2.9 9,508 2,733 S 100 |
BB 16 11 27 60.3 3.8 13,146 3,756
0.0 " " " T
Option 3
PA 10 7 17 445 2.7 9,506 2,417 Locations
PB 10 7 17 44.5 2.7 9,506 2,417
DA 5 3 8 28.9 1.7 7,319 1,170
BA 8 7 15 414 25 8,778 2,184
BB 11 10 21 492 31 11,688 3,019 Construction Cost Estimates - Case B
Option 4 OOption 1 OOption 2 OOption 3 OOption 4
PA 9 5 14 40.0 24 8,777 1,976 70.0
PB 9 5 14 40.0 24 8,777 1,976
DA 2 2 4 23.0 13 6,589 670 60.0 —
BA 6 5 11 33.8 2.0 8,048 1,612 ‘5: 50.0
BB 9 7 16 42.0 26 8,779 2,292 & 100 | pE
CASE B- ~50% Class 3 Tanks, remainder Class 6 Tanks & ]
Class 3 Class 6 Class 3 Class 6 Construction H] 30.0 1
100 Mg 100 Mg 150 Mg 150 Mg Total Cost Esti T 20.0 |
Option 1 ($M) g 10.0
PA 5 5 4 4 18 42.7 o ’
PB 5 5 4 4 18 42.7 0.0 T T T T
DA 10 10 6 5 31 60.4 i
BA 8 8 6 5 27 554 Locations
BB 8 8 6 o) 27 55.4
Option 2
PA o) 5 4 4 18 42.7
PB o) 5 4 4 18 42.7
DA 4 3 4 3 14 37.6
BA o) 5 o) 4 19 44.2
BB 8 8 6 o) 27 55.4
Option 3
PA o) 5 4 3 17 41.5
PB o) 5 4 3 17 41.5
DA 3 2 2 1 8 27.7
BA 4 4 4 3 15 38.6
BB 6 5 o) o) 21 454
Option 4
PA o) 4 3 2 14 37.6
PB o) 4 3 2 14 37.6
DA 1 1 1 1 4 22.2
BA 3 3 3 2 11 32.0
BB o) 4 4 3 16 39.3
Notes:

Case A- 100% class 3 tanks

Case B-~50% class 3, ~50% class 6 tanks
All costs expressed in 2010 $CAN

Case B dismantling is identical to Case A

Summary
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CASE A-100% Class 3 Tanks

#Tanks CAN $ 2010
Class 3 DESIGN MATERIALS CONSTRUCTION LABOUR Labour Total TOTAL PROJECT COST Construction Labour
100 Mg | 150 Mg | Total Total Design Building Structural Electrical Mechanical D20 Tanks Total Materials Building Labour Process Labour (hours)
Option 1
PA 0 8 ,391,00¢ 3 ,016,99 ,246,060 4,175,000 0,895 5,701,377 7,641,62 ,343,000 46,094,904 50,264
PB 0 8 ,391,00¢ 3, ,016,99 ,246,060 4,175,000 0,895 5,701,377 7,641,62 ,343,000 46,094,904 50,264
DA 0 ,811,2 4,856,4 ,733,07 1,647,02 3,415,000 43,651,516 ,976, 1,487,782 ,463,934 5,926,733 204,129
BA 6 ,712,0 4,664,12 ,432,12 0,594,74 0,895,000 5,997 ,682, 0,293,714 ,976, 0,274,670 88,737
BB 6 7 ,712,0 4,664,12 ,432,12 0,594,74 0,895,000 5,997 ,682,9: 0,293,714 ,976, 0,274,670 88,737
Option 2|
PA 10 8 8 ,391,00¢ 839 ,016,99 8,246,060 4,175,000 9,360,895 5,701,377 7,641,62 ,343,000 46,094,904 0,264
PB 10 8 8 ,391,00¢ 839 ,016,99 8,246,060 4,175,000 9,360,895 ,701,377 7,641,62 ,343,000 46,094,904 0,264
DA 7 7 4 ,282,14 ,682,770 ,787,14 7,172,806 1,305,000 4,947,720 365,203 6,447,55¢ ,812,759 40,042,621 4,290
BA 10 9 9 ,391,00¢ 839 ,043,39 8,500,42 5,155,000 0,621,663 ,701,377 7,936,300 ,637,677 47,650,349 3,260
BB 16 il 7 ,712,01 4,664,121 ,432,12 10,594,749 0,895,000 9,585,997 ,682,939 10,293,714 6,976,653 60,274,670 8,737
Option 3|
PA 10 7 17 ,391,00 ,990, 7,991,692 3,195,000 8,100,127 5,701,377 7,346,946 3,048,324 44,539.4 47,268
PB 10 7 17 ,391,00 ,990, 7,991,692 3,195,000 8,100,127 5,701,377 7,346,946 3,048,324 44,539.4 47,268
DA 5 3 8 ,934,82 ,865, ,545, 5,485,150 ,125,000 7,021,200 4,304,730 4,679,495 ,984,2. 28,940,2 03,747
BA 8 7 15 ,282,14 ,682,770 ,909,54 7,427,174 1,935,000 5,954,488 5,365,203 6,757,593 2,122,796 41,359.4 37,286
BB " 10 21 ,511,77 4,168,107 ,745, 9,017,136 6,765,000 2,696,097 4,584,330 ,448,854 3,033,183 49,241,0! 57,727
Option 4
PA 14 ,282,14 ,682,770 ,787,14 7,172,806 1,305,000 24,947,720 65,20 ,447,55 11,812,759 40,042,62 34,290
PB 14 ,282,14 ,682,770 ,787,14 7,172,806 1,305,000 24,947,720 65,20! ,447,55 11,812,759 40,042,62 34,290
DA 4 ,819,81 ,569,355 ,411,69 4,458,420 ,255,000 2,694,467 ,945,81 ,500,78 7,446,601 22,960,87' 7,4
BA 1 ,195,595 ,270,61 6, 234 ,715,000 20,516,446 4,748,14! 02,08 10,250,231 ,847.,01 17,992
BB 16 ,282,142 ,682,770 ,455,943 7,681,542 2,565,000 26,385,256 5,365,20: 6,975,470 12,340,672 42,008,070 40,282

Cost Breakdown
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CASE B- ~50% Class 3 Tanks, remainder Class 6 Tanks
#Tanks CAN $ 2010
Class 3 | Class 6 [Class 3| Class 6 DESIGN MATERIALS CONSTRUCTION LABOUR Labour Total TOTAL PROJECT COST Construction Labour
100 Mg | 100Mg | 150 Mg | 150 Mg Total Design Building Structural Electrical Mechanical D20 Tanks Total Materials Building Labour Process Labour (hours)
Option 1
PA 5 5 4 4 ,391,00¢ 3 ,016,99 ,484,580 ,610,000 ,034,415 5,701,377 7,598,855 00, 42,725,6! 48,857
PB 5 5 4 4 ,391,00¢ 3 ,016,99 ,484,580 ,610,000 ,034,415 5,701,377 7,598,855 42,725,6! 48,857
DA 10 10 5 ,811,2 4,856,4 ,733,07 ,613,3 ,000,000 202,856 ,976, 1,416,50; ,392,654 0,406,7' 86,866
BA 8 8 5 ,712,0 4,664,12 ,432,12 ,952,5. ,720,000 4,768,777 ,682, 0,231,93: ,914,877 5,395,674 86,704
BB 8 8 5 ,712,0 4,664,12 ,432,12 7,952,5. ,720,000 4,768,777 ,682.9: 0,231,93 ,914,877 5,395,674 75,195
Option 2|
PA 5 4 4 ,391,00¢ 839 ,016.9 ,484,580 2,610,000 26,034,415 ,701,377 7,598,855 00,232 42,725,6! 48,857
PB 5 4 4 ,391,00¢ 839 ,016,9¢ ,484,580 2,610,000 26,034,415 ,701,377 7,598,855 2 42,725,6! 48,857
DA 4 4 3 ,282,14 ,682,770 ,787,14 ,802,7 0,230,000 22,502,680 365,203 6,419,044 ,784,247 37,569,0 33,
BA 5 4 ,391,00¢ 839 ,043, ,641,0: 0,000 27,197,323 ,701,377 7,893,532 ,594,909 44,183,24 51,
BB 8 6 5 ,712,01 4,664,121 ,432,12 ,952,5: 8,720,000 34,768,777 ,682,939 10,231,938 ,914,877 55 674 75,
Option 3|
PA 4 ,391,009 ,922, ,990, 6,328,072 1,880,000 5,121,507 5,701,377 7,308,930 3,010,308 41,522,823 46,017
PB 4 ,391,009 ,922, ,990,! 6,328,072 1,880,000 25,121,507 5,701,377 7,308,930 3,010,308 41,522,823 46,017
DA 2 ,934,825 ,865, ,545, 4,702,270 ,670,000 ,783,320 4,304,730 4,649,879 ,954,610 27,672,755 03,27
BA 4 4 4 ,282,142 ,682,770 ,909,54 959,274 0,740,000 23,291,588 5,365,203 6,708,969 2,074,172 8,647,901 36,19
BB 6 5 ,511,779 4,168,107 ,745, 6,962,076 4,950,000 8! 7 4,584,330 ,478,134 3,062,463 45,400,279 56,16
Option 4
PA 4 2 ,282,14 ,682,770 ,787,14 5,802,766 0,230,000 22,502,680 65,20: ,419,044 11,784,247 7,569,06! 33,352
PB 4 2 ,282,14 ,682,770 ,787,14 5,802,766 0,230,000 22,502,680 65,20 ,419,044 11,784,247 7,569,068 33,352
DA ,819,81 ,569,355 ,411,69: 4,066,980 920,000 ,968,027 ,945,81 ,475,924 7,421,737 2,209,57! 7,147
BA 2 ,195,595 ,270,61 5,258,774 ,890,000 ,614,986 4,748,14! 5,539,766 10,287,911 ,983,23 17,210
BB 4 4 ,282,142 ,682,770 ,455,943 6,115,782 11,370,000 23,624,496 65,20: 7,003,646 12,368,848 ,275,48 39,187

Cost Breakdown
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System Installation | Total Material | Installation Total
(total effort) Cost Cost Cost
(hours) ($) (%) ($)
COST DEPENDENT ON # TANKS
Class 3 Tank Cost (per tank)
D20 Tanks
100 Mg Class 3 Tanks (inc. shipping) 160 $ 630,000 | $ 12,800 | $ 642,800
150 Mg Class 3 Tanks (inc. shipping) 160 $ 980,000 [ $ 12,800 | $ 992,800
Seismic Design Charge (per tank design) $ 35,000 $ 35,000
Contingency 32 $ - $ 2,560 | $ 2,560
Tank Valves
All valves 252 $ 135,000 | $ 20,160 | $ 155,160
Contingency 50 $ 27,000 | $ 4,032 | $ 31,032
Process Piping
All piping 273 $ 27,300 | $ 21,840 | $ 49,140
Contingency 55 $ 5460 | $ 4,368 | $ 9,828
Process Instrumentation
Tank level&Beetles 120 $ 22,000 | $ 9,600 | $ 31,600
Contingency 24 $ 4,400 | $ 1,920 | $ 6,320
Commissioning
Cost per tank 48 $ 3,840 | $ 3,840 | $ 7,680
Contingency 10 $ 7681 % 7681 % 1,536
Total Installation Effort per Class 3 tank 1126
Total Cost of Aux. per Class 3 tank $ 225,768 | $ 74,717 | $ 300,485
Class 6 Tank Cost (per tank)
D20 Tanks
100 Mg Class 6 Tanks (inc. shipping) 160 $ 510,000 | $ 12,800 | $ 522,800
150 Mg Class 6 Tanks (inc. shipping) 160 $ 730,000 | $ 12,800 | $ 742,800
Seismic Design Charge (per tank design) $ 35,000 | $ - $ 35,000
Contingency 32 $ - $ 2,560 | $ 2,560
Tank Valves
All valves 220 $ 55,400 | $ 17,600 | $ 73,000
Contingency 44 $ 11,080 | $ 3,520 | $ 14,600
Process Piping
All piping 260 $ 25,350 | $ 20,800 | $ 46,150
Contingency 52 $ 5070 | $ 4,160 | $ 9,230
Process Instrumentation
Tank level & Beetles 120 $ 22,000 | $ 9,600 | $ 31,600
Contingency 24 $ 4,400 | $ 1,920 | $ 6,320
Commissioning
Cost per tank 48 $ 3,840 | $ 3,840 | $ 7,680
Contingency- 10% 10 $ 768 | $ 768 | $ 1,536
Total Installation Effort per Class 6 tank 970
Total Cost of Aux. per Class 6 tank $ 127,908 | $ 69,965 | $ 197,873
Area Tritium Monitors
Area tritium monitor 160 $ 80,000 | $ 12,800 | $ 92,800
Contingency 32 $ 16,000 | $ 2,560 | $ 18,560
Total area tritium monitors /array of tanks rows 192 $ 96,000 | $ 15,360 | $ 111,360
On Site Variable Costs
Installation QA/scaffolding/crane 1496 $ 44000 | $ 119,680 | $ 163,680
Contingency 374 $ 11,000 | $ 29920 [ $ 40,920

Process Equipment Summary
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COST INDEPENDENT OF # TANKS
Instrumentation
All Instrumentation 2253 $ 942040 [ $ 180,260 [ $ 1,122,300
Contingency 451 $ 188,408 | $ 36,052 | $ 224,460
D20 spill recovery system
Sumps/valves/piping 3516 $ 54,400 | § 281,280 | $ 335,680
Contingency 703 $ 6,880 | $ 56,256 | $ 63,136
D20 Transfer pumps
Pumps, piping, valves 4238 $ 1,170,200 | $ 339,040 | $ 1,509,240
Contingency 848 $ 234,040 | $ 67,808 | $ 301,848
D20 Transfer- package & drums
Facility/piping/hosing/loading arm/fittings/supports 2918 $ 421,100 | $§ 233,440 | $ 654,540
Contingency 424 $ 52,220 | $ 33,888 | $ 86,108
Cover gas system
Valves, piping,condensor, vapour trap, valves 2224 $ 411,300 | $ 177,920 | $ 589,220
Contingency 315 $ 56,260 | $ 25,184 | $ 81,444
Miscellaneous
Mechanical equipment, fasteners 4000 $ 200,000 [ $ 320,000 | $ 520,000
Contingency 800 $ 40,000 | $ 64,000 | $ 104,000
Commissioning 960 $ - $ 76,800 | $ 76,800
QA 800 $ - $ 64,000 | $ 64,000
Contingency (Commissioning & QA) 352 - $ 28160)| % 28,160
Site clean-up/ waste disposal
Total (24 weeks) 740 $ 20,000 | $ 59,200 | $ 79,200
Contingency 148 $ 4,000 | $ 11,840 | $ 15,840
Total Fixed Cost Tasks 29218 $3,800,848| $2,260,641 $6,061,489
Labour-Process Equipment Quantity Cost
(hours) ($)
Engineering Design Cost
Total 5625 $703,125
Instrumentation & Control&Elect Design
Total 1025 $128,125
Drafting & Sketches
Total 1000 $125,000
QA- design (10% of total design) 750 $ 93,750
Procurement (10% of total design) 750 $ 93,750
Project Management (10% of total design+QA+Procurement) 915 $ 114,375
Contingency on QA/Procurement/PM) 2013 $ 251,625
Total Design & Procurement Costs 12,078 [ $ 1,509,750
Total Fixed Costs $ 7,571,239

Notes
All costs in 2010 CAN$

Estimated number of installations (major equipment only) during 50 year design life of the facility

Maintenance costs and spares not included
Installation effort includes NDE

Procurement includes incoming inspection of materials and equipment

Assumed labour rate of $80/h
Assumed professional rate of $125/h

Process Equipment Summary
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Site Estimated Storage | Storage Capacity No. Tanks No. Tanks No. Tanks Total Volume Total Volume Total Storage Exce: Exce: 50% Class 3, 50% Class 6 tanks No.
(inc. 10% surplus) 100 Mg 150 Mg Total 100 Mg tanks 150 Mg tanks Capacity Capacity % class 3 | class 6 | class 3 | class 6 | Area Tritium
(Mg) (Mg) (Mg) (Mg) (Mg) (Mg) 100 Mg | 100 Mg [ 150 Mg | 150 Mg Monitors
Option 1
PA 1994 2193 10 8 18 1000 1200 2200 206 10% 5 5 4 4 5
PB 1989 2188 10 8 18 1000 1200 2200 211 11% 5 5 4 4 5
DA 3282 3610 20 11 31 2000 1650 3650 368 11% 10 10 6 5 6
BA 2918 3210 16 11 27 1600 1650 3250 332 11% 8 8 6 5 5
BB 2930 3223 16 11 27 1600 1650 3250 320 11% 8 8 6 5 5
Option 2
PA 1994 2193 10 8 18 1000 1200 2200 206 10% 5 5 4 4 5
PB 1989 2188 10 8 18 1000 1200 2200 211 11% o} o} 4 4 5
DA 1582 1740 7 7 14 700 1050 1750 168 11% 4 3 4 3 4
BA 2118 2330 10 9 19 1000 1350 2350 232 11% 5 5 5} 4 5
BB 2930 3223 16 11 27 1600 1650 3250 320 11% 8 8 6 5 5
Option 3
PA 1869 2056 10 7 17 1000 1050 2050 181 10% 5) 5) 4 3 5)
PB 1864 2050 10 7 17 1000 1050 2050 186 10% 5) 5) 4 3 5)
DA 799 879 5 3] 8 500 450 950 151 19% 3 2 2 1 3
BA 1652 1817 8 7 15 800 1050 1850 198 12% 4 4 4 3 4
BB 2329 2562 11 10 21 1100 1500 2600 271 12% 6 5 5 5 5
Option 4
PA 1504 1654 9 5 14 900 750 1650 146 10% 5 4 3 2 4
PB 1499 1649 9 o) 14 900 750 1650 151 10% 5 4 3 2 4
DA 415 457 2 2 4 200 300 500 85 20% 1 1 1 1 3
BA 1186 1305 6 5 11 600 750 1350 164 14% 3 3 3 2 4
BB 1728 1901 £ 7 16 900 1050 1950 222 13% 5 4 4 3 4
Notes

1
2

Storage capacity represents 110% of estimated heavy water storage requirements for each facility
Number of tanks determined to attain ~50% volume in 100 Mg tanks, remainder in 150 Mg tanks

Tank Quantity





Construction Costs

Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110
Kinectrics Project Number: K-015634

Total .
Number of tanks Total Design Construction Material Value el CEmEE o
Value Value Labour (hours)
4 $1,310,061 $ 9,926,319 | $ 4,670,445 | $ 3,945,813 46258
8 $1,425,075 $ 10,777,432 | $ 5,047,626 | $ 4,304,730 50561
11 $1,570,587 $ 11,871,597 | $ 5,552,865 | $ 4,748,145 55819
14, 15, and 16 $1,772,392 $ 13,385,643 | $ 6,248,048 | $ 5,365,203 63128
17,18 and 19 $1,881,259 $ 14,197,062 | $ 6,614,425 | $ 5,701,377 67119
21 $2,002,029 $ 15,113,552 | $ 8,527,193 | $ 4,584,330 65594
27 $2,202,269 $ 16,605,414 | $ 7,720,207 | $ 6,682,939 78628
31 $2,301,533 $ 17,366,918 | $ 8,089,233 | $ 6,976,152 82036
Dismantling Costs
Total
Number of tanks Construction Material Value Labour Value :'ha:;l;;
Value
4 $ 351,640 | $ 70,328 | $ 281,312 3516
8 $ 394,027 | $ 78,805 | $ 315,221 3940
11 $ 440,878 | $ 88,176 | $ 352,702 4409
14,15, and 16 $ 530,131 | $ 106,026 | $ 424,105 5301
17,18 and 19 $ 572,523 | $ 114,505 | $ 458,018 5725
21 $ 619,379 | $ 123,876 | $ 495,503 6194
27 $ 704179 | $ 140,836 | $ 563,343 7042
31 $ 746,552 | $ 149,310 | $ 597,241 7466

Notes

1. Per diem for site work not included

2. Dismantling costs does not include a premium for working within the OPG security fence and contaminated facility, factor of 2 to be applied

Building Summary
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PROJECT NAME:  Kinectrics OPG Estimating - 4 Tank Layout
APITA O A PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10
TRADE OR ACTIVITY Total C\;’:Izte’“cm" Material Value Labour Value | Labour Hours (Hrs)
GROSS FLOOR AREA Sqg. m 1,296

General Requirements $461,058 $230,578 $230,480 3,073
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $344,457 $103,337 $241,120 3,215
Concrete Floor Finishing $237,004 $71,101 $165,903 2,212
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $485,583 $364,187 $121,396 1,619
Miscellaneous Metals $254,962 $191,221 $63,740 850
Steel Deck $34,867 $26,150 $8,717 116
Rough & Finish Carpentry $33,749 $6,750 $27,000 360
Architectural Woodworks $0 $0 $0 0
Siding $603,320 $301,660 $301,660 4,022
Fireproofing $52,030 $34,860 $17,170 229
Roofing $193,497 $129,643 $63,854 851
Re-Roofing - 15 Year Life Cycle $241,871 $162,053 $79,817 1,064
Re-Roofing - 30 Year Life Cycle $241,871 $162,053 $79,817 1,064
Hollow Metal Supply $26,272 $26,272 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $23,750 $23,750 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $238,289 $119,144 $119,144 1,589
Paint $88,431 $44,215 $44,215 590
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural $3,974,831 $2,234,222 $1,740,610 23,208
Mechanical $ 1,110,042 $670,042 $440,000 5,500
Electrical $ 1,163,085 $688,386 $474,699 5,233
Commissioning $62,480 $0 $62,480 658
SUBTOTAL $6,310,438 $3,592,650 $2,717,788 34,599
DESIGN CONTINGENCY (15%) $946,566 $538,897 $407,668 5,096
CONSTRUCTION CONTINGENCY (15%) $946,566 $538,897 $407,668 5,096
TOTAL COST OF THE WORK $8,203,569 $4,670,445 $3,533,124 44,791
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING
CONTINGENCY AND HST (0%) $8,203,569 $4,670,445 $3,533,124 44,791
GC/CM FEE (10%) $820,357 $0 $820,357 6,563
HST ON GC/CM FEE (0%) $0 $0 $0 $0
TOTAL CONSTRUCTION COST $9,023,926 $4,670,445 $4,353,481 51,353
ARCHITECTURAL/ENGINEERING FEES (10%) $902,393 $0 $902,393 7,219
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $9,926,319 $4,670,445 $5,255,874 58,573
Scope of Work: Construction of a new heavy water storage facility.
Additional Scope: The above estimate does not include for dismantling costs at the end of building life cycle.
Dismantling Costs | $351,640] $70,328] $281,312] 3,516

Notes:

1. Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not

included in the above estimate.

2. Costs are determined using 2010 Canadian Dollars.

. No 'Nuclear Factors' have been applied.

o O~ W

4 Tank Layout

. Soils have been assumed to be uniform throughout the three locations. Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
. Lab spaces have been assumed unfinished space.
. Exterior road and security fencing have not been allowed for.
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PROJECT NAME:  Kinectrics OPG Estimating - 8 Tank Layout
APITA O A PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10
TRADE OR ACTIVITY Total C\;’:Izte’“cm" Material Value Labour Value | Labour Hours (Hrs)
GROSS FLOOR AREA Sqg. m 1,444

General Requirements $495,839 $236,549 $259,290 3,457
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $373,925 $112,177 $261,747 3,490
Concrete Floor Finishing $277,055 $83,117 $193,939 2,586
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $577,489 $433,117 $144,372 1,925
Miscellaneous Metals $312,580 $234,435 $78,145 1,042
Steel Deck $38,854 $29,141 $9,714 130
Rough & Finish Carpentry $35,342 $7,068 $28,274 377
Architectural Woodworks $0 $0 $0 0
Siding $648,774 $324,387 $324,387 4,325
Fireproofing $59,008 $39,535 $19,473 260
Roofing $218,826 $146,614 $72,213 963
Re-Roofing - 15 Year Life Cycle $273,533 $183,267 $90,266 1,204
Re-Roofing - 30 Year Life Cycle $273,533 $183,267 $90,266 1,204
Hollow Metal Supply $26,847 $26,847 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $25,150 $25,150 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $286,138 $143,069 $143,069 1,908
Paint $93,301 $46,650 $46,650 622
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural $4,430,016 $2,491,636 $1,938,380 25,845
Mechanical $ 1,134,092 $678,092 $456,000 5,700
Electrical $ 1,219,570 $713,061 $506,508 5,610
Commissioning $67,837 $0 $67,837 714
SUBTOTAL $6,851,514 $3,882,789 $2,968,725 37,869
DESIGN CONTINGENCY (15%) $1,027,727 $582,418 $445,309 5,566
CONSTRUCTION CONTINGENCY (15%) $1,027,727 $582,418 $445,309 5,566
TOTAL COST OF THE WORK $8,906,968 $5,047,626 $3,859,342 49,002
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING 25,845
CONTINGENCY AND HST (0%) $8,906,968 $5,047,626 $3,859,342 49,002
GC/CM FEE (10%) $890,697 $0 $890,697 7,126
HST ON GC/CM FEE (0%) $0 $0 $0 $0
TOTAL CONSTRUCTION COST $9,797,665 $5,047,626 $4,750,039 56,128
ARCHITECTURAL/ENGINEERING FEES (10%) $979,767 $0 $979,767 7,838
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $10,777,432 $5,047,626 $5,729,806 63,966
Scope of Work: Construction of a new heavy water storage facility.
Additional Scope: The above estimate does not include for dismantling costs at the end of building life cycle.
Dismantling Costs | | $394,027] $78,805] $315,221] 3,940

Notes:

1. Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not

included in the above estimate.

2. Costs are determined using 2010 Canadian Dollars.

. No 'Nuclear Factors' have been applied.

o O~ W

8 Tank Layout

. Soils have been assumed to be uniform throughout the three locations. Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
. Lab spaces have been assumed unfinished space.
. Exterior road and security fencing have not been allowed for.
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PROJECT NAME:  Kinectrics OPG Estimating - 11 Tank Layout
APITA O A PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10
TRADE OR ACTIVITY Total C\;’:Izte’“cm" Material Value Labour Value | Labour Hours (Hrs)
GROSS FLOOR AREA Sqg. m 1,608

General Requirements $527,629 $239,529 $288,100 3,841
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $392,516 $117,755 $274,761 3,663
Concrete Floor Finishing $329,302 $98,790 $230,511 3,073
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $708,843 $531,633 $177,211 2,363
Miscellaneous Metals $350,002 $262,501 $87,500 1,167
Steel Deck $43,262 $32,446 $10,815 144
Rough & Finish Carpentry $37,437 $7,487 $29,949 399
Architectural Woodworks $0 $0 $0 0
Siding $711,027 $355,514 $355,514 4,740
Fireproofing $66,721 $44,703 $22,018 294
Roofing $246,508 $165,160 $81,348 1,085
Re-Roofing - 15 Year Life Cycle $308,135 $206,450 $101,684 1,356
Re-Roofing - 30 Year Life Cycle $308,135 $206,450 $101,684 1,356
Hollow Metal Supply $27,422 $27,422 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $26,550 $26,550 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $339,027 $169,514 $169,514 2,260
Paint $99,257 $49,629 $49,629 662
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural $4,935,592 $2,778,778 $2,156,814 28,758
Mechanical $ 1,257,727 $753,727 $504,000 6,300
Electrical $ 1,279,063 $738,929 $540,133 5,984
Commissioning $74,724 $0 $74,724 787
SUBTOTAL $7,547,105 $4,271,434 $3,275,671 41,828
DESIGN CONTINGENCY (15%) $1,132,066 $640,715 $491,351 6,142
CONSTRUCTION CONTINGENCY (15%) $1,132,066 $640,715 $491,351 6,142
TOTAL COST OF THE WORK $9,811,237 $5,552,865 $4,258,372 54,111
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING 28,758
CONTINGENCY AND HST (0%) $9,811,237 $5,552,865 $4,258,372 54,111
GC/CM FEE (10%) $981,124 $0 $981,124 7,849
HST ON GC/CM FEE (0%) $0 $0 $0 0
TOTAL CONSTRUCTION COST $10,792,361 $5,552,865 $5,239,496 61,960
ARCHITECTURAL/ENGINEERING FEES (10%) $1,079,236 $0 $1,079,236 8,634
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $11,871,597 $5,552,865 $6,318,732 70,594
Scope of Work: Construction of a new heavy water storage facility.
Additional Scope: The above estimate does not include for dismantling costs at the end of building life cycle.
Dismantling Costs | | $440,878] $88,176] $352,702] 4,409

Notes:

1. Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not
included in the above estimate.

2.
. No 'Nuclear Factors' have been applied.
. Soils have been assumed to be uniform throughout the three locations. Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
. Lab spaces have been assumed unfinished space.
. Exterior road and security fencing have not been allowed for.

o O~ W

Costs are determined using 2010 Canadian Dollars.

11 Tank Layout
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PROJECT NAME:  Kinectrics OPG Estimating - 15 & 16 Tank Layout
APITA O A PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10
TRADE OR ACTIVITY Total C\;’:Izte’“cm" Material Value Labour Value | Labour Hours (Hrs)
GROSS FLOOR AREA Sqg. m 1,920

General Requirements $570,803 $253,893 $316,910 4,225
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $419,689 $125,907 $293,782 3,917
Concrete Floor Finishing $394,660 $118,398 $276,262 3,683
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $823,035 $617,276 $205,759 2,743
Miscellaneous Metals $404,342 $303,257 $101,086 1,348
Steel Deck $51,658 $38,744 $12,915 172
Rough & Finish Carpentry $41,539 $8,308 $33,231 443
Architectural Woodworks $0 $0 $0 0
Siding $832,565 $416,283 $416,283 5,550
Fireproofing $81,415 $54,548 $26,867 358
Roofing $296,527 $198,673 $97,854 1,305
Re-Roofing - 15 Year Life Cycle $370,659 $248,342 $122,318 1,631
Re-Roofing - 30 Year Life Cycle $370,659 $248,342 $122,318 1,631
Hollow Metal Supply $28,572 $28,572 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $29,350 $29,350 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $439,783 $219,892 $219,892 2,932
Paint $110,763 $55,381 $55,381 738
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural $5,679,840 $3,202,409 $2,477,432 33,032
Mechanical $ 1,362,482 $818,482 $544,000 6,800
Electrical $ 1,383,051 $785,300 $597,750 6,615
Commissioning $84,254 $0 $84,254 887
SUBTOTAL $8,509,627 $4,806,191 $3,703,436 47,334
DESIGN CONTINGENCY (15%) $1,276,444 $720,929 $555,515 6,944
CONSTRUCTION CONTINGENCY (15%) $1,276,444 $720,929 $555,515 6,944
TOTAL COST OF THE WORK $11,062,515 $6,248,048 $4,814,467 61,222
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING 28,807
CONTINGENCY AND HST (0%) $11,062,515 $6,248,048 $4,814,467 61,222
GC/CM FEE (10%) $1,106,252 $0 $1,106,252 8,850
HST ON GC/CM FEE (0%) $0 $0 $0 0
TOTAL CONSTRUCTION COST $12,168,767 $6,248,048 $5,920,718 70,072
ARCHITECTURAL/ENGINEERING FEES (10%) $1,216,877 $0 $1,216,877 9,735
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $13,385,643 $6,248,048 $7,137,595 79,807
Scope of Work: Construction of a new heavy water storage facility.
Additional Scope: The above estimate does not include for dismantling costs at the end of building life cycle.
Dismantling Costs | | $530,131] $106,026] $424,105] 5,301

Notes:

1. Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not

included in the above estimate.

2. Costs are determined using 2010 Canadian Dollars.

. No 'Nuclear Factors' have been applied.

o O~ W

14, 15, 16 Tank Layouts

. Soils have been assumed to be uniform throughout the three locations. Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
. Lab spaces have been assumed unfinished space.
. Exterior road and security fencing have not been allowed for.
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PROJECT NAME:  Kinectrics OPG Estimating - 17,18,19 Tank Layout

APITA O A PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10
TRADE OR ACTIVITY Total C\;’:Izte’“cm" Material Value Labour Value | Labour Hours (Hrs)
GROSS FLOOR AREA Sqg. m 2,068

General Requirements $605,510 $259,790 $345,720 4,610
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $441,503 $132,451 $309,052 4121
Concrete Floor Finishing $434,526 $130,358 $304,168 4,056
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $800,008 $600,006 $200,002 2,667
Miscellaneous Metals $510,340 $382,755 $127,585 1,701
Steel Deck $55,646 $41,735 $13,912 185
Rough & Finish Carpentry $43,233 $8,647 $34,586 461
Architectural Woodworks $0 $0 $0 0
Siding $888,889 $444,444 $444,444 5,926
Fireproofing $88,394 $59,224 $29,170 389
Roofing $321,860 $215,646 $106,214 1,416
Re-Roofing - 15 Year Life Cycle $402,325 $269,557 $132,767 1,770
Re-Roofing - 30 Year Life Cycle $402,325 $269,557 $132,767 1,770
Hollow Metal Supply $28,572 $28,572 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $29,350 $29,350 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $487,638 $243,819 $243,819 3,251
Paint $116,016 $58,008 $58,008 773
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural/Civil $6,069,954 $3,411,164 $2,658,790 35,451
Mechanical $ 1,426,988 $866,988 $560,000 7,000
Electrical $ 1,439,165 $809,867 $629,298 6,959
Commissioning $89,361 $0 $89,361 941
SUBTOTAL $9,025,469 $5,088,020 $3,937,449 50,350
DESIGN CONTINGENCY (15%) $1,353,820 $763,203 $590,617 7,383
CONSTRUCTION CONTINGENCY (15%) $1,353,820 $763,203 $590,617 7,383
TOTAL COST OF THE WORK $11,733,109 $6,614,425 $5,118,684 65,115
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING 30,841
CONTINGENCY AND HST (0%) $11,733,109 $6,614,425 $5,118,684 65,115
GC/CM FEE (10%) $1,173,311 $0 $1,173,311 9,386
HST ON GC/CM FEE (0%) $0 $0 $0 0
TOTAL CONSTRUCTION COST $12,906,420 $6,614,425 $6,291,995 74,502
ARCHITECTURAL/ENGINEERING FEES (10%) $1,290,642 $0 $1,290,642 10,325
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $14,197,062 $6,614,425 $7,582,637 84,827
Scope of Work: Construction of a new heavy water storage facility.
Additional Scope: The above estimate does not include for dismantling costs at the end of building life cycle.
Dismantling Costs $572,523] $114,505] $458,018] 5,725

Notes:

1. Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not

included in the above estimate.

2. Costs are determined using 2010 Canadian Dollars.

. No 'Nuclear Factors' have been applied.

o g~ w

17,18,19 Tank Layouts

. Soils have been assumed to be uniform throughout the three locations. Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
. Lab spaces have been assumed unfinished space.
. Exterior road and security fencing have not been allowed for.
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Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110
Kinectrics Project Number: K-015634

Zd Walterfedy
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SHIP

PROJECT NAME:  Kinectrics OPG Estimating - 21 Tank Layout
APITA O A PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10
TRADE OR ACTIVITY Total C\;’:Izte’“cm" Material Value Labour Value | Labour Hours (Hrs)
GROSS FLOOR AREA Sqg. m 2,232

General Requirements $596,356 $250,636 $345,720 4,610
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $458,543 $137,563 $320,980 4,280
Concrete Floor Finishing $477,966 $143,390 $334,576 4,461
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $943,011 $707,259 $235,753 3,143
Miscellaneous Metals $455,140 $341,355 $113,785 1,517
Steel Deck $60,054 $45,041 $15,014 200
Rough & Finish Carpentry $45,554 $9,111 $36,443 486
Architectural Woodworks $0 $0 $0 0
Siding $951,141 $475,570 $475,570 6,341
Fireproofing $96,108 $64,392 $31,715 423
Roofing $349,544 $234,195 $115,350 1,538
Re-Roofing - 15 Year Life Cycle $436,930 $292,743 $144,187 1,922
Re-Roofing - 30 Year Life Cycle $436,930 $292,743 $144,187 1,922
Hollow Metal Supply $29,722 $29,722 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $32,150 $32,150 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $540,533 $270,267 $270,267 3,604
Paint $122,123 $61,061 $61,061 814
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural $6,445,624 $3,624,441 $2,821,183 37,616
Mechanical $ 1,457,920 $873,920 $584,000 7,300
Electrical $ 1,609,432 $922,613 $686,819 7,471
Commissioning $95,130 $0 $95,130 1,001
SUBTOTAL $9,608,107 $5,420,975 $4,187,132 53,388
DESIGN CONTINGENCY (15%) $1,441,216 $813,146 $628,070 7,851
CONSTRUCTION CONTINGENCY (15%) $1,441,216 $813,146 $628,070 7,851
TOTAL COST OF THE WORK $12,490,539 $7,047,267 $5,443,272 69,090
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING 33,006
CONTINGENCY AND HST (0%) $12,490,539 $7,047,267 $5,443,272 69,090
GC/CM FEE (10%) $1,249,054 $704,727 $544,327 4,355
HST ON GC/CM FEE (0%) $0 $0 $0 0
TOTAL CONSTRUCTION COST $13,739,592 $7,751,994 $5,987,599 73,445
ARCHITECTURAL/ENGINEERING FEES (10%) $1,373,959 $0 $1,373,959 4,790
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $15,113,552 $8,527,193 $6,586,359 78,235
Scope of Work: Construction of a new heavy water storage facility.
Additional Scope: The above estimate does not include for dismantling costs at the end of building life cycle.
Dismantling Costs | | $619,379] $123,876] $495,503] 6,194

Notes:

1. Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not
included in the above estimate.

2.
. No 'Nuclear Factors' have been applied.
. Soils have been assumed to be uniform throughout the three locations. Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
. Lab spaces have been assumed unfinished space.
. Exterior road and security fencing have not been allowed for.

o O~ W

Costs are determined using 2010 Canadian Dollars.

21 Tank Layout
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Production of Cost Estimates for the Construction of Heavy Water Storage Facilities
OPG Purchase Order: 4400032110
Kinectrics Project Number: K-015634

THE
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PROJECT NAME:  Kinectrics OPG Estimating - 27 Tank Layout
APITA O A PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10
TRADE OR ACTIVITY Total C\;’:Izte’“cm" Material Value Labour Value | Labour Hours (Hrs)
GROSS FLOOR AREA Sqg. m 2,528

General Requirements $628,212 $253,682 $374,530 4,994
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $513,921 $154,176 $359,745 4,797
Concrete Floor Finishing $548,944 $164,683 $384,261 5,123
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $1,060,918 $795,689 $265,230 3,536
Miscellaneous Metals $526,420 $394,815 $131,605 1,755
Steel Deck $68,031 $51,024 $17,008 227
Rough & Finish Carpentry $49,387 $9,877 $39,510 527
Architectural Woodworks $0 $0 $0 0
Siding $1,063,787 $531,894 $531,894 7,092
Fireproofing $110,068 $73,745 $36,322 484
Roofing $400,217 $268,146 $132,072 1,761
Re-Roofing - 15 Year Life Cycle $500,272 $335,182 $165,090 2,201
Re-Roofing - 30 Year Life Cycle $500,272 $335,182 $165,090 2,201
Hollow Metal Supply $30,872 $30,872 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $34,950 $34,950 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $636,262 $318,131 $318,131 4,242
Paint $132,930 $66,465 $66,465 886
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural/Civil $7,219,283 $4,055,757 $3,163,526 42,180
Mechanical $ 1,526,620 $918,620 $608,000 7,600
Electrical $ 1,706,102 $964,243 $741,859 8,110
Commissioning $104,520 $0 $104,520 1,100
SUBTOTAL $10,556,525 $5,938,620 $4,617,905 58,991
DESIGN CONTINGENCY (15%) $1,583,479 $890,793 $692,686 8,659
CONSTRUCTION CONTINGENCY (15%) $1,583,479 $890,793 $692,686 8,659
TOTAL COST OF THE WORK $13,723,483 $7,720,207 $6,003,276 76,308
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING
CONTINGENCY AND HST (0%) $13,723,483 $7,720,207 $6,003,276 76,308
GC/CM FEE (10%) $1,372,348 $0 $1,372,348 10,979
HST ON GC/CM FEE (0%) $0 $0 $0 $0
TOTAL CONSTRUCTION COST $15,095,831 $7,720,207 $7,375,625 87,287
ARCHITECTURAL/ENGINEERING FEES (10%) $1,509,583 $0 $1,509,583 12,077
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $16,605,414 $7,720,207 $8,885,208 99,363
Scope of Work: Construction of a new heavy water storage facility.
Additional Scope: The above estimate does not include for dismantling costs at the end of building life cycle.
Dismantling Costs | | $704,179] $140,836] $563,343] 7,042

Notes:

1. Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not

included in the above estimate.

2. Costs are determined using 2010 Canadian Dollars.

. No 'Nuclear Factors' have been applied.

o O~ W

27 Tank Layout

. Soils have been assumed to be uniform throughout the three locations. Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
. Lab spaces have been assumed unfinished space.
. Exterior road and security fencing have not been allowed for.
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Production of Cost Estimates for the Construction of Heavy Water Storage Facilities

OPG Purchase Order: 4400032110
Kinectrics Project Number: K-015634
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PROJECT NAME:  Kinectrics OPG Estimating - 31 Tank Layout
APITA O A PROJECT NO.: 2010-0262-10
DATE SUBMITTED: 8-Dec-10
TRADE OR ACTIVITY Total C\;’:Izte’“cm" Material Value Labour Value | Labour Hours (Hrs)
GROSS FLOOR AREA Sqg. m 2,676

General Requirements $660,993 $257,653 $403,340 5,378
Existing Conditions (Demolition) $0 $0 $0 0
Concrete Foundations & Footings $494,688 $148,407 $346,282 4,617
Concrete Floor Finishing $589,025 $176,708 $412,318 5,498
Masonry $302,118 $151,059 $151,059 2,014
Structural Steel $1,024,772 $768,579 $256,193 3,416
Miscellaneous Metals $594,130 $445,597 $148,532 1,980
Steel Deck $72,018 $54,013 $18,004 240
Rough & Finish Carpentry $51,533 $10,307 $41,227 550
Architectural Woodworks $0 $0 $0 0
Siding $1,120,111 $560,055 $560,055 7,467
Fireproofing $117,044 $78,419 $38,624 515
Roofing $428,540 $287,122 $141,418 1,886
Re-Roofing - 15 Year Life Cycle $535,675 $358,902 $176,773 2,357
Re-Roofing - 30 Year Life Cycle $535,675 $358,902 $176,773 2,357
Hollow Metal Supply $32,022 $32,022 $0 0
Overhead Doors $20,000 $15,000 $5,000 67
Glass & Glazing $74,962 $59,970 $14,992 200
Door Hardware $37,750 $37,750 $0 0
Drywall & Acoustics $0 $0 $0 0
Flooring $684,096 $342,048 $342,048 4,561
Paint $138,483 $69,241 $69,241 923
Specialties $16,740 $11,216 $5,524 74
Total Architectural/Structural $7,530,374 $4,222,970 $3,307,404 44,099
Mechanical $ 1,556,887 $948,887 $608,000 7,600
Electrical $ 1,844,061 $1,050,630 $793,430 8,671
Commissioning $109,313 $0 $109,313 1,151
SUBTOTAL $11,040,635 $6,222,487 $4,818,147 61,520
DESIGN CONTINGENCY (15%) $1,656,095 $933,373 $722,722 9,034
CONSTRUCTION CONTINGENCY (15%) $1,656,095 $933,373 $722,722 9,034
TOTAL COST OF THE WORK $14,352,825 $8,089,233 $6,263,592 79,588
HST ON CONSTRUCTION (0%) $0 $0 $0 0
TOTAL COST OF THE WORK INCLUDING
CONTINGENCY AND HST (0%) $14,352,825 $8,089,233 $6,263,592 79,588
GC/CM FEE (10%) $1,435,282 $0 $1,435,282 11,482
HST ON GC/CM FEE (0%) $0 $0 $0 $0
TOTAL CONSTRUCTION COST $15,788,107 $8,089,233 $7,698,874 91,070
ARCHITECTURAL/ENGINEERING FEES (10%) $1,578,811 $0 $1,578,811 12,630
CIVIL ENGINEERING FEE $0 $0 $0 0
LANDSCAPE DESIGN FEE $0 $0 $0 0
HST ON FEES (0%) $0 $0 $0 0
TOTAL PROJECT COST $17,366,918 $8,089,233 $9,277,685 103,701
Scope of Work: Construction of a new heavy water storage facility.
Additional Scope: The above estimate does not include for dismantling costs at the end of building life cycle.
Dismantling Costs | | $746,552] $149,310] $597,241] 7,466

Notes:

1. Taxes, Development Charges, Permit Fees, Bonding, Insurance, Inspections & Testing, Civil/Landscape, & Material Disposal Costs are not

included in the above estimate.

2. Costs are determined using 2010 Canadian Dollars.

. No 'Nuclear Factors' have been applied.

o O~ W

31 Tank Layout

. Soils have been assumed to be uniform throughout the three locations. Bearing capacity of 200 Kpa ULS has been assumed for design of footings.
. Lab spaces have been assumed unfinished space.
. Exterior road and security fencing have not been allowed for.
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WELDIMG

1390 ADVANCE ROAD, OAKVILLE, ONTARIO L6L 6L6
T (905) 827-2600 TF (888) 252-6179 F (905) 827-1600
Web www.hooperwelding.com

November 25, 2010

KINECTRICS, INC.
800 Kipling Avenue
Toronto, Ontario,
CANADA M8Z 6C4

ATTN: Andy Heics

RE:

REF:

Inquiry — OPG/Darlington Storage Tanks

10-312-382 R.2 — REVISED SIZING

Filed: 2021-04-19
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Thank you for the opportunity to quote your requirements. Should you have any questions, feel free to
contact our offices toll free 1-888-252-6179.

ITEM FABRICATION DETAIL UNITS BUDGET ONLY
PRICE/ UNIT
1 150 m 3 STORAGE TANKS (VERTICAL) 1 $950,000.00
Estimated Weight: 75,000 Ibs. Nuclear
ASME CLASS 3 NUCLEAR
$ 700,000.00

Design 30 PSI @ 150 F

Shell & Head Material SA240 304L

Shell 168”0D x 360”t/t x 3/8”thk.

Heads (2) 2:1 Semi-Ellip. 168”0D x 0.32”min.

Support Skirt constructed Material SA516-70
¢/w Base Ring and Accesses as required

HWE providing design, engineering, material,
labour, rolling, welding and final assembly.

Budget Nozzles and Manways Assumption
(2) 18” 150# RFWN Manways

Non-Nuclear

Established 1952





HOOPER

WELDIMG

1390 ADVANCE ROAD, OAKVILLE, ONTARIO L6L 6L6
T (905) 827-2600 TF (888) 252-6179 F (905) 827-1600
Web www.hooperwelding.com

(2) %” 150# RFWN
(4) 2” 150# RFWN
(2) 3” 150# RFWN

Designed & Manufactured to ASME Section lll,
Class Il

All Design for HWE to evaluate ‘best design’
‘Seismic Design not included’

Certified to N285.0 Section lll, Class Il

1 100 m 3 STORAGE TANKS (VERTICAL)
Estimated Weight: 60,000 Ibs.

Design 30 PSI @ 150 F

Shell & Head Material SA240 304L

Shell 144”0D x 384”t/t x 5/16”thk.

Heads (2) 2:1 Semi-Ellip. 144”0D x 0.25”min.
Internal Head 143.25”0D x 0.56” min.

Support Skirt constructed Material SA516-70
¢/w Base Ring and Accesses as required

HWE providing design, engineering, material,
labour, rolling, welding and final assembly.

Budget Nozzles and Manways Assumption
(2) 18” 150# RFWN Manways

(2) %” 150# RFWN

(4) 2” 150# RFWN

(2) 3” 150# RFWN

Designed & Manufactured to ASME Section lil,
Class Il

$ 600,000.00
Nuclear

$ 480,000.00
Non-Nuclear

Established 1952
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HOOPER

WELDIMG

1390 ADVANCE ROAD, OAKVILLE, ONTARIO L6L 6L6
T (905) 827-2600 TF (888) 252-6179 F (905) 827-1600
Web www.hooperwelding.com

All Design for HWE to evaluate ‘best design’
‘Seismic Design not included’

Certified to N285.0 Section lll, Class Il

Cost Adder for Seismic Design $35,000.00 per
Design

Notes:

e NDE per code

e History docket and MTR to be provided
for material provided by HWE

e Design Report and Drawings be HWE to
be approved before fabrication

e HWE reserves the right to review any
new specifications and design changes
for cost or schedule impact

DELIVERY:

Design and Engineering 4-5 weeks ARO
Material 12-16 weeks ARO
Fabrication 16-20 weeks after receipt of material

BID VALIDITY:

Bid is budget only, no validity

LIQUIDATED DAMAGES:

There shall be NO Liquidated Damages for Late Delivery

TERMS:

10% After Submission of Design Report & Drawings

45% After Receipt of Major Material (Defined as Shell Plate)
Balance per Unit Shipped

NET 30

Established 1952
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1390 ADVANCE ROAD, OAKVILLE, ONTARIO L6L 6L6
T (905) 827-2600 TF (888) 252-6179 F (905) 827-1600

WELDIMG

Web www.hooperwelding.com

CANCELLATION CLAUSE:
In the event of contract cancellation, Buyer shall be responsible to pay HWE the following. The dates are
based on Week 1 — Placement of Purchase Order

F.O.B.:

Should you have any questions, feel free to contact our offices toll free 1-888-252-6179. Thank you.

Week 0-1 - 5% of P.O. Value
Week 2-3 - 15% of P.O. Value
Week 4 - 25% of P.O. Value
Week 4 — Material Procured
Week 5-8 - 40% of P.O. Value
Week 9-10 - 60% of P.O. Value
Week 11-14 - 65% of P.O. Value
Week 15-20 - 75% of P.O. Value
Week 21-25 - 80% of P.O. Value
Week 26-30 - 90% of P.O. Value
Week 31+ - 100% of P.O. Value

HWE - Oakville, Ontario

Sincerely,

Chris L. Hooper
Vice President, Sales & Marketing

HOOPER

Established 1952
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Quotation
KINECTRICS Inc.
800 Kipling Avenue, Unit 2, KR312 DATE Nov 30, 2010
Toronto, ON M8Z 6C4 YOUR
DOCUMENT e-mail inquiry
Attention: Ruth Burany, PhD NUMBER
Senior Scientist, Nuclear Waste & Tritium Solutions OUR
Generation Life Cycle Management EE&%@E‘NCE 10-746 R1
Page 1 of 8

WE ARE PLEASED TO SUBMIT THE FOLLOWING QUOTATION FOR YOUR CONSIDERATION |

1.0 Preamble

1.1 This quotation covers the design, document preparation, fabrication and assembly, testing, inspection,
preparation for shipment, supply, and warranty for one (1) CClI Model # PVV144360E030 N285 Class 3, one
(1) CCI Model # PVV144360E030 ASME VIlI-1 and one (1) CCl Model # PVV168360E030 N285 Class 3 and
one (1) PVV168360E030 ASME VIiI-1.

1.2 This quotation is in general compliance with the supplied specifications with comments to the specifications as
detailed in Appendix B. For reference, a summary of the quotation sections and appendices is detailed below.

Summary of Quotation

Section Description

1.0 Preamble

2.0 Description and Price

3.0 Delivery & Production Schedule
4.0 Payment

5.0 Cancellation Charges

6.0 Storage Instructions

7.0 Start-up Assistance

8.0 Closing

Appendix

A Equipment Summary Sheets
B Comments to Specifications
C Quality Control Certificates
D Terms and Conditions

U Edmonton U Toronto U Orillia O us.A. U Montreal
Head Office 2721 Plymouth Drive 1 Hunter Valley Road 1420 West Main Street T 1-866-513-5252
5918 Roper Road Oakville, Ontario P.O. Box 44 Greensburg, Indiana F 1-888-252-4477
Edmonton, Alberta Canada L6H 5R5 Orillia, Ontario U.S.A. 47240
Canada T6B 3E1 T 905-829-4422 Canada L3V 6H9 T 812-663-4141
T 780-466-3178 F 905-829-4430 T 705-325-3473 F 812-663-4202
F 780-468-5904 1-800-410-3131 F 705-325-2106 1-800-473-2402 www.ccithermal.com

1-800-661-8529 1-877-325-3473 info@ccithermal.com
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KINECTRICS Inc.
800 Kipling Avenue, Unit 2, KR312 DATE Nov 30, 2010
Toronto, ON M8Z 6C4 YOUR
DOCUMENT e-mail inquiry
Attention: Ruth Burany, PhD NUMBER
Senior Scientist, Nuclear Waste & Tritium Solutions OUR
Generation Life Cycle Management EE&%%%NCE 10-746 R1
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Quotation

WE ARE PLEASED TO SUBMIT THE FOLLOWING QUOTATION FOR YOUR CONSIDERATION |

2.0 Description and Price
2.1 A brief description of the equipment offered and its pricing is provided in the table below. Please refer to
Appendix B for the equipment data sheets and detailed description.

Item

Description - Vessel

Qty

Unit
Price
(CDN $)

Price
(CDN $)

CCI Model # PVV144360E030 (100m® capacity), 304 Stainless Steel
Material vertical vessel configuration on skirt support. N285 Class 3,
“U” Stamped and CRN registered. Mill finish exterior and interior. No
level gauges or transmitters are included in the base quote. Design
reports, including seismic, will use Finite Element.

$674,750

$674,750

CCI Model # PVV144360E030 (100m® capacity), 304 Stainless Steel
Material vertical vessel configuration on skirt support. ASME VIII-1,
“U” Stamped and CRN registered. Mill finish exterior and interior. No
level gauges or transmitters are included in the base quote. Seismic
and code calculations performed using conventional ASME VIIi-1
code calculation software (COMPRESS).

$471,750

$471,750

CCI Model # PVV144360E030 (150m® capacity), 304 Stainless Steel
Material vertical vessel configuration on skirt support. N285 Class 3,
“U” Stamped and CRN registered. Mill finish exterior and interior. No
level gauges or transmitters are included in the base quote. Design
reports, including seismic, will use Finite Element.

$792,250

$792,250

CCI Model # PVV144360E030 (150m* capacity), 304 Stainless Steel
Material vertical vessel configuration on skirt support. ASME VIII-1,
“U” Stamped and CRN registered. Mill finish exterior and interior. No
level gauges or transmitters are included in the base quote. Seismic
and code calculations performed using conventional ASME VIilI-1
code calculation software (COMPRESS).

$550,250

$550,250

2.2 All prices are net prices in CDN dollars, valid for 30 days.

Edmonton
Head Office

U Orillia U usA

1 Hunter Valley Road

U Toronto
2721 Plymouth Drive

1420 West Main Street

U Montreal

T 1-866-513-5252

5918 Roper Road
Edmonton, Alberta
Canada T6B 3E1
T 780-466-3178

F 780-468-5904
1-800-661-8529

Oakville, Ontario
Canada L6H 5R5
T 905-829-4422
F 905-829-4430
1-800-410-3131

P.O. Box 44
Qrillia, Ontario
Canada L3V 6H9
T 705-325-3473
F 705-325-2106
1-877-325-3473

Greensburg, Indiana
U.S.A. 47240

T 812-663-4141

F 812-663-4202
1-800-473-2402

F 1-888-252-4477

www.ccithermal.com
info@ccithermal.com
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Quotation
KINECTRICS Inc.
800 Kipling Avenue, Unit 2, KR312 DATE Nov 30, 2010
Toronto, ON M8Z 6C4 YOUR
DOCUMENT e-mail inquiry
Attention: Ruth Burany, PhD NUMBER
Senior Scientist, Nuclear Waste & Tritium Solutions OUR
Generation Life Cycle Management EE&%@E‘NCE 10-746 R1
Page 3 of 8

WE ARE PLEASED TO SUBMIT THE FOLLOWING QUOTATION FOR YOUR CONSIDERATION |

2.3 Freight, Taxes and Duty Extra
2.4 FCA Oakville, Ontario

3.0 Delivery

3.1 Please allow 8 weeks for N285 and 2 weeks VIl after receipt of order for engineering and 22 weeks after
receipt of approved drawings for procurement and fabrication. This applies to the initial order, for consequent
orders a schedule will be arranged.

3.2 Preliminary production schedule is as follows:
a) Engineering and Approval drawing preparation — 2 weeks
b) Customer review and approval — 1 week
¢) Procurement and delivery of major material — 6 week

d) Fabrication and Packaging — 16 weeks

4.0 Payment
Net 30 days.
5.0 Cancellation Charges

In the event the order must be cancelled by the purchaser the following schedule of charges would apply:
1) 15% if cancelled prior to return of all data/drawings submitted for review;
2) 20 % if cancelled once ordering of materials has commenced plus:
a) direct costs of material order cancellations plus 10%
b) direct costs of material consumed plus 10%
c) direct costs of labour and overhead plus 10%
3) The maximum cancellation charge under this schedule shall not exceed 75% of the contract value provided
the order is not complete
4) Once complete the cancellation charge is 100%

U Edmonton U Toronto U Orillia O us.A. U Montreal
Head Office 2721 Plymouth Drive 1 Hunter Valley Road 1420 West Main Street T 1-866-513-5252
5918 Roper Road Oakville, Ontario P.O. Box 44 Greensburg, Indiana F 1-888-252-4477
Edmonton, Alberta Canada L6H 5R5 Orillia, Ontario U.S.A. 47240
Canada T6B 3E1 T 905-829-4422 Canada L3V 6H9 T 812-663-4141
T 780-466-3178 F 905-829-4430 T 705-325-3473 F 812-663-4202
F 780-468-5904 1-800-410-3131 F 705-325-2106 1-800-473-2402 www.ccithermal.com

1-800-661-8529 1-877-325-3473 info@ccithermal.com





KINECTRICS Inc.
800 Kipling Avenue, Unit 2, KR312
Toronto, ON M8Z 6C4

Attention: Ruth Burany, PhD

Senior Scientist, Nuclear Waste & Tritium Solutions

Generation Life Cycle Management
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Quotation
DATE Nov 30, 2010
YOUR
DOCUMENT e-mail inquiry
NUMBER
OUR
REFERENCE 10-746 R1
NUMBER
Page 4 of 8

WE ARE PLEASED TO SUBMIT THE FOLLOWING QUOTATION FOR YOUR CONSIDERATION |

Sincerely,

Robert Simmons

Applications Specialist

PH: 905-829-4422

Email: rsimmons@ccithermal.com

6.0 Storage Instructions

7.0 Start-up Assistance

Goods shall be stored within a fire-resistant, weather-tight and well-ventilated building or equivalent enclosure.
Precautions shall be taken against vandalism. This area shall be situated and constructed so that it will not be
subject to flooding; the floor shall be paved or equal and well drained. Goods shall be placed on pallets or shoring
to permit air circulation. The area shall be provided with uniform heating and temperature control or its equivalent to
prevent condensation and corrosion. The minimum temperature shall be 40°F (5°C), and the maximum temperature
shall be 140°F (60°C).

Start-up service at site by manufacturer is normally not required for this type of equipment as the customer can
follow the straight forward procedures according to the IOM manual shipped with the equipment. However, if it
is insisted, we can provide the supervision service by our specialist on request based on the following charges.

1. The round trip business air-ticket between Toronto-Canada and the international airport of the site located
country; billed at cost plus 10%.

2. CDNS$1,800 per 8-hours day including waiting, stand-by and traveling time.
public holidays, the hourly rate is CDN $300 for maximum 10 working hours per day.

3. CDN$ 350 accommodations per day.

4. Local transportation between airport, hotel and working site to be provided by the purchaser or billed at cost
plus 10%.

8.0 Closing

For overtime and work on

We would like to thank you for the opportunity to quote on this project and trust that you will find our offer
acceptable. If you have any questions, comments or would like to discuss this quotation, please do not hesitate to
call or email the undersigned.

Edmonton

Head Office

5918 Roper Road
Edmonton, Alberta
Canada T6B 3E1
T 780-466-3178

F 780-468-5904
1-800-661-8529

U Toronto

2721 Plymouth Drive
Oakville, Ontario
Canada L6H 5R5

T 905-829-4422

F 905-829-4430
1-800-410-3131

U Orillia

1 Hunter Valley Road
P.O. Box 44

Qrillia, Ontario
Canada L3V 6H9

T 705-325-3473

F 705-325-2106
1-877-325-3473

O us.A.

1420 West Main Street
Greensburg, Indiana

U.S.A. 47240

T 812-663-4141
F 812-663-4202
1-800-473-2402

U Montreal
T 1-866-513-5252
F 1-888-252-4477

www.ccithermal.com
info@ccithermal.com





KINECTRICS Inc.
800 Kipling Avenue, Unit 2, KR312
Toronto, ON M8Z 6C4

Attention: Ruth Burany, PhD

Senior Scientist, Nuclear Waste & Tritium Solutions

Generation Life Cycle Management
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DATE

Nov 30, 2010

YOUR
DOCUMENT
NUMBER

e-mail inquiry

OUR
REFERENCE
NUMBER

10-746 R1

Page 5 of 8

APPENDIX A

Equipment Summary Sheets

Please refer to attached data sheet for additional information.

U Edmonton

Head Office

5918 Roper Road
Edmonton, Alberta
Canada T6B 3E1
T 780-466-3178

F 780-468-5904
1-800-661-8529

U Toronto

2721 Plymouth Drive
Oakville, Ontario
Canada L6H 5R5

T 905-829-4422

F 905-829-4430
1-800-410-3131

U Orillia

1 Hunter Valley Road
P.O. Box 44

Qrillia, Ontario
Canada L3V 6H9

T 705-325-3473

F 705-325-2106
1-877-325-3473

U usA.
1420 West Main Street
Greensburg, Indiana
U.S.A. 47240
T 812-663-4141
F 812-663-4202
1-800-473-2402

U Montreal
T 1-866-513-5252
F 1-888-252-4477

www.ccithermal.com
info@ccithermal.com
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Clear Inputs
() PROJECT DATA
Customer: Kinetrics Project: D20 Storage Tanks
Project No: Tag No: CCl Quote No: 10-746
Qty: 1
() PROCESS DATA
Process Fluid: D20 Contamination: None
Fluid Condtion: Liquid Capacity: 100 m3
Op Temp: 120 °F Op Pressure: 5 psig
CCI Thermal
Model No:| PVV144360E030
ey FILTER-MEDIA DATA
(d VESSEL DATA
Pressure Int: Design 30 psig Temperature Int: Design 150 °F
Pressure Ext: Design n/a psig Temperature Ext: Design n/a °F
Corrosion: Shell 0 " Corrosion: Nozzles 0 "
Configuration: Vertical Support Type: Pedestal/Skirt
Top Closure Style: F & D Head Fop-GasketType:
Top Head Lift: None “Fop-Gasket-Matk:
Btm Closure Style: F & D Head Btm-Gasket Type:
Btm Head Lift: None Btm-Gasket-Math:
() MATERIAL DATA
Shell: SA-240 304/304L Head: SA-240 304/304L
Nozzles: SA-312 TP304/304L SMLS Flanges: SA-182 F304/304L
Couplings: SA-182 F304/304L Bolting: SA-193, Gr B8 / SA-194, Gr 8
Supports: SA-240 304/304L Insulation: None
Internals: None
(H FINISHES
External - Vessel: Shot Blast Support: Shot Blast
Internal - Vessel: Clean and Dry
(9) CODE REQUIREMENTS
Service: Non-Lethal
PWHT : No °F
Code: CSA N285.0 CL3 Edition Latest Addenda: Latest
Canadian Registration Number (CRN): Yes
Province of Registration: Ontario / Quebec
ASME Code Stamp: None
National Board Registration: None
(hy TESTING REQUIREMENTS
Pressure Test Type: Hydraulic @ 39 psig 60 °F 60 min
Radiography: Long: Full Circular: Full
Ultrasonic Testing (UT): No UT of what Areas:
Liquid Penetrant Test (LP): Yes LP of what Areas:
Magnetic Partical Testing (MT): No MT of what Areas:

Positive Matl Identification (PMI): Yes
Impact Testing: No

PMI of what Areas:
Impact Test of:
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CONNECTIONS

Mark # Purpose Size Class Bolting Nuts Gaskets Qty
N1 Inlet 3" 150# n/a n/a n/a 1
N2 Outlet 3" 150# n/a n/a n/a 1
N3 to N6 [Level Sensors 2" 150# n/a n/a n/a 4
N7 to N8 [Temperature Gauge 3" 3000# n/a n/a n/a 2

Vessel Total Height: 445%4" (Shell Length 360")
Vessel Diameter: 144" OD x 2" wall thickness
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Unit Of Measure:|Imperial _ page 55 of 87

Clear Inputs
(@) PROJECT DATA
Customer: Kinetrics Project: D20 Storage Tanks
Project No: Tag No: CCl Quote No: 10-746
Qty: 1
() PROCESS DATA
Process Fluid: D20 Contamination: None
Fluid Condtion: Liquid Capacity: 100 m3
Op Temp: 120 °F Op Pressure: 5 psig
CCI Thermal
Model No:| PVV144360E030
ey FILTER-MEDIA DATA
(d) VESSEL DATA
Pressure Int: Design 30 psig Temperature Int: Design 150 °F
Pressure Ext: Design n/a psig Temperature Ext: Design n/a °F
Corrosion: Shell 0 " Corrosion: Nozzles 0 "
Configuration: Vertical Support Type: Pedestal/Skirt
Top Closure Style: F & D Head Fop-GasketType:
Top Head Lift: None “Fop-Gasket-Matk:
Btm Closure Style: F & D Head -Bim-GasketFype:
Btm Head Lift: None Btm-Gasket-Math:
() MATERIAL DATA
Shell: SA-240 304/304L Head: SA-240 304/304L
Nozzles: SA-312 TP304/304L SMLS Flanges: SA-182 F304/304L
Couplings: SA-182 F304/304L Bolting: SA-193, Gr B8 / SA-194, Gr 8
Supports: SA-240 304/304L Insulation: None
Internals: None
(H FINISHES
External - Vessel: Shot Blast Support: Shot Blast
Internal - Vessel: Clean and Dry
(9) CODE REQUIREMENTS
Service: Non-Lethal
PWHT : No °F
Code: ASME VIII-1 Edition Latest Addenda: Latest
Canadian Registration Number (CRN): Yes
Province of Registration: Ontario / Quebec
ASME Code Stamp: None
National Board Registration: None
(hy TESTING REQUIREMENTS
Pressure Test Type: Hydraulic @ 39 psig 60 °F 60 min
Radiography: Long: Full Circular: Full
Ultrasonic Testing (UT): No UT of what Areas:
Liquid Penetrant Test (LP): Yes LP of what Areas:
Magnetic Partical Testing (MT): No MT of what Areas:

Positive Matl Identification (PMI): Yes
Impact Testing: No

PMI of what Areas:
Impact Test of:
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CONNECTIONS

Mark # Purpose Size Class Bolting Nuts Gaskets Qty
N1 Inlet 3" 150# n/a n/a n/a 1
N2 Outlet 3" 150# n/a n/a n/a 1
N3 to N6 [Level Sensors 2" 150# n/a n/a n/a 4
N7 to N8 [Temperature Gauge 3" 3000# n/a n/a n/a 2

Vessel Total Height: 445%4" (Shell Length 360")
Vessel Diameter: 144" OD x 2" wall thickness
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Clear Inputs
(@) PROJECT DATA
Customer: Kinetrics Project: D20 Storage Tanks
Project No: Tag No: CCl Quote No: 10-746
Qty: 1
() PROCESS DATA
Process Fluid: D20 Contamination: None
Fluid Condtion: Liquid Capacity: 150 m3
Op Temp: 120 °F Op Pressure: 5 psig
CCI Thermal
Model No:| PVV168360E030
ey FILTER-MEDIA DATA
(d) VESSEL DATA
Pressure Int: Design 30 psig Temperature Int: Design 150 °F
Pressure Ext: Design n/a psig Temperature Ext: Design n/a °F
Corrosion: Shell 0 " Corrosion: Nozzles 0 "
Configuration: Vertical Support Type: Pedestal/Skirt
Top Closure Style: F & D Head Fop-GasketType:
Top Head Lift: None “Fop-Gasket-Matk:
Btm Closure Style: F & D Head -Bim-GasketFype:
Btm Head Lift: None Btm-Gasket-Math:
() MATERIAL DATA
Shell: SA-240 304/304L Head: SA-240 304/304L
Nozzles: SA-312 TP304/304L SMLS Flanges: SA-182 F304/304L
Couplings: SA-182 F304/304L Bolting: SA-193, Gr B8 / SA-194, Gr 8
Supports: SA-240 304/304L Insulation: None
Internals: None
(H FINISHES
External - Vessel: Shot Blast Support: Shot Blast
Internal - Vessel: Clean and Dry
(9) CODE REQUIREMENTS
Service: Non-Lethal
PWHT : No °F
Code: CSA N285.0 CL3 Edition Latest Addenda: Latest
Canadian Registration Number (CRN): Yes
Province of Registration: Ontario / Quebec
ASME Code Stamp: None
National Board Registration: None
(hy TESTING REQUIREMENTS
Pressure Test Type: Hydraulic @ 39 psig 60 °F 60 min
Radiography: Long: Full Circular: Full
Ultrasonic Testing (UT): No UT of what Areas:
Liquid Penetrant Test (LP): Yes LP of what Areas:
Magnetic Partical Testing (MT): No MT of what Areas:

Positive Matl Identification (PMI): Yes
Impact Testing: No

PMI of what Areas:
Impact Test of:
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CONNECTIONS

Mark # Purpose Size Class Bolting Nuts Gaskets Qty
N1 Inlet 3" 150# n/a n/a n/a 1
N2 Outlet 3" 150# n/a n/a n/a 1
N3 to N6 [Level Sensors 2" 150# n/a n/a n/a 4
N7 to N8 [Temperature Gauge 3" 3000# n/a n/a n/a 2

Vessel Total Height: 449%4" (Shell Length 360")
Vessel Diameter: 168" OD x 2" wall thickness
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Clear Inputs
() PROJECT DATA
Customer: Kinetrics Project: D20 Storage Tanks
Project No: Tag No: CCl Quote No: 10-746
Qty: 1
() PROCESS DATA
Process Fluid: D20 Contamination: None
Fluid Condtion: Liquid Capacity: 150 m3
Op Temp: 120 °F Op Pressure: 5 psig
CCI Thermal
Model No:{PVV168360E030
ey FILTER-MEDIA DATA
(d VESSEL DATA
Pressure Int: Design 30 psig Temperature Int: Design 150 °F
Pressure Ext: Design n/a psig Temperature Ext: Design n/a °F
Corrosion: Shell 0 " Corrosion: Nozzles 0 "
Configuration: Vertical Support Type: Pedestal/Skirt
Top Closure Style: F & D Head Fop-GasketType:
Top Head Lift: None “Fop-Gasket-Matk:
Btm Closure Style: F & D Head Btm-Gasket Type:
Btm Head Lift: None Btm-Gasket-Math:
() MATERIAL DATA
Shell: SA-240 304/304L Head: SA-240 304/304L
Nozzles: SA-312 TP304/304L SMLS Flanges: SA-182 F304/304L
Couplings: SA-182 F304/304L Bolting: SA-193, Gr B8 / SA-194, Gr 8
Supports: SA-240 304/304L Insulation: None
Internals: None
(H FINISHES
External - Vessel: Shot Blast Support: Shot Blast
Internal - Vessel: Clean and Dry
(9) CODE REQUIREMENTS
Service: Non-Lethal
PWHT : No °F
Code: ASME VIII-1 Edition Latest Addenda: Latest
Canadian Registration Number (CRN): Yes
Province of Registration: Ontario / Quebec
ASME Code Stamp: None
National Board Registration: None
(hy TESTING REQUIREMENTS
Pressure Test Type: Hydraulic @ 39 psig 60 °F 60 min
Radiography: Long: Full Circular: Full
Ultrasonic Testing (UT): No UT of what Areas:
Liquid Penetrant Test (LP): Yes LP of what Areas:
Magnetic Partical Testing (MT): No MT of what Areas:

Positive Matl Identification (PMI): Yes
Impact Testing: No

PMI of what Areas:
Impact Test of:
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CONNECTIONS

Mark # Purpose Size Class Bolting Nuts Gaskets Qty
N1 Inlet 3" 150# n/a n/a n/a 1
N2 Outlet 3" 150# n/a n/a n/a 1
N3 to N6 [Level Sensors 2" 150# n/a n/a n/a 4
N7 to N8 [Temperature Gauge 3" 3000# n/a n/a n/a 2

Vessel Total Height: 449%4" (Shell Length 360")
Vessel Diameter: 168" OD x 2" wall thickness
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Quotation
KINECTRICS Inc.
800 Kipling Avenue, Unit 2, KR312 DATE Nov 30, 2010
Toronto, ON M8Z 6C4 YOUR
DOCUMENT e-mail inquiry
Attention: Ruth Burany, PhD NUMBER
Senior Scientist, Nuclear Waste & Tritium Solutions OUR
Generation Life Cycle Management EE&%@E‘NCE 10-746 R1
Page 6 of 8
APPENDIX B

Comments to the Specifications

CCI Thermal Technologies is in general compliance with the specifications provided.

As stated above the N285 Class 3 vessels pricing includes Design Reports and Finite Element
Analysis for seismic calculations. On a single vessel the Engineering Cost associated with
producing Design Reports and Seismic FEA is 2.1%. On multiple vessel purchases this would
be prorated over the quantity. The VIII-1 vessel seismic analysis and code calculations will be
performed using commercially available software, specifically COMPRESS.

On gty purchased greater than 4 vessels CCI Thermal Technologies can offer a 7% discount.

Please note CCl Thermal Technologies considers this to be a budgetary quotation.

U Montreal
T 1-866-513-5252
F 1-888-252-4477

U Edmonton U Toronto U Orillia U us.aA
Head Office 2721 Plymouth Drive 1 Hunter Valley Road 1420 West Main Street
5918 Roper Road Oakville, Ontario P.O. Box 44 Greensburg, Indiana

Edmonton, Alberta
Canada T6B 3E1
T 780-466-3178

F 780-468-5904
1-800-661-8529

Canada L6H 5R5
T 905-829-4422
F 905-829-4430
1-800-410-3131

Orillia, Ontario
Canada L3V 6H9
T 705-325-3473
F 705-325-2106
1-877-325-3473

U.S.A. 47240

T 812-663-4141
F 812-663-4202
1-800-473-2402

www.ccithermal.com
info@ccithermal.com





KINECTRICS Inc.
800 Kipling Avenue, Unit 2, KR312
Toronto, ON M8Z 6C4

Attention: Ruth Burany, PhD

Senior Scientist, Nuclear Waste & Tritium Solutions

Generation Life Cycle Management

Refer to attached document.

U Edmonton

Head Office

5918 Roper Road
Edmonton, Alberta
Canada T6B 3E1
T 780-466-3178

F 780-468-5904
1-800-661-8529

U Toronto

2721 Plymouth Drive
Oakville, Ontario
Canada L6H 5R5

T 905-829-4422

F 905-829-4430
1-800-410-3131
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DATE

Nov 30, 2010

YOUR
DOCUMENT
NUMBER

e-mail inquiry

OUR
REFERENCE
NUMBER

10-746 R1

Page 7 of 8

APPENDIX C

Quality Certificates

U Orillia

1 Hunter Valley Road
P.O. Box 44

Qrillia, Ontario
Canada L3V 6H9

T 705-325-3473

F 705-325-2106
1-877-325-3473

U usA.
1420 West Main Street
Greensburg, Indiana
U.S.A. 47240
T 812-663-4141
F 812-663-4202
1-800-473-2402

U Montreal
T 1-866-513-5252
F 1-888-252-4477

www.ccithermal.com
info@ccithermal.com





TECHNICAL STANDARDS & SAFETY AUTHORITY

PV 09094 (02/05)

CERTIFICATE OF AUTHORIZATION

This is to certify the named company as having had the adequacy of their quality program
verified for the scope shown below in accordance with the Ontario Technical Standards
. and Safety Act, Boilers and Pressure Vessels Regulation

Company Name :

Scope :

Authorized :

Expires :

Certificate Number :

CCi THERMAL TECHNOLOGIES INC

2721 PLYMOUTH DRIVE
OAKVILLE, ON
CA L6H 5R5

Construction of Class 1, 2, 3 & 4 Vessels; Class 1, 2, & 3 Pumps, Vessels,

Line Valves and Piping Systems; Class 2 & 3 Storage Tanks; Class 1, 2,
& 3 Shop Assembly; As a Material Organization Supplying Ferrous and
Nonferrous Material: At the Above Location Only. in accordance with CSA
Standard N285.0, General Requirements for Pressure Retaining Systems
and Components in CANDU Nuclear Power Plants.

December 09, 2008
December 20, 2011

QA 181

ANl

Director
Boilers and Pressure Vessels Safety Program

3300 Bloor Street West, 14th Floor, Centre Tower, Toronto, Ontario M8X 2X4

Web site: www.tssa.org

Putting Public Safety First
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COMPANY:

SCOPE:

AUTHORIZED:
EXPIRES:
CERTIFICATE NUMBER:

lll[llltlﬂlIHHHHHHHHllllHHHINHHHUHHHHHHFEH!HNHHIIEHHIHI!!HH!NIHINHHE!EHIH!!HHll!HIHIUl!I!EIHHHNIHHHHH!IHIIHH!HilllIilIHHI!HHHIHHHHHIHIIHINIHHIHHHHIIlIllilﬁlFlII(IHII"HHNEHHHSHl

The American Society of Mechanical Engineers

%

Filed: 2021-04-19
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Attachment 5

AUTHORIZATI@‘N““i

This certificate accredits the named company as authorized to use the indicated symbol
of the American Society of Mechanical Engineers (ASME) for the scope of activity shown
below in accordance with the applicable rules of the ASME Boiler and Pressure Vessel
Code. The use of the Code symbol and the authority granted by this Certificate of
Authorization are subject to the provisions of the agreement set forth in the application.
Any construction stamped with this symbol shall have been built strictly in accordance
with the provisions of the ASME Boiler and Pressure Vessel Code.

CCI Thermal Technologies Inc.
2721 Plymouth Drive
Oakville, Ontario, L6H 5R5
Canada

Manufacture of pressure vessels at the above location only

December 8, 2008
December 8, 2011
27,443

Chairman of The Boiler
And Pressure Vessel Committee

Ut~ Bo—

Director, Accreditation and Certification





The American Society of Mechanical Engineers
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CERTIFICATE OF
AUTHORIZATION

This certificate accredits the named company as authorized to use the indicated symbol
of the American Society of Mechanical Engineers (ASME) for the scope of activity shown
below in accordance with the applicable rules of the ASME Boller and Pressure Vessel
Code. The use of the Code symboi and the authority granted by this Certificate of
Authorization are subject to the provisions of the agreement set forth in the application.
Any construction stamped with this symbol shall have been built strictly in accordance
with the provisions of the ASME Boiler and Pressure Vessel Code.

COMPANY:
CCi Thermal Technologies Inc.
2721 Plymouth Drive
Oakville, Ontario, L8H 5R5
Canada
SCOPE:

Manufacture of miniature pressure vessels at the above location only

AUTHORIZED: December 1, 2009
EXPIRES: December 8, 2010
CERTIFICATE NUMBER: 38,138

Chairman of The Boiler
And Pressure Vessel Committee

Ot~ Bo——

Director, Accreditation and Certification
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THE NATIONAL BOARD- "

OF
BOILER & PRESSURE VESSEL INSPECTORS

Certificate of Authorization
=~
s

This is to certify that

CCI THERMAL TECHNOLOGIES INC.
2721 PLYmouUTH DRIVE
OAKVILLE, ON L6H 5R5
CANADA

is authorized to apply the "NB'' mark and register boilers, pressure
vessels, or other pressure retaining items with the National Board in
accordance with its provisions.

The scope of Authorization is limited to items manufactured in

accordance with:

ASME Stamp(s): HSUUM
ISSUE DATE: December 20, 2008
EXPIRATION DATE: December 8, 2011

Executive Director m

NB 137 Rev. 8
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TECHNICAL STANDARDS & SAFETY AUTHORITY

PV 03084 {02/05)

CERTIFICATE OF AUTHORIZATION
This Is to certify the named company as having had the adequacy of their quality program

verified for the scape shown below in accordance with the Ontario Technical Standards
and Safety Act, Bollers and Pressure Vessels Reguiation

Company Name : CCl THERMAL TECHNOLOGIES INC

2721 PLYMOUTH DRIVE
OAKVILLE, ON
CA LBHB5R5

Scope : Manufacture of pressure vessels at the above location only in accordance
with ASME Boiler and Pressure Vessel Code, Section Viil, Division 1 and
CSA Standard B51, Boiler, Pressure Vessel and Pressure Piping Code.

Authortzed : January 06, 2608
Expires : Decembar 20, 2011

Certificate Number : QA 02216

Director
Boflers and Pressiure Vegsels Safety Program

8300 Bioor Street West, 14th Floor, Cenitre Towser, Toronto, Ontario MBX 2X4

Putting Public Safety First

D2-02=AMPCO-131.
Attachment 5
Page 67 of 87






TECHNICAL STANDARDS & SAFETY AUTHORITY

PV 09094 (02/05)

CERTIFICATE OF AUTHORIZATION

This is to certify the named company as having had the adequacy of their quality program

verified for the scope shown below in accordance with the Ontario Technical Standards
. and Safety Act, Boilers and Pressure Vessels Regulation

Company Name : CClI THERMAL TECHNOLOGIES INC

2721 PLYMOUTH DRIVE
OAKVILLE, ON
CA LBH5RS

Scope : Fabrication of Class 1,2,3 &4 Welded and Non-Welded Category A, B,
E & H type Fittings only at the Above Location Only. In accordance with
CSA Standard N285.0, General Requirements for Pressure Retaining
Systems and Components in CANDU Nuclear Power Plants.

Authorized : December 09, 2008
Expires : December 20, 2011

Certificate Number : QA 03538

Director
Boilers and Pressure Vessels Safety Program

3300 Bloor Street West, 14th Floor, Centre Tower, Toronto, Ontario M8X 2X4
Web site: www.tssa.org

Putting Public Safety First
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CERTIFICATE
OF REGISTRATION

This is to certify that

CCI Thermal Technologies Inc.
2721 Plymouth Drive, Oakville, Ontario L6H 5R5 Canada

operates a

Quality Management System

which complies with the requirements of

1ISO 9001:2000

for the following scope of registration

The registration covers the Quality Management System for the sale, design, manufacture,
distribution, repairs and services electrical heating elements, electrical heating equipment,
electrical controls, liquid filters, strainers, separators, and related accessories, which
includes ASME pressure vessels and steam and water boilers.

Certificate No: CERT-0027983 Original Certification Date: October 23, 1996
File No: 003640 Current Certification Date: September 25, 2008
Issue Date: December 11, 2008 Certificate Expiry Date: September 24, 2011
Wendy Tilford Alex Ezrakhovich

President, General Manager,

QMI-SAl Canada Limited SAIl Global Certification Services Pty Ltd
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of SAl Global and must be retumad to them upon request.
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KINECTRICS Inc.
800 Kipling Avenue, Unit 2, KR312
Toronto, ON M8Z 6C4

Attention: Ruth Burany, PhD

Senior Scientist, Nuclear Waste & Tritium Solutions

Generation Life Cycle Management

Please refer to attached CCI Thermal Technologies standard Terms & Conditions

U Edmonton

Head Office

5918 Roper Road
Edmonton, Alberta
Canada T6B 3E1
T 780-466-3178

F 780-468-5904
1-800-661-8529

U Toronto

2721 Plymouth Drive
Oakville, Ontario
Canada L6H 5R5

T 905-829-4422

F 905-829-4430
1-800-410-3131
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DATE

Nov 30, 2010

YOUR
DOCUMENT
NUMBER

e-mail inquiry

OUR
REFERENCE
NUMBER

10-746 R1

Page 8 of 8

APPENDIX D

Terms and Conditions

U Orillia

1 Hunter Valley Road
P.O. Box 44

Qrillia, Ontario
Canada L3V 6H9

T 705-325-3473

F 705-325-2106
1-877-325-3473

U usA.
1420 West Main Street
Greensburg, Indiana
U.S.A. 47240
T 812-663-4141
F 812-663-4202
1-800-473-2402

U Montreal
T 1-866-513-5252
F 1-888-252-4477

www.ccithermal.com
info@ccithermal.com
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TERMS and CONDITIONS of SALE and QUOTATION

1. Warranty

1.01 CCIl Thermal Technologies Inc., a body
corporate with an office in the Town of Oakville in the province of
Ontario (hereinafter referred to as "the Company"), covenants with
the Purchaser with regard to the item(s) or system(s) purchased by
the Purchaser from the Company (hereinafter referred to as "the
Article") that, for a period of eighteen (18) months from the date of
delivery or twelve (12) months from the date of start of operation
(whichever occurs first), the Company will repair or replace at the
shop facility of the Company the Article or part thereof which has
been found to be defective as the result of the utilisation of improper
materials in the manufacturing or construction process by the
Company.

1.02 The Purchaser acknowledges that the
decision as to whether the defective Article or part thereof shall be
replaced, repaired or modified shall be made by the Company in its
sole discretion.

1.03 The Purchaser acknowledges that the
Warranty described as aforesaid in 1.01 offered by the Company to
the Purchaser is subject to the following conditions:

(a) that the Purchaser notified the Company in
writing of the defect immediately upon discovery by the Purchaser or
so soon thereafter as it is practicable.

(b) that the defect in the Article is not due to an
act or omission by the Purchaser, its agents, servants or independent
contractors which for greater certainty, but not so as to limit the
generality of the foregoing, includes physical, chemical or mechanical
abuse, accident, improper installation of the article, improper storage
and handling of the article, improper application or the misalignment
of parts.

(c) that the defect in the Article or part thereof is
not the result of vibration, radiation, erosion, corrosion, process
contamination, abnormal process conditions, temperature and
pressures, unusual surges or pulsation, fouling, ordinary wear and
tear, incorrectly applied utilities such as voltage, air, gas, water, and
others or any combination of the aforementioned causes not
specifically allowed for in the design conditions.

(d) that the Article has not been altered or
modified in any respect by the Purchaser, or any one of his servants,
agents, independent contractors, private or public carriers after
delivery of the Article to the Purchaser or his designated agent unless
the alteration or modification has been specifically agreed to in writing
by the Company.

1.04 The Purchaser agrees that all warranty work
required after the initial commissioning of the product will be provided
only if the Company has been paid by the Purchaser in full
accordance with the terms and conditions of the contract.

2. Limitations of the Obligations of the Company

2.01 The Purchaser acknowledges that the liability
of the Company for any defective Article or part thereof shall be
strictly limited to the remedies set forth in Paragraph 1 herein, subject
to the restrictions set forth in the agreement herein.

2.02 The Purchaser agrees that the Company shall
not be liable for damages of any sort whatsoever arising from a
defect contained in the Article or any part thereof which for greater
certainty, but not so as to limit the generality of the foregoing, shall
include damages arising from lack of use, business interruptions or
any other consequential damages.

2.03 The Purchaser covenants with the Company
not to seek damages from the Company of the nature set forth in
paragraph 2.02 contained herein.

3. Waiver of Expressed or Implied Warranty

3.01 The Purchaser agrees that the Company
makes no warranty or guarantee, express, implied or statutory,
(INCLUDING ANY WARRANTY OF MERCHANTABILITY OR
WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE)
written or oral, of the Article or incidental labour, except as is
expressed or contained in the agreement herein.

4. Entire Agreement

4.01 The Purchaser acknowledges that this
instrument covers all agreements between the parties hereto relative
to the conditions of sale and accordingly the parties hereto shall not
be bound by any representations or promises made by any person
relative to these conditions of sale unless made in writing by the duly
authorised representatives of the parties and attached to the
schedule of this agreement.

4.02 For greater certainty, an authorised
representative of the Company means an officer, director or sales
representative of the Company.

5. Articles Not Manufactured by the Company

5.01 The Purchaser acknowledges that the
Warranty set forth in Paragraph 1 contained herein shall not apply to
items of equipment or accessories incorporated in, or attached to, the
Article which are not manufactured by the Company, except where
the selection of the said items of equipment or accessories are
improper for the intended purpose of the said equipment or
accessories.

5.02 The Purchaser acknowledges that the items of
equipment or accessories described in Paragraph 5.01 are
purchased subject onto the warranty of the actual manufacturer, if
any, and no other. The Company agrees that it will use its best
efforts to pass on to the Purchaser any warranty of the actual
manufacturer, if any.

5.03 The Purchaser acknowledges the right of the
Company to provide these Articles manufactured by a different
vendor to that named in the quote providing that the substituted
product is equal to or greater than the product quoted.

6. Specifications Provided by Purchaser

6.01 The Purchaser acknowledges that it warrants
the accuracy of calculations, sizing, specification and/or designs
provided by the Purchaser, its servants, agents or independent
contractors to the Company pertaining to any Article manufactured by
the Company.

6.02 The Purchaser acknowledges that the
Company shall bear no legal responsibility for any defect in any
Article or part thereof where such defect was occasioned in whole or
in part by the supply of inaccuracies, described particularly in
Paragraph 6.01 herein, by the Purchaser, its servants, agents or
independent contractors.

7. Service Call Indemnity

7.01 The Purchaser covenants with the Company
to reimburse the Company for all expenses incurred by the Company
when its representative(s) are dispatched to the field location of the
Purchaser to inspect the Article for an alleged defect where the
representative(s) of the Company determine in their sole discretion
that the defect is not covered by the Warranty set forth in Paragraph
1 herein.

7.02 The Purchaser agrees to pay for any and all
additional commissioning, start up assistance and training which may
be required after the initial on site work has been completed by the
Company. These services will be provided at the Purchaser’s
request. The Company’s price to provide these additional services is
as defined on the Company’s offer..

8. Unauthorised Repairs

8.01 The Purchaser acknowledges that the
Company shall not be responsible to reimburse the Purchaser for any
expenditures made by the Purchaser with respect to any defective
Article or part thereof where the written authorisation of the Company
was not firstly obtained.

8.02 For greater certainty, but not so as to limit the
generality of the foregoing, such unauthorised expenditures shall
include transportation, service and labour costs.

9. Payment of Purchase Price

9.01 The Purchaser covenants with the Company
to pay the full purchase price of the Article to the Company as defined
on the payment terms described in the Company’s offer





9.02 The Purchaser agrees to pay interest on the
balance of the unpaid purchase price of the Article outstanding after
thirty (30) days to the Company at the rate of two per cent (2%) per
month compounding. Purchaser shall be liable to Company for all
costs of collection including, but not limited to, reasonable attorneys’
fees, court costs and other miscellaneous litigation costs.

9.03 The title and right of possession of the
material and equipment covered by this agreement shall remain with
the Company until full payment thereof in cash shall have been
made. In event of default in any payment, the Company may
repossess such material and equipment and all additions thereto,
wherever found, free from all claims whatsoever, or assert a
mechanics lien with respect thereto, and the Company shall not be
held liable for such repossession nor for repayment of any money
which may have been paid by the Purchaser in part payment for such
materials or equipment. The Company shall have the right to elect to
assert our claim of a mechanics lien against the real estate upon
which the material or equipment is placed and may waive our right to
repossession at any time before the expiration of the time fixed by
law for filing a mechanics lien.

10. Change in Prices

10.01 The Purchaser acknowledges that all prices
offered by the Company are free on board the shop facility of the
Company unless otherwise specifically stated in the Company's offer.

10.02 The Purchaser acknowledges that the prices
offered by the Company to the Purchaser are subject to change by
the Company prior to the acceptance of the Company's offer by the
Purchaser. Once the offer is accepted by the Purchaser, the prices
will remain firm, unless the scope of the work changes whereby the
prices will be adjusted accordingly.

11. Sales Tax, Customs Duty

11.01 Unless otherwise noted, any applicable sales
tax (federal, provincial or state), or customs duty shall be extra to the
prices quoted and shall be the responsibility of the Purchaser.

11.02 The Purchaser covenants with the Company
to indemnify and save harmless the Company from all customs duty,
taxes, interest, penalties, fines or any costs whatsoever arising from a
determination by the applicable authorities that the purchase of the
Article by the Purchaser is not exempt from such charges, provided
that the said duties, taxes, interest, penalties, fines or other such
costs do not arise from the Company having incorrectly specified
categories or classifications for tax and duty purposes.

12. Purchaser's Right of Inspection

12.01 The Company acknowledges the right of the
Purchaser to dispatch its representative(s) to inspect the Article
during the course of manufacture during normal business hours.

13. Modification or Cancellation of the Purchase Order

13.01 The Purchaser acknowledges that no
purchase order made by the Purchaser to the Company may be
cancelled in whole or modified in any respect without the written
consent of the Company having been firstly obtained.

13.02 The Purchaser agrees to indemnify forthwith,
upon demand by the Company, the Company from any loss or
damages incurred by the Company of any sort whatsoever
occasioned by the cancellation or modification of a purchase order by
the Purchaser or preparation by the Company of a change order as
requested by the Purchaser.

13.03 The Purchaser acknowledges the amount of
loss or damage referred to in Paragraph 13.02 herein shall be
determined by the Company in its sole discretion or as defined in the
cancellation schedule in the Company’s offer.

14. Subsequent Technological Improvement Made by the
Company
14.01 The Purchaser acknowledges that the

Company shall be free to make changes in the design or
improvements of its products from time to time.

14.02 The Purchaser acknowledges that the
Company shall not be obligated to modify those Articles
manufactured before the formulation of the changes in design or
improvements of the products by the Company.
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15. Delivery Schedule

15.01 The Purchaser acknowledges that the
schedule of delivery set forth in the offer made by the Company shall
be an approximation only and not a term or condition of the
agreement herein.

15.02 The Company, however, covenants with the
Purchaser to take all reasonable measures to ensure that the Article
is ready for delivery to the Purchaser on a date within reasonable
proximity to the delivery date set forth in the offer.

15.03 Delivery schedules shall not go into effect until
signed/dated approval drawings have been returned to and accepted
by the Company and until all other terms or provisions have been
satisfied as set forth in this agreement.

15.04 The Purchaser agrees that the Company shall
not be liable for damages of any sort whatsoever arising from late
delivery of the Article or any part thereof which for greater certainty,
but not so as to limit the generality of the foregoing shall include
damages arising from lack of use, business interruptions or any other
consequential damages.

16. Force Majeure

16.01 The Purchaser acknowledges that the
Company shall not be liable to the Purchaser for any loss or damage
of any sort whatsoever occasioned by the delay or failure to deliver
the Article if the said delay or failure is the result of fire, labour
disputes, wars, insurrections, riots, or the actions of any duly
constituted governmental authority or any other cause whatsoever
which is beyond the control of the Company.

17. Headings

17.01 The Purchaser acknowledges that the
headings of the paragraphs of the Terms and Conditions contained
herein have been inserted as a matter of convenience and for
reference only and in no way define, limit, or enlarge the scope or
meaning of these terms and conditions or any provisions hereof.

18. Legal Jurisdiction

18.01 The Purchaser acknowledges that this
agreement shall be interpreted pursuant to the provisions and laws of
the Province of Alberta. In the event litigation results, the prevailing
party shall be entitled to recover all of its litigation costs and attorney
fees.

19. Severability

19.01 The Purchaser acknowledges that the
provisions contained herein are severable.

19.02 The Purchaser acknowledges that the finding
that any paragraph or portion of a paragraph contained herein is
invalid, illegal, or unenforceable does not in itself affect the validity,
legality or enforceability of the remaining portions of the agreement
herein.

20. Exclusive Use

20.01 Any information obtained from the Company
or its authorised representative(s) transmitted via written agreement,
informational drawing, facsimile, telephonic communication or by any
other means, remains the exclusive property of the Company.
Drawings and specifications relating to this agreement are loaned to
the Purchaser for information purposes only and are subject to recall
at any time prior to acceptance by the Company of the Purchaser’s
written purchase order for the work of this contract. Reproduction or
copies of this agreement, drawings and specifications shall not be
used in any way prejudicial to the interests of the Company.

21. Specific Purchaser Responsibilities:
Unless otherwise noted the following shall be Purchaser’s
responsibility

21.01 Assume all risk of loss or damage to the
Article detailed in this agreement at the F.O.B. point detailed in the
agreement.

21.02 Assume all charge(s) for any changes
requested after signed approval drawings have been returned and
accepted by the Company.

21.03 Unload all Articles from the carrier, uncrate,
inspect for damage and locate Articles to a stage indoor storage site

Attachment 5
Page 72 of 87





or installation location. Notify the Company in case of damage to
shipped Articles. Any outdoor storage of the Article detailed in this
agreement shall void any warranties extended.

21.04 Site preparation including all foundation work
and levelling of any flooring where the Article is to be installed. Any
existing structural modifications of any kind required to complete
installation should be made prior to installation personnel arrival to
eliminate unnecessary delays.

21.05 Removal of any existing equipment where
Atrticle is to be installed. Provide an area clean and free from any
obstacles that may hamper or delay installation personnel.

21.06 Provide utilities as required to the location(s)
detailed in the approval drawings. It shall be the responsibility of the
Purchaser to insure adequate utilities are available to allow proper
operation of the Atrticle.

21.07 Provide all roofing work including penetrations
and curbing as required for proper equipment installation.

21.08 Locate Article at the equipment installation
site. Any equipment required to position, locate or elevate Article or
personnel shall be provided by the Purchaser unless otherwise
requested. In the event that the Company agrees to perform such
work, it is the responsibility of the Purchaser to provide a smooth and
structurally adequate surface over which the Article may be moved.

21.09 Any equipment transfer or unloading charges
will be the responsibility of the Purchaser.

21.10 Any costs or charges related to shipment,
crating or special packaging or handling of any equipment detailed in
this agreement shall pass to the Purchaser.

21.11 Provide safety interlocks beyond standard
safeties included in this agreement as required by local, provincial,
state or national codes including fire suppression system(s) either dry
chemical/water sprinkler or other.

21.12 Provide any ductwork, ventilation or other
equipment and connections for same not detailed or included in this
agreement but necessary to complete installation.

21.13 Any labor included in this agreement is based
on installation occurring Monday through Friday during the hours 7
a.m. to 5 p.m. Holidays, weekends and hours prior to or later than
the hours detailed in the affirmation statement will be billed separately
on a detailed basis at a rate to be agreed upon in writing by the
Company and the Purchaser and shall become permanent part of this
agreement. The installation price(s) included in this document have
been based upon the Company’s personnel having free and
unencumbered access to the Article and installation site addressed in
this agreement. Any delays in completion of installation due to no
fault of the Company may be billed to cover lost time at the quoted
rates. If installation is occurring during non-standard hours (standard
hours are considered to be 7 a.m. - 5 p.m. Monday through Friday) or
holidays or weekends an hourly premium will be substituted in lieu of
the standard hourly rate provided for in this agreement.

21.14 Obtain and pay for any permits required to
transport, construct, install or operate any equipment provided for in
this agreement.

21.15 Insure that all and any national, state,
province, county or local/municipal code requirements are met unless
otherwise agreed to in writing by an authorised employee of the
Company. Without limiting the generality of the foregoing, this would
include requirements for spill containment and waste disposals.

21.16 Submit any requests for additions to, or
changes to any equipment, terms, conditions or services provided for
in this agreement to the Company in writing. These must be agreed
to in writing by an authorised employee of the Company. No other
person or company has the right to modify or alter this agreement
after it has been submitted. No extra or additional work will be
carried out by the Company without the Purchaser's written
instruction or purchase order, which must clearly show the price for
such work.

21.17 Should testing be a requirement prior to
purchase, any freight charges or special transportation costs incurred
to transport products to be tested to the test location, and returned
from the test location, shall be the sole responsibility of the
Purchaser.
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21.19 Where required by the Company, review and
approve drawings for the work submitted to the Purchaser for this
purpose. The equipment manufacture will not commence until such
approval is received by the Company.

21.20 Provide all necessary information relating to
the desired Article location. A site survey is not included in the price
and will be charged extra to the Purchaser by the Company.

21.21 Provide a minimum of fourteen (14) days
notice to the Company that installation, start up or training services
are required.

21.22 Provide and pay for the following equipment
services or work if required for the Article being supplied by the
Company:

(a) Concrete.

(b) Mechanical.

(c) Electrical.

(d) Plumbing

(e) Ventilation.

(f) Fire suppression.

(9) Piping.

(h) Insulation.

(i) Instrumentation.

() Any other work not specified in the Company’s
agreement.

21.23 Article malfunction or breakdown due to use of

incorrect or non-specified spare parts shall be the responsibility of the
Purchaser.

22. Modifications

22.01 The Company reserves the right to modify or
alter the design as quoted in this agreement provided that such
modification or alteration does not lessen the overall performance of
the Article or services as quoted in this agreement or deviates from
the Purchaser specifications.
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From: Baranack, Greg [gbaranack@curtisswright.com]
Sent: Wednesday, November 24, 2010 4:51 PM
To: BURANY Ruth
Subject: RE: Budgetary Estimate for 3" 150# SS Diaphragm Valve
Ruth,

A 3" 150# Commercial Grade, non-nuclear, diaphragm valve, SS, BW, with HWO would be
approximately $2,600 each with an 8-10 week delivery.

Greg Baranack

Proposals Manager

Enertech, a business unit of Curtiss-Wright Flow Control Company 2950 Birch St. Brea, CA
92821

Office: (714) 528-2301 Ext. 214

Cell: (714) 253-2269

Fax: (714) 528-0128

E-mail: gbaranack@curtisswright.com

----- Original Message-----

From: BURANY Ruth [mailto:Ruth.BURANY@kinectrics.com]

Sent: Wednesday, November 24, 2010 1:12 PM

To: Baranack, Greg

Subject: RE: Budgetary Estimate for 3" 150# SS Diaphragm Valve

Hi Greg; Would you be able to provide the differential if it was designated as non-nuclear?
Ruth

----- Original Message-----

From: Baranack, Greg [mailto:gbaranack@curtisswright.com]
Sent: Wednesday, November 24, 2010 4:07 PM

To: BURANY Ruth

Subject: RE: Budgetary Estimate for 3" 150# SS Diaphragm Valve

Class 6? Does this refer to the leakage criteria? ASME Code Section III, Class 1 (NB),
Class 2 (NC), or Class 3 (ND) are the only ASME Code classes that I am aware of. Please
advise what the class 6 refers to. Thanks.

Greg Baranack

Proposals Manager

Enertech, a business unit of Curtiss-Wright Flow Control Company
2950 Birch St. Brea, CA 92821

Office: (714) 528-2301 Ext. 214

Cell: (714) 253-2269

Fax: (714) 528-0128

E-mail: gbaranack@curtisswright.com

----- Original Message-----

From: BURANY Ruth [mailto:Ruth.BURANY@kinectrics.com]
Sent: Wednesday, November 24, 2010 11:58 AM

To: Baranack, Greg
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Thanks Greg; this is great. age >0

What would be the order of magnitude cost difference if the valve was
class 6?7

Thanks,

Ruth

----- Original Message-----

From: Baranack, Greg [mailto:gbaranack@curtisswright.com]
Sent: Wednesday, November 24, 2010 12:20 PM

To: BURANY Ruth

Subject: Budgetary Estimate for 3" 150# SS Diaphragm Valve

Ruth,

Attached is an ITT Drawing for a 3" 150# SS Diaphragm Valve with
Buttweld End Connections and Handwheel Operated. The budgetary
(non-binding) estimate for this ASME Section III, Class 3 valve is
approximately $22,500 each with a 20-22 week delivery. Please call or
e-mail me if you have any questions or require further information.

Sincerely,
Greg Baranack

Proposals Manager

Enertech, a business unit of Curtiss-Wright Flow Control Company 2950
Birch St. Brea, CA 92821

Office: (714) 528-2301 Ext. 214

Cell: (714) 253-2269

Fax: (714) 528-0128

E-mail: gbaranack@curtisswright.com

This e-mail and any files transmitted with it are proprietary and
intended solely for the use of the individual or entity to whom they are
addressed. If you have reason to believe that you have received this
e-mail in error, please notify the sender and destroy this email and any
attached files. Please note that any views or opinions presented in this
e-mail are solely those of the author and do not necessarily represent
those of the Curtiss-Wright Corporation or any of its subsidiaries.
Documents attached hereto may contain technology subject to government
export regulations. Recipient is solely responsible for ensuring that
any re-export, transfer or disclosure of this information is in
accordance with applicable government export regulations. The recipient
should check this e-mail and any attachments for the presence of
viruses. Curtiss-Wright Corporation and its subsidiaries accept no
liability for any damage caused by any virus transmitted by this e-mail.

This transmission contains information which may be confidential and which may also be
privileged. It is intended for the named addressee only. Unless you are the named
addressee, or authorized to receive it on behalf of the addressee, you may not copy, use, or
disclose it to anyone else. If you have received this transmission in error, please contact
the sender. Thank you for your cooperation.
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Kinectrics Inc. 800 Kipling Avenue, Unit 2 Toronto, Ontario, Canada M8Z 6C4 ég?;gﬁg?

This e-mail and any files transmitted with it are proprietary and intended solely for the use
of the individual or entity to whom they are addressed. If you have reason to believe that
you have received this e-mail in error, please notify the sender and destroy this email and
any attached files. Please note that any views or opinions presented in this e-mail are
solely those of the author and do not necessarily represent those of the Curtiss-Wright
Corporation or any of its subsidiaries. Documents attached hereto may contain technology
subject to government export regulations. Recipient is solely responsible for ensuring that
any re-export, transfer or disclosure of this information is in accordance with applicable
government export regulations. The recipient should check this e-mail and any attachments
for the presence of viruses. Curtiss-Wright Corporation and its subsidiaries accept no
liability for any damage caused by any virus transmitted by this e-mail.

This e-mail and any files transmitted with it are proprietary and intended solely for the use
of the individual or entity to whom they are addressed. If you have reason to believe that
you have received this e-mail in error, please notify the sender and destroy this email and
any attached files. Please note that any views or opinions presented in this e-mail are
solely those of the author and do not necessarily represent those of the Curtiss-Wright
Corporation or any of its subsidiaries. Documents attached hereto may contain technology
subject to government export regulations. Recipient is solely responsible for ensuring that
any re-export, transfer or disclosure of this information is in accordance with applicable
government export regulations. The recipient should check this e-mail and any attachments
for the presence of viruses. Curtiss-Wright Corporation and its subsidiaries accept no
liability for any damage caused by any virus transmitted by this e-mail.
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959 Mearns Road, Warminster, PA 18074

S TEITORU USA TING TEL: 216-343-6000 FAX: 267-486-1037
J GIETRPURE URL: hilps/fwww.chempump.con
Proposal
Dale Quola No. Tngulry Nos “Project Name 7 Terms (in US Gurrency); . :
11/19/2010 201011719 1111910 Emalf ‘ Budgela ) SoNel 30 :
e Rapresentaliva for Telkoku USA, Tnc. B
Toi Mohanied Moledina ) ’
! BPR Enginsering, Inc. Contact Champump
Address: 1100 Burloak Drlve, Sulte 304 .
: : Ontario )
Burlinglon, L7L-682
“{Country: Canada
IPhone: 905-335-8972 x 225
Fax: 905-336-5710
Emall: mohamed.moledina@bpr.ca
Wa promise 1o furnish ihe equipmen lisiod bejow ai the price shown sublect 16 Telkoky USATS Condiiions of Salo,  FOB Faclory :
flemNo. | Equip No. “Quaniily | Pump Modal | Onil Price Tolal Price
L Advise R | GVE-3L-18 | 000! 0,
Applicafion Dala; - : Malerials of Conslrucliont - “Molor Data:
Fluld: Heavy Waler - - [Pump Case: 316 88 Insulation: . ik
TDH {leet): 500 Impeller; 316 SS Frama! 317180
Capaclly (GPM): 1210 Caskels/O-rings: EPDM Stalor Fill. : None
Specilic Gravily; 1.1 . Rator Liner: 316LSS Vollage: 575
Viscoslly {cps): 1.0 Slator Liner: 3T6L 858 Phase: : 3.0
Op. Temp. (F): 1000 Brg. Hsg./Adapler; |316 8S Herlz: 60.0
Vapor Press, {psia); ) Shall; 318 55 i RPM:; " 17750,0
Sp. HL (BTO/MbmF): Bsarings: (}G Type B, 31685 Design Power (hp):.  [3.58
L ) Sleeved -
Sucl, Press.  (pslg): | JeumnallSleeves: M-3 {Chrome Oxide) | Runout Power {hp): 4.8
Dsoh. Press. (pslg): N - Sucl, Conn: 3 7 160If Ralsed Face | Molor (hp): : 4.8
Diit. Prass (psi):: 238 : : Dsch. Conn, 2] 150/ Raised Faco| F.L. Amp; ] 5.04
NPSHavall (feel); ; “ICase Drain: AT NPT £.L. KW; - 36
NPSHeq (lesl): . | 449 Clrc. Assy.: 31665 SlarlkVA. - 17108
BN @ Dlany. (%)~ | 478 Circuiation Pafhy:- Slandard ) Motor Raling:’ TOTALLY
S DU O . . ENCLOSED
mp. Dlam, (N} 17,76 Net Wgl. (Ibs): 245 Area Class: { NONE
Deslgn Pressure.___ IB0 ol T T T
Oplonsr. “Thermal TCO.(L); 425.0
, o SR Porl. Gurve No.t-— | A-10116
Slacitical Junclion Box: HIGH PRESSURE LEAD CONNECTOR. Bulfeln Number: | 7101
other Modificallons: ASME Sectlon I, Class 8, with N-Slamp * Ouliine Dwg....... | A-BOABE -
Hydraulle Test; Non-Wilnessed Shipment:- R I [ R
Hydrostalic Test: Non-Wiinessed {Wike) alter drwa. approval of v
Commenis! . L |
Quantliy of fen pumps ordered al ono.lima, |-
$75,000,00 nel-each, Prices:are cannad:molor,
pump(s) only-and-do not Include-exporL frelghl |
charges; cusloms; dulies, laxes, elé;:Rouph
1 order of magninde (ROM) budgetary prices.
(I ‘Prices are:in US dollars. :

Thianlt you for your Inqulty.. :
Ploaso foa!-free e visit our website at: www.chempump.conm
Jim McDanlelAE x1010:

Puge 3of4
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From: Fawaz Almassri [falmassri@twfp.com]
Sent: Thursday, December 09, 2010 10:28 AM
To: Jitender Singh
Subject: FW: OPG - Various Sites

Jitender, Here is the quotes for instrumentation air system and breathing air system,
For instrumentation air system | picked option B.

Thanks

Fawaz

From: louis.simonetto@ca.atlascopco.com [mailto:louis.simonetto@ca.atlascopco.com]
Sent: Monday, November 29, 2010 5:51 PM

To: Fawaz Almassri

Subject: Re: OPG - Various Sites

Hi Fawaz,

It has been a while! Sorry for the delay

Further to your request, first; in regards to the system selection for the 3 nm3/min. (1058CFM) for instrument air,
depending on the air quality requirement you can either go with a) with a refrigerated air dryer (38 F PDP) or b) with a
regenerative desiccant dryer (-40 F PDP). No pressure requirement mentioned so will assume standard requirement 100
Psig. | have outlined both below.

Quote Ref....220036/1110/8BNUQZ

a) with refrigerated air dryer........... Total $ 16,940* (with all shown options)

Atlas Copco Model GA18FF-100-500L 25 Hp rotary screw package, air receiver mounted, with integrated refrigerated air
dryer electromc control (load/no load capacity control, Capacity 108.7 cfm @ 100 psig... Unit Price.......$ 16,050*

Atlas Copco Option # 0000 0034 38 Integrated Factory Mounted DD Coalescing Primary Filter and PD Coalescing

Secondary Filter

... Optional Adder.......$ 750"

4

P3NRA9BBNG 3/4" Pressure Regulator with Gauge... Unit Price.......$ 140*

* Budget pricing based on single units.

b) with desiccant air dryer........... Total $ 20,820* (with all options shown)

Atlas Copco Model GA18P-100-500L 25 Hp rotary screw package, air receiver mounted, with, electronic control (load/no
Ioad capacity control, Capacity 108.7** c¢fm @ 100 psig... Unit Price.......$ 12,300*

Atlas Copco Option # 0000 0934 08 factory mounted EWD Electronic Drain on air receiver... Unit Adder.......$ 540*
4
Atlas Copco Option # 0000 0034 43 Integrated and factory mounted GP Coalescing Filter ... Unit Adder.......$ 390"

1






Filed: 2021-04-19
EB-2020-0290

_ Exhibit L
+

D2-02-AMPCO-131
Atlas Copco Model CD50 Regenerative Desiccant Air Dryer with PD prefilter & DDP afterfilter Capacity 106 cfmg** @:iRBment 5
psig...Unit Price.......$ 5,500* Page 79 of 87

+ Optional but recommended for varying loads.

Atlas Copco # 0000 0208 21' Purge control, PDP sensor and PDP display, CD25-CD100...Unit Price.......$ 1950
+
P3NRA96BNG 3/4" Pressure Regulator with Gauge... Unit Price.......$ 140*

* Budget pricing based on single units,
* Average 15% purge loss on regeneration (approx 16 ¢fm) may have to increase size of compressor and dryer to accommodate exact flow

requirement

On the breathing air system side, capacity is 130 SCFM you indicated system, didn't know if you be looking at the supply
and or the treatment equipment, however have outlined both below. Total System Includes All Options Shown $
41,300*

Compressor .., Atlas Copco Model GA26+100 40 Hp rotary screw package, Capacity 172,1** ¢fm @ 100 psig... Unit

Price.......$ 15,900*

+
Atlas Copco # 8971 9161 07+ 200-gallon vertical air receiver, with epoxy coated interior, gauge, safety valve and
automatic electronic drain.

... Unit Price.......$ 2,350*

E)el-Monox model DM135 6-Stage Breathing Air Purification System inlet capacity 162 SCFM & outlet capacity 135 SCFM
... Unit Price.......$ 15,700* ,

gptional Series 1000 CO monitor factory installed, with calibration kit...Unit Adder.......$ 4,750*

gptional CompuSaveEMS energy saving purge system...Unit Adder......$ 2,600"

* Budget pricing based on single units.

Genéral data attached, for all equipment, let me know if you need any detailed information, drawings etc...

Best regards,

Louis Simonetto
Technical Sales Representative

Atlas Copco Compressors Canada
125 McBrine Place, Unit 6, Kitchener, Ontario, Canada N2R 1G4

Phone: 519.748,2266 or 1.800.887.4192 - Cell,; 519.575.3880 - Fax: 519.748,6726
E-mail: louis.simonetto@ca.atlascopco.com’

Visit Atlas Copco at: atlascopco.com
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From: Dominic Cheng [dcheng@twfp.com]
Sent: Thursday, December 09, 2010 2:58 PM
To: Jitender Singh
Subject: FW: Distribution Pricing
Two of two.

Dominic Cheng
Ext. 231

From: Warren Locke

Sent: Wednesday, December 08, 2010 12:22 PM
To: Dominic Cheng

Subject: FW: Distribution Pricing

Compare with Rob’s email.

Thanks,
Warren

Warren Locke
Ext. 421

From: Ray Silk [mailto:rsilk@gerrie.com]

Sent: Wednesday, December 08, 2010 11:13 AM
To: Warren Locke

Subject: RE: Distribution Pricing

13.8kV-600V delta-wye dry type transformers Standard Rate of Rise, and Copper Wiring:
1, 1500kVA- $54,000.00 Alum......560,000.00 Copper

2. 2000kVA- $63,000.00 Alum...568,500.00 Copper

3. 2500kVA- $71,500.00 Alum....$77,830.00 Copper

Plus the corresponding 600V, 3ph, 4w Switchboards- with main breaker, distribution section:
1. 2000A -$25,795,00 Alum bus....530,375.00 Copper bus
2. 2500A- $42,465.00 Alum bus...549,960.00 Copper bus
3. 3000A- $44,855.00 Alum bus....552,770.00 Copper bus

Note: All above Service Entrance Switchboards have 4- 400A 3P MCCB's in the distribution section .

Sub-Distribution:
75kVA - 600-120V delta-wye 3ph, 4w
112,5kVA 600-120V delta-wye 3ph,4w

Standard 208V, 3ph, 4W panelboards:
1. 225A-$1045.00 Alum bus...5$1230.00 Copper bus... ,
2. 400A-51150.00 Alum bus...$1350.00 Copper bus...
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Note: Above panels are 42 circuit filled with 1P 15A breakers.. D2-02-AMPCO-131
Attachment 5

Thanks Warren.....if you need anything further please don’t hesitate to ask.... Page 81 of 87

Ray Sitk

From: Warren Locke [mailto:wlocke@twfp.com]
Sent: Tuesday, December 07, 2010 1:15 PM
To: Ray Silk

Subject: Distribution Pricing

Hi Ray,
Would you have time to send me some budget pricing on the following items. They can be ballpark | don’t need nailed
down pricing but | do need a general idea for a project for later today or tomorrow if possible.

13,8kV-600V delta-wye dry type transformers Standard Rate of Rise, and Copper Wiring:
1. 1500kVA
2. 2000kVA
3. 2500kVA

Plus the corresponding 600V, 3ph, 4w Switchboards- with main breaker, distribution section:

4, 2000A
5. 2500A
6. 3000A

Sub-Distribution:
75kVA - 600-120V delta-wye 3ph, 4w
112.5kVA 600-120V delta-wye 3ph,4w

Standard 208V, 3ph, 4W panelboards:
3. 225A
4, 400A

Anything you could provide for me even if they're general rough estimates by the end of the day would be greatly
appreciated.

Thanks,
Warren

Warren Locke, P.Eng.
Electrical Engineering Team Leader
Engineering Services Group

2diValterfedy

hé«e‘i’QHi‘

Phone; 519-576-2150 x421
Fax; 519-576-5499

Web: www.twfp.com

Please be advised that TWFP’s offices will close for the holidays at 12pm on December 24t

2
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From: Dominic Cheng [dcheng@twfp.com]
Sent: Thursday, December 09, 2010 2:58 PM
To: Jitender Singh
Subject: FW; Budget Distribution Pricing
One of two.
Dominic Cheng
Ext, 231

From: Warren Locke

Sent: Tuesday, December 07, 2010 3;18 PM
To: Dominic Cheng

Subject: FW: Budget Distribution Pricing

Pricing

Warren Locke
Ext, 421

From: Rob Crowther [mailto:rob.crowther@nedco.ca]
Sent: Tuesday, December 07, 2010 3:12 PM

To: Warren Locke

Subject: Budget Distribution Pricing

You didn’t get em from me.

Rob Crowther

Account Manager

Nedco

33 McIntyre Dr.Units B & C
Kitchener Ontario

N2R 1E4

Phone 519-893-8078

Fax 519-893-1587

Cell 519-465-5671

e-mail rob.crowther@nedco.ca

----- Original Message-----
From: Warren Locke [mailto:wlocke@twfp.com]
Sent: Tuesday, December 07, 2010 1:15 PM
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Hi Rob, »
Would you have time to send me some budget pricing on the following items. They can be balipark | don’t need
nailed down pricing but | do need a general idea for a project for later today or tomorrow if possible.

13.8kV-600V delta-wye dry type transformers Standard Rate of Rise, and Copper Wiring:
1, 1500kVA $61,000.00
2. 2000kVA $73,000.00
3. 2500kVA $89,000.00

Plus the corresponding 600V, 3ph, 4w Switchboards- with main breaker, distribution section: full of branch
breakers.

1. 2000A $20,000.00

2. 2500A $25,000.00

3. 3000A $30,000.00

Sub-Distribution;
75kVA - 600-120V delta-wye 3ph, 4w $1900.00
112.5kVA 600-120V delta-wye 3ph,4w $2600.00

Standard 208V, 3ph, 4W panelboards:
1. 225A$1500.00 72 cir ¢/w 72 15a 1p breakers
2. 400A $1900.00 72 cir ¢/w 72 15a 1p breakers

Anything you could provide for me even if they’re general rough estimates by the end.of the day would be
greatly appreciated.

Thanks,
Warren

Warren Locke, P.Eng.
Electrical Engineering Team Leader
Engineering Services Group

Phone; 519-576-2150 x421
Fax: 519-576-5499
Web:  www.twfp.com

Please be advised that TWFP’s offices will close for the holidays at 12pm on December 24"

Our offices will re-open on January 3, 2011 at 8am.
We wish you a safe and happy holiday, and all the best in 2011/

The information contained in this e-mail is intended only for the individual or entity to whom it is addressed. its
contents (including any attachments) may contain confidential and/or privileged information. If you are not an
intended recipient you must not use, disclose, disseminate, copy or print its contents. If you receive this e-mail
in error, please notify the sender by reply e-mail and permanently delete the message. Information, opinions or
conclusions contained in this message that do not relate to the official business of "The Walter Fedy
Partnership" will be understood as neither given nor endorsed by it.

2
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From: Fawaz Almassri [falmassri@twfp.com]
Sent: Thursday, December 09, 2010 10:22 AM
To: Jitender Singh
Subject: FW: OPG - Estimate - Various Locations

Quotes for the following equipment:

1. Ventilation Exhaust fan

2. Lab exhaust fan

3, Lab Make Up Air Unit

4. Drum transfer area 6m exhaust hood and Exhaust Fan

From: Nathan Martin [mailto:nathan@odellassoc.com]
Sent: Friday, November 26, 2010 6:47 AM

To: Fawaz Almassri

Subject: RE: OPG - Estimate - Various Locations

Fawaz,
[ have tried to address all of your items below ...

Nathan Martin, P.Eng.
Ph. 519-772-0386

Fx. 519-772-1029

Mob. 619-570-5992 From: Fawaz Almassri [mailto:falmassri@twfp.com]
www.odellassoc.com Sent: Thursday, November 25, 2010 9:11 AM

To: Nathan Martin
Subject: OPG - Estimate - Various Locations

Hi Nathan,

I am working on a budget estimate for OPG various sites and need quick selection and pricing for budget purposes only

at this time. For now the study is for 5 locations (not sure at the end how many building OPG will do if any)

The cut sheet and price | need is for the following:

1. One large exhaust fan for each site to serve Heavy Water Storage Building, the fan would be in line located in a
penthouse ducted to the storage and to the outside thru a stack (10high stack). This fan to be two speed fan, low speed
for normal operation and hi speed for leak situation and to be triggered by area tritium monitors signal. Max. air flow
rates vary for those building, so if you can send me selection for various sizes starts from 40,000 to 100,000CFM./Nathan
Martin] See attached. 1have only selected (2) fans (40K & 100K), you will be able to interpolate the data to determine
budget pricing at any level in between, Budget Prices as follows: F1 - 100K = $28,000.00, F1 - 40K = $14,000.00.
(Note: You are better getting VFDs for these fans to control different speeds. A VFD will be less expensive, and provide
increased energy savings, over a 2-speed motor. We do not currently represent a VFD manufacturer, so I have not

included pricing or selection.

2. Lab exhaust hood c/w exhaust fan (Two or each site)./Nathan Martin] We do not supply lab hoods. Flow rate for
each hood would be 500CFM. Also the fan to be inline fan ducted to the outside./Nathan Martin] 1have provided both
an inline selection (budget $1,800.00) and a roof mounted solution (budget $1,600.00). Since this is a lab, it would be
more typical to see the fan mounted outside, as it eliminates any positively pressurized ductwork within the building,

3, MAU, 800CFM, one for each site. Two speed, interlocked with lab hood exhaust fan, low speed when one fan running,
high speed when two fans running./Nathan Martin] You will definitely want to Jook at an electrical MUA for this
application — airflow too low for gas. 1 would suggest, for cost & simplicity, that you simply use a (2) direct drive inline

1
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fans in parallel. At low speed, run (1) fan. At high speed, run both fans. The duct heater would need to be zs-gngsml,fc"g‘ﬂ‘gﬁ
SCR modulating control. Budget cost for all the equipment would be $2,000.00, Attachment 5

Page 85 of 87

4. Exhaust hood (one per site), 6 meter canopy hood rated at 2,000CFM c/w exhaust fan and make up air rated at
2,400CFM.[/Nathan Martin] See attached fan selection (budget $1,800,00). I would recommend and MTI-11-300 for the
MUA (budget $12,000.00) see attached drawing,

If you can send me these items by end of tomorrow Friday that would be great.
Thanks
Fawaz

Fawaz Almassri, P.Eng

Mechanical Engineering Services

Zdivalterfecly

Zd walterfedy

PAEARTHRERESEHIP

Phone: 519-576-2150 x492

Fax; 519-576-5499

Web: www.twfp.com

The information contained in this e-mall is Infended only for the individuat or entity to whom it is addressed. its contents (including any attachments) may contain
confidential andfor privileged information, If you are not an intended recipient you must not use, disclose, disseminate, copy or print its contents. I you receive this

e-mail in error, please notify the sender by reply e-mail and permanently delefe the message, Information, opinions or conclusions contalned in this message that
do not relate to the official business of "The Walter Fedy Partnership® will be understood as neither given nor endorsed by i,
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From: Fawaz Almasstri [falmassri@twfp.com]
Sent: Thursday, December 09, 2010 10:03 AM
To: Jitender Singh
Subject: FW: OPG Make up air units

Ventilation Unit Quote, This is for gas but it would be very close for electric heat as well.

From: Wallace, Paul [mailto;WPWallace@trane.com]
Sent: Monday, November 08, 2010 9:56 AM

To: Fawaz Almassri

Subject: OPG Make up air units

Hi Fawaz

For units with return air and natural gas heat please use the attached catalogue to evaluate
dimensions/performance/weight,

Depending on the temperature rise you will need for the amount of fresh air and location.

HDGH 100 budgets at 36K
HDGH 200 budgets at 46K
HDGH 250 budgets at 63K
HDGH 300 budgets at 75K
HDGH 350 budgets at 80K
HDGH 400 budgets at 87K
HDGH 500 budgets at 95K

| have included for v bank filter section with outside air hood.

Units based on down discharge plenum on the end

Units are all 304 SS heat exchangers at 20:1 turndown

Tamco 9000 dampers in the mixing box

All units are 2” double wall and have wire markings and marine lights
All units are heating only.

| don’t have standard sizes for electric, if you can send me specific information for electric option | can work a few of

these out. :
To add cooling, I'll need some specific information about performance requirements.
Let me know how this info works out for how.

t

Working to Solutions

Paul Wallace, P.Eng.

Systems Sales

Trane Ontario - Waterloo Wellington
p519 580 0395

519 746 6397
wpwallace@ftrane.com
www.trane.com
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1. Executive Summary

At OPG, issues with heavy water and drum management coupled with the low reliability of the
Darlington Tritium Removal Facility (TRF) over the last number of years has focused attention on
improving the storage and segregation needs of the OPG Heavy Water Inventories.

In 2004, a strategic study was commissioned to develop an OPG Heavy Water Storage and Drum
Handling strategy (Kinectrics Report : K-011043-001-RA-0001-R00A, December 2004). The
major conclusions of the study were:

e Lack of operational flexibility during Station and TRF outages
e Lack of adequate bulk storage for reactor grade and downgraded heavy water
e Inability to empty out, clean and dispose of surplus drums

On the basis of this study a preliminary project scope was developed leading to, in November
2005, the project charter (N-PCH-03800-10000). The present work, as part of the project
definition phase, examines in detail the heavy water and drum management issues. Through the
gathering of detailed operational information, interviews with stakeholders, review of outage
schedules, review of OPG strategy documents and business plans, options for dealing with the
issues are identified. For each option the pros and cons, risks and benefits are presented and
discussed. The costs and schedules for implementation of the various options are provided.
Analysis of the heavy water storage and drum handling needs for Darlington, Pickering and OPG
as a whole leads the study to recommend the following preferred options.

e At Darlington Nuclear a 12 x 26 m? extension to the Heavy Water Management
building to accommodate 400 m® of additional heavy water storage tanks and
improved drum handling facilities and drum storage space.

e At Pickering Nuclear an additional 97 m® of downgraded heavy water storage in
addition to a drum cleaning facility.

Implementation of the preferred options is estimated to cost:

e $27.1 million at Darlington Nuclear and,
e $12.7 million at Pickering Nuclear.

The costs estimates include all materials, engineering, installation, commissioning, OPG project
coordination, and interest on capital with an overall contingency of 25%.

The schedule for implementation of the preferred options estimates project completion to occur
in,

e late 2010 at Darlington Nuclear and,
¢ mid-2010 at Pickering Nuclear.

Benefits from the additional storage at DND are:

¢ Improved operational flexibility by mitigating dependence on a functioning TRF

e Ability to accommodate up to an 18 month TRF outage.

o Eliminates the need for off-site shipments during planned moderator drains (high risk
that space may not be available externally because of competing storage demands
at external sites).

¢ Avoids Outage extension due to limited PHT storage capability (medium risk of
outage extension due to D,O storage shortfall)
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Eliminates use of reactor grade storage tanks for contingency downgraded D,O
recovery storage (medium risk of a major downgrading event whenever reactor grade
tanks are used for downgraded storage).

Avoids increasing PHT tritium concentration by being able to segregate PHT and
moderator recoveries during extended TRF outages.

Allows SCO and VBO outage requirements to be met.

Accommodates an Upgrader outage of 8 weeks

Enhances the ability to pursue external commercial opportunities thereby maximizing
OPG’s revenue potential, estimated up to $10 million/yr.

Permits an increase in TRF throughput

Can provide heavy water storage relief for PND during its outages

Benefits from additional storage and drum cleaning at PND are:

Corrects the lack of ‘recovery’ storage issue which contributes to growing drum
problem and the depletion of D20 from circulation,

Mitigates the risk of an Upgrader failure to meet operational requirements,

Improves performance of the Clean Up System by providing flexibility to manage the
various qualities of downgraded water,

Improves PND’s flexibility to detritiate by allowing more inventory to be available
(instead of being stored in drums) in the detritiation cycle between PND and TRF,
Provides DND with drum cleaning service,

Controls the growing drum problem which has drawn scrutiny from the CNSC,
improves housekeeping and worker’s safety.

The risks associated with the DND option are:

Failure to recover cost of investment due to sales benefits not materializing,
Higher costs from discovery work during detailed design,

Continuing unreliability of the TRF negating the benefits provided by the increased
storage and negatively impacting cost recovery through external sales,

Disruption of HWMB operations during construction and commissioning.

The recommended option for PND carries the following risks:

Failure to recover the cost of investment in the remaining life of PNDB (earliest end of
life 2014)

UPPB performance degradation continues unabated,

Higher costs from discovery work during detailed design, in particular, additional work
required to address seismic requirements.
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2. Background — Heavy Water Management at OPG

According to the Project Charter, N-PCH-03800-10000R00, “Ontario Power Generation (OPG), at
its Pickering (PND) and Darlington (DND) sites, needs to improve its overall ability to manage its
Heavy Water (HW) inventories to support continuous station operations in a safe and cost
efficient manner.”

Improvements are needed in the:

e detritiation process to support continuous station operation

o flexibility to segregate different heavy water (HW) streams for normal station operation
and during an outage
utilization of the Darlington Tritium Removal Facility (TRF)
management of its inventory of drums

2.1.Improving Detfritiation

Tritium in the Moderator and PHT systems is required to be controlled in order to:

e Meet regulatory limits for allowable concentrations in Moderator and Heat Transport
Systems

e Maintain tritium emissions to the environment as low as reasonable achievable (ALARA);
minimizing public health and safety risks and environmental impacts,

e Minimize worker dose; maintaining a safe and healthy working environment.

Tritium is constantly being produced at the CANDU plants and must be removed on a regular
basis; this is the function of the TRF. In order to accomplish the tritium removal, heavy water at
the stations is required to be transported to the TRF for processing. Thus, detritiation of the
heavy water requires management of the heavy water inventories. In order to effectively manage
the heavy water inventories sufficient storage capacity, outside of the reactors, is required.

Two approaches to detritiation are practiced: on-line (bleed and feed) and off-line (moderator
swap). The on-line detritiation technique involves replacing of a volume of high Curie moderator

water with an equal amount of low Curie (maybe higher isotopic) water while the Unit is operating.

Off-line detritiation also replaces high Curie with low Curie water but it is performed during an
outage when a Unit moderator has been drained. These techniques perform the same function,
that is, replace high Curie heavy water with low Curie heavy water. Each technique has its pros
and cons as highlighted below. Appendix A provides a detailed example of the effects of one
technique versus the other.

2.1.1. On-line Detritiation (Bleed and Feed)

On-line detritiation has the following benefits:

o Performed while the unit is running.

o Does not create a heavy water stream which needs quarantining; no gadolinium in heavy
water due to unit shutdown.

e No need to treat water prior to shipment to TRF.

e Moderator isotopics may improve since the water used in the swap is often upgraded
product

¢ |s not dependent on the outage schedule
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The negatives of on-line detritiation are:

e For an equivalent volume of heavy water exchanged it less effective than off-line swaps
due to mixing of the TRF product with the moderator inventory.

2.1.2. Off-line Detritiation (Moderator Swap)

Off-line detritiation has the benéefit of:

o Performed during an outage when the unit is shutdown. Detritiation can be scheduled to
coincide with moderator drains performed for system maintenance.

o Moderator isotopics may improve since the water used in the swap is often upgraded
product

e For an equivalent volume of water swapped achieves a larger detritiation (this is also true
for moderator isotopic improvements)

The negatives of off-line detritiation are:

o The drained heavy water may have to be quarantined because of gadolinium (Gd)
present in the water due to shutdown procedures (eg. PND-B) and this reduces
availability of S&I storage.

e Additional processing of water may be required to remove Gd prior to processing by the
TREF; increased resource usage.

e Must be completed within a short duration (ie. 5 days) in order not to threaten the outage
schedule

o Must be approved by CNSC since the gadolinium content in the moderator water must be
controlled

e Monitoring of the mixing conditions must be done to prevent undesired flux tilts; large
amount of sampling must be done during process to ensure reactor safety

2.2. Improve flexibility fo segregate different heavy water (HW)
streams

Sufficient heavy water storage is required for the proper segregation of different streams of D,O
so that a station can effectively operate during normal operations and during outages.
Segregation of different quality waters are based on:

e  Tritium concentration — e.g. low tritium concentration for PHT make-up versus high tritium
concentration for moderator; TRF grade D20 (outside of virgin heavy water lowest tritium
concentration heavy water),

¢ Isotopic concentration — e.g. reactor grade versus downgraded,

e System chemistry — e.g. lithiated PHT D20 cannot be sent to the moderator system since
this would pose a risk of Gd precipitation,

e Cleanliness —e.g. downgraded, oily or high TOC versus clean downgraded water,

The management of these different qualities of water of different volumes requires flexibility in the
heavy water management system. A main component in the heavy water management system
that determines flexibility is the storage capacity of the heavy water management system. If the
water storage capacity is insufficient then the system will impact station operations and station
outages. Since station operation and maintenance are critical, work arounds (non-standard
procedures) are often found on order to meet the needs.
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2.3. Tritium Removal Facility Operation Not Optimized

The continuing poor reliability of the TRF brings into question the feasibility of the current
detritiation plan which requires high availability of the TRF operating at 60% capacity factor over
the next 5 years. The average lifetime capacity factor of the TRF is about ~60%. However, the
capacity factor is inconsistent from year to year due to unpredictability of forced outages that the
TRF has experienced; this is shown in Figure 1 below:

3000
2500 -

2000 -
1500 \ /
1000 N

500 -

Feed Rate (Mg/a)

O T T T T T v T T T
1988 1990 1992 1994 1996 1998 2000 2002 2004 2006

Year

Figure 1. TRF historical throughput.

The TRF has limited storage capacity in the product and feed side of the process as a result, for
effective detritiation, the TRF has to operate efficiently and at a 60% capacity factor. Based on
recent history, there is a risk of not being able to meet the current strategy.

Furthermore, optimum usage of the TRF requires:

e A steady feed from DND, PND and from external sources (eg. contractual obligation with
Bruce Power) and,

¢ High tritium concentration in the feed.

o Effective coordination between sites to transport heavy water between stations.

The reliability and performance of the TRF reflects its age, the condition of the facility and lack of
redundancy in its original design. The difficulty in meeting contractual requirements (detritiation
services for Bruce Power) and the rising tritium levels in the OPG heavy water system (eg. PND-
B) is indicative of a lack of flexibility within the OPG Heavy Water Management system to
manage TRF outages. Increasing the available heavy water storage will mitigate (decouple) the
strong dependence on an unpredictable TRF and improve the utilization of the DTRF when it is
operating.
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2.4. Lack of Drum Handling Facilities

At present there are a large number of drums (empty and filled) at the stations, in particular, PND
which has over 3000 drums. Permanent storage of heavy water in drums is not an option. The
large number of drums poses the following problems:

Occupies valuable station space,

Increases the risk of worker injury from the man-handling of the drums,
Increases the risk of heavy water spills,

Increases the risk of worker dose.

Removes valuable D20 inventory from normal circulation

Additionally, at PND the lack of drum cleaning facilities leads to:

e Re-usage of dirty drums to store relatively clean downgraded heavy water (ie. cross-
contamination),

e Further increases the number of drums on site,

e Complicates the disposal of drums to Nuclear Waste Management

At DND commercial opportunities utilizing drums are restricted because of:

e Lack of drum pressure testing capabilities. A drum prior to re-use for D20 shipment
requires to be pressure tested.

¢ Improper facilities to receive third party shipments (eg. unloading ISO containers and
drums).

e Lack of drum storage space limiting the size of drum shipments.

Facilities to handle, clean, pressure test and store drums is needed to allow stations to recover
valuable space, reduce safety hazards and generate external revenue.

2.5. Heavy Water Cycle

There are two main components of heavy water management at OPG:

e Heavy Water Recovery, Cleanup, Upgrading and Detritiation
e Heavy Water Storage and Handling

A schematic of the heavy water management cycle is shown in Figure 2. This figure shows that
the feed to the TRF is taken from the moderator system via water swaps. The general intent is to
make up for losses in the PHT via the TRF product and to improve the isotopic of the Moderator
via the Upgrader product. However, the system has to be necessarily flexible to balance the
losses and meet OP&P limits. Therefore, both TRF and Upgrader product can go to the
Moderator or PHT. The separate Heavy Water make-up input indicates the heavy water required
to make-up for the net losses from the system via virgin (undesirable) or external heavy water
sources.

Under normal operations heavy water needs to be managed because of leaks in the PHT and
Moderator systems to the station and external environment which results in:

e downgraded (lower isotopic and tritium concentrations) heavy water which requires
storage, clean-up and upgrading,
e heavy water inventory losses which requires storage of the replacement water.
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Additionally, tritium concentrations in the system need to be maintained to the set targets.

Under outage situations heavy water requires managing to permit the maintenance of systems
via draining of the systems. Drained water requires storing and in some cases isolation (eg.
gadolinium containing moderator water). Under outage situations the heavy water system
undergoes shrinking or swelling which requires additional volumes of HW to be stored.

T From Dadington TRF

o o

To Dardington TRF

hioderator Escape
hdaderator Sy stem

Upgrader Head Product

l Heawy Wiater hiakaup

Primary Hea Transzpart PHT Escape
(PHT) System

Downgraded Backlog [Heawy Wiater Losses)
> T p—
. Total Heawy Wifater
Unit Heawy Wiater Losses Fiaaauatias b~
- L Upgrader
e T
D20
Cleanup

Upgrader Bottomn Product

Figure 2. Schematic of Heavy Water Cycle in a CANDU station.

3. Preferred Options Study Objectives

A study to examine Heavy Water (HW) management at Pickering and Darlington was conducted
by “Kinectrics Inc” (Kinectrics Report : K-011043-001-RA-0001-R00A) in December 2004. The
study identified a number of modifications to improve OPG’s management of its heavy water
(D20) inventory. The option recommended by the study was to install additional D20 storage at
Pickering and Darlington sites. The option included drum cleaning and testing facilities. This
recommended option has been designated as the preliminary project scope.

In November 2005 a project charter was issued (N-PCH-03800-10000). As part of the initiation
phase (Project Management Life Cycle, N-INS-00120-10013) this “Preferred Options” study was
conducted to better define the heavy water storage and drum handling needs within OPG. The
study assesses various options that will address OPG’s long-term needs in heavy water
management and not its short term operational issues. The study defines the preferred options
for the various OPG sites. In addition the study identifies the pros and cons, risks and benefits of
each option while providing the cost and schedule for implementation.

The preferred options will be evaluated with respect to providing augmented storage capacity to
improve the following:
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o The detritiation process to enable continuous station operation within the approved OP&P
tritium concentration limits

¢ Improve operational flexibility in heavy water management during normal operation and
during outages

e Reduce bottlenecks to optimization of the usage and efficiency of the Tritium Removal
Facility

e Improve drum handling capability, safety and inventory

4. Scope of Work

The scope of work for the study is as follows [7]:

e Perform plant walkdowns, interview pertinent station stakeholders and review OPG
documentation

o Define OPG’s long term heavy water storage and drum handling requirements

e Conduct study, analyze all pertinent data and information. Provide options that can
support the above objectives. Each option to include the following:

- Assumptions made to substantiate the option

- ldentification and explanation of “wants versus needs”, “pros versus cons”,
benefits and risks

- Conceptual cost estimate

- Schedule estimate for execution

- Breakdown of the estimates including removal of existing equipment, tie-ins to
interfacing systems, commissioning, etc.

- Proposed locations for major equipment and associated layout sketches

e Present and justify the “preferred Option”

e Support the Project in presenting and obtaining acceptance of the preferred option to
senior management

e Support the review of the cost estimate to be performed by OPG or its independent
reviewer
Support OPG’s needs analysis challenge meeting
Assist in the completion of OPG’s Design Scoping Checklist

5. Methodology

Kinectrics’ approach to the study consisted of four main phases: an exploratory phase, analysis
and options development phase, a costing phase based on the developed options and a reporting
phase.

In the exploratory phase information on the present status of the system was gathered.
Stakeholders and individuals from the following areas were contacted for information and
definition of needs. The information was exchanged by way of emails, documents or meetings
with the following groups:

Common Services Operations
Common Services Engineering
ALARA

Outages

System Engineering
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Design Engineering

Performance Engineering

Civil Maintenance

Field Engineering

Isotope Sales and Heavy Water Programming
Construction

Multiple field walkdowns were performed both at Darlington and Pickering examining potential
locations for increased storage and/or drum handling facilities.

Assumptions for each site were developed, reviewed and agreed upon with the stakeholders over
several meetings during the month of May. These assumptions were the basis for the
development of the options. Many documents were reviewed during the development of the
options.

OPG general reports
Meeting notes

OPEX

OPG strategic reports
Outage schedules

The information examined was in the areas of:

heavy water storage capacity,

heavy water inventory,

heavy water practices during operations and outages,

drum usage and handling practices,

drum inventory

space availability to accommodate additional tanks and drum facility
systems classification

seismic requirements within PND and DND

financial impact of inadequacies in HW Management

The collected information was analyzed for the purpose of developing options which addressed
the defined needs. Subsequently costs and schedule for the implementation of the options were
produced.

This report presents the assumptions, the analysis leading to the options, the costs and schedule
for implementation of the options. The defined options are discussed in terms of meeting the
needs, the benefits arising from their implementation and the risks associated by moving forward
with the options.
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6. OPG’s Long Term Heavy Water Storage and Drum Handling
Requirements

As the study began collecting information assumptions were developed which defined OPG’s
long term operational and maintenance needs. These assumptions were developed through the
consultation of OPG strategy documents, future outage schedules and stakeholders. The
assumptions once identified were reviewed and agreed upon with the stakeholders. The agreed
upon assumptions for PND and DND are presented in Tables 1 and 2 respectively.

Table 1. Pickering Assumptions Used to Develop Options for Heavy Water Storage and
Drum Handling Long Term Needs

1 | Present drum backlog and dirty water in drums dealt with separately; out of this scope

2 | Disposal or storage of drums not in scope
3 | 1000 drums per year required for operations

One (1) unit moderator volume and one PHT VLLDS volume simultaneous drain per year
4 | (250 Mg &100 Mg respectively)

A drum cleaning facility capable of processing 10 drums/day would be sufficient. Cleaning
of legacy drums of ~2500 to be reviewed as incremental cost to proposed facility.

5 | Anticipated 5 to 10% of 2500 drums may be disposed off as waste.

Drums are utilized to facilitate transportation of recovered heavy water from its collection
6 | point to the clean-up system

7 | Storage of cleaned, downgraded, HW from UPPA and drums out of scope

~160 Mg of clean, upgraded water recovered from oily drums and ~30 Mg from UPPA in
8 | scope
9 | Nuclear Units operate to planned life

10 | TRF operates to planned life

11 | Moderator 3.5 Ci/kg/yr increase with no detritiation

12 | PHT 0.05 Ci/kgl/yr increase with no detritiation

13 | Capability to perform moderator swaps of 100 to 150 Mg during moderator drains
14 | D20 management during VBO is not an issue as per Kickoff meeting

15 | Detritiation by bleed and feed (on-line swap)

16 | TRF to meet PND's operational needs

17 | Maximum TRF outage of 6 months

18 | HW turbidity no impact on storage or drum requirements

19 | PHT water from units 2 and 3 not in scope (~280 Mg). Presently 200 Mg is in circulation.
20 | UPPA tanks are carbon steel, and are not suitable for long term storage of D20

21 | HW losses out of system ~25 Mg/yr

22 | Permanent Gd removal capabilities at S&l tanks available (ECR)

23 | UV oxidation system operational

24 | UV oxidation because of downgrading can process both Hi and Low Ci IXCU trains
25 | No return of UV oxidation product to IXCU for further cleanup

10
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26

IXCU processing of ~150 kg/hr for oily water, non-oily at ~400 kg/hr (confirm)

27

70% of IXCU load from PHT, 30% from Moderator

28

Longest upgrader outage 1 month

29

Present efficiencies and throughputs of upgraders to remain constant (Sulzer - 110 kg/hr,
UPPB - 150 kg/hr)

30

Control, maneuver and segregation will be performed as per the current mode of
operation

31

Sampling and analyzing of contents prior to storage or clean-up is to be done manually.

Table 2. Darlington Assumptions Used to Develop Options for Heavy Water Storage and
Drum Handling Long Term Needs

1

The cleanup, disposal, processing and storage of the backlog of legacy drums at DNGD
are not part of the scope of this project.

The normal, yearly usage of drums at DNGD is as follows:

(a) ~ 40 drums to support station operational needs

(b) 25 ~ 30 drums for boiler lancing (whenever required, i.e. these are not
required on a regular basis)

(c) 30 drums recovered during moderator heat exchanger maintenance

(d) 30-50 drums of high TOC downgraded D20 collected during feeder
maintenance

(e) 5 ~ 6 drums for PHT transmitter calibration (drums not required to be
cleaned or pressure tested)

(d) 20 ~ 30 drums for downgraded D,O from station

(e) 3 ~ 4 drums for virgin D,O (drum cleaning not required)

DND cleaning requirements are for less than 170 drums/year. DND requires a drum
cleaning facility with a capacity of less than 1 drum/day.

The bulk storage design for supporting ongoing operation will be based on
accommodating the complete drain of one Moderator (345 Mg) and the drain to the low-
level state of 1 PHT system (130 Mg)

DND will share a Drum Cleaning Facility with PND if it is installed at PND

DND will require pressure tested drums to be used for shipping D20 off-site

DND will have on site on an ongoing basis ~150 drums for operational needs and on an
occasional basis to handle an additional two ISO containers of 96 drums from external
sales. Consideration should be given in any new design to maximizing the space
available for drum storage and handling.

DND and TRF to operate to design life.

A planned TRF outage of up to 6 months will not raise tritium concentrations beyond the
OP&P limits for Moderator and PHT systems.

10

On-line Moderator Feed and Return simultaneously is used for detritiation. Bulk swaps
are not used.

11

Segregation of HW is required, based on tritium concentration, during an extended TRF

11

Attachment 6
Page 20 of 171





Filed: 2021-04-19, EB-2020-0290
Exhibit L-D2-02-AMPCO-131

K-012667
outage (similar to the current TRF outage) since low-Ci HW can only be used for PHT
make-up.
12 | HW losses from the 4 units at DND are ~ 10 Mg/year
13 | DNGD has no permanent Gd removal capability for the S & | tanks. Capability is
available for downgraded HW.
14 | DNGD UV Oxidation system is Class 6 and is limited to less than 10 Ci’lkg HW
concentration.
15 | DNGD UV product needs to be recycled for further IXCU treatments. Lack of storage of
UV product is an issue.
16 | DNGD IXCU is not used for removing bulk oil contamination. This is accomplished by
settling in a tank and subsequent decanting of the oil.
17 | A normal upgrader outage is 8 weeks duration
18 | DNGD upgrader efficiencies and throughputs (to be confirmed):
(a) Recovery high Isotopics 160 Kg/h
(b) Recovery low Isotopics 200Kg/h
(c) On-line 260 Kg /h
19 | Additional Heavy Water storage will tie in to existing control system
20 | The system will maintain the current mode of operation
21 | Sampling and analyzing of contents prior to storage or clean-up is to be done manually
22 | SCO and VBO requirements are in scope combined with a PHT low level drain and
Moderator drain
(a) 2003 SCO — 430 Mg of PHT D20 available prior to the outage
(b) The low level drain can be accommodated through coordination between the
station and HWMB — the original transfer from the HWMB to the station to
accommodate shrinkage will free up tank space to allow a 1 unit low level
drain.
(c ) During SCO and VBO outage the TRF will be shut down due to no available
steam
(d) The SUP will be operating on backup steam
23 | The total inventory of D20 outside the reactor units prior to the current TRF outage was
420 Mg (320 Mg of PHT D20 and 100 Mg of Moderator D20). This number can be
used in all scenarios.
24 | DND currently has 430 Mg PHT storage capacity (class 6) and 360 Mg Moderator
capacity (class 3)
25 | The HWMB must maintain 210 Mg of PHT D20 to be available to the station to
accommodate the shrinkage during a 4 unit shutdown.
26 | Recovery water isotopic is 27% - Based on 2003 and 2004 Upgrader and Heavy
Management reports the total amount of recovery water was 1100 Mg — from this a total
of ~ 300 Mg of 100% D20 was recovered. From these numbers the average isotopic of

12
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the recovery water is 27%.

27

The split between Moderator and PHT recovery water is 50/50 — this is based on the
latest trends that the HWMB is seeing and through confirmation with the SRE that it will
continue.

28

A planned 18 month TRF outage is to be considered. From the D&D report # 91705
(April 1991) it was determined that the TRF availability is 35% or 3 months/year and
unavailable for 9 months/year. If two 9 month outages were to occur back to back the
TRF would effectively have an 18 month outage.

29

SUP would operate during the entire 18 month TRF outage.

30

When switching the SUP between processing PHT and Moderator D20 it is understood
that 25 to 30 Mg of downgraded low Curie feed must be processed to flush the SUP
before the Curie content would be low enough for PHT makeup.

31 | The tritium content in the PHT system increases approximately 0.1 Ci/kg/yr if no
detritiation is performed.

32 | The tritium content in the Moderator system increases at 4 to 4.5 Ci/kg/yr if no
detritiation is performed.

33 | The tritium level in the Moderator can be lowered ~ 1 Ci/kg using an online swap of 40
mg of 3 Ci/kg D20

34 | All tanks are assumed filled to 90% capacity.

7.

Present Heavy Water Management Situation

This section reviews the status of the heavy water management system at DND and PND at the

time of this study. This information was gathered in the fashion outlined in section 5. The various

subsections cover the following topics:

Heavy water storage capacity for each site.

Assessment of the HW storage needs during each outage situation, during normal
operations and for collection and processing of downgraded water.

Identification of issues and problems associated with a lack of storage capacity.
Actions taken to deal with the issues and problems and the costs incurred to do so.

A discussion of the drivers for increased heavy water storage and drum facilities follows and the
needs for various options are defined.

7.1. Darlington Nuclear

Sufficient storage is required at Darlington to meet operational needs during normal operation as
well as during station outages. The Heavy Water management cycle at Darlington is different
than at Pickering (or other CANDU stations) due to the presence of a single, mixed recovery

Upgrader; this makes for situations unique to DND. Upgrader product is utilized as make-up to

the Moderator system and is useful in keeping the isotopics in the Moderator system at a very

high level (approx. 99.98% D,0). The TRF is integrated into the heavy water management cycle

at Darlington and is used to produce low-Curie make up to compensate for PHT losses, thus,

removing the requirement to segregate recoveries during normal operation of the TRF. When the

TREF is down, recoveries must be segregated imposing additional storage requirements.

The existing storage capacity available at Darlington is summarized in Tables 3 and 4 below and
schematically represented in Figures 3, 4 and 5.

13
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Table 3. Existing Reactor Grade D,0 Storage Tanks at Darlington
Purpose Capacity: m®
PHT S&l tanks 4x100
PHT Weigh Tank 1x30
Moderator S&I Tanks 3x100
Moderator Storage 1x47
Moderator Weigh Tank 1x10
Upgrader Product Tank 2x12
Upgrader On-Line Feed Tank 1x9
TRF Feed Day Tanks 2x10
TRF Product Day Tanks 2x10
TRF External Feed Tank 1x53
TRF External Product tanks 2x25
PHT
S&l Tanks
Low Ci
Weigh
Tank
Moderator
S&l Tanks
High Ci
Weigh
Tank
I—__ W o @
Storage a .
TRF Feed TRF

Figure 3. Visual representation of Reactor Grade Storage and Inventory at DND
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Table 4. Existing Downgraded D,0 Storage Tanks at Darlington
Purpose Capacity: m®
Downgraded Dirty Tanks 2x25
Downgraded Clean Tanks 2x50
Clean DG
Dirty DG Recovery Water
Recovery Water SUP Feed Tanks
Figure 4. Visual representation of downgraded storage capacity at DND.
On-Line F(_aed To PHT S&I
From Station Tanks
(<10 Ci/kg)
Bruce

Power - -
PGS :>- ...

Other TRF Feed

(>17 Ci/kg)
TRF Product

Figure 5. Visual representation of TRF storage capacity at DND.
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7.1.1. DND Storage Requirements during Normal and Outage
Situations

Various scenarios are examined and the heavy storage needs identified. The scenarios
examined are:

e Normal Operations
Outage plus a moderator drain
Outage plus a moderator drain and a Low Level Drain State (LLDS) for the PHT
system

e Station Containment Outage (SCO) or Vacuum Building Outage (VBO) plus a
moderator drain and LLDS

e 6 and 18 month TRF outage

¢ 8 week Upgrader outage

¢ Meeting external contractual obligations

Normal Operation
During normal operation, the following inventories are held in the S&I system (Assumption 23):
PHT S&I Tanks and Weigh Tank:
e 210 Mg PHT D20 minimum for shrinkage requirement
e 110 Mg PHT D20
- 30 Mg for Deuteration
- 80 Mg for leakage make-up
MOD S&l Tanks:
e 100 Mg Mod D20 is held as operating reserve

During normal operations there is adequate S&I heavy water storage at DND. At IXCU there is

sufficient storage unless there is a high TOC (Total Organic Carbon) event which then forces the

IXCU into recycle and potentially places the Upgrader into reflux.
Scenario A: Outage + Moderator Drain
During a moderator drain 347 Mg of storage space is required utilizing the four Moderator S&I

tanks; thus, the 100 Mg D20 held as operating reserve requires alternate storage. Therefore,
there would be a periodic need to move this inventory out of the S&l tanks during planned or

forced moderator drains. To accomplish this, other temporary storage on-site (e.g. DIOTS tank or

external TRF Feed Tank) would need to be utilized or water shipped off-site. If on-site tankage
was used, during this time, the TRF would not be available to process water from Bruce,

Pickering or external customers. This situation would compromise the ability to generate external

revenue, unless the 100 Mg of moderator operating reserve was moved to the PHT tanks after
detritiation through the TRF in preparation for the Outage. It is clear that all this would require

scheduling, planning to meet OPG’s obligations and inefficient use of the TRF. Therefore, in case

of a forced moderator drain, there is a high risk that the Outage could be delayed.

16
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Scenario B: Outage + Moderator Drain + LLDS for PHT

This Scenario considers Scenario A together with the requirement to take the PHT system to a
Low Level Drain State (LLDS). All of the above considerations in Scenario A would apply,
together with the following additional impacts:

The PHT S&l normal inventory of 320 Mg would be reduced to 230 Mg due to shrinkage. It would
then increase to 360 Mg due to the addition of 130 Mg due to the LLDS. Therefore, 70 Mg of
space would still remain in the PHT S&l tanks after the LLDS. Therefore, there is no incremental
impact from this scenario.

Scenario C: SCO or VBO + Moderator Drain + LLDS

During an SCO (every 6 yrs, one planned for 2009) or VBO, the requirement is to store 430 Mg of
PHT D,0O (480 Mg preferred, if possible) prior to the start of the Outage to address the 4-Unit
shrinkage requirements during cool down. In addition there is a need to store the complete drain
of one Moderator (345 Mg) and the drain to the low-level state of 1 PHT system (130 Mg) during
the outage (see Assumption 4).

Therefore, a pre-requisite for the VBO or SCO is to increase the PHT inventory in the S&I system
from 320 Mg to 430 Mg, i.e. to completely fill the S&I tanks. The 110 Mg of extra PHT inventory
will have to be borrowed or accumulated from the TRF product (approximately 12 days of TRF
operation).Therefore, there will be no tolerance in the S&I system to handle unit upsets (swells)
before a VBO/SCO. There may be a risk of isotopic or chemistry upset if other tanks are used to
accommodate any PHT swell during the preparation for a VBO/SCO.

During the VBO/SCO, the TRF will be out of operation. The S&l inventory will decrease from 430
Mg to 70 Mg due to shrinkage in 4 units and increase to 200 Mg due to the LLDS in 1 Unit. As
Units are brought back up, the following space will be needed in the PHT S&l due to swell
requirements:

Space Required

4 Units down + LLDS 200 Mg
3 Units down + LLDS 290 Mg
2 Units down + LLDS 380 Mg
1 Unit Down + LLDS 470 Mg

The storage requirements caused by the swelling of the units during restart leads to inadequate
storage space in the S&l system to re-start the 3™ Unit while 1 Unit is in LLDS. So, there would
be a risk of Outage extension due to limited PHT storage capability (medium risk of outage
extension due to D,0O storage shortfall) since the 3" Unit cannot be started up until the LLDS in
one Unit is over so that more space is freed up in S&l. Note that prior to the 2003 SCO, 480 MG
of PHT grade water was requested [11], later reduced to a requirement of 430 Mg of PHT grade
water available on-site. If the TRF’s feed and product tanks are used for temporary storage, the
productivity of the TRF will be negatively impacted and the possibility of isotopic degradation,
cross-contamination will occur.

The issues with the Moderator drain are the same as those outlined for Scenario A, i.e. moderator
S&l tank space needs to be cleared prior to the drain by shifting the 100 Mg of operating reserve
to other storage. During the VBO/SCO, it is assumed that the Upgrader will be operating and that
the recoveries would be segregated. The bounds of this particular issue are covered in Option D,
below.
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Scenario D: 6 or 18-Month TRF Outage (Assumption 28)

A normal, planned TRF outage is expected to be about 6 months duration and an extended TRF
outage is from >6 months up to 18 months. The normal way to produce low-Ci product during a
TRF outage is to segregate high-Ci and low-Ci D20 recoveries and process them separately in
batches through the single IXCU and Upgrader. In a 6 month TRF outage an alternative to
segregation is to store ~100 Mg (100% D20) of PHT make-up water in the S&l tanks prior to
start of the TRF Outage, and an equivalent amount of High-Ci S&I storage space at the end of
the 6 month outage. The risk in this approach is a lack of PHT ready water if the outage exceeds
the 6 month.

An 18 month TRF outage would require operating the Upgrader in segregated mode as the heavy
water recoveries are estimated to be around 630 Mg of 100% D20 (315 Mg high Curie, 315 Mg
low Curie). With the existing amount of downgraded storage space the impact on heavy water
storage and inventory requirements as a result of operating the Upgrader in segregated mode is
reviewed in Table 31 of AppendixD. Table 31 illustrates that the Upgrader would need to be
switched from Hi-Ci to Lo-Ci feeds every 23 days beginning on day 68. In this example, for every
50 Mg batch (27% isotopic) of Low-Ci feed processed, only 20 Mg (27% isotopic) of Low-Ci
product is produced, and 30 Mg (27% isotopic) of mixed—Ci flush water would be collected when
switching from Hi-Ci to Lo-Ci feed. Using the schedule presented in Table 31 the volume of
mixed-Ci product generated, which needs to be stored, and the extra Low-Ci products inventory
required before an 18 month TRF outage can be calculated.

Also using segregation to process the downgraded water during this extended TRF outage with
existing recovery storage has the following characteristics and issues:

e The system will operate in 2 parallel trains, one train consisting of a dirty & clean DG
Tank collecting Hi-Ci water and the other collecting low-Ci.

o  With the existing tank capacity, in this scenario, about 17-20 Mg of downgraded water
has to be moved to other storage (See Table 31, Appendix D) but only once during the
Outage. After this, the cycle is self repeating and no more water has to be put into other
storage

e There is no flexibility for acute recoveries or high TOC conditions in the above scenario

o Filling up the Clean Tanks and feeding the Upgrader from a full Clean tank is key to this
mode of operation - because this minimizes the amount of mixed-Ci water generated and
optimizes segregation efficiency as compared to feeding partly-filled tanks.

e If a Clean Downgraded tank is not full and analysed (i.e. ready to feed the Upgrader), the
Upgrader can go on total reflux or go on "on-line moderator Upgrading" mode to improve
isotopic. This happens from time-to-time.

Another constraint is when a full Downgraded Clean Tank has TOC> 1ppm or higher conductivity
than the feed specification. A full tank in this condition cannot be fed to the Upgrader and needs
to be recycled through the Clean Up System. If the Dirty Tanks happen to be full, this water has
to be stored in drums, totes or in the TRF Product Tanks (2x25 Mg). Such a scenario is
undesirable since it can lead to potential downgrading of reactor grade water and also affect TRF
receiving/shipping water to external customers.

The calculation shown in Table 31 cannot be an exact calculation as there will be the following
uncertainties present in practice:

e The Upgrader feed can vary between 160 kg/h to 200 kg/h depending on the feed
isotopic

o The feed isotopic is assumed to be 27% as an average, but in reality will vary from
summer to winter, being lower in summer than in the winter due to ambient humidity
levels
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e The D20 collection rate will vary in practice, depending on maintenance activities in the
Units and the weather

e Most importantly, it has been assumed that the D20 Clean Up System will work
perfectly, and will not require recycling through the system to deal with high TOC levels.
If this turns out to be the case, then the Upgrader may not be able to process all of the
recoveries and temporary storage of downgraded water may be required in totes or
drums.

During the 18-month Outage, approximately 2333 Mg (27% isotopic) of downgraded water would
be processed resulting in about 180 Mg of 100% isotopic (22 flushes x 30 Mg/flush x 27%
isotopic) of mixed-Ci product requiring storage. In addition, about 180 Mg (100% isotopic) of PHT

make-up at < 1 Ci/kg would need to be obtained to compensate for PHT losses during this period.

The mixed-Ci product can be used to displace Moderator water and thereby mitigate the growth
in Moderator tritium to some extent. It is estimated that displacement by 180 Mg of mixed-Ci
water will reduce Moderator concentration by about 2 Ci/kg (i.e. net growth of 4 Ci/kg instead of 6
Ci/kg during the 18 month outage).

Note that this is contingent upon the D,0 Clean-Up System working perfectly and not requiring
recycling through the system to deal with high TOC levels. If this turns out to be the case, then
the Upgrader may not be able to process all of the recoveries and temporary storage of
downgraded water may be required. The only choice is to store the downgraded water in drums,
in plastic totes or to utilize reactor-grade storage. Each of these options has its own disadvantage
as outlined in the next section. If High TOC water is recovered during a period requiring
segregation, there may be a need to circulate several times through the D,O Clean-Up System.
Because storage capacity has been compromised by segregation requirements, the Upgrader
may have to go on total reflux because of lack of feed.

In summary, as shown in Appendix D, there is a requirement to bring in 100-200 Mg of low-Ci
D,0 depending on the length of the TRF outage to provide PHT make-up, and the recovered
D20 (mixed Ci) will be used to displace the High-Ci D20 from the moderator to avoid exceeding
the moderator OP&P limit; its concentrations would increase at a rate of approximately 4-4.5
Ci/kg/a during this period. This in turn creates a need for storage of 100-200 Mg of high-Ci
displaced moderator water, further challenging storage capacity.

Scenario E: 8-week Upgrader Outage

The current recovery tank capacity is incapable of supporting a typical Upgrader outage of 8
weeks. Based on current projections, there is a need to store approximately 237 Mg
(=1540x8/52) of downgraded recoveries during this period. There is only 150 Mg of total storage
capacity available in the Downgraded Dirty and Clean Tanks combined.. The only choice is to
store the shortfall of 87 Mg of capacity in drums, in plastic totes or to utilize reactor-grade storage.
Each of these options has its own disadvantage as outlined in the next section. However, both
MOD and PHT escape will need to be compensated by make-up. Assuming 50% for each,
conservatively, there will be a need for 237 x 0.5 x 0.27 = 32 Mg to be available on stand-by in
the S&l tanks as a minimum for MOD make-up and 32 Mg of TRF product for PHT make-up.

Scenario F: Meeting External Business Needs

There may be a significant cost of lost opportunity due to the unavailability of storage volume to
receive and store feed from external customers and return with TRF product. This has been
estimated as $3 million/year.

Without additional storage space available, drums coming to the TRF from overseas cannot be
emptied out into the processing streams quickly. They would continue to be stored in corridors
etc., utilizing space not designed or designated for storage. This presents a housekeeping issue
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as well a hazard during operation and limits the ability for Isotope Sales to pursue new business
because of limited receiving and handling capability.

Summary:

Examination of the various heavy water storage scenarios as well as drum needs has identified
the following issues:

e During outages, there is not enough space in the S&I tanks for a full moderator drain. To
create this space, the operating inventory held in the S&I tanks has to be moved to
temporary storage or off-site.

o If TRF feed and products tanks are utilized then shipping and receiving of tritiated heavy
water is impeded.

e During a 6-month TRF outage:

About 100 Mg (100%D20) Low-Ci inventory have to be stored before the outage and
an equivalent amount of empty High-Ci S&l storage space available at the end of the
outage.

No flexibility in the system if downgraded water has to be recycled through the IXCU
because of high TOC. This high TOC water would also have to be moved to
temporary storage. Such is the situation presently where ~50 Mg of heavy water are
in drums because of difficult to destroy TOC.

The mixed Curie product from the Upgrader can be used to displace Moderator water
and thereby mitigate the growth in Moderator tritium to some extent. Around 100 Mg
of Moderator water will require storing until the end of the outage.

e During an 18-month TRF Outage:

About 180 Mg (100% D20) Low-Ci inventory needs to be stored before the outage,
and an equivalent amount of empty High-Ci S&I storage space available at the end of
the outage.

Around day #36, about 17-20 Mg of downgraded recovery water has to be moved
into temporary storage once, either in drums or in reactor grade tanks.

There is no flexibility in the system if downgraded water has to be recycled through
the IXCU because of high TOC. This water also has to be moved to temporary
storage. The latter is likely to cause downgrading of reactor grade water when
switching back to normal mode. It takes a long time to clear up downgraded back log
due to limitations of the recovery storage and clean up systems.

The mixed-Ci product from the Upgrader can be used to displace Moderator water
and thereby mitigate the growth in Moderator tritium to some extent. The Moderator
S&l tanks will be almost full at the end of the TRF Outage due to holding the
operating reserve, the 180 Mg of moderator displaced water from the Outage and
any resin-deuteration reserve in storage.

The in-station inventory of D,O will increase by at least 180 Mg, which will need to be
processed by the TRF at the end of the Outage.
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e Up to 180 Mg of PHT make-up will be required. This can come from the operating
reserve, depending on the quality and quantity of water held in storage.

. During an 8-week Upgrader Outage, there is a shortfall in storage for downgraded
recovery.. The only choice is to store the shortfall of 87 m° of capacity in drums, in plastic
totes or to utilize reactor-grade storage. Each of these options has its own disadvantage.

. There may be a significant cost of lost opportunity due to the unavailability of storage
volume to receive and store feed from external customers and return previously stored
TRF product.

7.1.2. Darlington Nuclear: Discussion of Drivers for Increasing
Storage Capacity

Reactor Grade D,0 Storage
The OP&P limits on tritium concentration at Darlington are as follows:

Moderator PHT
OP&P Limit 15 Ci’kg 1.2 Cilkg

These OP&P limits are tighter than at other Stations and make Darlington less tolerant to TRF
outages. An internal administrative limit on the Moderator concentration is placed at ~13.5 Ci/kg
to allow for some inaccuracy in analysis, and provide some time for corrective action. Currently
(as of June 21, 2006), Darlington has an average Moderator concentration of 10.7 Ci/kg as a
result of the TRF being in a planned outage for the previous 5 months. During a TRF outage,
moderator concentrations are estimated to increase at about 4-4.5 Ci/kg/a, and may require
partial displacement of the moderator inventory to keep concentrations under the OP&P limit.

Moderator D,O S&l storage capacity is required to accommodate the complete drain of a
poisoned moderator system during a single unit outage. A moderator D,O drain requires the use
of all moderator S&I storage (347 m®) available. The 10 m® weigh tank is also reserved for
contingency. Segregation of the different grades of reactor D,O is still required during the drain.
During normal operation, a 100 m® D,O Supply and Inventory (S&l) moderator storage tank is
used to store high isotopic (>99.98 % D,0), high curie (>1.2 Ci/kg) reactor grade D,0O (Upgrader
product) to be held as an operating reserve and for making up losses in the moderator system.

A moderator drain requires the emptying out of this operating reserve from the S&I system. In the
past, it has been possible to temporarily store D,O at Bruce A & B. With the lease of the stations
to Bruce Power, this is no longer a reliable option since Bruce Power is a business competitor
and is itself in the process of adding heavy water storage. AECL sites such as La Prade are not
suitable for moderator water because of its tritium concentration restriction (1 Ci/kg). Also, the
TDO’s would be tied up for about 20 shipments (10 to transport water from Darlington and 10

shipments to bring water back) thus further impacting the capability to service external customers.

An alternative method is to temporarily store the moderator make-up water in the DIOTS tanks or
in drums prior to the unit outage. This method impedes the normal operation of the TRF.
Assuming two Outages and Moderator drains per year the lost TRF productivity, by utilizing
DIOTS to store the operating reserve, is estimated to be 40 days, that is, 11% of TRF capability.

Utilizing DIOTS or other tanks to store the operating reserve has the potential of downgrading the
moderator quality water. There is OPEX that re-upgrading had cost about $1.5 million for a 3-
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week Upgrader run. Downgrading of some of the moderator quality water can also lead to
increase fuel burn-up.

During a Unit outage recovery rates of downgraded water are expected to increase. Any
upgrader product during this period has to be returned to operating Units or held in the SUP
product tanks. There is a lack of flexibility in the heavy water storage capacity during a moderator
drain. If an acute recovery event occurs, filling the SUP product tanks (30 Mg), the Upgrader may
have to be placed in reflux.

During an SCO (every 6 yrs, one planned for 2009) or VBO Outage, the requirement is to store
430-480 Mg of PHT D0 prior to the start of the Outage to address the 4-Unit shrinkage
requirements during cool down and in addition to store the complete drain of one Moderator (345
Mg) and the drain to the low-level state of 1 PHT system (130 Mg) during the outage (see
Assumption 4).

During the SCO or VBO, the TRF is not available due to unavailability of high pressure steam,
this further increases the requirement to store more Low-Ci D20 for PHT make-up as the
segregation method will not be applied at the upgrader for such a short duration to recover
downgraded water. As a result, all the downgraded D20 will be recovered as mixed Curie D20.
This mixed Curie D20 will need to be stored in the moderator S&I tanks if not already being
occupied by the moderator drain, or stored temporarily in the DIOTS's feed tanks, or the small
upgrader product tanks (2x12Mg) which can impede the upgrader operation when they are full.

During an extended TRF outage, the preferred method to recover downgraded water is to
segregate and to process high-Ci and low-Ci recoveries separately. In the recent TRF outage, it
has been observed that the segregation of High-Ci and Lo-Ci D,O has not worked well. There
has been some cross-contamination so that quality of the Lo-Ci water collected was poor, at a
concentration of about 1-1.2 Ci/kg instead of 0.7 Ci/kg. So this water is not quite suitable for PHT
make-up.

Execution of the recent SCO in 2003 has demonstrated that it would be impossible to satisfy the
demand for a complete moderator drain with the existing storage capacity in the HWMB.
Therefore, other temporary storage on-site (e.g. DIOTS tank or external TRF Feed Tank) would
need to be utilized or water shipped off-site. During this time, the TRF would not be available to
process water from Bruce, Pickering or external customers, thus compromising the ability to
control reactor tritium levels or generate external revenue.

It is not clear to where this D,O could be moved. The availability of storage at the Bruce site
cannot be assumed, since they are a competitor and are also building additional storage for their
own use- indicating a shortfall of storage for their own needs. The La Prade site belongs to AECL
and is used to store AECL’s heavy water inventory. Additionally, this was the site of an intended
heavy water production facility and is only licensed for a maximum of 1 Ci/kg of tritium
concentration. Furthermore, the requirements for shipment of D,O in drums have become more
restrictive recently with the requirement of overpacks. Note that although La Prade could
theoretically accept PHT grade water there is a need to store 430 Mg of PHT water at DND prior
to the start of an SCO and not at some external location.

A minimum inventory of PHT D,O needs to be maintained in the PHT storage tanks to satisfy the
shrinkage requirement during simultaneous cool down of all four units in the event of a four unit
trip. This quantity was established to be 210 Mg as a result of a study conducted by Nuclear
Safety, Heavy Water Management and the PHT group in preparation for the 1997 Vacuum
Building Outage (VBO). During a 4-Unit shutdown (SCO or VBO) the total shrinkage requirement
is estimated to be as much as 360 Mg.

A small quantity (typically 30 — 50 Mg) of “multi-purpose” D,O (TRF product with an isotopic
>99.98 % D,0 and <1 Ci/kg) is required to be used for deuteration of both moderator and PHT
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purification systems ion-exchange resins. This is normally kept on stand-by in the 30 m?® PHT
weigh tank or in the 47 m® moderator storage tank, thus impacting the available capacity of the
S&l system.

The initial demand to satisfy the 2003 SCO requirements was for 480 Mg of PHT quality D,O
prior to the start of the outage. This demand was later reduced to 420 Mg, due to the extended
shutdown of the TRF in 2003. This requirement could only be met in 2003 by a lease of 77 Mg
from AECL, a loan of 60 Mg from Bruce Power and a shipment of 40 Mg from PND. The
remaining requirements were met from DND’s inventory of Darlington Tritium Removal Facility
product. The actual cost of the HW lease from AECL was $656,000 [29], because the HW was
leased for as short a time as practicable. This heavy water was shipped without overpacks in
drums. This was a one-time exception only with special permission from the Vice President of the
Nuclear Waste Management Division; in the future this may not be possible. Current regulations
require an overpack for each drum. Borrowing of water from Bruce Power may not be possible
today. The lease of 137 Mg of D,0 today would be difficult because of the requirement of
overpacks and therefore, would be much more expensive. The drums that would require to be
returned (685 drums + their overpacks), would need to be stored in the interim and segregated to
ensure that the same drums were to be used to return the water and hence avoid pressure
testing requirements. Pressure testing of drums cost ~$250 per drum. There is an additional risk
imposed on operations during drum handling and an additional administrative and engineering
resource load. Overall, it is estimated that the total cost of such a lease of heavy water would be
about $2.5 million.

During an unplanned, forced, moderator drain (Guaranteed Moderator Drain State) there is also
storage capacity required for approximately 100 Mg since the S&l system normally stores up to
100 Mg of high curie Upgrader product for make-up. In this case, there is a high probability of
downgrading of a portion of the Moderator system that could not be stored in the S&l system. The
cost of the cleanup and upgrading of this water is estimated as $1.5 million [8].

Loss of Sales Revenue

Although this is not the main driver for increased storage, there are significant revenue
opportunities from increased flexibility in the Darlington TRF/HW management systems. It has
been previously estimated that financial benefits could exceed $9 million/year from increased
sales of surplus HW and added business from improved use of the TRF and Upgrader [43].

There are contractual agreements with Bruce Power, for example, which provide ongoing
revenue from detritiation. Provision of larger feed and product tanks for the TRF will allow TRF to
receive and store feed from Bruce Power while the TRF is in an outage and enable previously
stored product to be returned to Bruce Power. The cost of “missed opportunity” due to the TRF’s
inconsistent reliability has been estimated as $3 million. With the additional flexibility created by
adding storage volumes, revenues have the potential to increase by $7-8 million. Therefore, there
is potential net achievable benefit of $10 million.

In summary, provision of additional reactor grade storage may:
e Eliminate the need to ship 100 Mg or more of reactor grade water off-site for temporary

storage and prevent potential cross contamination and mixing of Moderator and PHT
grade water. The estimated costs savings are summarized in Table 5.
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Table 5. Estimated costs savings associated with reactor grade water if additional
reactor grade storage is provided
Description Cost / year Comment
($M)

Ship Moderator D20 off site 0.75 1.5M once every 2 years
Downgrading D20 Event 0.33 1.5M/event

2 events in 10 years
Borrow Low Ci D20 0.28 2.5M every SCO/VBO
Operator time lost due to shuffling 0.05 Y2 FTE (full time equivalent) /
drums year
Cost to pressure test drums 0.05 $250/drum

200 drums/year
Total 1.46

e Provide additional storage capacity for TRF product which may result in significant
financial benefits of up to $10 million/yr due to improved sales of detritiation services and
also may avoid the need borrow or lease PHT make-up water from external sources.

e TRF product can be accumulated in bigger volume and help PND detritiation program by
alleviating its reliance on shipping/receiving capability. (see section 8.5 for detailed
discussion).

e The additional storage space can provide some storage relief for PND during its outages
(see section 8.5 for detailed discussion)

Downgraded D,0 Storage

Existing downgraded D,O storage capacity in the HWMB consists of 2 x 25 m? downgraded dirty
tanks and 2 x 50 m* downgraded clean tanks which also serve as the feed tanks for the
Upgrader. The downgraded recovery and clean-up system configuration allows for segregation of
recoveries based on tritium concentration.

The storage capacity at the Units consists of small D,O recovery tanks (2 X 1 m?® tanks in each
unit) which are used to collect downgraded PHT and moderator D,0. This is then pumped to the
central processing area in the HWMB where the water is cleaned up in the IXCU followed by UV
Oxidation, and then is sent through the Upgrader to produce reactor grade water which is used
primarily for moderator make-up..

Upgrader product is stored in 2 x 12 m® product tanks before it is returned to the moderator
system or reserved in one of the moderator or PHT S&I storage tanks for use in future moderator
on-line transfers. Normally all Upgrader product is returned to the moderator system and TRF
product is the source of make-up to the PHT system.

Downgraded D,O storage capacity at Darlington is marginal at best and is inadequate to support
segregated recovery during TRF outages and there is no spare capacity to deal with acute spills:

e During periods of high TOC in recovered water, the UV oxidation system imposes a
restriction to Upgrader feed since the UV Oxidation system product has high conductivity and
needs to be recycled to the feed tanks (2x25 Mg). This can cause the Upgrader feed to be
restricted and the Upgrader to be placed into total reflux due to the limited storage capacity in
the dirty tanks and the lack of on-line analysis of the clean product of the IXCU. If the TOC
level in a Clean Tank is above spec, it is circulated through the UV oxidation system in a
closed loop until the TOC is fully converted. This can take from 2 days to a week or longer
depending on the nature of the TOC. After this, the tank contents have to be recycled through
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the dirty tanks and IXCU to remove conductivity. Sometimes, for example, if a stable organic
compound like ethylene glycol has been used in the reactors (for feeder inspections) then
TOC is very difficult to remove. If a clean tank is locked up for feeding the SUP and the
second one is on recycle through UV oxidation, it would be beneficial to have spare Clean
Tank(s), which can still accept downgraded feed through the IXCU.

e During an extended TRF Outage of 6 months or up to 18 months (Assumption 28), recoveries
have to be segregated so that high-Ci and low-Ci recoveries can be processed in batches
through the Upgrader. This is normally the way of producing low-Ci product required for PHT
loss make-up. As an option, PHT make-up water can be stored in the S&l tanks prior to start
of the Outage (100 Mg for a 6-month Outage), thus avoiding the need to operate in
segregated mode. With the existing downgraded storage, the Upgrader has to be cycled
nominally every 23 days between processing low-Ci and high-Ci recoveries. In addition,
operation in segregated mode with the existing storage necessitates the storage of about 17-
20 Mg of downgraded recovery water in storage such as drums or reactor grade tanks (e.g.
the TRF Product Tanks), because the Dirty Tanks cannot cope with the incoming recovery
water (see calculation in Appendix D). This has occurred in the recent TRF Outage, where
recovery water had to be stored in the TRF Product Tanks. Subsequently, these tanks were
flushed twice with reactor grade water at 99.95% isotopic, and resulted in downgrading of the
2 batches to about 99% isotopic.

o Further evidence of shortage of storage is that backlog of downgraded water that cannot be
dealt with. For example, approximately 70-80 Mg of downgraded water stored in the resin
de-watering tanks has not been upgraded because downgraded storage has not been
available during the recent TRF outage, yet the Upgrader has been on total reflux during this
time — cost of upgrading of this water is estimated as $1 million. Hence this can be viewed as
lost productivity of the Upgrader.

e During an 8-week Upgrader Outage (Assumption 17), 237 Mg of downgraded recoveries
would have to be stored. The existing storage capacity of 150 m® would result in a shortfall of
87 m’of capacity. The only option is to store this in drums, in plastic totes or to utilize reactor-
grade storage. Temporary storage in drums presents a risk to personel during drum handling
and challenges the existing space in the HWMB. Storing in totes has been ruled out
previously due to leakage issues. Storage in reactor-grade tanks is undesirable since past
history indicates the possibility of downgrading of reactor-grade water (SCR D-2003-06816,
D-2003-06812).

e During a single Unit normal Outage, downgraded D20 recovery rates can be expected to
increase, but the existing storage capacity is usually adequate as long as there is sufficient
TRF product available to replace PHT losses, ie. the TRF and Upgrader are operating.

e During a 4-Unit Outage, such as a VBO or SCO, the TRF may be shut down if an auxiliary
source of high pressure steam is not available. This situation was experienced during the
2003 SCO when high rates of moderator recovenes were experienced coincident with a TRF
outage. This resulted in utilization of the 2 x 25 m® TRF product return tanks for storage of
downgraded D,0O, storage of downgraded D,O in 12 x 1 m® plastic totes and in drums The
totes were procured on the understanding that they had undergone qualification via leak
testing. However, while storing downgraded D,0, leaks were experienced from 4 totes from
the threaded joints near the bottom. These totes are not an approved container for tritiated
D,0. In addition, there is uncertainty about tritium absorption into the walls of the plastic
totes. As a result, it has been decided that these kind of totes will not be used again for
tritiated D,O storage. A D,O S&l storage tank was also downgraded during this period and it
is thought that the downgrading was a result of activities related to transferring of the
downgraded D,0O to reactor grade storage tanks
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In summary, provision of additional downgraded storage will:

o FEliminate or reduce the possibility of extensive downgrading of reactor-grade water
due to cross-mixing by eliminating the need to store downgraded recoveries in
reactor grade tanks

e Improve the capability for segregation and reduce the heavy water storage needs
during an extended 18-month TRF Outage

e Improve the Upgrader capacity factor by allowing for circulation through the D,O
Clean Up System while still maintaining capability to feed the Upgrader , thereby
improving isotopics or eliminating downgraded backlogs.

o Improve the capability to process TOC without impeding the entire system operation.

7.1.3. Discussion of Drivers for Increasing Drum Storage
Capacity

The drum handling requirements at DND are based on the assumption that DND will have on site
on an ongoing basis ~150 drums for operational needs and on an occasional basis will require to
handle an additional two ISO containers of 96 drums from external sales. Therefore, at any given
time, the 350 drums will be the maximum to be handled or stored on a temporary basis. From
external customers 200-300 drums/year are expected to be received, emptied and returned on an
ongoing basis for the next few years in batches of 96 drums.

The HWMB was not designed for storage of drums. Temporary storage of these external drums
challenges the available space in the HWMB and results in drums being stored in corridors, under
stairs and in other inconvenient locations [4].

The additional drum storage space provided in Darlington will improve efficiency and safety. The
personnel risks associated with handling drums will be reduced. Operational efficiency will
improve due to drums not being stored in the corridors and various rooms of the HWMB, in some
cases resulting in impeded access. Although difficult to quantify, these are tangible benefits.

Any drum shipped off-site has to be pressure tested to ensure its integrity. In the past, for

example, drums have been shipped to Kinectrics for testing at a cost of ~$250 per drum. This will
be avoided by having an on-site pressure testing facility.
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7.2. Pickering Nuclear

Existing D,O Supply & Inventory storage capacity available to support reactor unit operation and
unit outages are shown in Table 6 and schematically presented in Figures 6 and 7.

Table 6. Existing Reactor Grade D,0 Storage Tanks at Pickering

Purpose Capacity (Mg)

PHT S&l tanks 2x100
Moderator S&I Tanks 2x150
Upgrader (UPP-B) Product Tank 2x5.4

Upgrader (Sulzer-B) Product Tank 2x2.1

PIOTS Receiving Tank 1x29.8
PIOTS Shipping Tank 1x21.4
PIOTS Surge Tank 1x11.3

Eleven stainless steel tanks, with a total capacity of approximately 570 Mg are provided for
storage. The two 150 Mg tanks are for moderator (MOD) heavy water and the other two 100 Mg
tanks are for primary heat transport (PHT) heavy water. The MOD tanks are used for Pickering B
drains (Pickering A has MOD dump tanks). The PND assumptions indicate that presently there is
about 200 Mg of heavy water inventory the tanks have to hold.

Moderator su
S&l Tanks ulzer
High Ci E] E] Product Tank
34930-TK22 &23 High Ci
2.1 Mg each
TK1 TK2
150 Mg 150 Mg
UPPB
S&T?!nks 8 E] Product Tank
Low Ci 34610-TK1&2 Low Ci
5.4 Mg each
TK3 TK4
100 Mg 100 Mg

Figure 6. Visual representation of the reactor grade storage at PND.
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PIOTS Tankage
3834-TK19 3834-TK18 3834-TK17
29.8 Mg 21.4 Mg 11.3 Mg

Figure 7. Visual representation of tankage storage capacity in PIOTS.

Leakage or spills of D,O from the Primary Heat Transport (PHT) or Moderator systems are
recovered by Vapour Recovery Dryers, collected from the Building Liquid Recovery System via
floor drains, or collected via the various D,0O collection systems. Particularly in the Building Liquid
Recovery system, “recovered”, downgraded D,0 is not only radioactive but also contaminated
with emulsified oil and other organics. Oil in the recovered heavy water is a result of the usage of
hydraulic fluid in the fueling machines. Note, the new reactors use pneumatically operated
fuelling machines. The recovered water is normally cleaned up and upgraded to reactor grade for
re-use.

Existing downgraded D,0O storage capacity at Pickering consists of 7x 6.8 m® D,O recovery tanks
(4 Low Curie, 3 High Curie) at the IXCU that are used to collect downgraded PHT and moderator
D,0. The recovered water is then processed at the IXCU with the product water being stored in
2x5.5 m°® tanks ready to be processed through the Upgrader. There are nine 50 m?® feed tanks in
the UPP (5 in UPP-A and 4 in UPP-B) and five feed tanks at Sulzer-A and Sulzer-B, 1 x 1 m® and
4x15 m®, respectively.. Sulzer-A and UPP-A are no longer in service. However, the UPP-A feed
tanks are currently utilized to vent off volatile organic carbon from downgraded water containing
less than 5 Ci/kg tritium. Furthermore, these feed tanks are made of carbon steel, which are not
suitable for long-term storage of D20. Table 10 summarizes the existing storage capacity for
downgraded D20 at PND while Figure 8 presents the tankage visually.
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Table 7. Existing Storage Tank and Capacity for Downgraded D,O at Pickering

Purpose Capacity (Mg)
D20 Recovery Tanks (at IXCU) — 2.3
High Curie Oily
D,0O Recovery Tanks (at IXCU) - High 3x6.8
Curie
D20 Recovery Tank (at IXCU) — Low 2.3
Curie Qily
D,O Recovery Tanks (at IXCU) - Low 4x6.8
Curie
IXCU Product Tanks — High Curie 2x2.7
IXCU Product Tanks — Low Curie 2x5.5
UPPB Feed Tanks 4x50
Sulzer B Feed Tanks 4x15
y 4

3M Lo Ci

Oily Sarex 34960-TK2, TK3, TK4 & TK5

Tank

34970-TK2 I 1 i I_f I I 1 I I 1 i IXCU
Lo-Curie IXCU Feed Tanks 4 — 6.8 Mg
- 4
Hi Ci

3M Sarex
Oily
Tank
IXCU
34970-TK1

Hi-Curie IXCU Feed Tanks 3 — 6.8 Mg

Figure 8. Visual representation of the storage capacity at the front end of the IXCU
process.
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34970-TK3 & TK4

l ‘ Lo-Curie IXCU Product Tanks 2 — 5.5 Mg

34970-TK7A & TK7B

Hi-Curie IXCU Product Tanks 2 — 5.5 Mg

Figure 9. Visual representation of the storage capacity at the back end of the
IXCU process.

Lo-Curie UPPB Feed Tanks 4 — 50 Mg

34620-TK1, TK2, TK3 & TK4

Hi-Curie Sulzer B Feed Tanks 4 — 15 Mg

34930-TK13, TK14, TK15 & TK16

Figure 10. Visual representation of the storage capacity to the Upgraders.

Product from the UPP-B and Sulzer-B upgraders are stored in 2x5.4 and 2x2.1 Mg product tanks,
respectively, (see Table 8) before being returned to the moderator system or reserved in one of
the moderator or PHT S&I storage tanks for use in future moderator on-line transfers. Normally
all Upgrader product is returned to the moderator system and TRF product is the source of make-

up to the PHT system.
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7.2.1. PND Storage Requirements during Normal and Outage
Situations

D,0 storage requirements are driven by several different demands. These demands include HW
storage capacity to support the reactors during normal operation and during outages; make-up
water for system losses, water for detritiation, water for improvement of system isotopics and
water drained from systems undergoing maintenance. An additional demand on the storage
capacity is made by the need to segregate heavy water of varying qualities.

Various scenarios are examined and the heavy storage needs identified. The scenarios
examined are:

Normal Operations

PNDB Outage plus a moderator drain

PNDA Outage plus a moderator drain

Very Low Level Drain State PHT system

PNDB Outage plus a moderator drain and a VLLDS for the PHT system
PNDA Outage plus a moderator drain and a VLLDS for the PHT system
6 month TRF outage

4 week Upgrader outage

Normal Operation

Presently, the existing reactor grade heavy water inventory in the PND S&l tanks is approximately
200 Mg of various qualities. The operating manual defines the following minimum reactor grade
water to be held in Storage and Inventory for operating system makeup:

e 33 Mg PHT make-up
e 20 Mg high Curie for Moderator make-up

The state (quality) of the remaining reactor grade water is dependent on the needs of the station;
for example, TRF product for PHT make-up and low Curie product for detritiation and isotopic
improvement.

During normal operations there is adequate S&I heavy water storage at PND. On-line detritiation,
which bleeds high Curie Moderator water out of the running unit and feeds low Curie water, can
be performed with no additional reactor grade storage requirements. During the period of on-line
detritiation, because high Curie is fed to the S&l tanks through the high Curie side (TK1/TK2) and
low Curie fed from the low Curie side (TK3/TK4), upgrader product cannot be received. On-line
detritiation using a 90 Mg swap can be performed over a 48 hr time period [12]. Segregation by
Curie content is performed by sending Sulzer product to the high Curie TK2 tank, TRF product to
the low Curie TK3 tanks and UPPB product to the low Curie TK4 tank.

During normal operations the Clean Up System (IXCU) suffers from the following:

¢ Not enough storage capacity to contain existing recovery rates (see calculations in
Appendix C) leading to:
o High drum usage (3000 drums scattered throughout the station)
o Contamination of relatively clean vapour recovery water with oil
¢ Not enough segregation capacity for efficient use of the IXCU system as a result of:
o Downgraded D20 containing oil from fuelling machines
o Downgraded D20 containing high “total organic carbon” (TOC) from lubricants
used in the inspections of reactor components and organic solvents in reactor
building
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e |nability to clean drums leads to using dirty drums to collect clean water

Qil leaking from fuelling machines leads to an oily water inventory which is beyond the present
storage capacity and decanting capabilities. When the oily tank is full, the waters are transferred
to tanks that are designated to contain only clean water, thereby making these tanks oily as well.
As a result, the IXCU cannot run as efficiently as originally designed since oily water requires
more passes through the charcoal and ion exchange columns.

The increase in inspections of feeders and other reactor components uses a lot of organic
compounds. Solvents used in the reactor building are often of an organic nature, which causes
the recovered water to contain high amounts of organic carbon; this TOC is difficult to remove.

The upgraders have a specification (<1 ppm) on TOC to prevent degradation of the upgrader.
PND has been unable to achieve this target due to the high oil and TOC in the downgraded
heavy water.

PNDB outage plus Moderator drain

During a Moderator drain 250 Mg of Gd (gadolinium) containing reactor grade water requires to
be stored in the S&l system. In order to do this both S&I TK1 and TK2 (300 Mg total) need to be
emptied prior to the outage to accommodate the gadolinium containing Moderator water. The
existing high Curie inventory in TK1 or TK2, will have to be converted to low Curie via the TRF to
be moved to the low Curie tanks (TK3/TK4). Once tanks TK1 and TK2 are occupied by the
drained Moderator water, they are isolated from the other reactor grade water due to the
gadolinium making the remaining free volume of 50 Mg in TK2 unusable. This leaves the 200
Mg of the low Curie tanks (TK3 and TK4) as available space.

The existing inventory of 200 Mg will occupy both TK3 and TK4 leaving no space for receiving the
products of the two Upgraders (low and high Curie) with the likely possibility that the Upgraders
may be placed into a reflux mode. Under this scenario there is a possibility of mixing TRF
product with UPPB Upgrader product. In mixing the UPPB and TRF product the effectiveness of
TRF product to maintain or lower PHT tritium concentrations is reduced due to the larger tritium
concentration of the combined waters

The Sulzer product (medium Curie) can be stored in PIOTS tank TK18 for shipment to the TRF.
Approximately 16 Mg of high Curie product is expected during a 30 day period, see Appendix C.
Since TK18 can hold around 21 Mg the expectation is that the Sulzer upgrader will not require
being placed into reflux. If the tank approaches the full state then a shipment of water to the TRF
will be required.

In this scenario UPPB product, estimated at ~28 Mg during the outage period (see Appendix C),
cannot be accommodated in TK3 or TK4. The upgrader product is either placed in PIOTS TK19
(capacity of 29 Mg) or UPPB is placed into reflux. If the PIOTS tank is utilized receipt of TRF
product is not possible.

If the TRF is down during this outage scenario then the situation described is aggravated further
as the TRF may not be in a position to receive water.

No detritiation of other units are possible during this scenario as there is no space to receive the
high Curie water. There is a lack of flexibility in the overall S&I storage system under this
scenario. Any additional requirements of the heavy water system would require operator work
arounds. Segregation of the different qualities of heavy water is difficult.

Offline detritiation of the unit in the outage mode can be performed during this scenario. Since a

minimum of 53 Mg must be kept in TK3 and TK4 the largest swap size for detritiation would be in
the order of 140 Mg.
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PNDA outage plus Moderator drain

PNDA have Moderator dump tanks thereby eliminating the need to use S&I TK1 and TK2 to store
the moderator water. Detritiation via bulk swap (offline) is possible during this time period. Space
is available in S&I high Curie tank (TK2) and the low Curie tanks (TK3 and/or TK4) to receive low
and high Curie Upgrader product during this time period.

Very Low Level Drain State of PHT System

In this scenario 100 Mg of low Curie S&I storage will be required. Tank TK3 will require emptying
as it will hold the 100 Mg of lithiated PHT water. TK4 will contain the required low Curie make-up
plus any other low Curie water. Any TRF product being held in TK3 will have to be mixed with
UPPB product in TK4 reducing the effectiveness of the TRF product in maintaining or lowering
PHT tritium. Low Curie water in excess of 100 Mg will require additional storage. Low Curie
upgrader product during this time (calculated to be ~28 Mg, CB) cannot be stored in TK3 or TK4
and can either be stored in PIOTS or in TK2. Storage in PIOTS will limit shipping and receiving
of heavy water to and from the TRF. Storing the low Curie product in the high Curie tank will
defeat the segregation philosophy and make it unusable for the PHT system but can be utilized
for detritiation.

PNDB Outage plus a moderator drain and a Low Level Drain State (VLLDS) for the PHT
system

The heavy water storage system is the most stressed under this scenario. In the case of a PNDB
unit moderator drain the total storage requirement on the S&I system is 350 Mg (250 Mg for the
Moderator and 100 Mg for the PHT system). The S&l high Curie tanks (TK1 and TK2) will be
occupied and isolated while TK3 will have 100 Mg of lithiated heavy water from the PHT system.
Any high Curie water in tanks TK1 and TK2 will have to be relocated prior to the outage as will
any low Curie water in TK3. With approximately 200 Mg of heavy water in the S&l system prior to
the outage, 100 Mg will be kept in TK4 and the other 100 Mg will require additional storage.

If the PIOTS tanks are utilized to provide some of the necessary storage then no shipping or
receiving to the TRF is possible. Even with these tanks additional storage for ~50 Mg of heavy
water will be required either externally or internally.

Because of the full utilization of the S&I tanks UPPB and Sulzer upgraders will be required to be
placed into reflux. During a 40 day outage the systems are expected to be drained for 30 days
meaning that ~127 Mg of low Curie and ~69 Mg high Curie downgraded water will be generated
(no acute downgraded events assumed) which will require storage at IXCU, see Appendix C for
calculation. The Upgrader feed tanks (200 Mg — UPPB and 60 Mg — Sulzer) would have enough
storage capacity to accommodate the downgraded collection.

Offline detritiation is limited to ~40 Mg volume swap; the remaining water in TK4 that is not
required for makeup.

There is no flexibility in the S&I system during this scenario. IXCU may also backup because the
Upgraders are in reflux mode. If an acute downgraded event occurs there is no choice but to
utilize drums.

PNDA Outage plus a moderator drain and a Low Level Drain State (VLLDS) for the PHT
system

The moderator dump tanks of PNDA makes this scenario less stressfull on the S&I system. TK1

can now be utilized for offline detritiation (~100 Mg); that is, receive 100 Mg of PNDA moderator
water. Low curie, TRF product, water stored in TK3 can be used with any high Curie water in
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TK2 to produce the swap volume. TK3 once drained can hold the 100 Mg of lithiated PHT water.
TK4 will hold UPPB product.

There will be no flexibility in the S&l system to hold Upgrader product during this period (~28 Mg
low Curie and ~16 Mg high Curie). If the PIOTS tanks are utilized there will be no ability to ship
or receive to the TRF. If PIOTS are not utilized the Upgraders may have to be placed into reflux
placing the additional storage requirements on IXCU (127 Mg fluid of low Curie and 69 Mg fluid
D20 of high Curie, see Appendix C). The Upgrader feed tanks (200 Mg — UPPB and 60 Mg —
Sulzer) would have enough storage capacity to accommodate the downgraded collection.

6 month TRF outage

During a 6 month TRF outage PND requires at minimum make-up water (-15 Mg [1]) for PHT
system losses. This PHT loss make-up would have to be brought in prior to the TRF outage.
Any detritiation performed during this time period will require ~100 Mg of low Curie water
availability in the S&l system. The heavy water in the S&I will require managing prior to the TRF
outage to insure enough low Curie water is available.

Offline detritiation, performed during a scheduled Unit outage, is less flexible in scheduling than
online detritiation; hence, during a 6 month TRF outage detritiation is most likely to be performed
online.

Present TRF feed and product storage capacity at DND may make preparation for the outage
difficult.

4 week Upgrader outage

During a 4 week Upgrader outage there will be a need to store recovered downgraded water.
Appendix C estimates that 127 Mg of low Curie downgraded water would be required to be stored
if UPPB was in an outage situation and 69 Mg of high Curie downgraded water if Sulzer was in an
outage. UPPB has feed tank storage capacity of 200 Mg hence a 4 week outage would not be an
issue. Sulzer has 60 Mg of storage capacity on the feed size. A Sulzer outage would most likely
lead to a situation where drums would have to be utilized to hold the extra water that the feed
tanks could not contain.

Any water in the upgrader feed tanks will require processing prior to the outage to maximize the
storage capability during the outage.

Any acute recovery events during an Upgrader outage will most likely lead to drumming of heavy
water.

Summary

The review of heavy water storage needs under various scenarios has identified the following
issues:

* a lack of flexibility in the Storage and Inventory system to accommodate the needs of
operating units during system drains (Moderator, PHT)

«little tolerance in PND Heavy Water System to handle erratic TRF performance when
preparing for moderator/PHT drains

sinsufficient storage capacity in S&l to accommodate a simultaneous PNDB moderator
and PHT VLLDS drain situation

sinsufficient storage capacity for downgraded water recovery rates
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sinsufficient storage capacity at the Clean Up system to handle the high oil and high TOC
water recovery rates resulting in a poorer performance of the lon Exchange Clean-Up
System

«Inability to clean contaminated drums resulting in further downgrading of relatively clean
recovery water

slarge number of drums occupying station real estate (>3000) as a result of inadequate
storage capacity at IXCU

«difficulty in adhering to segregation philosophy of different quality waters due to
insufficient storage (on occasion applies to S&I but generally to IXCU)

7.3. Discussion of Drivers for Increasing S&/ Storage Capacity

One of the driving arguments for increasing S&l storage capacity at PND is the ability to detritiate
the units more effectively through the off-line detritiation technique. Section 2.1 and Appendix A
discuss and review the two methods of detritiation: online and offline. Appendix A demonstrates
that offline detritiation is indeed more effective. For similar 100 Mg swaps of 1 Ci/kg water into a
moderator with a tritium concentration of 17 Ci/kg the resulting tritium concentration at the end of
the swap is 11.3 Ci/kg for offline and 12.2 Ci/kg for online. The cause of this difference is the
mixing of the swap and moderator waters while the online detritiation is proceeding. This mixing
leads to some of the swap water being bled out with the moderator water resulting in a less
effective detritiation effort. In either technique large volume swaps are more effective than small
volume swaps. PND in its present detritiation plan [12] calls for large on-line swaps of 90 Mg
along with an off-line swap of 80 Mg.

PNDB can be detritiated via either technique while PNDA because of logic control issues can only

be detritiated via the off-line technique [30]. OPEX indicates that on-line detritiation of PNDB
units is restricted to the quiet periods such as weekends or on overtime. PNDA (Units 1 and 4)
have only recently began operating again (P1 — Nov 2005, P4 — Sept 2003) since being layed up

in 1997. Their average tritium concentration at the beginning of 2006 was 8.35 Ci/kg [12]. Review

of the 2004 Heavy Water Management report [1] shows that since 1997, when PNDA was layed
up, the tritium concentrations in the PNDB units have been steadily climbing while the isotopics
steadily declining. In January 2006 the average moderator tritium concentration for PNDB was
17.0 Ci/kg (target 10 Ci/kg) while the average isotopic was at 99.88% (target 99.94%) [12]. The
OP&P limit for the tritium concentration at PND is 25 Ci/kg. What is clear from this report is that
detritiation has not been performed often enough. PND Common Services indicates that on
average there has been a 187 Mg shortfall in shipments of water to the TRF for detritiation;
Appendix Q breakdowns the shortfall over the years. Such a shortfall would help in explaining
the trends presented in the Heavy Water Report.

This shortfall and therefore difficulties in executing detritiation over the years are attributed to a
host of reasons [30]:

1.
2.

3.

Extended TRF outages (2003 and 2006) limiting the amount of TRF product
Moderator S&l tank (TK1) occupied with Gd containing water, a result of a previous
detritiation effort via the off-line technique

Before 2002, D20 from the Unit 4 shutdown was stored in S&I tanks to allow
maintenance preventing on-line detritiation of PND-B units for 13 months
Procedural issues with safe execution of on-line swaps. Resolution took 6 to 9
months.

Planning/resource/schedule/co-ordination problems in shipment of heavy water to
and from the TRF
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6. Can only be performed during quiet times (weekends or by utilizing overtime)

The above points reinforce some of the present issues with the heavy water storage system: a
lack of storage (items 2 and 3) and a lack of TRF reliability (item 1). Other items (4, 5 and 6)
appear not to be associated with a lack of storage.

Item 1 is an indication of a lack of sufficient storage to deal with the uncertain TRF performance.
However, the lack of TRF reliability can be addressed in a number of ways. One, the reliability of
the TREF itself can be improved or two, heavy water TRF product buffers (requiring extra storage)
can be built up at DND, PND or both. If a buffer is to be available at Pickering then additional
storage capacity at S&l is required. OPG solutions to mitigate TRF reliability are discussed in
section 8.5 “Heavy Water Storage at OPG” which argues additional storage at DND can aid
Pickering in dealing with an unreliable TRF without adding extra S&I storage at PND.

Item 2 is discussed further because it highlights other issues pertaining to off-line detritiations and
IXCU. A PND-B operating unit is shut down by poisoning the moderator with gadolinium (Gd). In
the case of an off-line detritiation the moderator water is over poisoned to compensate for the
lack of Gd in the swap water. The moderator water when drained must be segregated because
the Gd in the water can precipitate and form a gel-like material when the pH of the moderator
water goes alkaline as it mixes with the PHT lithiated water. The precipitate can plug up system
process lines, valves and tanks. [It is highlighted that PND-A does not suffer from this issue
because it does not poison the moderator for shutdown although on occasion Boron is used.]
The net effect of a PND-B moderator drain is to occupy the two 150 Mg MOD S&l tanks as
previously discussed in section 7.2.1. The volume of Gd containing moderator water left in S&
after the swap cannot be shipped to the TRF until the Gd is removed; such was the case in the
event that left Gd containing water in TK1 (item 2). The water would have been sent to IXCU to
remove the Gd but the IXCU is overtaxed (see section 7.4 below) and could not handle this
water. Furthermore, during cleanup the good isotopic water would be downgraded and then
upgraded again through the Sulzer upgrader wasting energy, resources and money. The result
was the Gd containing moderator water remained in TK1 and impeded S&l utilization because of
the need to segregate this water from the rest of the reactor grade water. To address this issue
an engineering change (EC 88224) was initiated and recently completed. The EC resulted in the
addition of a permanent ion exchange clean up system to the moderator S&l tanks (TK1 and
TK2). This change now permits Gd containing water to be cleaned at S&I prior to sending to the
TRF. Thus, the impediment to S&I utilization by this scenario cannot occur again because of the
permanent ion exchange clean up system at S&I.

On-line detritiation does not suffer from the problem presented in item 2 as no Gd is present.
The previous off-line detritiation uncovered complexities associated with the off-line technique:

e Detritiations must be completed within 5 days in order not to threaten the outage
schedule. A complete moderator drain and refill can take up to 8 days to complete.

e Must be approved by the CNSC since the Gd content in the water returned to the
moderator must be controlled.

e The mixing conditions have to be frequently monitored to prevent undesired flux tilts.
Monitoring involves frequent sampling through the swap process to ensure reactor safety.
More chemicals will be required and more waste will be generated.

Item 3, although it is illustrative of a lack of storage capacity, is outside the scope of this study;
nonetheless, it is a reality. Refurbishment activities, as was the case with Unit 4, are not normal
operation or scheduled maintenance outages. If future refurbishment activities take place at PND
this will require additional heavy water storage as the present S&l system does not have sufficient
capacity.
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To summarize thus far, the inability to detritiate or improve moderator isotopics effectively over
the last 10 years at PNDB cannot be solely tied to a lack of storage capacity at S&I. In times
where a lack of storage capacity has caused stress to the S&I system other solutions are possible
(improve TRF reliability) (section 8.5) or are not in the scope of this study (refurbishment).

Operational Performance Reporting was approached to determine if a lack of heavy water
storage had impacted outages either in scheduling or duration; the response was that to date
there had been no impacts [34].

When reviewing the demands on the heavy water storage at S&I during a simultaneous
moderator drain and a VLLDS PHT drain it is clear additional storage is required. Assumption #4
indicates that in the long term such a scenario is expected. However, to date such a scenario
has not occurred although the schedule for outage P671 shows an overlap of one day during
which time the moderator is nearing the end of a refill while a PHT drain is set to begin [47].
Common Services has asked DND to withhold 100 Mg of TRF product in order to accommodate
this scenario [49]. Again, in the case of PND-A the scenario is different because of the moderator
dump tanks to accommodate the drain.

Presently, for PND-B a simultaneous Mod and VLLDS PHT drain of the same Unit cannot be
performed within a 40 day outage because of heat sink issues [44]. As OPG moves to a 40 day
outage schedule, Outages [44] indicates that the simultaneous drain of the two systems, for the
same unit, is possible once the heat sink issue is resolved. In the present outage template a
moderator drain will not occur in the same window as a PHT drain [44]. There is no clear
indication that in the future there will be a simultaneous drain of two systems thus the need for
additional S&I storage driven by this scenario is in question. On the other hand, by not increasing
S&l storage, the availability to perform simultaneous drains is severely restricted.

Additional information from Outages [50] indicates two outages per year for PND-B and one
outage per year for PND-A. However, according to the approved schedule every outage does not
have a moderator drain associated with it. For PND-B one moderator drain per year is planned
which means only one offline detritiation opportunity per year. Additionally, no PHT LLDS are
presently planned for PND-B beyond 2007.

This study deals with planned scenarios but in operating nuclear plants there are unplanned
scenarios, such as, outage P751 which originally was planned for 40 days but now extended to
55 days. Since the state of heavy water storage capacity is always in flux it is difficult to say with
certainty what will be the future needs suffice to say that PND does not have a great deal of
flexibility in its S&l storage which increases the risk of operator workarounds during unplanned
scenarios. Common Services indicates the time spent on operator workarounds is equal to 2 full
time equivalent positions [Appendix Q].

In summary, the lack of sufficient S&I storage has impacted PND at present. Had sufficient
storage been available the Gd contaminated water would not have impacted detritiation of PND
units. Had sufficient S&l storage been present the water from Unit 4 (undergoing reburbishment)
would not have impacted detritiation. Had sufficient S&I storage with detritiated water been
available the extended TRF outages would not have impacted PND. However, a permanent [X
clean up system attached to S&I MOD tanks eliminates the Gd problem. Unless PND goes
forward with future refurbishments there will be no S&I storage impacts from such activities in the
future; and increased storage at DND would be more beneficial to OPG in dealing with TRF
outages than increased storage at PND (section 8.5). PND under the various scenarios utilizing
heavy water storage (section 7.2.1) does suffer from a lack of flexibility in the system; however, it
has dealt with this most of its operational life. Section 8.5 discusses how adding more storage at
DND will help mitigate storage issues at PND. Section 9 indicates that increased S&l storage will
require until late 2010 to implement. By 2014 most of PND-B units may be shutdown and the
requirement on the S&l system will greatly diminish.
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At present, the case for additional S&I storage at PND is not clearcut. Add to this the limited
lifespan remaining in the station (all 4 PNDB units shutdown by 2016 with three units in 2014)
with the expected implementation date for additional storage of 2010 (see section 9) leads the
study to recommend not adding additional tankage for S&I at PND. Section 8.4 outlines the risks
associated with this recommendation. These risks can be mitigated by going forward with the
storage recommendations at DND. The remainder of this section captures some of the costs
associated with high tritium concentrations and low isotopics in the moderator.

The above recommendation must be reconsidered if OPG decides to refurbish the operating units
at PND. Presently, OPG under directions of the Government of Ontario is investigating new build
or refurbishment of existing units. During refurbishment, systems will be drained for extended
periods of time which, if no additional storage is provided, will utilize the present S&l system and
will significantly impact operations, tritium concentrations, moderator isotopics and potentially
outages at PND.

Costs Associated with High Tritium Concentrations and Low Isotopics in PND Moderators

The higher than target tritium concentrations in the moderators have an impact; specifically, the
high tritium concentrations in PNDB units are:

¢ in conflict with OPG’s ALARA philosophy (~733 Curies emitted to the air per (Ci/kg)
increase in moderator tritium concentrations) ,

e impacting worker dose, and

¢ sending the wrong message to the public and regulatory body.

References [32, 41] provide a relationship for total dose as a function of PHT and Moderator
tritium concentrations associated with PND-B,

Dose (rem/a) = 100 x PHT (Ci/kg) + 4 x MOD (Ci/kg)
and for PND-A,
Dose (rem/a) = 200 PHT (Ci/kg) + 20 MOD (Ci/kg)

Presently, PND average PHT concentration is 1.1 Ci/kg and 17 Ci/kg [35] for the Moderator. At a
value of $25,000 per rem [33] the increased cost, associated with dose, to operate the PNDB
moderators above the target concentration is 0.1M$/annum/(Ci/kg above the target); that is,
operating with the PND-B units at the present tritium concentration versus the target values
results in a cost associated with dose of 0.7 M$/a. PNDA at present is near the target tritium
concentration. Appendix A refines this cost, calculating what the costs savings to PND would be if
additional storage at S&| was implemented. The savings, due to dose reduction, would be $2.5M
over the remaining life of PND.

Environmentally there is no direct cost associated to tritium emissions but it is likely to impact
public and regulatory opinion. Tritium emissions to air increase at approximately 730 Curies per
annum per Ci/kg increase in average tritium concentration in the PNDB moderators [1].

Presently, moderator isotopics are lower than target values. Low isotopics increase fuel burn-up
resulting in higher fuel costs. For PND [51] the cost of system isotopic on fuel burn-up is ~37.9
k$/0.01% isotopic/unit/a. Presently PND-B average isotopic is 99.88% [12]; the target is 99.94%
[12]. The cost to PND of the lower than target moderator isotopics is estimated to be (99.94-
99.88) x 39 x 4 = $936,000/a. Appendix A refines this cost, calculating what the costs savings to
PND would be if additional storage at S&l was implemented. The savings, due to improved
isotopics, would be $0.71M over the remaining life of PND.
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The low isotopics at PND-B is linked to the lack of detritiation of the units; however, it is pointed
out that it is not because of lack of TRF product as system isotopics are improved via the
upgraders and not the TRF. Much like in the case of detritiation discussed previously, isotopic
improvement is most effective when employing large volume swaps, see Appendices A and B for
example calculations. This swapping of large volumes of moderator water is done during
detritiation. In other words, if you have the capability to swap large volumes of moderator water it
is most efficient to increase isotopics while simultaneously detritiating. Because detritiation of the
PND-B was limited over the past ten years the isotopics in the PND-B units have suffered which
has resulted in greater costs due to enhanced fuel burnup.

7.4. Discussion of Drivers for Increased Storage Capacity at IXCU and
Drum Cleaning Capabilities

The previous study [4] indicated the need for additional downgraded D,O storage capacity to
address segregation requirements of PHT and moderator recoveries (oily and non-oily) and to
reduce the number of drums at PND. This segregation is required to ensure that the UPPB
Upgrader can be used to produce low curie D,0 suitable for use as PHT make-up, in the event of
an extended, unplanned shutdown of the TRF.

Presently, the IXCU system at PND is suffering from the following symptoms:

e increased usage of drums and number of drums (presently over 3000 drums),

e slower throughput in the processing of the dirty, downgraded, water, (150 kg/hr
versus capability of around 400 kg/hr)

o difficulty in meeting Upgraders feed water specifications (TOC > 1 ppm typically 3 to
4 ppm),

e degradation of upgrader throughput, particularly UPPB, due to higher TOC in
feedwater provided by IXCU system,

e oil contamination of all feed tanks to the IXCU.

o difficulty in segregating dirty, downgraded water.

e loss of heavy water inventory into drums and UPPA. Approximately 190 Mgs D20 of
dirty downgraded water occupy drums and tanks in the UPPA (no longer operational)
waiting to be cleaned and upgraded.

These symptoms are indicative of an overloaded, overtaxed IXCU. The cause of the overload is
inadequate storage capacity in the feed tanks. Appendix C, utilizing historical recovery rates and
operational experience from Common Services, calculates the required tank sizes. The
calculated sizes for the required tanks support the statement that there is inadequate storage
capacity in the Clean Up system. The calculations illustrate an inconsistency in the holding
capacity among the tanks utilized for each quality of water (oily low and high Curie, non-oily low
and high Curie). For example, the low Curie oily tank has a holding capacity for a quarter of a
week of generation while the non-oily, high Curie can hold a week’s worth of downgraded water.
The lack of appropriate storage heavily restricts the ability to segregate the downgraded water
slowing down processing throughput. The slower processing throughput further backs up the
Clean Up system requiring greater storage capacity. The lower processing rates for downgraded
water versus design are attributable to:

1. High levels of oil in the downgraded water; an unavoidable result of using hydraulic
fluid in the fueling machines.

2. High TOC in downgraded water [45]. Possibly a direct result of the solvents and
lubricants utilized during outages or of oil contamination of all IXCU feed tanks.

3. Oil contamination of all IXCU feed tanks as a result of incompatibility of the heavy

water storage capacity with the downgraded water generation and the IXCU
processing throughput.
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4, Lack of drum cleaning capability leading to re-use of oil contaminated drums leading
to the cross contamination of relatively clean water with oily water.
5. Inadequate oil decanting/removal system.

The first item is unavoidable at PND and deficiencies at IXCU will have to be addressed to deal
with it. The second item requires changes in the solvents and lubricants used during outages;
this may not be possible. The third item can on occasion be addressed by cleaning the tanks.
The fourth item requires a drum cleaning facility that PND or DND is lacking. Lastly, the fifth item
can only be addressed by additional storage capacity.

The unavoidability of items 1 and possibly 2 drives the need to increase storage capacity at IXCU
for downgraded water. To prevent spreading of oil/TOC contamination through the re-utilization
of dirty drums a drum cleaning facility is essential. A drum cleaning facility would have the
additional benefit of preventing further buildup of drums while, potentially, reducing the total
number of drums. Hence the study recommends additional storage at IXCU and the placement
of a drum cleaning facility at PND.

From PND Assumption # 5 a drum cleaning facility is required to be able to process a minimum of
10 drums/day. This number is consistent with the derived recovery rates calculated in Appendix
C (7 drums for non-oily downgraded water and 3 drums for oily downgraded water). Additional
throughput for the drum cleaning facility is placed upon it by the desire to have the historical
number of drums (~2000) cleaned either for re-use or disposal.

Over the years the following actions have taken place to deal with the symptoms experienced by
the IXCU system:

e Addition of a UV Oxidation system at IXCU. The system is presently being tested.
This system once installed will aid in reducing the TOC in the Upgrader feed water.
Common Services Operations suggests the system may not be sufficient for the
following reasons: the very high TOC at PND; has to serve both the high and low
Curie trains and the process rate is too slow [46]. There is a possibility that the UV
system may increase water residence time within IXCU.

e Use of additional charcoal columns [45].

e TOC sampling on recovery from units to allow segregation [45].

¢ Flushing of heavily contaminated tanks (0-3496-TK1 and 018-3496-TK6/7) to 0-3497-
TK1/2 [45]

e Cleaning of oily IXCU feed tanks [26]; recently completed.

e Purchase of additional drums.

¢ Additional Clean Up process utilizing UPPA feed tanks for volatile carbons that are
difficult to remove via the IXCU charcoal columns. UPPA tanks in conjunction with a
temporary IXCU system is used to circulate the high TOC water (5 ppm) to reduce
the TOC down to 3 ppm. Prior circulating the high TOC water is left to sit in the
tanks. It is believed that the venting of the tanks naturally allows the volatile TOC to
dissipate [53].

e Two campaigns utilizing external contractors to clean the segregated high TOC, high
oil water: Pacific Nuclear and presently, Westinghouse.

The above actions have resulted in the following non-recoverable costs to OPG.

e 2000 more drums at PND than required (PND Assumption 3 & 5). Presently, closed
top stainless steel drums can be purchased for $800 [52]. In the past drums have
been purchased from AECL at $500 [52]. Thus, 2000 extra drums represent an
additional cost of 1 to 1.6 M$.

e Extra handling of these extra drums is estimated to cost $360,000".

'3 hrs/drum x $60/man x 2000 = $360,000 [30]
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¢ Installation of a UV Oxidation System at a cost of approximately $2 million [48]

e Clean up of all the oily IXCU feed tanks, presently underway, is estimated to cost
$105,000 [26].

e Cleaning up of segregated high TOC/oily water - $350,000 (Pacific Nuclear) and
$700,000 (Westinghouse)

¢ A significant amount of high TOC/oily water has been segregated (not been utilized
for operations) (~190 Mg D20). If not for the shutdown of Units 2 and 3 PND would
have obtained replacement water from external sources. The shutdown units
provided HW management at PND with the required replacement water.

Intangibles or potential future costs are captured in the Table below.

Table 8. Potential Future Costs due to Insufficient Storage at PND IXCU

Description Cost ($/yr) | Comments

Continued degradation of UPP Potentially millions | See Appendix Q. PND will have

packing with the potential that the of dollars after various options to deal with this:

Upgrader will no longer meet station 2010. purchase of external upgrading

demands. Pickering Common services, cleaning the upgrader

Services estimates that by 2010 the packing (if deemed to be the

UPPB upgrader will no longer be problem), repacking the upgrader

able to meet the operational needs or building a new upgrader.

Additional efforts by Common 264,000 | 2 FTE per yr at 1650 hrs/yr at

Services to meet operational $80/h (OT rate)

requirements; that is, operator

workarounds

Replacement of ‘lost’ water due to 28,700 | 0.1x2.7drums/day x 365 days/yr x

the inability to process the oily water. 230 kg/drum x 0.23 (isotopic) x

Assumes 10% of oily drums 5.5 cents/day/kg x 0.01 $/cent

unprocessable.

Purchase of more drums 14,000 | 20 drums/yr x $700/drum

More external contracts to clean up 350,000 | $700,000 (Westinghouse

segregated high TOC/oily water campaign)/2yr

Cleaning of oily IXCU tanks 52,500 | $105,000 (present clean up
campaign) every 2 yrs.

Disposal of drums 9,200 | Drums disposed as solid waste
(internal sludge solidified in-situ)
0.23 m3 x 10 drums/yr x
$4000/m3 (cost to external OPG
customers)

Total 718,400 | Excludes potential costs
associated with Upgraders

8. Options to Address OPG’s Long Term Heavy Water Storage and
Drum Handling Requirements

The collected information (strategy documents, OPEX, outage schedules, system flowsheets,
notes of meetings etc.) was scrutinized in order to understand present heavy water management
practices and resources. The future needs as defined by the assumptions were compared to the
present practices and resources. Where deficiencies presented themselves heavy water storage
options are defined to address the deficiencies. Criteria were defined to aid in judging potential
heavy water storage options. These criteria are presented below.
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Potential options, exclusive of the maintaining status-quo option, are judged by applying the
following criteria.

e Are all the requirements outlined in the assumptions met?

e s it flexible; that is, does the option provide a flexible storage system which can be
adapted for differing requirements from time to time while still preserving the principle of
segregation based on isotopic and tritium content of heavy water?

¢ |s the additional storage defined by the option the minimum required to address the
requirements?

¢ Are the functional requirements met for segregation of D20 based on:

a) isotopic concentration —e.g. reactor grade vs downgraded.

b)  tritium content — Low tritium for PHT make-up vs high tritium for moderator.

c) system chemistry — for example, lithiated PHT D20 cannot be sent to the
moderator system since this would pose a risk of Gd precipitation.

¢ Are impacts to operations during implementation minimized; that is, will it require a unit(s)
shutdown?

Are OPG operational and design philosophies maintained (segregation, ALARA, etc.)?

Is it the most cost efficient?

Are there impediments preventing implementation?

Do the risks and cons exceed the benefits and pros?

Does it meet the physical constraints of the sites?

Does it allow for easy tie-ins to existing heavy water and supporting systems (i.e.
consider the ease of connecting to existing services or use of existing services).

The developed options are further scrutinized in order to select a preferred option. The preferred
option for DND and PND is judged on:

Is it the benefit maximized for the cost expended?

Based on the operational life of the station is there sufficient time for cost recovery?
Are the risks associated with the preferred option less than the other options?

Do the pros of the preferred option outweigh the cons?

8.1. Heavy Water Storage Options at DND

Within this section the heavy water storage and drum handling options for DND are presented
and discussed. The heavy water storage and drum issues at DND reviewed in Section 7 involved
three systems; Storage and Inventory (reactor grade water), lon Exchange Clean-Up
(downgraded water recovery and Upgrading) and the Tritium Removal Facility (detritiation of
OPG reactor grade water). All three systems are housed in the Heavy Water Management
Building at Darlington. The previous section examined the issues and demonstrated that
increasing storage capacity for heavy water will benefit Darlington and OPG. The vision of a
drumless Darlington station has not been the case and will not be the case so physical space is
required to meet the needs of handling drums.

Two options have been identified for Darlington; one, maintain the status quo and two, meet all
the requirements of the three systems identified above. Option two, requires a building addition
to the existing Heavy Water Management Building to house 400 m?® of additional heavy water
storage.
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Other possibilities were examined in which additional heavy water storage could be provided
within the existing station structures bypassing the need for a building extension. Once a building
extension or new building is required, 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.

Prior to presenting the two viable options a discussion ensues as to how space available within
the pre-existing structures was deemed inadequate for meeting the needs of additional heavy
water storage defined in previous sections of this report. This is followed by presentation of the
two options where the various pros, cons and risks are identified and a recommendation is made
to proceed with one of the options.

Provision of Additional Storage at each Unit and in the Off Gas Management

System Room

Basis: Provide one 50 m® tank located at each Reactor Unit (provide 4x50 m’ tanks in
total) supplemented by additional storage in the Off Gas Management Room

Following a walkdown, it has been noted that there is space available at each Unit to install a 50
m?® tank. This would enable inventory of PHT water to be stored close to the Units and thereby
meet the requirements of shrink and swell of the PHT system during cool down and heating up.
This will also resolve the issue of increasing the transfer rate of PHT D,0O from the HWMB to the
Unit (a project to implement this is being considered).

Addition of storage at the Units will free up approx. 200 m? of available space in the PHT S&I
tanks to be used for other purposes. However, the existing PHT tanks, 0-38110-TK7 to 0-38110-
TK10 are built to ASME Section VIII (CSA Class 6). Therefore, these tanks cannot be used to
store moderator drains or high-Ci Upgrader product. They can only be used for storing low-Ci
Upgrader product and TRF Product.

The 4 new storage tanks at the Units would be connected to the inter-unit reactor grade header
and would be dedicated to storing PHT water alone (see Assumption 20: the system will maintain
the current mode of operation). Therefore, there is no flexibility in usage of the additional tanks in
this design. In addition, installation of these tanks could only be performed during unit outages
and would present a risk of outage extension.

In conclusion, additional tanks at each Unit would not meet the additional storage requirements.
Basis: Locate Additional Tanks in the Off Gas Management System (OGMS) Room

This site has the advantage that all services are currently available in this Room, and the floor
drains in the Room are also connected to the D,O Collection System. Furthermore, the walls of
the room are adjacent to the S&I tank room and appear to be seismically qualified, at least on one
side. However, the OGMS Room currently contains 4 large, vertical Carbon Steel Tanks (<. 2m
diameter) containing activated charcoal. The Off Gas Management System (OGMS) equipment
contained in the HWMB is no longer required and is intended to be permanently removed from
service and declared redundant. These tanks would have to be dismantled, removed and sent to
the Bruce Waste Management Site or scrapped for disposal, if they are contamination free, in
order to free up space for the new tanks. The dismantling and disposal of the existing tanks from
within the HWMB has never been attempted previously. The risks associated with such an
activity are presently unknown.

This option is judged to be not feasible for the following reasons:
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e This room is approx 7m x 16m and is only accessible via a stairwell and through a small
hatch (2.2m x 2m) in the ceiling (94m EI). To access this hatch would require removing a
section of concrete floor from the 100m El and removing the steel ceiling and I-beams below
this floor.

e A seismically qualified pit would need to be constructed in this room [9], further reducing the
available space. Seismically qualifying the room, located in the middle of the HWMB, is not
feasible because it would require re-evaluation and assessment of the foundation design,
reinforcement to current standards where required and construction of a seismic pit.

¢ Most importantly, the OGMS room could only accommodate a 100 m?® tank or about 8 x 20 m®

tanks. These tanks are too large to be moved into the OGMS room through the access hatch.

The tank sections would have to be prefabricated then welded piece by piece in-situ. Such a

fabrication and testing process is not permitted as per the requirements of the ASME Section

[l code.

¢ Moving tanks in and out of this room would cause a significant disruption to ongoing
operations and would essentially make the truck loading bay at EI 100m inaccessible for
about 6 months.

e If prefabricated and assembled tanks are to be moved into this room, then they would be
restricted to about 1.6 m diameter and a capacity of about 10 m® per tank. At the most, 8-10
tanks could be moved into place in this room, i.e. a maximum of 100 m® capacity would be
provided.

Hence, the provision of additional bulk storage in the OGMS room is judged to be not a viable
option leaving only the possibility of installing 4 x 50 m?® tanks in the Units. This leaves the
following requirements unmet because of lack of flexibility in this design:

Capacity m° Purpose

2x50m’ TRF Feed Tank/Moderator Drain Tank
2x50m’ Downgraded Dirty Tank/Drum Emptying Tank
2x50m’ Downgraded Clean Tanks

Also, the requirement for additional storage area for drums is not addressed .

On this basis, locating additional heavy water storage or space for drums in pre-existing
structures is deemed inadequate and options arising from this are not developed further.

8.1.1. Option 1:Maintain Status Quo

This is the “Do Nothing” option. Therefore, in this option, Darlington will carry on with “business as
usual” and undertake contingency measures during planned or forced outages, such as those
taken in the past to resolve the shortage of storage (for example, during the 2003 SCO). In order
to avoid implementing similar contingency measures during the 2009 SCO, the implementation
schedule outlined in this report would have to be fast tracked by OPG to place early orders for
long lead items, obtaining quick project approval and starting detailed design quickly.

44

Attachment 6
Page 53 of 171





Filed: 2021-04-19, EB-2020-0290
Exhibit L-D2-02-AMPCO-131

K-012667

° Pros

The obvious advantage of adopting this course of action for the future is that there are no
incremental expenditures of capital involved and no implementation required, that is, continue
operating in the same manner

. Cons

The cons or negatives have been identified and discussed in the previous sections 7.1.2 and
7.1.3 and are only summarized here.

e Cannot support a moderator drain without associated cost of using DIOTS or offsite
storage

Cannot support SCO/VBO w/LLD

Risk of downgrading moderator grade D20

Lack of flexibility and storage in the event of an unplanned outage
Difficulty in dealing with high TOC events

Increased planning and scheduling for water movement
Inefficient use of Operators to move drums

Inadequate space for storing drums

Inefficient use of the TRF

Inability to meet contractual detritiation obligations

Continue to send drums off site for pressure testing

Limited ability to pursue potential external sales

° Risks

The risks to DND and OPG by maintaining the status quo at DND are associated with the Cons
listed above.

Risk of lack of available offsite storage

Risk of outage extension during SCO/VBO

Increased risk of downgrading D20

No flexibility in the system to deal with risk of upsets during an outage

Drum storage issues getting worse due to increased drumming at the station
Increase risk of health and safety issues related to drum handling

Costs incurred to borrow Low Ci D20

Continued increase in OPG tritium concentrations possibly exceeding OP&P limits

The estimated cost to DND of maintaining the status quo is $1.46 million/yr together with the risk
of losing up to $10 million/yr of external business, see Table 5 and section 7.1.2.

8.2. Option 2 Additional Storage in an extension to the Heavy Water
Management Building — PREFERRED OPTION

The study recommends this option for DND as it meets all the requirements identified by the
Project, provides flexibility and will lead to improved efficiency. The option is to build a 12x12m?
extension to the West end of the HWMB to house four 100 Mg, class 3 tanks and 12x14 m? of
space to house drums and a drum pressure testing facility. Each 100 Mg tank is to be subdivided
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into two internal compartments of 50 Mg capacity each. Drum cleaning services is recommended
to be performed by PND, see section discussing PND options and section 8.5.

Each 100 m* capacity double-tank is 4.25 m in diameter and 8.5 m long. Therefore, a total of 8 x
50 m® is provided to be allocated as follows:

Table 9. Recommended additional heavy water storage capacity at DND
Tag No. Capacity m® Purpose

TK1-A,B 2 x50 TRF Feed Tank/Moderator Drain Tank
TK2-A,B 2 x50 TRF Product Tank/Upgrader Product tank
TK3-A,B 2x50 Downgraded Dirty Tank/Drum Emptying Tank
TK4-A,B 2x50 Downgraded Clean Tanks

The recommended additional storage provides a flexible design which meets the functional
requirements of HW storage as well as maintaining the required segregation in terms of isotopic,
chemistry and tritium concentration.

The additional reactor grade storage tanks, TK1-A,B and TK2-A,B will provide storage for a total
of 220 Mg of D,O due to the specific gravity of heavy water. In addition, all of the tanks will be
provided with a volumetric design margin of 10% so that they are only filled to a nominal 90% of
capacity.

A summary of the existing and proposed additional storage capacity is shown in Tables 9 and 10
below:

Table 10. Existing and Proposed Additional Reactor Grade Storage Capacity at DND

Existing Reactor Grade D,0 Storage Proposed Additional Reactor
Tanks Grade Storage
Purpose Capacity: | Purpose Capacity:
m® m*

PHT S&l tanks 4x100 TRF Feed Tank/Moderator Drain | 2 x 50
Tank, TK1-A,B

PHT Weigh Tank 1x30 TRF Product Tank/ Upgrader 2 x50
Product tank, TK2-A,B

Moderator S&l Tanks 3x100

Moderator Storage 1x47

Moderator Weigh Tank 1x10

Upgrader Product Tank 2x12
Upgrader On-Line Feed Tk | 1x9

TRF Feed Day Tanks 2x10
TRF Product Day Tanks 2x10
TRF Product Return Tanks | 2x25
TRF External Feed Tank 1x57

TK1-A,B and TK2-A,B are provided for storing reactor grade D,O while TK3-A,B and TK4-A,B are
allocated to storing downgraded D,O.
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For TK1 and TK2, the full 100 m® capacity is available to be used for either assigned duty if
required, e.g. for TK1-A,B, 100 m?® could be made available for moderator drains or could be
scheduled to store external TRF feed during normal operation of the Station .

TK2-A,B during normal operation would allow for the segregation of reactor grade TRF product
and Upgrader Product based on tritium concentration, hence allowing TRF product to be sent to
the PHT system and the Upgrader product to be sent to the Moderator system. During an outage
requiring a PHT drain, these tanks could be utilized for storing up to 100 m® of PHT water
temporarily.

Table 11. Existing and Proposed Additional Downgraded D20 Storage Capacity at DND

Existing Downgraded D,0 Storage Proposed Additional Downgraded D,0
Tanks Storage Tanks
Purpose Capacity: | Purpose Capacity:
m* m*

Downgraded Dirty Tanks 2x25 Downgraded Dirty Tanks, TK3- 2x50
AB

Downgraded Clean Tanks | 2x50 Downgraded Clean Tanks/ 2 x50
Downgraded D,0 from Emptied
Drums, TK4-A,B

TK3-A,B and TK4-A,B arrangement allows for segregation of downgraded dirty and clean D,O
based on tritium concentrations. In addition, TK3-A,B can also be used to store the contents of
drums which may be emptied into either tank based on tritium content. If the drums are known to
contain clean D,0, then they could be emptied into TK4-A,B. In the proposed design, there is
more Clean Downgraded Tank Capacity than Dirty Downgraded Tank Capacity. The reason for
this is that during a TRF or Upgrader Outage, we need to store some or all of the recoveries.
During this time, the IXCU can keep operating to produce clean downgraded water stored and
ready for processing once the Outage is completed.

Appendix D demonstrates how the additional tankage can be utilized during the following
scenarios: 18 month TRF outage, SCO and outage with moderator and PHT drain. In particular,
during an 18 month TRF outage the additional tankage will reduce the number of flushes required
after high Curie downgraded water processing resulting in ~120 Mg less of mixed Curie water
generation with an equivalent reduction in the amount of PHT ready water required prior to the
outage.

The primary functional interface requirements are:
To receive D,O from and supply D,O to the following systems:

(1) D,O Upgrader (38430)

(2) D2O Clean-up System

(3) D2O Collection System

(4) Moderator System (32100)

(5) PHT System

(6) Tritium Removal Facility (39000)

Seismic Qualification Requirements
The level of seismic qualification required for the additional storage will only be finalized once the

CNSC classification approval process is completed. This approval is usually sought during the
detailed design phase.
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For the existing systems, most of the storage tanks are in a tank pit that is seismically qualified to
contain a spill following an earthquake. It is very likely that the same level of requirement will be
imposed for equipment that performs a similar, but increased capacity, function. It is reasonable
to expect that either the new equipment will itself need to be seismically qualified or a similar
alternative pit type arrangement will need to be provided. Currently, the pit housing the S&I tanks
is qualified to DBE category 'A', which means that it will not incur increased leakage during and
following a seismic event. The piping in the D,O management building is not seismically qualified.
The additional storage recommended for this study will be assumed to have the same seismic
requirements [9].

S&I Tank Requirements

o All storage tanks added must have level instrumentation that displays on the HWMB Control
Computer System

e All existing S& | level and weight instrumentation should also be displayed on the HWMB
Control Computer System

e The building that houses this facility must tie-in to the existing HWMB D,0 liquid recovery
system or have its own liquid recovery system.

e The building that houses this facility must tie-in to the existing HWMB D,0 ventilation system
or have its own ventilation system.

e The storage tanks added must tie-in to the existing HWMB D,O vent and cover gas system or
have its own D,0O vent and cover gas system.

e An equipment vent dryer is required if the facility is to be housed in a new building.

e Tritium monitors are required to be located strategically in the building.

¢ New PHT S&l transfer pumps are to be installed with a design flow rate of 8 I/s and the same
head capacity requirements as the existing units

o The storage tanks will have associated valves and pumps to transfer D,O as required to their
respective tie-in systems. Capability to transfer water from existing tanks to the new storage
tanks and from the new storage tanks to existing tanks is required.

e The existing pit where the D,O S&I storage tanks are housed is seismically qualified.
Consideration of seismic qualification requirements for the additional storage area is required,
since some of the new tanks will be used for storage of high tritium D,O.

e A radiological dose assessment will be required to cover loss of the complete inventory of
these tanks, similar to what was completed as part of the original design of the D,O S&l
system.

° Pros

The pros of moving forward with this option are:

e Supports Moderator drains and eliminates the need for off-site shipments during planned
moderator drains

e Avoids Outage extension due to limited PHT storage capability

o Creates the flexibility and storage requirements to meet the requirements of an
unplanned outage and operational upsets during an outage

e Able to support VBO/SCO with LLD

e Provides sufficient downgraded storage to minimize the risk of downgrading D20

e Avoids increasing PHT tritium concentration by being able to segregate PHT and
moderator recoveries during extended TRF outages.

¢ Minimize the risk of having to borrow Low Curie D20
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Improves the storage capacity available to manage an acute leak event resulting in high
recovery rates for a short period
Improves ability to empty drums from outside customers quicker so drums can be
returned sooner and more space available for more drum shipments
Ability to pressure test drums in house on as needed basis
Minimize health and safety issues related to drum handling
Improve operator efficiencies
Increases flexibility in the TRF to:
o Help meet contractual detritiation obligations
o Allows Isotope Sales to pursue new business opportunities
o Increase the efficiency of the TRF
o Allow OPG to meet tritium concentration OP&P limits
Permit cost recovery through increased D20 external services
Additional storage space can provide some relief for PND during its outages mitigating
some of the storage issues at PND, see section 8.5

° Cons

There is a significant capital expenditure of $27 million, see section 9
It is estimated to require 4 years to install and commission

° Risks

Failure to recover cost of investment - The benefits from execution of this project are
made up of some items where the benefits are quantifiable and also other items where
the benefits are more intangible. For example, there will be operational improvements
and increased efficiencies as a result of installing additional storage. The con of investing
about $27 million in additional storage facilities can be weighed against the potential
revenue from improved external sales alone. This indicates a payback period of about 3
years, which is favourable. Therefore, the risk of the additional sales benefits not
materializing should be evaluated.

Higher costs due to discovery work during detailed design - This risk has been mitigated
by including a 25% contingency in the overall estimate. However, there still remains a risk
that some discovery work during detailed design or execution of the project will result in
an increase in the estimated cost.

Unreliable TRF - The rate of return on investment through external sales is dependent on
the TRF operating reliability as per the operational plan. Although increased heavy water
storage will mitigate the effects of an unreliable TRF, a period of reliable TRF operations
is required once the extra storage is in place in order to create the necessary low Curie
heavy water buffers.

During construction and commissioning there is a potential to disrupt HWMB operations.

In summary, provision of additional reactor grade storage wiill:

Eliminate the need to ship 100 Mg or more of reactor grade water off-site for temporary
storage during a complete Moderator drain and prevent potential cross contamination
and mixing of Moderator and PHT grade water
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e Provide additional storage capacity for TRF feed and product to support OPG detritiation
needs

e Provide additional storage capacity for TRF product with potential for significant financial
benefits due to improved sales of detritiation services and avoiding the need to borrow or
lease PHT make-up water from external sources. With the additional flexibility created by
adding storage volumes, revenues have the potential to increase by $7-8 million.
Therefore, there is potential net achievable benefit of $10 million.

e Provide additional storage capacity for TRF feed and product with the potential to
mitigate the reactor grade storage requirements at PND during its outages.

Provision of additional downgraded storage will:

e Eliminate the need to store downgraded water in reactor grade storage tanks and
thereby eliminate the possibility of extensive downgrading of reactor-grade water due to
cross-mixing, thus allowing isotopics to improve by better utilization of the Upgrader

e Improve the capability for segregation, produce less mixed-Ci water and reduce the need
for storage by more than 100 Mg during an extended TRF Outage

e Improve the Upgrader capacity factor by allowing for recirculation through the D,O Clean
Up System while still maintaining capability to feed the Upgrader

The additional drum storage space provided in Darlington will improve efficiency and safety. An
on-site pressure testing facility will improve the ability to ship drums off-site.

8.2.1. Possible Locations of Additional Storage

The above arrangement is expected to provide the required flexibility while reducing costs
compared to dedicating 750 m® of additional storage to specific duties as recommended in the
previous report[4].

There are various sites for locating the additional tanks in the vicinity of the HWMB

Location A: New Extension to the Heavy Water Management Building (HWMB) — preferred
location

An extension to the HWMB would be constructed to the west of this building. This will be an
industrial building with approximate floor area of 12m by 26m, see Appendix F for sketches of the
proposed extension building extension.

The design of the building will be such that ISO Container and drum unloading will be on the
ground floor so that trucks could park by the loading door.

The required area for building extension shall include the dismantling of the existing truck loading
bay and its loading deck/receiving area housing/office. The loading bay would be filled in and
leveled. A new truck receiving door shall be built on the receiving bay. Also the
docking/receiving/drums loading bay shall be provided with a ramp to allow a forklift to access the
truck and lift out a palleted drum from an opened ISGHWP container.

During construction of the HWMB extension, the existing loading dock would be unavailable for
receiving ISO containers and unloading of drums from ISGHWP customers. During this period, it
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is recommended that as a temporary measure, ISO container unloading should be performed in
the TDO loading/unloading bay. This would need to be scheduled and planned so that it does not
interfere with the arrival of TDO shipments.

The building height on the receiving/drum loading areas shall be restricted a few feet below the
fresh air intake louver (107.8m EI.) on the adjacent building, but beyond the louver, the building
height shall be constructed to house the tall vertical tanks.

The existing S&l tanks in the HWMB are currently below grade and are gravity fed from the Units,
due to design constraints. If new tanks are built above the ground, the ability to pump D,O from
the station to the new tanks would need to be confirmed.

The bottom section of the proposed HWMB extension would form a seismically qualified, leak
tight enclosure, constructed from reinforced concrete of the appropriate thickness. This is
intended to contain the entire inventory of the storage tanks in case the tanks were to rupture and
release their contents into the building. It is expected that this seismically qualified section would
be approximately 12m by 12m by about 4-6 m high. The pumps associated with these storage
tanks would be located outside of this area, in an adjacent, existing room of the HWMB to make
maintenance access easier and to prevent submersion in the event of loss of D20 containment.

It has been determined that no building can be within 9m of the fuel oil tanks for the Auxiliary
Steam Generators which are located to the west of the HWMB [10]. The current proposal for the
HWMB extension is located approx 24m from the fuel tanks so this will not be an issue

Construction Issues

There are existing services buried underground in the area where the HWMB extension is
proposed. A walkdown was conducted and the following are the preliminary findings.

There are buried services which would add to the construction costs. Concerns are regarding a
helium supply line, pressure switch indication cable to the helium supply tank, fire lines, storm
sewer lines, roof drains, buried electrical cables to supply the temporary trailers across the road,
and station ground cables.

An existing storm drain running down the middle of the proposed extension site would have to be
re-routed. There are electrical power lines running west of the HWMB to the trailers. These would
also need to be re-routed.

The details of these services are found in drawing NK38-D1H-10249-1343 which indicates the
specific helium piping, fire lines, roof drains, and storm sewer lines. If further digging was
required, there are buried lines under the middle of the road for steam, condensate return, air,
and water that need to be addressed.

Detail of Helium Supply can be shown on drawings:
NK38-D1S-57500-0030
NK38-D1S-67554-0001
NK38-D2S-67554-5002

Standby Generator Equipment does not appear to be a problem but the following drawings

show the service locations:

NK38-D0S-57500-0018 cable duct to storage tanks
NK38-D0S-57500-0004 tunnels servicing SG's 1&2
NK38-D1H-10249-1342 SG oil storage tank oil and fire water lines

Station Grounding
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NK38-D0S-57684-0002 D,O Bld 87 el
NK38-D0S-57684-0004 D,O Bld 100 el
NK38-D0S-57600-0002 site layout

Telephone
NK38-D5F-57304-0265 site layout shows no trunk cables but the walk down observed a phone

on the wall of the loading dock building and lines buried under the road to service the temporary
trailers.

Lighting
NK38-D0S-56102-0051 street lights with wiring across the road so it is not a problem
NK38-D0S-56184-0003 el 100 lighting for inside and outside D,O management Bld

Truck Ramp Snow Melting
NK38-D0S-56384-0001 heating cable layout
NK38-D2S-53348-0001 600 volt panel

Temporary Trailer Wiring

This would likely require a more detailed field walk down to determine the location of telephone
wiring. However, at this time it was observed from the previous walk down that there are 5
conduits trenched under the road to service the temporary trailers fed from the D,O management
building. The conduits would contain electrical power, LAN connection, and telephone.

Pros

There are many advantages to Location A, which will make it the lowest cost location of all that
are considered here. Besides being the lowest cost feasible option, it has also operational
advantages being in the vicinity of the HWMB. For example, services for the extension can also
be extended from the existing services in the HWMB, particularly for D,O Collection, ventilation,
stack monitoring, etc. Personnel working in the HWMB will find it easy and efficient to carry out
required duties in the extension. Movement of heavy water will require minimal holdup in piping,
and the philosophy of centralized Heavy Water Management will be maintained. Overall, this is
judged to be the most effective location for the additional storage to be provided at Darlington.

Cons

The available space is constrained by the roadway to the west and the HWMB to the East.
However, it has been demonstrated that the requirements for additional Heavy Water storage can
be met in this location, both for ongoing operational needs but also for the SCO, VBO outages,
for an 18 month TRF outage and for an 8 week Upgrader outage. The requirements imposed by
life extension or retubing of the reactors are not part of the Scope of this study. However, their
impact is being considered below and a means of accommodating these requirements is
discussed.

Location B: Locate Tanks in a New Building east of Unit 4

In this site, a new building would be constructed east of Unit 4 to house the additional storage
tanks as well as to provide a drum unloading and storage facility for drums received by ISG from
offshore.

Tie-ins from this building would be provided to the inter-unit reactor grade D,O header. The use
of the existing header would avoid the installation of additional piping to cover the large distance
from this location to the HWMB. Similarly, there is a downgraded header which could be utilized
for transporting downgraded water to the HWMB.
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Pros

An advantage of this location is that there will be room to expand easily to take care of future
needs for storage, e.g. for re-tubing. The space is not as restricted as in the other two options.
It is also possible that at this new location, fewer services are buried underground than in the
proposed Location A near the HWMB.

Cons

There are many significant disadvantages to this location rendering it undesirable, both for
supporting ongoing HWMB operations and for future life extension needs. Stored D,O
transported in the headers crossing all 4 Units make the Units more vulnerable to an operator
error leading to downgrading or cross-contamination. Such a possibility is eliminated if the
storage is located next to the HWMB. To avoid cross-contamination, four new headers, running
the length of the 4 Units may be needed. This would add significantly to project costs.

In addition, it would not be feasible to provide additional feed storage to the IXCU from this
location. To facilitate recycling when required, these storage tanks should be close to the IXCU
(this is required as per Assumption 15). The amount of holdup in the piping makes recycling from
the IXCU impractical. Larger feed tanks for the TRF should also be located close to the TRF
ideally, in order to avoid dilution of the feed tritium concentration via the reactor-grade headers.

Services provided in the HWMB — e.g. ventilation, stack monitoring etc cannot be shared
increasing the cost of the new building as compared to the HWMB extension.

The large distance from the HWMB will also consume more operator time in traveling back and
forth when required consuming additional human resources.

It is not clear whether all of the various grades of D,O could be transported economically from
east of the reactor building to the HWMB. For example, D,O received from off-shore by ISGHWP,
may be at a lower concentration than the PHT or Moderator D,0O at Darlington. Thus it could not
be transferred via the reactor grade header and may be too high in concentration to transport via
the downgraded header. Hence, segregation of D,O would be compromised by this location.
Downgrading of reactor grade water is not an option. An alternative is to build a new header
crossing all 4 units. Retrofitting of this header with its supports is expected to be very expensive
and disruptive. Seismic qualification of the piping will likely be a requirement.

Therefore, the study concludes that the new extension to the HWMB, Location A, represents a
more economical and less disruptive option.

8.3. Consideration of Reacftor Life Extension or Reactor Re-tubing

Although consideration of Life Extension of DND units is not within the scope of this study, it is
anticipated that the Government of Ontario may make a decision on refurbishment of existing
reactors within the lifetime of this project. This could result in a quick change of direction for this
project. Therefore, the impacts of life extension have been considered here and a possible
location of the additional storage that would be required has been identified.

During the re-tubing of a Unit, it is expected that the Moderator and PHT will need to be drained,
causing an additional storage need for 750 m?® of heavy water over and above the requirements
outlined in this study. The current footprint available for the HWMB extension is constrained.
There are two options for accommodating the 750 m?® of heavy water storage required for re-
tubing of a reactor:
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e Design and build the HWMB extension with a lower basement level approximately 9 m below
grade. This additional level will then be designed to house tanks capable of storing 750 m® of
heavy water, say in 4 tanks of 200 m® each. It is more cost effective to plan and include the
space requirements for the storage needs associated with Life Extension during the
implementation of the present project. This would require a space approximately 29m long,
10m wide and 10m deep. This is proposed to be located below grade, directly below the
proposed HWMB extension. In order to enable access to the underground space for future
installation of tanks, a removable 6.5m by 6.5m hatch should be considered in the design, to
be provided at ground level in front of the drum handling area. However, it is anticipated that
modifying the scope of the current project to accommodate life extension requirements may
complicate and possibly delay the approvals process for the project.

o Build the future storage tanks for life extension of DNGS directly to the South of the proposed
extension to the HWMB. This would require the relocation of some existing gas services
being supplied from this area (liquid nitrogen, helium). The tanks would be located 3-4 m
below ground level, so that a seismically qualified pit would be available to contain the
contents of the tanks in case of a leak.

At this time, a cost estimate of the full basement is out of the scope of this study. However, any
future assessment of utilizing the proposed site to accommodate life extension must consider the
following issues:

o The possibility of being below the water table and the need to address waterproofing .

e The construction of a reinforced concrete pit may become more complicated and more
costly.

e The need to conduct soil characterization. The nature of the soil can significantly impact
excavation machine requirements and progress.

e Potential soil contamination (radionuclides, chemicals, metals) requiring the soil to be
shipped off-site at a significant cost. This issue cannot be addressed until soil
characterization is completed.

¢ How far away from the existing wall foundation can the pit be built without affecting the
soundness of the existing building structures and wall footing clearance? This requires
the assessment of a civil engineer.
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8.4. Heavy Water Storage Options at PND

PND issues involve two of the HW systems, Clean up (IXCU) and ‘Storage and Inventory’.
Although the issues with drums fall under the IXCU it also can stand on its own. Various storage
options present themselves for PND but only one addresses all the requirements defined by the
assumptions. A significant factor in the assessments of options for PND is the remaining lifetime
of the PND-B units that are scheduled to begin shutdown as early as 2014 and end by 2016. Any
defined option has to be balanced out by the anticipated date of implementation, the estimated
cost, the potential savings to PND within the remaining lifetime of PND-B or the potential risks
associated with not implementing the recommended option. The announcement made by the
provincial government, near the end of this study, that life extension at PND is under
consideration may alter the considerations given to the recommendation made.

8.4.1. Option 1 - Maintain Status Quo

With this option business as usual continues. In this option all the deficiencies in the heavy water
management system are known and Common Services will continue to find ways to work around
them, as they have so far. There will continue to be cost penalties associated with this option
some quantifiable and others not. The quantifiable costs resulting from the system deficiencies
have been previously discussed.

° Pros

With this course of action there are no additional expenditures of capital or resources.

. Cons

All shortcomings covered previously in this report will continue with potential to further aggravate
the situation:

e Little tolerance at PND to deal with erratic TRF performance which impacted its
detritiation performance.

e The moderator tritium concentrations will, most likely, continue to be above target
resulting in higher tritium emissions to the environment and higher worker dose.

e The system isotopics will, most likely, continue to be low resulting in larger fuel burn-
up.

¢ Limited flexibility in dealing with competing heavy water requirements negatively
impacting the segregation philosophy for different quality waters.

e Overlapping Moderator drain (PND-B) and PHT VLLDS, regardless of the length of
the outage, cannot be accommodated without operator work-arounds and the
shipment of heavy water offsite.

e  Drum numbers at PND will continue to climb further clogging station real estate and
increasing the risk to health and safety of workers.

e Large number of drums will continue to attract CNSC attention with potential direct
impact to operations.

e The ability to segregate oily downgraded water from non-oily downgraded water will
continue to be limited, defeating the efforts of the present campaign to clean up IXCU
feed tanks of oil.
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o Clean up system throughput, expected to go up when the oily feed tanks are
cleaned, will again become contaminated reducing IXCU processing throughput.
e Upgrader performance, particularly UPPB, will continue to degrade.

° Risks

The risks associated with this option are:

e Use of non-standard procedures (work-arounds) to maneuver existing S&I
inventories to accommodate a simultaneous moderator drain and VLLDS from a
single unit can increase PND operational risks such as:

o Outage duration can be extended by at least the number of days overlapped
between moderator drain and PHT VLLDS, if an alternate mitigating method is
not found or acceptable. The cost penalty of an outage delay can be as high as
$1M/day per unit;

o Possibility in downgrading valuable TRF product by mixing with lower grade PHT
product or Sulzer product.

o Possibility that there is no available direct storage for one or both upgraders’
product, and will have to resort to using drums or placing upgraders into reflux.
This can increase labour costs, negatively impact housekeeping worker safety
and ALARA.

e Use of non-standard procedures to deal with the limited flexibility in the S&l system
may lead to outage delays ($1M/day) or downgrading of TRF or UPPB product.

e Tritium concentration OP&P limits for the moderator may be exceeded.

o Degradation of the Upgraders, to the point they can no longer meet operational
requirements — potential cost in the millions of dollars to address shortcomings
[Appendix Q, 54].

e Further overtaxing of the IXCU to the point that:

o Drums become an unmanageable problem

o Operational demands for upgraded clean water not met without external heavy
water

The estimated cost to PND of maintaining the status quo is $0.72 million/yr, see Table 8, section
7.4. This cost excludes the potential millions of dollars per year costs that is anticipated due to
the continued degradation of the UPPB Upgrader.

Based on the potential costs associated with the major risks this course of action is not
recommended.

8.4.2. Option 2 — Increased S&I storage, increased IXCU storage
and Drum Facility —

This option addresses all the requirements defined by the PND Assumptions. The requirements
are driven by deficiencies in three areas: drum handling, clean up system and the Storage &
Inventory system. How the option addresses the three areas is discussed. The Pros and Cons,
benefits and risks of implementing the option are presented. Appendix C — Rationalization for
Storage Options at PND demonstrates how the recommended storage capacity increase
addresses the needs defined by the PND Assumptions.
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. Drum Cleaning Facility

This option provides PND with a much needed drum cleaning facility. The recommendation is for
this drum cleaning facility to service both PND and DND as Darlington’s drum needs are one-
tenth that of PND [PND Assumption 5 and DND Assumption 3].

Appendix E summarizes the nature of dirty drums and the different levels of cleanliness of drums
required by the intended end use. A drum cleaning facility can be purchased as a complete
automated unit from a drum cleaning equipment supplier. The general features of a drum
cleaning facility for PND are similar as that supplied by the equipment supplier, what varies
maybe the nature of the cleaning solution. The minimum cleaning approach would be to use
pressurized hot water or steam.

An example of drum cleaning equipment is Model DW55 from Drumbeaters of America; it has the
capability to process 30 drums/day. The facility can be self-enclosed and ventilated, eliminating
the need for a separate fumehood. In removing the drum bungs in preparation for cleaning a
separate, articulated, trunk line can be made available as local ventilation.

The recommended location for a drum cleaning facility is at elevation 254’ in the Service Area.
The location is presently identified as the ‘Liquid Radioactive Waste Facility’ in drawing NK30-
DFA-24000-0003-R19. In the aforementioned drawing the location is defined by Lines 189 and
191 and Rows O and Qy; see Appendix G — Proposed Location of Drum Cleaning Facility. The
area has sufficient space to accommodate the number of drums to be processed that day plus
the previous day’s cleaned drum allotment.

The proposed location for the drum cleaning facility is next to D20 drum storage facilitating the

movement of drums to and from the cleaning facility. Additionally, for drums requiring disposal

the facility is close to the solid waste handling area. Also, the location has many of the required
services (power, instrument air, active drain liquid drain).

. Increased Storage at IXCU

Table 12 captures the proposed increase in storage capacity at IXCU. The largest change is in
the storage capacity for oily downgraded water (low and high Curie) from the present two tanks of
2.3 m® for low and high Curie. This represents a significant increase but historical data supports
the recommended change, see Appendix C. Additional storage capacity of 16 Mg is
recommended for the low Curie and high Curie, oily, recovered water.

Table 12. Recommended Additional Storage Capacity at PND IXCU

Purpose Capacity (Mg)
Low-Ci, oily, water 16
Low-Ci vapour recovery 46
High-Ci, oily, water 16
High-Ci vapour recovery 19

For non-oily, low Curie, downgraded water an additional 46 Mg of storage capacity is
recommended. While 19 Mg of additional storage for the non-oily, high Curie, downgraded water
is considered sufficient.

The proposed additional storage capacities are calculated quantities from the rates of
downgraded water production. Appendix C presents the appropriate calculations substantiating
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the recommended increases in storage proposed in Table 12. The recommended increase in
storage capacity provides contingency for acute recovery rates. A preliminary review of
architectural drawings indicates the 50 m? tank proposed by ECN 963 may not fit through the
corridors and corners so a 46 Mg tank may also have difficulty fitting. ECN 963 was a previous
engineering change package that proposed additional storage tanks for IXCU. Solutions to this
potential dilemma are: using two smaller tanks (sitting vertically) with the same overall capacity,
building the tank in-situ or scaling down the size requirements. As Appendix C illustrates the
sizing of the tanks was driven by consistency in capacity among the various holding tanks and
their ability to handle acute recovery events. An arbitrary period of 2 weeks of holding capacity
under acute conditions was chosen to allow flexibility in the system. This flexibility can be relaxed
by 10% (~7 Mg) if needed in order to permit a tank in the proposed location.

The increased storage is proposed to be located in the area previously recommended by ECN
963. This area is next to IXCU at the 274’ location in the Reactor Auxiliary Bay (RAB) east of Unit
1 in Pickering A. The closeness of the tanks to IXCU is a strong positive. Appendix H shows the
proposed location of the additional tanks. The area is defined on drawing NA44-06-21002-00058
by lines H and O and rows 8 and 10.

The Pickering A RAB structure was assessed to be seismically adequate [22]. The impact of
additional reinforcements required to deal with the extra weight of the tanks may require further
seismic assessments resulting in extra costs. Detailed design will indicate the necessary
reinforcements required.

Appendix M identifies potential installation risks in adding tanks to this area.

. Increased Storage af S&/

The existing S&l storage capacity is
Table 13. Existing Reactor Grade D20 Storage at PND

Purpose Capacity (m°)
PHT 2x100
Moderator 2x150

UPPB upgrader (low-Ci) product 2x5.5

Sulzer upgrader (high-Ci) product 2x2.1

PIOTS receiving 1x29.8

PIOTS shipping 1x21.4

PIOTS surge 1x11.3

The total capacity of the system is 570 m?>.

The following additional storage capacity is proposed, see Table 14. It is recommended that two
100 Mg capacity, class 3, tanks be subdivided into 50 Mg capacity tanks and interconnected to
the PHT and Moderator S&I tanks utilizing a double block and bleed arrangement. The double
block and bleed arrangement will provide maximum flexibility in the utilization of the storage
space while preventing cross-contamination. Appendix C demonstrates how the added tankage
provides the flexibility needed at S&l to accommodate a simultaneous moderator and VLLDS
PHT drain.
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Table 14. Additional Tanks and Capacity for Reactor Grade D20 Storage at PND

Purpose Capacity (Mg)
Moderator/PHT 2x50 (as one 100 Mg unit)
Moderator/PHT 2x50 (as one 100 Mg unit)

It is proposed to place the additional S&l tanks in room S668, located on elevation 277°-4” and
currently containing obsolete HVAC equipment (reference drawing NK30-D5A-24000-0053). This
is the recommended location for additional S&I tanks. The HVAC equipment enclosure is
constructed on top of the Solid Waste Handling Facility. The facility was constructed to the
following seismic requirement [20]:

“Except for the siding on the South side, the building structure does not need to be seismically
qualified. The south wall siding shall be seismically qualified for design basis earthquake (DBE)
[19]. The structure shall not produce negative impact on the seismic capability of the pressure
relief duct (PRD).”

Appendix | is a sketch of the proposed additional S&I tank location within the HVAC room. This
room has sufficient space to accommodate even more tanks. Presently the area is Zone 2. The
equipment within the room is not commissioned and is expected to be non-radioactive. The
equipment will require removal and scrapping. It is anticipated that after scanning for
radioisotopes that it will be confirmed to be non-radioactive and can be disposed of to
conventional land fill.

To facilitate the movement of the removed equipment and insertion of the S&l tanks removal of a
portion of the ‘seismic’ south wall is envisioned. The south wall being an external wall facilitates
removal of part of the wall. Reinforcement of the floor to accommodate the additional weight and
meet seismic requirements is expected. Reinforcement of the floor is expected to be difficult due
to the present floor having been built approximately 4 feet higher than the old roof; that is, there
exist a crawl space of approximately 3 to 4 feet in height between the old roof and the new floor.

Any work performed in this location will require a Green person or rezoning during the course of
construction.

Optional Location for S&l tanks — UPPA

The UPPA Upgrader is no longer in operation. All the equipment in the area except for certain
piping and feed tanks is no longer in use. The area is defined in reference drawing NA44-EMG-
34600-0004 by lines A to D and columns 1 to 4. Appendix J is a sketch of the proposed tank
locations. The location could accommodate even more tanks if required.

The design manual [21] does not stipulate any seismic requirements. Also the building is not in
the seismic success path evaluated in reference 22. Because S&l tanks are part of the D20
Safety System as described in the previous sections a seismically qualified dyke will be required
to surround the tanks. Additional seismic assessments to be performed during the design phase
are viewed as less onerous than for the Obsolete HVAC area because the tanks would be
located on grade level. The appropriate seismic response spectra for this area are documented
in references 22 and 23.

This location is a significantly distant from the present S&I tanks. Pipes connecting to the main
heavy water S&I headers in the station will likely be required to be seismically qualified to DBE A.
Flow diagram NK30 FOH 38210 0001 and Design Manual NK30-38210 for D20 Supply System
indicate:
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The D20 supply system is seismically qualified for a DBE category A

Seismic qualification DBE category A shown on equipment data sheets (tanks and
relief valves) in the design manual.

System Classification List for CNSC approval of Code Classification also shows
system and tanks to seismic qualification DBE A

The location of the UPPA site versus present S&I tanks and the higher costs (~2.5 M$ versus
HVAC room) associated with this option led to the HVAC room being chosen as the preferred

location.

o Pros of Implementing PND Option 2

Implementation of this option have the following pros:

Drums

Reduction in the number of drums at PND

@)

o Improved operations at IXCU by balancing the downgraded water creation rates,
processing rates and feed storage,

o Reduction in the number of drums purchase,

o Freeing up of station floor station presently occupied by drums

o Ability to adhere to segregation philosophy for different quality waters

o Clean drums available to deal with acute recovery events or to temporarily store

reactor grade water

IXCU Storage

»
e

Reduce the number of drums.

Improve or slow down the rate of deterioration of the performance of the upgraders
and this may benefit OPG in considering PND'’s life extension.

Improve overall water management by allowing recovered water to return to the units
within its normal cycle instead of storing in drums which make the inventory not
readily available. This may also reduce or eliminate the need to purchase or borrow
further water inventory to replenish water being stored in drums.

IXCU will have the required flexibility to support various operational and outage
scenarios, including acute recoveries.

Permit segregation of the different qualities of downgraded water to be processed
effectively.

Handle the variation in downgraded heavy water production rates.

Reduce the number of drums being recycled for collecting downgraded dirty water by
allowing more drums to be emptied. Emptying more drums, cleaning them and
recycling them quicker will reduce the total number of drums.

Less drums will reduce dose to workers and the risk of injury to workers.

Reduction in tritium concentration in moderators

Increase in isotopics in moderators

Detritiation of PND-B can easily be performed via bulk swap during a unit outage and
moderator drain,

Receive TRF product at any time,

Ship heavy water to the TRF at any time,

Enhancement of moderator isotopics,
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e Accomodation for moderator drains and a VLLDS PHT drain from two units
(Pickering A and Pickering B)

o Flexibility in storage system to handle unplanned events

e Permit the segregation of different quality waters

¢ Improve the ability to handle erratic TRF performance even 18 month outages

The proposed 50 Mg capacity tanks are the same capacity as the TRF’s bottom product tanks.
This similarity in tank capacities means that two of the four 50 Mg capacity tanks can be utilized
as transitional tanks to support shipment between TRF and PND, thus, minimizing the risk of
mixing other products from PND or of downgrading the received TRF products. The stored TRF
product can be utilized to support PND detritiation program or even external sales.

. Cons of Implementing PND Option 2

The maximum expenditure of capital, approximately $23 million, is with this option.

With an estimated end date for the execution of this option of late 2010 (see costing Section 9)
and with the first PND Units reaching end of life 2014 (no life extension considered) there is a
short time frame for a return on investment. Additionally, by the end of the estimated project
completion date of late 2010, PND will have dealt with all the aforementioned shortcomings for
most of its operational life. As the units are retired the demands on the heavy water management
system, from an operational point of view, will decrease; however, they may be a need to hold the
heavy water from the shut down units.

Drums

Additional resources will be required to operate the drum cleaning facility. Automated drum
cleaners are available but still require drums be manually placed into the drum cleaner and then
taken out. Day to day maintenance of the drum cleaning facility will be required (extraction of oil
from collection tanks, filter changes, washing solution changes, movement of dirty drums in and
clean drums out of drum cleaning facility. Shipping of dirty and clean drums between PND and
DND will require resources for the physical shipment and for tracking. OPG finance suggests to
cover the above a cost of $50/drum be utilized; thus, for 10 drums per day x 365 days = $182,500
(see Appendix Q).

There will be potential tritium emissions to the environment which will require managing.

A drum cleaning facility will require removal of pre-existing equipment. The cost for removal of
the old equipment (estimated to be ~160 k$) is higher than the drum cleaning equipment (<100
k$). The emptied room will require: an exhaust line to a chiller or dryer because of the presence
of tritiated water vapour, local monitoring due to the potentially high MPCa of tritium within the
drums and a shower station.

IXCU storage

The negatives in increasing storage capacity for IXCU are:

Costs to remove existing equipment (~840 k$)
Seismic assessment required

Reinforcement of pre-existing structures needed
Significant capital expenditure (~11 M$)
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S&l Storage

In order to increase the S&l storage significant capital expenditures have to be incurred (~13 M$).
The costs will not only include equipment and materials but the need for structural reinforcements
of existing structures. Major interruptions to the operations, such as, an outage of the generating
units are not foreseen.

° Risks

The single largest risk in implementing this option is financial, approximately $23 million, which
isrecoverable if PND receives a life extension. Expenditures associated with adding a drum
cleaning equipment and extra storage at IXCU has some strong quantifiable cost savings and will
mitigate the major risk to the systems (Upgraders). The cost savings associated with dose and
isotopics although significant may be achievable without increasing S&l tank capacity.

Drums

The manufacturer [28] assures that the typical dirty drums created at the station can be cleaned
by their equipment with their recommended cleaning approach. However, given the additional
considerations that dirty drums at the nuclear station present, such as, radionuclides, MISA and
MOE discharge restrictions and active liquid drain constraints, the cleaning solution ultimately
utilized may not be that recommended by the drum cleaning equipment manufacturer. The
impact of this might be less than ideal drum cleaning or additional equipment to process the wash
water (eg. reverse osmosis for salt removal).

To overcome this risk a staged approach is recommended. The first stage would involve
quantitatively defining a typical dirty drum and creating surrogate dirty drums (no radionuclides).
The surrogate dirty drums would be shipped to the drum cleaning equipment supplier for cleaning
at their facility utilizing a variety of cleaning solutions. The information gained from the exercise
would define the nature of the drum cleaning facility waste stream and the anticipated level of
cleanliness achieved by the various cleaning solutions. This information supplemented by
operational experience from the petrochemical, food and bio-medical industries would constitute
stage two. In the third stage the information gained through stages 1 and 2 will be utilized by the
design team to tailor fit a drum cleaning facility to meet the needs of the nuclear station. Failure
to do this will increase the risk that any drum cleaning equipment purchased which satisfies the
effluent discharge criteria might not effectively clean the drums.

Storage at IXCU and S&l

The recommended increase in S&l storage volume and the benefits gained from it are contingent
on having an efficient, well-managed TDO transportation system. Detritiation of nuclear stations
outside of DND is dependent on the shipments of TRF feed and product from DND via the TDO
transportation system; it is critical that sufficient TDO packages, trailers and resources be
available. A factor in the inability to detritiate PND-B has been resource issues with the TDO
transportation packages; this should be examined. Once the buffer heavy water volumes of TRF
product have been created the dependence on the TDO transportation and an unreliable TRF is
reduced.

If segregation of the different qualities of water is not practiced then adding more storage to the
feed tanks at IXCU will not change the present situation except to have more oily tanks. If IXCU
encounters downgraded heavy water it cannot clean, the usage of drums to store this water is
anticipated leading to similar problems faced today. The recommendation for no additional
storage at IXCU with a drum cleaning facility is based on the fact that the majority of drums are
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presently dirty. If no drum cleaning is available then the segregation of different water varieties
will not be possible. The net effect of the inability to segregate would be to contaminate the new
tanks returning the present situation but on a larger scale. Conversely, segregation could be
practiced with additional storage by buying new drums further exacerbating the present drum
problem.

There is a risk that improvements in the TOC contamination of the upgrader feed may not
materialize even after having increased the storage capacity at IXCU.

Seismic assessment during design phase may identify the need for additional reinforcements and
further costs.

The Engineering Design Guide [19] indicates the D20 Supply System (SCI 38200) has to be DBE
“A” qualified. This means the D20 Supply System has to be seismically qualified to the extent
that there will be no loss of inventory from the bulk storage tanks. Reinforcement of floors to
support the additional weight of the tank and water will not be sufficient. A seismic assessment
will be required to be performed during the design phase to insure the seismic integrity of the
system. Although a seismically qualified dyke surrounding the D20 supply system would satisfy
the requirement, the impact of surrounding structures on the integrity of the dyke during a seismic
event will have to be examined. The impact of this might be additional costs above those
discussed in the Costing Section.

8.4.3. Option 3 — Drum Facility with increased storage at IXCU -
PREFERRED OPTION

The study does not recommend increased storage for S&I. The rationale for this has been
presented in section 7.3. This option considers additional storage at IXCU and the addition of a
drum cleaning facility (DCF).

. Pros and Cons of Implementing PND Option 3

The Pros and Cons of a Drum Facility and increased IXCU have been presented in Option 2.
However, it is strongly recommended that no additional storage at IXCU be added unless a Drum
Cleaning Facility is installed. This recommendation is made for the following reasons:

e Alack of drum cleaning equipment will continue to lead to situations where oil
contamination of “clean” water will occur increasing the risk of contaminating the
increased IXCU storage capacity. This scenario returns PND to the present situation
but with larger storage capacity.

e The issues with IXCU are storage and drum cleaning, they are intimately tied they
should be addressed as such to maximize the benefits.

° Risks

Outside of the risks outlined in Option 2 there is the financial risk of failing to recover the $12.7M
expenditure.

8.4.4. Additional Considerations for dealing with Storage
Requirements at PND

Although not part of the scope of this work the following options should be given consideration:
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e Improvements to the PND Clean Up system,
o Use of the Heavy Water from PND-A laid-up Units 2 and 3.

This study examines adding extra storage capacity to address the issues in the Clean Up
System. The recommended additional storage addresses the slower throughput of the Clean Up
System due to the high levels of oil and volatile organics. It addresses this by balancing the
storage capacity of the feed tanks with the present throughput of the system. Consideration
should be given to improving the throughput capabilities of the IXCU. The cost of such an
improvement may remove or significantly reduce the need for additional storage at IXCU while
simultaneously improving the quality of the water fed to the Upgraders.

The heavy water (hundreds of Mg) removed from laid-up units 2 and 3 of PND-A is available for
use. OPG should consider utilization of this inventory of heavy water. Usage of this water can
benefit OPG in many ways:

o As feed for the TRF. If TRF is lacking product the heavy water can be shipped to
TREF for detritiation and the product returned to the same tanks.

o As a huge reservoir of TRF product (built up over time) available for use by PND,
DND or IS&HWP for detritiation, loss make-up or external sales. This is dependent
on resolving issues with filling and emptying TDO packages at PND.

o Eliminate the need for additional S&l storage capacity. If the tanks into which Unit's 2
and 3 moderator and PHT water will be stored at are interconnected to the S&l
headers they can become additional S&I tanks.

Utilization of this water in the fashion presented will give the heavy water management system
more flexibility by having a large reservoir of reactor grade water, as additional product and feed
tanks for the TRF and allowing the overall system to withstand a prolonged TRF outage.

A drum cleaning facility on its own has minimum impact on the overall PND Heavy Water
management system. As such, drum cleaning was not considered as its own option. Drum
cleaning will improve to some extent downgraded water segregation; however, the overall drum
problem at PND will still be present if the Clean Up system does not allow emptying of the drums.
Only by emptying and stacking the drums will less real estate be used for drum storage. Disposal
of the drums given the cost associated with them is not an option although resale, if a customer
could be found, would be an option.

8.5. Heavy Stforage and Drum Cleaning Options for OPG

In previous sections options for heavy water storage and drum cleaning have been presented for
PND and DND. Here the options are discussed as to an OPG solution. In discussing an OPG
solution the following assumptions are made:

e PIOTS at PND will always be available except possibly during outages with system
drains,

Resources required to fill and empty TDO packages will be available at PND and DND,
Resources for the transportation of drums between PND and DND are available,
Transportation officers for TDO packages will be available at PND and DND,

TDO shipment may increase to a range of 3 to 7 shipments per week during times of
need,

10 Mg of heavy water per TDO shipment,

e The additional storage at DND will be available when DND is not in an outage situation.
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Drum Cleaning Facility:

Filed: 2021-04-19, EB-2020-0290

Exhibit L-D2-02-AMPCO-131
Attachment 6
Page 74 of 171

Drums are utilized throughout OPG to temporarily store and move heavy water. PND has the

largest number of drums within a station and more importantly a large number of dirty drums.

PND, as discussed previously, has a strong need for a drum cleaning facility. The study has
recommended that a drum cleaning facility be located at PND to address their needs and DND’s.
Dirty drums at DND don’t have to contend with oil as does PND. In discussions with the
stakeholders at DND and PND it has been determined that DND will generate 1/1 0™ the number
of dirty drums that PND will. On this basis the drum cleaning facility has been recommended to
be at PND serving OPG as a whole. The facility will have sufficient capacity to deal with PND

and DND'’s drum cleaning needs.

Heavy Water Storage:

This study recommends the installation of additional reactor grade heavy water storage at DND
but not PND, see the sections 7.1 and 7.2. Although additional heavy water storage at PND’s
S&l is not recommended, the study realized that the additional storage installed in DND can
mitigate heavy water S&l storage issues at PND, and below is the explanation.

The basis for the mitigation is allowing some of PND’s present D20 inventory to be temporally
relocated to the extra capacity installed at DND to support PND’s operation when circumstances
arise. Section 7.2 has revealed various extra reactor grade heavy water storage needs at PND
S&l tanks during normal and outage situations. Assuming the nominal D20 inventory in PND S&
tanks is about 200Mg (150Mg Lo-Ci & 50Mg Hi-Ci), the table below summarizes the needs:

Table 15. Extra S&I Storage Requirements at PND for various Scenarios

Scenarios Hi-Curie Lo-Curie
(In addition of Tk1 & 2) (In addition of Tk 3 & 4)
1. Normal Operation 0 0
2. PB Moderator Drain | >30Mg (mod make-up) + 0
>14Mg (Sulzer Product)
3. PA Moderator Drain | 0 0

4. VLLDS

0

>50 to 100Mg (PHT make-up)
(Note: PHT make-up may be
temporally stored in Tk1 & 2 if
required)

5. PB Mod Drain +
VLLDS

>30Mg (mod make-up) +
>14Mg (Sulzer Product)

>28Mg (UPP Product) +
>50 to 100Mg (PHT make-up)

6. PA Mod Drain +
VLLDS

>28Mg (UPP Product) +

>50 to 100Mg (PHT make-up)
(Note: PHT make-up may be
temporally stored in Tk1 & 2 if
required).

7. 6 month TRF outage

0

0

A study of the above table reveals that scenario #5 is the worst scenario, but it is unlikely to occur
in a 40-days outage. However, even with scenario #5, if 50Mg of Lo-Curie D20 and ~ 50Mg of
Hi-Curie D20 can be relocated to DND so that both Tk1 & 2 are emptied for the moderator drain,
and one of the Lo-Curie Tank 1 or 2 is emptied out for the VLLDS, then a PB moderator drain and
a VLLDS can occur simultaneously without impacting outage schedule. The most likely and
frequent scenario is scenario #2 which can occur twice a year. In this scenario, if about 50Mg of
Hi-Curie D20 can be shipped to DND, and returned as TRF product, then a moderator drain and

an off-line detritiation can be performed in the same outage
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The other side of the equation to this approach is DND’s availability and capability to receive D20
from PND for temporary storage. Table 16 below summarizes the extra capacity (after the new
addition of 400Mg of storage capacity — DND Option 2) that can be available at DND to support
PND under each of the DND’s scenarios discussed in section 7.1, with the following assumptions:
o Nominal D20 inventory in DND’s S&l tanks is 390Mg (290Mg of Lo-Curie D20, and 100Mg
Hi-Curie D20),
o 100Mg of the additional 400Mg storage space is always reserved for the downgraded water
process;
o 100Mg of the additional 400Mg storage space is normally assigned to support DIOTS, but
can used for temporary storage as required.
o Only the new tanks or the existing Hi-Curie tanks can be used to temporally store PND’s
water.

Table 16. Extra S&I Storage Available at DND under DND Option 2

Scenarios New Storage Hi-Ci Lo-Ci
(Total Capacity = (Total capacity = (Total capacity = 400Mg)
200Mg) 400Mg)
1.) Normal 200Mg 300Mg 110Mg
Operation
2.) Moderator 100Mg 0 110Mg
Drain
3.) Moderator 50Mg 0 10Mg
Drain +
LLDS
4.) SCO/VBO + 0 0 30Mg
Moderator
Drain +
LLDS
5.) 6 month TRF 100 300 10
outage
6.) 18 month 140 300 50
TRF outage

Examination of Table 16 indicates that only scenario #4 prevents temporary storage of PND’s
water. However, this scenario occurs only once every 6 years, and is a planned outage.
Therefore, it is predicted that under normal circumstances, the additional tanks installed at DND
will have no difficulty temporarily storing 50Mg to 100Mg of PND’s water.

When temporary storage is not required, this additional storage space plus the 50Mg already

assigned for DIOTS can be used to accumulate TRF product to support ongoing PND's
detritiation program or external sales.
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9. Cost Estimates for Implementation of Options

Costs for the implementation of the various options have been developed. In order to develop the
costs assumptions, presented below, have been made.

9.1. General Assumptions:

e All cost estimates given in 2006 dollars.

o Cost estimates subject to applicable taxes, duties, shipping costs, and fluctuations in supplier
prices and labour rates.

o Costs associated with work at the site are included in cost estimate.
e Components are assumed to be designed, fabricated, and tested in accordance with the

requirements of CSA N285.0/ASME Section lll, and in compliance with Canadian Standards
Association Quality Assurance Program CSA-Z 299.3, or equivalent.

9.2. Assumptions Associated with Drum Cleaning facility (DCF),
Drum Pressure Testing facility (DPTF) and Additional HW
storage:

General:

o Cost estimate for Drum Cleaning application is based on commercial equipment, and not to
any pressure vessel code requirements.

e Cost estimate assumes coolant water activity is less than 2 Ci/kg. Therefore, treated water
activity is also assumed to be less than 2 Ci/kg.

Heavy Water Tanks and Equipment:

e Cost estimate based on 304L or 316L stainless steel tanks which can withstand the following
design parameters: Pressure = 200 kPa; Temperature = 38°C.

e All tanks are per CSA N285.0, Class 3

e Tanks located within containment dyke, seismically qualified (DBE.A)

e All tanks based on a volumetric design margin of 10% so they are only filled to 90% of
capactiy eg. Defining a 100 m® storage tank implies the tank is capable of holding 110 m?® or
110 Mg of HW (specific density of D20 — 1.1)

Piping, Valves, Hangers and Supports:

e Cost estimate based on Class 3, 304 or 316 stainless steel for Heavy Water Tanks piping.

o Cost estimate based on Class 3, 304 or 316 stainless steel valves
e Cost estimate based on Class 3, carbon steel hangers and supports.
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Utilities:

e Cost estimate based on carbon steel materials for utility piping designed to the following
parameters: Pressure = 200 kPa; Temperature = 38°C.

9.3. Cost Estimating Methodology

A bottom-up budget cost estimate has been developed with consideration of each individual
component and task.

The hourly rates for various categories have been assumed as follows:

(1) trades $ 80 per hour
(2) engineers $100 per hour
(3) project manager $ 140 per hour

All engineering administration support costs have been included in the above rates.

Budget cost estimates for the time required to complete each item listed in the activities, are
based on past OPG design and installation experience. A few cost estimates for removing and
cleanup of existing equipment in rooms for installation of the storage tanks are provided by OPG
[36, 37]. OPG has also provided some budget cost estimates on the total labour hours required to
complete the conceptual installation [38].

All major equipment budget cost estimates have been obtained from equipment suppliers. Minor
items are based on past experiences. Instrumentation, controls and electrical cost estimates are
based on assuming 25% of mechanical costs as standard practice.

OPG Projects cost is the cost associated with Projects and Modifications carrying the
recommended options for PND and DND through to completion. This cost has been developed
with the help of OPG Projects and Modifications team. The total estimated project cost of 2.57
M$ has been split between PND and DND. If, for example, DND option proceeds but none of the
PND options go forward then the full amount is envisioned transferred to DND; that is, OPG
projects costs for DND would go up an additional 2.57/2 = 1.287 M$.

OPG Contract Management represents OPG’s cost to manage the various trades; it is a
percentage of the estimated trade labour costs. Similarly, Field Engineering costs are in addition
to the Contract Management portion; it also is applied to the cost of associated with utilization of
various trades.

The contingency of 25% for this stage of the project is intended to cover design and installation
changes to take the project to completion. This contingency is not expected to cover major

changes in the project scope. The contingency does not cover the implementation risks identified
in the report and highlighted below.

9.4. Major Risks fo Cost Estimates

The following risks are identified that can significantly impact estimated costs:

e Limited labour force. With major work moving forward in the Canadian Nuclear Industry
the labour required to perform some of the work associated with this project may be in
short supply potentially delaying the project and affecting costs.
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e Meeting seismic requirements. The costs covers seismic analysis associated with
implementation of the various options. Additional discoveries during the seismic analysis
phase may require further reinforcements with potential schedule delay and cost
increases.

e Unforeseen CNSC requirements or above normal level of effort for regulatory matters
typically expected with this type of work.

e Discoveries during a geotechnical analysis of the soil may impact implementation of DND
option.

o Escalation of costs (materials and labour).
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9.5. Project Schedules

The schedules presented here are a projection of the various stages of the heavy water project. This schedules covers all the preferred options
for PND and DND.

Task hame 1 2007 [ 2008 2009 2010 2011 202
2nd Half | 1=t Half i?nd Half | 1=t Hali !2nd Half | 12t Half !2nd Half | 12t Half !2nd Half | 12t Half !2nd Half | 12t Half
1 Preliminary & Detailed Engineering Preliminary & Detailed Engineering
2 Procurement, Purchasing Yo 3 Procurement, Purchasing
3 Manufacturing, Nuclear Manufacturing, Huglear
4 Installation stallation
i Commissioning Commissioning

Figure 11. Estimated Schedule for the Implementation of Preferred Option at DND.
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Tazk MName
1 Options Assessment
2 Preliminary Design
3 Long Lead Time Materials ldentified
Gl Order Long Lead Materials
& Detailed Design - Drum Cleaning Facility
& Detailed Design - IXCU
i OPG Task: Workplans
& Engineering Information Received for Long Lead Materials
9 Long Lead Materials Manufacturing and Delivery
10 Installation - Drum Cleaning Facility
11 Commissioning - Drum Cleaning Facility
12 Closeout - Drum Cleaning Facility
13 Installation - IXCU
14 Commissioning - IXCU
15 Closeout 1XCU

2007
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2005 2008 2010

Gy 4

Cird | otr2 | Gted | Gtrd

Ctrd | Gtr2 | odr3 | Gird | ctr2 | ctr3 | cird | car2 | ctr3 | Gird

Gir 1 Gir 1

Options Assessment

Préeliminaryr Design

& Long l;eatl Time Materials ldentified

& &r(ler Long Lead Materials :
Detailed Desigin - brum Cleaning Facility
Detailed Design - XCU

OPG Task: Workplans

& Engineering Inforﬁmtion Received for Long Lea{i Materials

Long Lead Mmeriais Manufacturing and Delivery

nstallation - Drum Cleaning Facility

g (i:ommissioning - Drum Cleaninij Facility

Closeout - Drum é:leaning Facility

Irlfs‘tallation -IXCU

B ECommissioning - IXCu
Closeout -IXCU

Figure 12. Estimated Schedule for the Implementation of Preferred Option at PND
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9.6. Costs of Implementation of DND Preferred Option

Table 17. DND Cost of Preferred Option.
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A. Bulk Storage

Estimated Cost (M$)

Equipment and Materials 4.60
Installation 3.16
Engineering 1.82
Subtotal 9.58
B. HWMB Building Extension

Materials 1.45
Engineering 0.15
Labour 2.56
Site Preparation (movement of existing 2.90
services, temporary services)

Subtotal 7.06
C. Drum Pressure Testing

Materials 0.013
Labour 0.064
Subtotal 0.077
Subtotal A+B+C 16.72
OPG Projects 1.29
Contract Management (15% of Trades) 1.20
Field Engineering (15% of Trades) 1.20
Contingency (25%) 4.17
Cost of Borrowing 2.47
Total 27.05
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9.7. Costs of Implementation of Various PND Options

Table 18. Estimated Costs of PND Option 2 - Drum Cleaning, Bulk Storage in IXCU and S&l

Drum Pressure Cleaning Estimated Cost (M$)
Drum Cleaning Definition and Testing 0.05
Equipment and Materials 0.125
Installation 0.264
Site Preparation (removal of equipment) 0.160
Subtotal 0.599
Bulk Storage (IXCU)
Equipment and Materials 2.23
Installation 1.82
Site Preparation

Removal of Equipment 0.84
Building Reinforcement

Materials 0.10

Labour 0.27
Subtotal 5.26
Bulk Storage (S&l) - HVAC room 277’
Equipment and Materials 2.42
Installation 2.76
Site Preparation

Removal of Equipment 0.63
Building Reinforcement

Materials 0.20

Labour 0.34
Subtotal 6.35
Engineering 1.99
Subtotal 14.20
OPG Projects 1.29
Contract Management (15% of Trades) 1.07
Field Engineering (15% of Trades) 1.07
Contingency (25%) 3.55
Cost of Borrowing 213
Total 23.31
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Table 19. Estimated Costs for the Implementation of PND Option 3 (Preferred Option)-

Drum Pressure Cleaning Estimated Cost (M$)
Drum Cleaning Definition and Testing 0.05
Equipment and Materials 0.125
Installation 0.264
Site Preparation (removal of equipment) 0.160
Subtotal 0.599
Bulk Storage (IXCU)
Equipment and Materials 2.23
Installation 1.82
Site Preparation

Removal of Equipment 0.84
Building Reinforcement

Materials 0.10

Labour 0.27
Subtotal 5.26
Engineering 1.39
Total 7.25
OPG Projects 1.29
Contract Management (15% of Trades) 0.51
Field Engineering (15% of Trades) 0.51
Contingency (25%) 1.81
Cost of Borrowing 1.17
Total 12.54
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11. APPENDIX A — On-line versus Off-line Detritiation

Two approaches to detritiation are practiced: on-line (bleed and feed) and off-line (moderator
swap). The on-line detritiation technique involves replacing of a volume of high Curie moderator
water with an equal amount of low Curie (maybe higher isotopic) water while the Unit is operating.
Off-line detritiation also replaces high Curie with low Curie water but it is performed during an
outage when a Unit moderator has been drained. These techniques perform the same function,
that is, replace high Curie heavy water with low Curie heavy water. Each technique has its pros
and cons as highlighted in section 2.1.

Off-line detritiation is dilution (in the case of tritium) or enhancement (in the case of isotopics) by
bulk volume replacement. Assume a volume Vo of tritium reduced or isotopically rich heavy
water is replaced in a Moderator volume of Vm. The resulting tritium concentration is,

(Ci (Vm - V()) + CrVo )

C, =
Vm

Where Ci, Co and Cr are the tritium concentrations in the moderator prior to the swap, after the
swap and in the water used for the swap respectively. For example, if the Ci = 17 Ci/kg and Cr =
1 Ci/kg and a 100 Mg swap is done at PND-B where Vm = 280 Mg the resulting Co is 11.3 Ci/kg.
A similar relationship exists for the improvement in isotopic where the tritium concentrations in the
equations are replaced by the respective isotopic ratios.

On-line swapping final tritium concentration is determined by solving the simple ordinary
differential equation,

, 4G,

m :F(Cr_cm)+T

dt
where Cm is the tritium concentration in the moderator (Ci/Mg) , F the flow rate of water into the
moderator during the on-line swap(Mg/hr) and T the rate of tritium production (3.5 Ci/annum at
PND. During the course of a on-line swap it is assumed T is zero. Using the same values as in
the off-line swap yields a tritium concentration in the moderator after an online 100 Mg swap of
12.2 Ci/kg. Online swapping is less effective because as the TRF water is fed into the moderator
it dilutes the tritium concentration in the moderator. The result is a decreasing tritium
concentration in the heavy water bled out. With offline detritiation the extracted water has a
constant tritium concentration. Furthermore, the online technique results in a less efficient
utilization of the TRF because the TRF feed concentration decreases with time. In contrast,
offline detritiation results in a constant tritium concentration in the TRF feed.
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12. APPENDIX B - Calculations in Cost Savings in Dose and Fuel Cost
through the implementation of Option 2 for PND

Tables 20 to 24 in the following pages defines what the tritium concentrations, the isotopic levels
and what their associated cost savings would be in the PND units if PND implements option 2
(see section 8.4). These tritium concentration and isotopic values are compared to the situation if
PND maintains the status quo. In calculating the tables the following assumptions have been
made.

1. All units start at 17 Ci/kg and 99.88% isotopic

2. Rate of tritium growth is 3.5 Ci/kg/unit

3 Based on the 5 year plan the average water shipment to the TRF from PND is 629 Mg
(ref C. Foster)

4, In the status quo scenario there will be an average shortfall of 187 Mg [Appendix Q]; thus
without S&l increased storage the available water for detritiation is 629-187 Mg = 442
Mg.

5. PNDA can only be detritiated by volume swap during an outage which is taken to be
every two years for a given unit.

6. PNDB units can be detriated via offline or online bulk swaps. At every outage a bulk,

offline, swap is performed. During years of non-outage the heavy water swap is taken to
be via the online technique.

7. In order to exceed the tritium growth a minimum swap size of 120 Mg is taken for PNDA
detritiation leaving 442-120 = 322 Mg for detritiation of PNDB.

8. The water used for the volume swap is considered to have a 1 Ci/kg tritium concentration
and an isotopic of 99.94%.

9. The water available to detritiate PNDB units 5 to 8 is 442-120=322 Mg; averaged over 4

units this becomes this becomes 322/4~80 Mg until 2015 when 3 PNDB units are down
then the swap size is 100 Mg.

10. With increased S&l storage there is no shortfall which allows for an average swap size of
629/4 ~ 126 Mg for all units.

11. When the 3 PND-B units are down the swap size for the remaining units is taken to be
150 Mag.

12. The dose associated with the tritium concentration for PNDA (all four units) is DA
(rem/annum) = 200 PHT (Ci/kg) + 20 MOD (Ci/kg) (Ontario Hydro Report CNS-IR-03850-
1, 1980)

13. The dose associated with the tritium concentration for PNDB (all four units) is DB
(rem/annum) = 100 PHT (Ci/kg) + 4 MOD (Ci/kg) (Ontario Hydro Report CNS-IR-03850-
1, 1980)

14. Cost associated with dose is $25,000 per rem (J. Wigglesworth, June 9, 2006)

15. Average fuel cost for PND is $37940/0.01%isotopic/unit/annum (F. Fusca, Sept 13,
weighted average values)
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The schedule for outages is,
Table 20. Heavy Water Swap Schedule for Dose/Fuel Burnup Costs Calculations
201
year 2010 2011 2012 2013 2014 5 2016 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 2025 2026 2027 2028
Unit
PNDB 5 OFF ON OFF ON Sb SD SD Sb SD SD SD SD Sb SD SD SD SD SD
6 OFF ON OFF ON SD SD SD SD SD SD SD SD SD SD Sb SD SD SD
7 ON OFF ON OFF SD SD SD SD SD SD SD SD SD SD SD SD SD SD
8 ON OFF ON OFF ON offline SD SD SD SD SD SD SD SD SD SD SD SD
PNDA 1 OFF none OFF none OFF none OFF none | OFF | none | OFF | none | OFF | none OFF SD SD SD
4 none OFF none OFF ngn OFF none OFF | none | OFF | none | OFF | none | OFF none OFF none SD
last PND-
3 units B unit 1 PNDA 2nd
PND-B shutdown unit PNDA unit
Notes shutdown shutdown shutdown
OFF refers to offline detritiation
ON refers to online detritiation
SD means the unit has been shutdown

A moderator drain is assumed during every PND outage although the present outage schedule does not support this.
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Table 21. Calculated Tritium Concentrations (Ci/kg) using Swap Schedule defined in Table 20.

OPTION 2 - Increased S&I storage NO SHORTFALL
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year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Unit
5 17 13.3 12.34 10.74 10.7 SD SD SD SD SD SD SD SD SD SD SD SD SD SD
6 17 13.3 12.34 10.74 10.7 SD SD SD SD SD SD SD SD SD SD SD SD SD SD
7 17 14.7 12.04 11.54 10.3 SD SD SD SD SD SD SD SD SD SD SD SD SD SD
8 17 14.7 12.04 11.54 10.3 9.94 8.65 SD SD SD SD SD SD SD SD SD SD SD SD
1 17 13.3 16.8 13.2 16.7 11.79 1529 1114 1464 1083 1433 10.69 1419 10.62 14.12 10.59 SD SD SD
4 17 20.5 15.23 18.73 1425 17.75 1228 1578 1136 1486 10.94 1444 10.74 1424 1065 14.15 10.61 14.11 SD

OPTION 1 - STATUS QUO, SHORTFALL

year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028

Unit
5 17 15.93 15.72 15.01 15.03 SD SD SD SD SD SD SD SD SD SD SD SD SD SD
6 17 15.93 15.72 15.01 15.03 SD SD SD SD SD SD SD SD SD SD SD SD SD SD
7 17 16.52 15.59 15.46 15.37 SD SD SD SD SD SD SD SD SD SD SD SD SD SD
8 17 16.52 15.59 15.46 15.37 1455 13.21 SD SD SD SD SD SD SD SD SD SD SD SD
1 17 13.65 17.15 13.73 17.23 12.04 1554 1125 1475 11.07 14.57 10.8 14.3 10.68 14.18 10.62 SD SD SD
4 17 20.5 15.64 19.14 14.87 18.37 1256 16.06 11.49 14.99 11 14.5 10.77 1427 10.66 14.16 10.61 14.11 SD

The tritium concentrations are calculated by solving the two equations presented in Appendix A . The generation of tritium over one year is
included in the above calculations.
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Table 22. Calculated Moderator Isotopics following Swap Schedule of Table 20

OPTION 2 - Increased S&I storage NO SHORTFALL

year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Unit
5 99.88 99.907 99.919 99.928 99.932 SD SD SD SD SD SD SD SD
6 99.88 99.907 99.919 99.928 99.932 SD SD SD SD SD SD SD SD
7 99.88 99.902 99.919 99.927 99.933 SD SD SD SD SD SD SD SD
8 99.88 99.902 99.919 99.927 99.933 99.936 99.938 SD SD SD SD SD SD
1 99.88 99.907 99.907 99.922 99.922 99.932 99.932 99.936 99.936 99.938 99.938 99.939 99.939
4 99.88 99.88 99.907 99.907 99.922 99.922 99.932 99.932 99.936 99.936 99.938 99.938 99.939
OPTION 1 - STATUS QUO, SHORTFALL
year 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Unit
5 99.88 99.897 99.908 99.917 99.923 SD SD SD SD SD SD SD SD
6 99.88 99.897 99.908 99.917 99.923 SD SD SD SD SD SD SD SD
7 99.88 99.895 99.908 99.916 99.923 SD SD SD SD SD SD SD SD
8 99.88 99.895 99.908 99.916 99.923 99.928 99.932 SD SD SD SD SD SD
1 99.88 99.906 99.906 99.921 99.921 99.931 99.931 99.936 99.936 99.938 99.938 99.939 99.939
4 99.88 99.88 99.906 99.906 99.921 99.921 99.931 99.931 99.936 99.936 99.938 99.938 99.939
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The costs savings associated with implementing Option 2 versus maintaining the status quo is presented in the subsequent tables. For a given
year the difference between the two options is utilized to calculate the savings. For example, taking the year 2011 for unit 5, Table 21 gives
calculates a tritium value of 15.93 Ci/kg for Option 1 and 13.3 Ci/kg for Option 2. The savings due to dose is calculated utilizing equation of

assumption 13 for the two cases, subtracting the difference and dividing by four (the equation applies to all of PNDB); that is,

(15.93-13.3)x$25,000=$65,750. Similar type of calculation follows for the savings associated with fuel savings utilizing the calculated isotopic

values.
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Table 23. Calculated Costs Associated with Dose

physical
year

Unit
5

= 00 N O

4
subtotal

2011

-$65,750
-$65,750
-$45,500
-$45,500
-$43,750
$0
-$266,250

2012

-$84,500
-$84,500
-$88,750
-$88,750
-$43,750
-$51,250
-$441,500

2013

-$106,750
-$106,750
-$98,000
-$98,000
-$66,250
-$51,250
-$527,000

2014

-$108,250
-$108,250
-$126,750
-$126,750
-$66,250
-$77,500
-$613,750

2015

SD

SD

SD
-$115,250
-$31,250
-$77,500
-$224,000

Total costs associated with dose due to shortfall in TRF shipments

2016

SD

SD

SD
-$114,000
-$31,250
-$35,000
-$180,250

-$2,479,000

2017

SD
SD
SD
SD
-$13,750
-$35,000
-$48,750

2018

SD
SD
SD
SD
-$13,750
-$16,250
-$30,000

2019

SD
SD
SD
SD
-$30,000
-$16,250
-$46,250

2020

SD
SD
SD
SD
-$30,000
-$7,500
-$37,500

2021

SD
SD
SD
SD
-$13,750
-$7,500
-$21,250

2022

SD
SD
SD
SD
-$13,750
-$3,750
-$17,500

2023

SD
SD
SD
SD
-$7,500
-$3,750
-$11,250
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2025

SD
SD
SD
SD
-$3,750
-$1,250
-$5,000

2026

SD
SD
SD
SD
SD
$0
$0
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Table 24. Calculated Costs Associated with Fuel Burn

physical
year 2011
Unit
-$37,940.00

6 -$37,940.00
7 -$26,558.00
8 -$26,558.00
1 -$3,794.00
4 $0.00

subtotal  ($132,790.00)

Total costs associated with fuel costs due to shortfall in TRF shipments

2012

-$41,734.00
-$41,734.00
-$41,734.00
-$41,734.00
-$3,794.00
-$3,794.00

($174,524.00)

2013

-$41,734.00
-$41,734.00
-$41,734.00
-$41,734.00
-$3,794.00
-$3,794.00

($174,524.00)

2014

-$34,146.00
-$34,146.00
-$37,940.00
-$37,940.00
-$3,794.00
-$3,794.00

($151,760.00)

2015

SD
SD
SD
-$30,352.00
-$3,794.00
-$3,794.00
($37,940.00)

2016

SD
SD
SD
-$22,764.00
-$3,794.00
-$3,794.00
($30,352.00)

($705,684.00)

2017

SD
SD
SD
SD
$0.00
-$3,794.00
($3,794.00)

2018

SD
SD
SD
SD
$0.00
$0.00
$0.00

2019

SD
SD
SD
SD
$0.00
$0.00
$0.00

2020

SD
SD
SD
SD
$0.00
$0.00
$0.00

Filed: 2021-04-19, EB-2020-0290
Exhibit L-D2-02-AMPCO-131

2021

SD
SD
SD
SD
$0.00
$0.00
$0.00

2022

SD
SD
SD
SD
$0.00
$0.00
$0.00
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13. APPENDIX C - Rationale for Storage Needs at PND

Rationale for Additional S& | Storage

Allowing for flexibility during the period of highest storage demand will accommodate other station
needs during normal operations. The highest demand for reactor grade water storage is during
an outage under the following scenario: 1 unit moderator drain, 1 unit PHT drain to a very low
level drain state (VLLDS) and a 6 month TRF outage with 5 operational units. The upgraders
continue to operate during this time period. The outage is for 40 days.

The amount of heavy water in the PND system at the time of this report is captured in the Table
25.

Table 25. Heavy Water in the PND system

Purpose Volume (Mg)
High Curie Mod/D20/TRF make-up” 53

PHT ready water” 138
TRF product scheduled for return 20
Recoverable water from UPPA + drums ° 190

To be returned to U2/U3 ° (200)
Total 201

# - PND D20 Management Summary — April 3,

2006

$ - PND assumptions

PND Assumption 4 requires storage capacity for a simultaneous Moderator drain (250 Mg) and a
very low level drain state (VLLDS) drain of the PHT system (100 Mg). The combined volume of
heavy water requiring storage is 201+250+100 = 551 Mg.

At present there exists two 100 m*> PHT S&l tanks and two 150 m> S&I tanks for moderator ready
water. The total storage volume for the S&I tanks is 500 m® insufficient to house the 551 Mg.
Thus, accommodation of this scenario requires additional S&l storage.

Adding two new S&l tanks of 100 m® (split 50/50) will increase the storage capabilities to the point
the above scenario can be accommodated. Additionally, separating the tanks with double block
and bleed piping and valve arrangement will gave the new S&| more flexibility by making them
open to storing PHT or Moderator water. With the addition of these two new tanks (TK-5A/B, TK-
6A/B) the storage utilization during the outage, both moderator and PHT (VLLDS) drained, is
expected to look like that presented in Table 26.
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Table 26. Distribution of Different Qualities of Reactor Grade Water during Combined
Moderator and VLLDS PHT drain Scenario

Type Volume | Comments TK1 TK2 TK3 TK4 TK5 TK6
A/B A/B
150 150 100 100 | 50/5 | 50/5
0 0
Low Curie 138 UPPB Product 100 38
High Curie 53 Sulzer Product 43*
TRF 20 PHT ready 20

Drums/UPPA 190

P2/P3 Water (200) Return to P2/P3

PHT Drain 100 Lithiated 100
Mod Drain 250 Gd bearing 100 | 150
Sum 100 | 150 | 100 | 100 | 58 43

* - 10 Mg has been subtracted to capture the net movement of water to P2/P3 after the water
from UPPA/drums is accounted for

With additional tank storage volumes an off-line Moderator swap of 100 to 150 Mg is easily
accommodated. Water for the 100 Mg swap would be pulled in from the UPPB product in TKS3.
On-line detritiation of the other units would not be conducted during this time period but would be
possible when the PND station outage was over. At the end of the outage 350 m?® of free space
would be available. If a swap of 150 Mg is desired an additional 50 Mg would be required to be
brought in from the TRF (or P2/P3) and located in the empty 50 Mg of TK6. A permanent
modification (EC #88224), allowing for the removal of Gd from either TK1 or TK2 has now being
implemented. This change allows the Gd to be removed in-situ permitting the direct shipment of
this heavy water to the TRF without having to go through the Clean up system.

Rationale for Increased Storage at IXCU

The following assumptions are taken in calculating the required additional feed tank storage for
the High and Low Curie clean up systems.

e The ratio of oily downgraded water to the total downgraded water is 0.25% This value is
consistent with operational data [42].

e The ratio of high Curie downgraded to total downgraded water is taken as 0.35 2.

e Recovery rate for low Curie water is 1247 Mg fl/a [2], only 2 units operating at PND-A. It
includes a 20% contingency to cover variability in recoveries. Pickering CS Operations4
indicates the OPEX does not support a 42% isotopic for the recovered water from PND-A
used in reference 2. PND CS Operations suggests an isotopic more in range of 20 to
25%. The same isotopic as PND-B (23%) is utilized for PND-A. An additional 30% is
added to capture acute recovery events. The modified recovery rate for low Curie water
is 1528x1.5/1.2 = 1910 Mg fl/a..

? Meeting February 6, 2006 Project Building A

3 Consistent with calculated average of IXCU drum processing performance for period January 2005 to
March 2006

4 Meeting June 8, 2006, F. Drepaul office
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o Recover rate for high Curie water is 823 Mg fl/a [2] modified as indicated in previous
bullet, only 2 units operating at PND-A It includes a 20% contingency to cover variability
in recoveries. An additional 30% is added to capture acute recovery events. Thus the
recovery rate for high Curie water used for calculation purposes is 823x1.5/1.2 = 1029
Mg fl/a.

e The upgrading capacity for UPPB is 224 kg/hr [2], operating at 80% capacity. PND
assumption 29 indicates the UPPB present throughput is 150 kg/hr.

e The upgrading capacity for Sulzer (Moderator) is 120 kg/hr [2], operating at 80%
capacity. PND assumption 29 indicates the Sulzer throughput is presently 110 kg/hr.

e Approximately 20% of all downgraded water is drummed®

Table 27 presents the calculated heavy recoveries estimated from the above information; for
example, low Curie oily is 0.25x1910=478 Mg fl/a. Because all oily water once it is processed
enters the Low Curie, non-oily, train it's recovery rate is added to the calculated non-oily recovery
rate.

Table 27. Estimated Heavy Water Recoveries

Water quality Annual Weekly Weekly # of drums
recovery recovery recovery utilized per
(Mg fl/a) (Mg fl/lwk) | drummed (Mg week
fliwk)
Low Curie, oily 478 9.2 1.8 9
Low Curie, non-oily 1432 27.5+9.2 = 7.3 37
36.7
High Curie, oily 257 5 1 5
High Curie, non-oily 772 149 +5 = 4 20
19.9

The present tank capacity at the IX Clean Up system is shown in Table 28

Table 28. Feed Tank Capacity at the IX Clean Up System

Water quality Capacity (Mg) |
Low Curie, oily 23

Low Curie, non-oily 27.2 (4 x6.8)
High Curie, oily 2.3

High Curie, non-oily 20.4 (3x6.8)

Examination of Tables 27and 28 reveals the following;

e there is about 1/4 of a week holding capacity for low Curie, oily
¢ there is about 1/2 of a week holding capacity for high Curie, oily

> IXCU drum processing performance for period January 2005 to March 2006
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o there is about 3/4 of a week of holding capacity for low Curie, non-oily
o there is about 1 week of holding capacity for high Curie, non-oily

To be consistent it is recommended that all tanks hold sufficient capacity to accommodate
recovery for a similar period of time. To provide flexibility to IXCU for maintenance and to prevent
buildup of drums a period of 2 weeks is arbitrarily chosen. Table 29 presents the recommended
increase in storage capacity for the IX Clean Up System. For example, low Curie, oily for a two
week period would require 2x9.2 = 18.4 Mg capacity. Subtracting the present capacity of 2.3
yields, 18.4-2.3 = 16.1.

Table 29. Recommended increase in Feed Tank Capacity at the Clean Up System

Water quality Capacity (Mg)

Low Curie, oily 16

Low Curie, non-oily 46

High Curie, oily 8

High Curie, non-oily 19
Capacity has been round off to the nearest whole number

Common Services OPEX [Appendix L] indicates the oily, high Curie, recoveries are larger than
the above calculations suggests, the recommendation is to make the oily, high Curie, tank
equivalent in size to the oily, non-Curie. Based on this OPEX the low Curie and high Curie, oily,
tanks are recommended to be of 16 Mg capacity.

Requirements during Upgrader Outage
During Upgrader outage of one month (PND Assumption # 28) there will continue to be a need to

store recovered water. Table 30 summarizes the monthly recoveries anticipated during the
outage.

Table 30. Proposed IXCU Volumes compared to Water Recovery during an Upgrader
Outage of 1 Month

Purpose Upgrader Feed Recovered
Tank Capacity volume (Mg)®
(Mg)
Low Curie (yearly recovered 200 127

water 1524 Mg)

High Curie (yearly recovered 60 69
water 828 Mg)

@ - calculated using the lower estimated recovery (20% contingency vs
50%) and not the higher recovery rates used in the above calculation. In the
event the recovery rates are acute during the upgrader outage there is still
ample storage for UPPB while falling short for the Sulzer unit; not all the
recovered high Curie water would be processed. Storage in the IXCU feed
tanks and possibly drums may will be required.

No additional storage to accommodate an Upgrader outage is recommended.
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An operating UV oxidation system is expected to deal with the high TOC water and hence
eliminating the need for additional storage volume for high TOC water as identified in Kinectrics
report K-011043-001.

It is anticipated that the IXCU will function more efficiently and increase its throughput if the
additional storage defined above is introduced at IXCU.
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14. APPENDIX D - Tank Utilization at DND with Additional Storage

TRF Outage of 18 Months No Additional Storage
2003, 2004 Average Recoveries, 100% D20 = 75 Mg/U/a
Total = 300 Mg/a for 4 Units  or 1111 Mg/a at 27% isotopic "°

Previously, 20-30% of recoveries were assumed to be from Moderator system. Now, from 2005
onwards, Moderator is leaking more and 50% of recoveries are estimated to be from the
Moderator.

Therefore, total recoveries will be higher = 1111 x0.7/0.5 = 1555 Mg/a, or 4.3 Mg/d feed to the
Upgrader . This is within the capability of the Upgrader.

PHT & MOD Recoveries

In an 18 month TRF outage the Upgrader will be required to operate in a segregated mode, that
is, process the high and low Curie water independently versus the mixed mode operation when
the TRF is operating. Operating in this mode requires utilization of some of the low Curie
downgraded water (30 Mg at 27% isotopic) to flush the Upgrader of the high Curie water in the
system. This downgraded low Curie water is effectively lost to the PHT system, requires
additional high Curie S&I storage and results in the need to store an equivalent 100% D20
amount of <1Ci/kg heavy water prior to the TRF outage (30 x 27% = 8.1 Mg 100%D20). The
less number of flushes required the less pressure there is on heavy water storage requirements,
downgraded and reactor grade. Below the schedule describing how the Upgrader would be
operated during the extended TRF outage is presented and the amount of mixed Curie, flush,
water is calculated.

Presently the DND HW storage system has,
2x25 Mg of Dirty Downgraded Tanks
2x50 Mg of Clean Downgraded Tanks.

During the TRF Outage, the MOD recoveries will be cleaned up utilizing one set of dirty/clean
tanks and the PHT recoveries the other set. When one of the 50 m* Upgrader feed tank
becomes full with either high or low Curie water then the Upgrader processes that water while the
other 50 m® feed tank is filled with the opposing Curie downgraded water. This cycle continues
until the TRF outage is over. An outage of 18 months (548 days) results in having to process
1555x1.5 = 2333 Mg of downgraded water. The Upgrader can process at 5 Mg/d thus 50 Mg
would require 10 days to process. The rate of downgraded water generation is slower (4.3 Mg/d)
which results in having to store 17 Mg of high Curie downgraded water in the TRF product tank or
drums in order to set up the processing schedule presented in Table 31.

DND indicates that a flushing of the Upgrader after processing high Curie water will require ~30
Mg of low Curie downgraded water. Table 31 presents the schedule under Option 1, that is,
maintaining the status quo; no additional heavy water storage provided. The calculations shown
in Table 31 indicate that ~170 Mg (100%D20) of mixed Curie heavy water will be created
requiring a similar quantity of <1 Ci/kg water prior to the start of the TRF outage. Additionally, this
170 Mg will be required to be stored in the high Curie S&I tanks.

After day 44 the schedule repeats itself until the end of the 18 month TRF outage. The switching
between high and low Curie processing is done after every 23 days.
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The total value processed is 2200 Mg with 67 Mg still left to process at the end of the TRF
outage. Add to this 17 Mg of high Curie water stored again and a total of 2200+67+17 = 2274 of
downgraded water has been processed. The difference between this number and the 2333 Mg is
due to the rounding off error.
Table 31. Downgraded water, segregated processing with existing storage; that is,
maintaining the status quo.
Dirty Tanks: 2x25 m3
Clean Tanks: 2x50 m3
Collection Rate |2.1 Mg/d Hi-Ci, 2.1 Mg/d Lo-Ci
Upgrader Throughput 5 Mg/d
Hi/Mixed Total Collected +
Hi-Ci Dirty|Lo-Ci Hi-Ci Lo-Ci Ci UG Lo-Ci UG |Processed =
Day # Inv Dirty Inv_ [Clean Inv |Clean Inv |Prod Prod Daysx4.2
0 0 0 0 0 0 0
24 0 0 50 50] 0 0 100
34 21 21 W 0 50 142(Lo-Ci clean Tk locked out for processing
36 25 0 10 50 150(See Note 1; Hi-Ci clean Tk locked out for processing
44 25 0 50 50 184|See Note 1; Hi-Ci clean Tk locked out for processing
48 0 0 3 ‘ 50 50 200 [ | [
58 4 21 &\\\\\\\\\\\\\E 80 70 242|Lo-Ci clean Tk locked out for processing
68 25 g 130 70 284[Hi-Ci clean Tk locked out for processing
72 0 0 130 70 300 [ | [
82 4 21 160 90 342|Lo-Ci clean Tk locked out for processing
92 25 0 210 90 384|Hi-Ci clean Tk locked out for processing
96 0 0 210 90 400
pattern from day 72 to 96 repeats itself until end of outage
Note 1 On day 36, the Hi-Ci Dirty Tank is full and cannot accept more recoveries.
Between days 36-44, 17 Mg of Hi-Ci recoveries have to be stored in TRF Product Tank, drums, etc.
|Total includes 17 Mg which is in Other Storage;
| [Fulltank is locked up and being fed to Upgrader in next 10 days
Flush occurred, & 30Mg Lo-Ci product converted to mixed-Ci product due to switching

TRF 18 month Outage with Additional Storage — DND Option 2

Table 32 presents a similar schedule to Table 31 but for the case where DND implements Option
2; 400 Mg of additional heavy water storage.

The table illustrates that the pattern between days 184 and 256 repeats itself at 72 day intervals.
This repeating pattern continues until the end of the outage (~day 550). The following
observation are made from the schedule:

o Before day 200 only two (2) low Curie flushes are required,

e After day 200, flush occurs every 72 days.

e For a 6 month TRF outage this means 2x30x0.27=16Mg (100% D20) of mixed Curie
product requiring storage and an additional 16 Mg of PHT grade water required prior to
the outage.

e For an 18 month TRF outage this schedule leads to "~7 flushes (7x30x0.27 = 57 Mg of
100%D20) producing 57 Mg of mixed Curie D20 requiring storage and and additional 57
Mg of PHT grade water required prior to the outage.
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It is noted that the additional storage reduces the overall quantity of mixed Curie water generated
because of Upgrader flushing (170 Mg — Option 1, 57 Mg — Option 2). The amount of PHT grade
water required prior to the outage is also reduced when additional storage is available.
Note that throughout the outage 50 Mg of storage space, Tk(2), is always available to deal with
high TOC events.
Table 32. Downgraded segregated processing with additional storage — DND Option 2
Collection Rate |2.1 Mg/d Hi-Ci, 2.1 Mg/d Lo-Ci
Upgrader Throughput 5 Mg/d
Lo-Ci Lo-Ci
Hi-Ci Dirty|Hi-Ci Dirty|Hi-Ci Hi-Ci Dirty Dirty Lo-Ci Lo-Ci Total Collected
Inv(1) Inv(2) Clean Inv [Clean Inv Inv(1) Inv(2) Clean Inv |Clean Inv |Hi/Mx-Ci |Lo-Ci UG | and Processed
Day # (25Mg) (50Mg) 1) (2) (25Mg) (50Mg) 1) (2) UG Prod |Prod = Daysx4.2
0 0 0 0 0 0 0 0 0 0
0 0 50 0 0 0 50 0 0 0 101
0 0 50 21 0 0 0 21 0 50 143
1 0 50 50 1 0 0 50 0 50 206
22 0 50 50 0 0 22 0 0 100 248
25 17 0 50 0 0 43 0 50 100 290
18 0 50 0 0 0 50 14 100 100 332
I 0 0 0 39 0 0 50 35 150 100 374
| 99 0 0 10 50 6 0 0 50 180 120 416
0 0 31 50 0 0 27 0 180 170 458
2 0 50 50 0 0 0 0 180 197 500
23 0 50 0 0 0 48 0 230 197 542
0 0 0 44 0 0 50 19 280 197 584
| 149 0 0 15 50 0 0 0 40 310 217 626
0 0 25 50 0 0 0 50 310 217 647
0 0 46 50 0 0 21 0 310 267 689
15 0 50 0 0 0 42 0 360 267 731
0 0 0 36 0 0 50 13 410 267 773
0 0 0 50 0 0 50 27 410 267 802
201 0 0 21 0 0 0 50 48 460 267 844
. 0 0 42 0 19 0 0 50 490 287 886
221 0 0 50 13 0 0 40 0 490 337 928
226 0 0 50 23 0 0 50 0 490 337 949
236 0 0 50 44 0 0 0 21 490 387 991
246 15 0 0 50 0 0 0 42 540 387 1033
256 0 0 36 0 0 0 13 50 590 387 1075
262 0 0 50 0 0 0 27 50 590 387 1100
| lPeriod requlire Lo-Ci ﬂulshing

Observations:

1. Before Day 200, only 2 flushes are req'd;

2. After Day 200, flush repeats every 72 days (ref: Note on day#256) until outage ends

3. Therefore, for 6 months TRF outage, only 2 flushes need to be performed. So, Lo-Ci water needs to stored = 60Mg x 27% = 15Mg;

4. For 18 mths TRF outage, there will be 2 flushes before day 200, & about 5 flushes from day 200 to day 550. Total 7 flushes req'd.
So, Lo-Ci water needs to be stored = 210Mg x 27% = 60Mg

5. 50Mg Dirty Tk(2) will always be available on each stream to deal with Hi-TOC.

Tank Utilization with Additional Storage during non-TRF outages — DND Option 2

Tables 33 and 34 illustrate how the heavy water would be distributed among the present heavy
water storage tanks and the new tanks under the following scenarios: SCO outage and normal
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outage with MOD and PHT drain. Refer to sections 7.1.1 and 7.1.2 for understanding of the
heavy water storage needs during various Scenarios.

Table 33. DND Tank Inventories during Normal Operation and SCO Outages with
Additional Storage — DND Option 2

Spare
Content prior | PHT Content MOD Content Capacity
Volume to SCO During SCO Added During Available

Tank (m3) Outage (Mg) Outage (Mg) Outage (Mg) (Mg) Comment
During SCO Outage,
360 Mg removed due to
shrinkage, 130 Mg
added due to LLD of 1

PHT-1 100 100 40 0 Unit

PHT-2 100 100 30 0

PHT-3 100 100 70

PHT-4 100 100 60 0

PHT Weigh Tank 37 30 0

MOD-1 100 0 100 0

MOD-2 100 0 100 0

MOD-3 100 0 100 0

MOD-4 47 0 47 0

MOD Weigh Tk 10

TK1-A 50 50 50 50 MOD Operating Reserve

TK1-B 50 50 50 50 MOD Operating Reserve

TK2-A 50 0 0 50 Contingency

TK2-B 50 0 0 50 Contingency

Total 994 530 200 447 200
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Table 34. DND Tank Inventories during Normal Operation and Normal Outages with
Additional Storage — DND Option 2

MOD Content Spare
PHT Content Added Capacity
Volume | Content prior to Added during During Available
Tank (m3) Outage (Mg) Outage (Mg) Outage (Mg) (Mg) Comment
PHT-1 100 100
PHT-2 100 100
PHT-3 100 20 80
100 Mg reserve for
PHT make-up during
PHT-4 100 100 TRF Outage
PHT Weigh Tk 37 37
MOD-1 100 100
MOD-2 100 100
80 Mg OPGN
MOD-3 100 80 20 operating Reserve
25 Mg for Upgrader
MOD-4 47 25 22 Outage of 6 weeks
MOD Weigh Tk 10 10
TK1-A 50 50 0
TK1-B 50 50
TK2-A 50 50
TK2-B 50 47 3
Total 994 425 130 347 92

Upgrader Outage of 8 Weeks with Additional Storage

Need to store downgraded recoveries during this period.

i.e. 1540x8/52 = 237 Mg of fluid will need to be stored. This can be cleaned up and stored in the
Downgraded Clean Tanks. There is not enough capacity just in the Clean Tanks for this.
Therefore, 37 Mg will be stored in the Dirty Tanks and 200 Mg in the Clean tanks; Table 35
illustrates this visually.

During this period, it is assumed that the TRF is working and PHT make-up is not an issue and is

available.
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Table 35. DND Downgraded Inventories during 8 week Upgrader Outage with Additional

Storage — DND Option 2.

Content prior

Mixed Content

Volume to Outage Added during Spare Capacity
Tank (m3) (Mg) Outage (Mg) Available (Mg) Comment
DG Dirty 25 25
DG Dirty 25 12 13
DG Clean 50 50
DG Clean 50 50
TK3-A Dirty 50 50
TK3-B Dirty 50 50
TK4-A Clean 50 50
TK4-B Clean 50 50
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15. APPENDIX E - Drum Cleaning

Drums are used at the nuclear stations for the movement of downgraded heavy water from
collections points to the clean up systems and subsequent upgrading to reactor grade water.
Additionally, drums may are used to store reactor grade water during times of need Typical
drums utilized are stainless steel in nature with 2 and % inch bungs. The following conditions
typify the drums requiring cleaning:

Only the internal surfaces of the drum are required to be cleaned

Drums are empty minus a heel of no more than 100 ml of heavy water

Residual tritium present within drum

Qil film within drum possible

Volatile organics carbons within drum possible

Sail, particulates and dissolved impurities within drum possible

Hydrocarbon , oil, heel is possible (oil presence at PND is due to the use of hydraulically
operated fueling machines)

Carbon steel drums, with epoxy coatings, are the exception. Drums containing fission products,
activated particles, metal fillings, corrosion products and large objects are considered the
exception and will be dealt with separately.

Drums once cleaned will be re-utilized to collect downgraded (oily and non-oily) heavy water or
store reactor grade water. Five (5%) percent of the drums containing historical contaminated
heavy water will, upon emptying, contain: sludge, oil, charcoal, resins and maybe silica sediment.
In some cases the sludge maybe 5 to 6 inches deep.

IP2 drums, utilized for external sales of heavy water, will require pressure testing to 5 psig.
The end use of cleaned drums are:

1. Disposal to waste site (less stringent of cleaning criteria)

2. Re-use for oily, downgraded, heavy water (less stringent of cleaning criteria)
3. Re-use for non-oily, downgraded, heavy water (higher level of cleanliness)
4. Re-use for reactor grade heavy water storage (highest level of cleanliness)

Disposal to the Western Waste Management Facility has to satisfy the criteria imposed by the
Waste Management. The criteria require that no free liquid be present in the drum while
restricting the level of radioactive contamination. An oil film on the internal surfaces will not be a
deterrent to disposal and neither will it be a deterrent to re-issue of this drum for oily,
downgraded, heavy water. Use of drums to transfer, non-oily, downgraded heavy water is not
expected to be significantly impacted by a fine oil film on the inner drum surfaces. The highest
level of cleanliness is reserved for temporary storage of reactor grade water. Here no oil film is
desired as are no particulates or VOC.

Review of methodologies used by drum cleaning equipment suppliers indicates the use of
detergents, surfactants, caustic or acidic media for effective cleaning of drums. The use of
surfactants to emulsify the oils is unavoidable. Drum cleaning is used extensively in the
pharmaceutical, food and petroleum industries. The petroleum industry is expected to be the
most similar to the situation at Pickering as they deal with heavy crude oils and ragging (the
presence of ultra fine particles). Drum cleaning equipment developed specifically for the
petroleum industry uses a proprietary surfactant with salt water (specifically sea water) to perform
the cleaning [28].
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Bruce Power at one time had drum cleaning capabilities which utilized an industrial cleaner and in
some situations hydrochloric acid (rust removal)6.

The choice of drum cleaning approaches at PND will be dependent on level of cleanliness sought
and the disposal pathways of cleaning solutions. The equipment in the market is general enough
to utilize different cleaning solutions (surfactants, pressurized hot water etc). What the drum
cleaning equipment supplier may not guarantee is the effectiveness of the drum cleaning if their
approach (ie. cleaning solutions) are not utilized.

% Ontario Hydro procedure , “Active Drum Cleaning” CVP-78130-1
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16. APPENDIX F — Sketches of Proposed HWMB extension at DND

FAN
© © oJO S) 0Y0)
( C
T | T 2 ) - XT 4
k- reull Wovaas
T.AS, T.AR
REAC REAC REAC REAC
. | / @
| Seee— i gy [ ot | ‘“ 1
s 15 F_ e \_@
e
FACLITIRG
s _‘7“ 11 FACRITING
e e @ . ,/A
f PRaFase? Lo m.’r:,‘r.:ﬁ @ VACUUM STRUCTURE

oF Hew STORAGE Foil

sy wWATER & Daums @

wanzlndg W fedgion

( HW G T @ .
“‘»../\“_‘/‘~.‘__/\"' BLog

Figure 13. Sketch illustrating site location of proposed Heavy Water Management Building
extension.
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Figure 14. Detailed sketch illustrating changes to present Heavy Water Management Building.
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Figure 15. Sketch illustrating size of extension to Heavy Water Management Building and the location of the additional heavy water
storage tanks and new drum loading and handling facility.
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Figure 16. Sketch illustrating east view of proposed extension to Heavy Water Management Building.
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Figure 17. Sketch illustrating south view of proposed extension to Heavy Water Management Building.
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102





Filed: 2021-04-19, EB-2020-0290
Exhibit L-D2-02-AMPCO-131
Attachment 6

K-012667 Page 112 of 171

17. APPENDIX G - Sketch of Proposed Location of Drum Cleaning
Facility at PND
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18. APPENDIX H — Sketch of Proposed Location of IXCU Additional
Storage at PND

:
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19. APPENDIX | — Sketch of Proposed Location of Additional Storage S&lI
Storage at PND: HVAC Room

TKS A/B TK6
A/B

105





Filed: 2021-04-19, EB-2020-0290
Exhibit L-D2-02-AMPCO-131
Attachment 6

K-012667 Page 115 of 171

20. APPENDIX J — Sketch of Proposed Location for Additional S&l
Storage at PND — UPPA
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21. APPENDIX K — DND Plant Walkdowns and Interviews

At least two walkdowns of the TRF/HWMB were conducted to review the current layout of
equipment and explore possible locations for new tankage and drum handling/cleaning facility.
Following the first walkdown, a meeting was held with attendees to review the walkdown and
discuss any further D,O storage and drum handling issues.

WALKDOWN

1) Access way (D112)

This access way sometimes is full with heavy water drums arriving from overseas sources, e.g.
Japan. Drums have to be stored here since every other available space is deemed to be used up.
This is creating an access hazard.

2) D,0 Clean-Up Room (D103)
a) This room housed the D,O Clean-Up IXCU equipment and TK12/13 tanks. Drums in this
room are currently all from DND. This room is fully occupied. There is no additional space
available for any other use.

3) Drum Handling Room (D107)
a) Drums are filled in this area for external sales.
b) The UV equipment is set up in this room.

i) One of the operational issues is that after water has been treated by the UV system it
may need to go back to the downgraded dirty tanks for re-processing through the IX
columns to remove impurities that are created during the UV oxidation process. This
can cause a bottle neck in the system if space is not available.

i) A small separate X column dedicated to this process could eliminate this issue (this
is outside the scope of this project)

c) Fume hood and emergency shower and eye washer basin is also available in this room.

d) There is a possible space available for drum cleaning up equipment to be located in this
room, next to the door, leading to the loading bay.

e) There may be other areas in this room for drum cleaning equipment, but it involves
relocating some equipment.

f) There is a mechanical storage room within this room, which can be used for housing the
drum cleaning equipment, if this room is available.

4) Loading/Unloading area (D108)
a) This area is always used for drum holdup storage, which blocks normal access
loading/unloading purpose.

5) Upgrader Tower Area (D111)
a) This area housed the upgrader towers, there is a small space accessible inside this area,
which is required for access and maintenance purpose.
b) This space is currently used for temporary drums storage use.

6) Access way (D021)
a) This area is also fully loaded with temporary drums.

7) Off Gas Recombiner area (010)
a) This room is very small, and very little practical use. This room is not in service.

8) D,O Supply Tanks Area (D001)
a) These are seismic qualified tank floor. There is no more room for any additional use.

9) Off Gas charcoal tanks basement, El 87m (D002)
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a)

b)

This room approx 7m x 16m and is only accessible via a stairwell and through a small
hatch (2.2m x 2m) in the ceiling (94m EI). To access this hatch would also require
removing a section of concrete floor from the 100m El and removing the steel ceiling and
I-beams below this floor.

There may be room for one 100 to 150 m® tank. But it would be costly to dismantle and
remove the existing carbon steel tanks and costly to install new tanks. New tanks must
be prefabricated then re-installed and welded piece by piece in-situ since this room is not
accessible for a complete tank assembly due to the small access way. This also means
that this area can not be used for Class 3 tanks due to the fabrication and testing
requirements of class 3 tanks. Working conditions would be difficult and it may be hard
to find a manufacturer willing to do it. Also need to check with civil about the floor design
loading.

10) Extension of the West end of the HWMB next to the Loading/Unloading Bay

a) This area provides a possible extension to the existing HWMB. The required area for
building extension must include the dismantling of the existing truck loading bay and its
loading deck/receiving area housing/office.

b) For new truck receiving door, the door front shall be facing at angle (approx 30 to 40
degree to north) to ease truck decking with the receiving bay. Also the
decking/receiving/drums loading bay shall be provided with hydraulic lifting platform/or
lifting devices to haul the ISO from the truck to the receiving floor.

c) The building height on the receiving/drum loading areas shall be restricted a few feet
below the fresh air intake louver (107.8m El.) on the adjacent building, but beyond the
louver, the building height shall be constructed to house the tall vertical tanks.

d) The number of the tanks to be determined upon the confirmed total storage requirements
from DNGS.

e) S&l tanks are currently below grade and gravity fed from the plant, due to design
constraints. If new tanks are built above ground we would need to confirm the ability to
pump D,O from the station to the new tanks.

f) Installing new tanks below grade would require extensive excavation immediately next to
the current HWMB foundation. Construction issues would have to be further
investigated.

MEETING

The notes of the meeting are as follows:

2) PHT D,0 storage requirements.

3)

a)
b)

With all units running 210Mg of HT quality D,O required to be in storage.
Can this D,0 be stored at each unit, i.e. 55 Mg storage tank at each unit?

Project scope reviewed

a)

b)

c)

Aileen Sullivan has the action to confirm whether the D,O storage requirements to

support SCO (2008 and/or future SCOs) are included in the scope of the project, and to

provide the rationale and valid data to support this requirement for each SCO.

Mario has confirmed that Station Life Extension and Decommissioning are not part of the

scope of this project.

Is Re-Tube considered Life Extension or is it part of the DND plan to meet expected plant

life?

i) DND is planning on completing Re-tube in 10 to 12 years. DND personnel believe
that D,O storage requirements to accommodate the Re-Tube of 1 unit at a time

should be considered as part of the scope of this project. This requirement is approx.

700 Mg (plus the requirements to keep 3 other units running)
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22. APPENDIX L - Meeting with Common Services Operations

Attendees:

CS OPS: F.Drepaul (for D.Topolnisky); G.Kaulessar; G.Walker
Projects: E.Wong; T.Leung

Kinectrics: A.Antoniazzi

Sponsor: C.Foster

Date: June 8, 2006

Hi-Lites:

1. Additional IXCU Tanks:

a. Obtained agreement that the increased capacity at IXCU for Low

Ci (both oily & non-oily) are adequate;

b. G.Kaulessar advised the project that the additional capacity

proposed at IXCU for Hi Ci (both oily & non-oily) are inadequate. He indicated that the
information from N-REP-03861-10000 "Upgrading Capability in OPGN" used by Kinectrics to
calculate the additional capacity is too conservative, and did not take into consideration the
following OPEX, even though such OPEX were not documented. His advise

is to use the OPEX to further increase Hi-Ci capacity by 30%.

* The "acute" (either volumetrically & qualitatively) water

recovered are normally drummed, and were not documented as part of the present total annual
water recovered.

* The % isotopic in the recovered water is recently at 20% to 25%

vs 33% as indicated in the report.

* Presently, drumming of downgraded Hi-Ci water will start to

occur if Sulzer is shutdown by 1 wk. This indicates more leakage is occurring from the moderator
than what was indicated in previous reports.

C. Discussed various cost benefits & justification for the

additional tankage at IXCU, and obtained consensus that enough "quantitative" information are
available.

2. New Drum Cleaning Facility:

a. Discussed various cost benefits & justification for the new Drum

Cleaning Facility at PND, and obtained consensus that enough "quantitative" information are
available.

3. Additional S&I Tanks:

a. CS Ops agreed that the "quantitative" cost justifications for

new S&l tanks are not readily available, and project may have to use the "qualitative" reasoning
as business drivers.

b. Following potential cost benefits were discussed, but are

inconclusive as to whether they can be used as business driver(s):

* The benefits in shortening outages with the capability to

simultaneously drain the moderator & PHT from the same unit are indeterminable as this scenario
had never been tried, and may not be feasible due to heat sink concerns.

* Similarly, the benefits to shorten outages with the capability

to simultaneously drain the moderator from a PB unit & PHT drain from a PA unit are
indeterminable as this scenario had never been tried.

* The present mode of detritiation using on-line swap is

inefficient & costly, and the station is always firefighting to keep the tritium level in all its units to
be within spec. This is because on-line swap can only be performed in quiet mode, usually over
week ends or utilize overtime. There will be certain amount of OM&A savings if this is changed to
off-line swap.

* The additional tanks will provide the flexibility to perform
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off-line swap. The cost benefit can be from OM&A savings as mentioned above, ALARA & fuel
burn-up. However, calculations of the ALARA savings from reduction of tritium level inside the

reactor are not available yet, and the savings from fuel burn-up due to improved isotope are still
required to be calculated.

(Note: CS OPS also indicated that with the additional tanks, the off-line swap can be achieved

within the "40 days outage", which otherwise will not be achievable.)

Actions:

1. Issue email & obtain agreement from G.Kaulessar to document the
revise assumptions for Hi Ci downgraded water.

* Actioned: A.Antoniazzi TCD=June 13, 06

2. Provide historical yearly consumption rate for resin & NUPAC.

* Actioned: G.Walker TCD=June 13, 06

3. Provide upgraders' unit cost (ie: $/Kg-fluid processed) so that

the reduction of upgraders' efficiency can be used to calculate cost benefit.
* Actioned: G.Walker TCD=June 13, 06

4. Provide unit cost benefit from detritiation via ALARA & emission
(ie: $ savings to production/outage per Ci/Kg reduction) .

* Actioned: F.Drepaul TCD=June 13, 06
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23. APPENDIX M - PND Walkdown Notes

The following are locations within PND review as potential locations for additional tank storage
and drum cleaning facilities. The notes are a summary of walkdowns performed on April 7, 2006
and April 25, 2006.

1°' Location (potential tank storage):

‘Obsoleted’ HYAC Rm —274’ behind south CM Shop
Area approximately defined by rows O and Qy and lines 189 to 192 on drawing NK30-D5A-
24000-0053 (35 x 84 sq. ft, height ~17.5 ft)

o Full of specially constructed HV systems to be removed. It can be done in small sections
using present door otherwise one wall will required opening.

Equipment removal (paperwork) should be easy because never commissioned

Will need reinforcement to floor and structure to accommodate extra HW storage
Small heating/ventilation will be required (add/or modify to provide coverage for room)
Will have to temporarily remove bean by double door to have equipment access
Active drainage system available for this area and the area below

7’ wide door

tank(s) will require to be laid on side

south wall can be removed for tank access

up to 3100 m?® tanks could be accommodated

2" L ocation - Insulation shop — 274’ (potential tank storage). Area is east of the present S&l
tank locations in Reactor Auxiliary Bay near Unit 5. In reference drawing NK30-DFA-22000-0006
the area is defined by lines L to O and columns 184 and 191.

next to S&l tanks

have to investigate floor loadings and structure requirements
present equipment easy to remove, very little fixed equipment
active drainage required?

have to add wall to separate from office side

one 100 m3 could be accommodate on its side

3" location - Visited S&I tanks on 254’ elevation.

o 2x150 Mg
e 2x100 Mg

4™ Jocation (potential drum facility) - PIOTS and Solid Waste Handling

power available

remove present system, not used

is their active drain?

Excellent place for drum facility

Air available

Door available to separate from solid waste handling
Obtain dimensions from drawings

5" Location - Space below HVAC shop

o Ceiling will require reinforcement
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e No trucks drive in
e What is below floor?
¢ What is present floor loading capacity?

6" Location - Decontamination Shops (N&S) (possible drum facility)

Jay Joyce (ext 5332) contact person
Approved for 0.5M$ in modifications

Runs 7 days wk with overtime to keep up
Would need a separate work group for drums
Extension to RV shop

Space utilization varies but significant activity
Not a practical place for drum facility

9" Location - Area by NUPAC (potential tank(s) location)

Below IXCU

Slur pump out - have to maintain access

HX501 location need to leave room for maintenance and replacement of components
Has bay doors to let tanks in

At ground level

Have to move resin container (NUPAC?) back away from bay doors to free up space
Intake channel underneath where is it? Need drawings

Possible to locate a 100m3 tank in this location with little modifications

Active drainage?

10" Location - IXCU (potential tank location) — 274’

o ECN 963 was set to go in 1991, project ~3/4 done, tanks no longer available, all
documentation not present, package outdated and has to be re-done

2x19 m3, 1x50 m® and 1x25 m® tanks were to goin

floor loading needs to be looked at

good site

area approximately defined by lines H and O and 8 and 10 on drawing NA44-06-21002-0058

Risks:

e Possible interferences for ECN 963 recommended tanks 018-34970-TK-9 and 018-34960
TK11
o Fire hose cabinet (1-71410-FHC 62) [would be blocked by proposed TK9]
o Door 0-24165-RAB 204 [would be blocked by proposed TK11]
o Piping and Valves belonging to SCI 34970 [would be blocked by proposed TK9]
o Existing 6” pipe at running from between 0-34970-TK3 and TK4 through the walls
east of the proposed TK9
Tygon hoses (for venting) that are tied onto the aforementioned 6” pipe
Existing D20 Transfer Lines at 286°-6” [north of proposed TK9]
o Fume Hood, (not shown on drawings), located north of double doors leading into
the IXCU room.
o The corridor between the Reactor building and the west wall of the IXCU and
Resin deuteration area is a seismic route, marked on the floor with grey paint
= The proposed tank location for TK 8 and TK 10 will sit right on top of the
seismic route
¢ Not a big issue, since drawings will only show the seismic route
as a straight line leading out the door at Line O-8. We can just

o O
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repaint the seismic route after the installation and move it over
for about 1 to 1.5 feet.

Possible interferences for ECN 963 recommended tanks 018-34970-TK-8 and 018-34960
TK10

o TK10is 34’-2” in length. It may have difficulty clearing the corners of the
corridor.

o The location of proposed tanks is currently taken up by drums to be processed
by IXCU, forklifts, and a Herfurth monitor. We would need to find an alternate
location for these in order to use this space.

o 018-34970-TK8 is right beside MCCs.

» Must have reviews to make sure any accident scenario at the tanks will
not impact the MCCs

= During the transport of tanks into their proposed locations (especially
TK10), care must be taken to not hit the MCCs

Other Installation Risks Identified

The closest hatch is at Unit 1, 274’, the crane can lift up to 30 tonnes at Grid H22
A lifting beam (adjustable) maybe required to lift tanks horizontally from 254’ to 274’
To move tanks from the horizontal position to the vertical position (as required) a lifting
beam and hoist may need to be installed on 274’ at each tank location.
May not have the clearance to lift into the vertical position for the proposed TK 8 and TK
9
Depending on the weight of the tanks, the floor on-route [from the hatch the to the IXCU
area] may have to be reinforced
o The floor on-route may be peeled if the tanks are too heavy
= May need a 4" plate on the floor to prevent floor peeling
Reinforcement of the floor of 274’ at IXCU is required
o Scaffolding is required at 254’ to reinforce the floor of 274’ (increased costs)
Work area may interfere the Equipment cage belonging to John Weigand’s group and the
NUPAC tank (collects spent resin)
= Need to coordinate work activities with Maintenance and Operations
The location of TK8 is currently in the Zone 2 area [boundary at K-line]. If ECN 0963
were to be installed, Zone 3 will have to be extended to between the H-Line and the K-
Line.
= Need Radiation Protection’s concurrence

11" Location - Off Gas Building (potential tank location)
Located in the unzoned area at elevation 254’. The building has never been commissioned. The
reference drawing is NK30-DFH-79320-00001.

pipes already running from U2 to off gas building via vacuum building
piping maybe carbon steel will need upgrading to stainless steel
building not being used

non-radioactive building in unzoned space

7 carbon steel tanks presently in there need to be removed

wall will require breaking to move tanks in

heating and ventilation appear present

floor drains appear to go to a ditch in the surrounding yard.
Could probably place 1x150Mg tank

Ground floor no problem with loading

Non-operational area, least impact
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Additional Notes: Earthquake loading was never considered according to Design Manual NK30-
291000 (Off-gases Building and Service Duct, 1977). Some minimal earthquake resistance is
considered to exist.

General discussions while in Off Gas Building

East Annex discussed

e Ventilation problems
¢ FM want the area

e IMS using part of it

West Annex discussed

o U2&U3 staging area

e Heauvily utilized

e Two active drain tanks

Drum Facility
- Drum cleaning makes sense to have on 274’. Most drums handled in 274"

Visit to drum storage area

Most dirty drums contaminated by maintenance, operations. Drum cleaning facility would not
have alleviated most of the dirty drum/water problem.
IXCU problem — inability to handle high Toc, detergents

12" Location - UPPA/UPPB (potential storage tank location)

5x50Mg carbon steel tanks for dirty, downgraded water

floor area may need reinforcement

will need containment dike

first impression — last option for additional tank storage

UPPA area asbestos present

Has active drainage

Services, power, heating /ventilation available, also stack monitor
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24. APPENDIX N — PND Stakeholder Meeting Notes

Date: April 11, 2006

Time: 9:30 am

Location B2 Projects Building PND

Attendees: James Bryant, Ghaman Kaulessar, Glenn Walker, Armando Antoniazzi,
Edmond Wong, Tracy Leung

General comment was provided that Pickering not doing well managing its heavy water
inventories due to the lack of storage and drum cleaning facilities. With Units 2 and 3 shutdown,
operationally managing the heavy water anticipated to be easier but there is still the need to
accommodate the heavy water.

There are three areas in HW management that need help: IXCU, S&l and drums.

A past engineering change notice, ECN 963, went into great detail into these heavy water
management problems. The ECN 963 package was ready for field execution. It is the general
feeling of Operations and Engineering that the recommended heavy water storage volumes
outlined in ECN 963 for the IXCU would, if implemented, be sufficient to address their needs (one
— 50 Mg, one — 25 Mg, two — 19 Mg). In the period of 1993 to 1995 because of priority setting
and financial restrictions the ECN was cancelled.

There are now over 3000 drums at PND. The lack of HW storage capacity at the IXCU has led to
an increasing number of drums being utilized for downgraded, dirty, water. Additionally, the lack
of HW storage at the IXCU prevents the proper segregation of oily downgraded water from
vapour recovery water subsequently reducing the throughput of the IXCU system. The slower
throughput of the IXCU system further exacerbates the storage problem resulting in additional
storage utilizing drums; at times dirty drums. The lack of drum cleaning services results in the re-
usage of dirty oily drums for storage of downgraded vapour recovery. The reduced throughput of
the IXCU, due to the need to process downgraded oily water, limits maintenance on the IXCU
feed, storage, tanks. Having never been cleaned all the IXCU feed tanks are oily. Even if the
one of the tanks was cleaned the lack of storage will inevitably lead to oily HW been pumped into
the clean tank. This inability to segregate downgraded oily water from vapour recovery water
results in poorer performance of the IXCU system, lost revenue by having to clean oily vapour
recovery water, increased labour and worker dose associated with drumming and efforts to find
storage were ever possible, inability to perform system maintenance which will ultimately force an
unscheduled system shutdown, and threatening the performance of the upgrader. The high TOC
water entering the upgrader leads to the degradation of the upgrader packing and subsequently
the efficiency. The upgrader packing is very expensive to the extent it was suggested that a
whole new upgrader be built.

Oily water at Pickering is inevitable because of oil used in the fuelling machines.

The collapse of 0-34970-TK1 (Hi-Ci oily tank 2.3 Mg) is attributed to the plugging of the vent
system by charcoal and resin (P-2006-01032). The contribution factor was the inability to perform
maintenance on the system due to the lack of storage capacity. (is this correct?)

IXCU is capable of processing at 400 kg/hr versus the present rate of ~150kg/hr (confirm both
numbers). The lower processing rate is due to the oily nature of the feed water which consumes
resin and charcoal at a much higher rate.

In 1991 PND was restricted to a 6 month operating license. The #5 item on the list of reasons

why was the number of drums at the station. The lack of storage at IXCU is one of the reasons
why there exists a large number of drums. A report which looked at the minimization of HW

115





Filed: 2021-04-19, EB-2020-0290
Exhibit L-D2-02-AMPCO-131
Attachment 6

K-012667 Page 125 of 171

drumming at PND-A was identified, CNS-IR-38000-14, 1987. Drum cleaning is essential in order
to prevent vapour-recovery water from becoming oily when the lack of storage at IXCU forces
usage of drums for storage. This has happened where downgraded, non-oily, water has been
placed into oily tanks. The result is the extra processing time and materials costs for removal oil
from the HW which wasn’t there when collected.

It was indicated that a drum cleaning capable of processing 10 drums/day would be sufficient for
PND needs. PND envisions a drum inventory of about 1000/yr will be required for operational
needs.

Contact Jack Page for information on dose to station personnel from drums.
Glen Walker can provide information of HW recovery rates.

Storage and Inventory has three objectives: one, water make-up for units; two, maintain quality
(tritium and isotopic) and three, support outages. The systems have been designed to hold HW
from 1 unit’'s PHT and 1 unit's Moderator. The system was not designed to support outage and
normal operations concurrently.

To date there has been no impact on outages in terms of delay or extension because work
arounds when there is a lack of S&I storage but other activities have suffered; for example,
maintenance and TRF shipments. Two years ago the lack of S&l storage came close to
postponing an outage. Valves passing increases storage to S&l tanks.

Three outages per year is expected to be case for the future with moderator drain and
simultaneous HT drain to LLDS.

A simultaneous moderator and heat transport drain and the requirement to distribute water
among S&l tanks, because of the lack of storage, to accommodate the needs increases the risk
of mixing gallodinium containing moderator water and lithium containing heat transport water.

The result of the mixing would lead to the production of a polymer which would plug up equipment
and pipes.

Storage of PHT HW from Unit 2 and 3 in spent resin tanks unlikely because of potential for leaks
and no means of monitoring. The result is this water will have to be accommodated somewhere
(~280 Mg)

TDO shipments cost around $2500 per shipment. PND targets for TDO shipments is 3 shipments
out and three shipments in per week. This target cannot be met during an outage because of
lack of S&I storage.

Maximum benefit to worker dose and associated cost is the detritiation of the HT system because
this is where the majority of the leaks arise from.

The administrative limit for PHT ready water on stand-by is 33 Mg (assumes a certain size gross
leak plus normal leakage)

Recovery of HW presently in drums is estimated to be about 160 Mg while from UPPA around 30
Mg.

A low level drain state (LLDS) for the HT system requires about 100 Mg of storage and from a
moderator system around 250 Mg.

There is no capacity in Unit 3 for storage but some capacity in Unit 2 (~95 Mg).
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It was pointed out that doing a total volume of the water presently in the system and looking at the
available storage volume leads to the erroneous conclusion that enough storage space is
available. The reason for the incorrect conclusion is attributed to ignoring the fact that the HW
with in the storage system is not all of the same quality (reactor grade, HT grade, Gd containing
moderator HW, Li containing PHT HW). For example, once a storage tank is filled with Gd
containing moderator HW the space is no longer available for usage. Or if HT ready water
occupies 30% of the volume it can no longer be used for moderator water storage.
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25. APPENDIX O - Seismic Requirements of Various Systems at PND

Below are the seismic requirements identified [39] during a preliminary review. A list of reference
documents that govern the seismic qualification of systems, structures and components in
Pickering A and B are also included at the end of the summary.

(1) East of D20 Supply Tanks (PB)

Elevation: 254'-0" (tanks are 20 ft in height)

Potential Tank Area: The area east of the supply tanks. [Line L to Line O, Between
column 184 and column 185]

Note: The area cannot be impeding the D20 tankers that will come in through the loading
area S559.

Reference Drawing: NK30-DFA-22000-0005

This location is in the PB Reactor Auxiliary Bay. According to [R-12] and [R-13], the
RAB structure was deemed seismically adequate.
Seismic demand response spectra for PB are documented in Ref. [R-11].

(2) Ventilation Equipment Room (PB)

Elevation: 277'-4"

Potential Tank Area: Room S668

Note: Currently containing obsolete HVAC equipment
Reference Drawing: NK30-D5A-24000-0053

This ventilation equipment enclosure is constructed on top of the solid waste handling
facility, which was constructed to the following seismic requirements:

Ref.: Design Manual NK30-24000, Addition to Service Wing for Solid Waste Handling
Facility. Section 5.0 Seismic Requirements:

Except for the siding on the South side, the building structure does not need to be
seismically qualified. The south wall siding shall be seismically qualified for design basis
earthquake (DBE) [R-11]. The structure shall not produce negative impact on the seismic
capability of the pressure relief duct (PRD).

Seismic demand response spectra for PB are documented in Ref.
[R-11].

(3) IXCU Area (PA)

Elevation: 274'-0"

Potential Tank Area: East of unit 1, IXCU Footprint [Between Lines H and K to Line O,
column 6 to Column 9]

Note: Cancelled ECN 0963

Reference Drawing: NA44-0G-21002-00058

This location is in the PA Reactor Auxiliary Bay (RAB).
According to [R-3], the PA RAB structure was assessed to be to be seismically adequate. It
should be noted that masonry walls (a typical seismic liability) in the vicinity of any structures,
systems or components (SSC's) on the success path were evaluated and upgraded if necessary.
The same needs to be followed for new SSC's. Seismic demand for PA is characterized by the
floor response spectra in Ref. [R-6] and [R-3].

(4) UPP-A (PA)
Elevation: 274'-0"
Potential Tank Area: Line A to D, Columns 1 to 4
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Note: All equipment in UPPA, with the exception of certain piping and feed tanks, are not
in use, and can be removed.
Reference Drawing: NA44-EMG-34600-00004

Ref. Design Manual NA44-29800, Heavy Water Upgrade Plant Building, Nov. 1971.
This desigh manual does not stipulate any seismic requirements.

The building is not on the success path evaluated in Ref. [R-3].
Seismic demand response spectra for PA are documented in Ref.

[R-6] and [R-3].

(5) Off-Gas Building (PB)

Elevation: 254'-0" (outside the plant)

Potential Tank Area: Entire Building

Note: This building has never been commissioned.
Reference Drawing: NK30-DFH-79320-00001

According to Design Manual NK30-29100 (Off-Gasses Building and Service Duct, April
1977), earthquake loading was considered in design.
No details are available on the extent or the level of seismic loading and according to Operations,
the building was never commissioned. It would be conservative to assume that the building has
some inherent minimal earthquake resistance (as per the National Building code at the
time,1965). But since the building was never commissioned, seismic evaluation will have to be
conducted based on PB DBE according to Ref.
[R-11].

References

[R-1] Control of Unsecured Equipment in Seismically Qualified Areas, OPG-N
Procedure N-PROC-MA-0031.

Pickering A

[R-2] Engineering Direction on Evaluation Methodology for Seismic Impact of Plant
Modifications, NA44-CORR-03652-0073548, January 30, 2004.

[R-3] Seismic Assessment of Pickering 'A' Nuclear Generating Station, NA44-REP-
02004-0073, Feb. 1998.

[R-4] Administrative Controls for Seismic Qualification, NA44-REP-03650-00002.

[R-5] Seismic Capacity Preservation, Pickering 'A' Return to Service, AECL
Implementation Guide No. 44RS-03650-I1G-002 R02, December 2000.

[R-6] Floor Response Spectra (FRS), Pickering 'A' Return to Service, AECL
Implementation Guide No. 44RS-20090-1G-001 RO1, April 1999.

[R-7] Pickering A Safety Report, Section 2 Design Criteria, Subsection 2.3: Seismic
Qualification and Classification,
NA44-SR-01320-00001 R11, July 2003.

[R-8] Control of Unsecured Equipment in Seismically Qualified Areas, OPG-N
Procedure N-PROC-MA-0031.

[R-9] Abnormal Incident Manual, Common Mode Events, NA44-014-09013-6.

Pickering B

[R-10] Pickering B Safety Report, Section 2 Design Criteria, Subsection 2.3: Seismic
Qualification and Classification,
NK30-SR-01320-00002 RO1, June 2003.

[R-11] Safety Systems Engineering Design Guide No.
DG-30-68000-2, Pickering G.S. 'B' Seismic Qualification of Safety Related Systems.

[R-12] Safety Systems Engineering Design Guide Supplement No.
DG-30-68000-006, Pickering G.S. 'B' Seismic Qualification of Safety Related Systems: Reactor
Auxiliary Bay Structure/2/21441/21451, Oct.
1980.

[R-13] Email from. C. Alexander to P.J. Armstrong Re: PB Seismically Qualified
Structures, NK30-CORR-67100-0084852
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Additional information on seismic systems [40].

If the modification is part of 38210 system, then the system shall be seismically qualified to meet
(1) and (2). If modification involves containment penetration, then the lines and valves must also
be seismically qualified to maintain contain boundary integrity. The services (e.g. instrument air,
power for MV) to operate a seismically qualified valve during or after a seismic event must also
be seismically qualified.

1. Engineering Design Guide DG-30-68000-2 Seismic Qualification of Safety Related
Systems specifies:

* 38200 D20 Supply System qualified to DBE "A".

* Note 13 stated "The D20 supply system is to be seismically

qualified only to the extent that there will be no loss of inventory from the bulk storage tanks."

2. Flow diagram NK30 FDH 38210 0001 and Design Manual NK30-38210 for D20 Supply
System state:

* The D20 supply system is seismically qualified for a DBE
Category A.

* Equipment Data Sheets (tanks and relief valves) in the design
manual also show seismic qualification to DBE A.

* System Classification List for CNSC approval of Code
Classification also shows system and tanks to seismic qualification DBE A.
* Notes on piping drawings do not specifically state seismic

requirements. If the relief valves are seismically qualified, it is most likely that the piping is also
seismically qualified.

3. 34960 - D20 Transfer System:

* Flow diagram NK30-FFH-34960-0001 marked seismic requirements for
specific section (containment penetration) of the drawing.
* Design manual NK30-34960 states D20 transfer lines that

penetrates RB wall and containment are seismically qualified to DBE A, isolation valves
seismically qualified to DBE B.

4. 34970 - Moderator D20 lon Exchange Cleanup System:
* No seismic requirements marked on flow

diagramNK30-FFH-34970-0001. No seismic requirements stated in design manual NK30-34970.

* Equipment data sheet for strainer in design manual stated
seismic qualification not required.

5. 38340 - 30TF-38340 Pickering Incoming/outgoing D20 Transfer System
(PIOTS)

* Design Manual 30TF-38340 stated PIOT system is not seismically
qualified.
* Seismically qualified dike is provided around tanks and pumps to
contain a limited spill of tritiated D20, but not a full tank.

* PIOTS tanks's supports are designed to withstand seismic loads

equivalent to DBE A to prevent toppling of the tanks in the seismically qualified dike.
* PIOTS tank room wall are designed to withstand DBE A.

* Pickering B containment isolating valves are seismically

qualified to DBE A or B.

* Pickering A containment isolating valves are NOT seismically

qualified.
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26. APPENDIX P — Personal Communications Emails
EMAIL 1.

From: BREMNER Shawn -NUCLEAR [shawn.bremner@opg.com]

Sent: Friday, May 19, 2006 2:28 PM

To: ANTONIAZZI Armando; LEE David Tw -DARLINGTON; SOOD Sav -
DARLINGTON

Cc: WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR; THAM Stephanie -
NUCLEAR

Subject: SG fuel storage tanks
FYI

Dragana has done some research and determined that no building can be within 9m of the SG
tanks, our current proposal is approx 24m from the fuel tanks so this will not be an issue.
Dragana will issue an official memo by May 30th (she is on holidays next week)

Cheers

Shawn Bremner - OPG PNGS
Design Projects

905-839-1151 ext 2070

Pager 416-237-2802

THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED
RECIPIENT(S)

AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED,
PROPRIETARY AND/OR

CONFIDENTIAL. If you are not the intended recipient, you are hereby
notified that any review, retransmission, dissemination, distribution,

copying, conversion to hard copy or other use of this communication is

strictly prohibited. If you are not the intended recipient and have

received this message in error, please notify me by return e-mail and

delete this message from your system. Ontario Power Generation Inc.
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EMAIL 2.

From: WONG Edmond -NUCLEAR [edmond.wong@opg.com]

Sent: Friday, June 16, 2006 4:31 PM

To: ANTONIAZZI Armando

Cc: LEUNG Tracy -NUCLEAR; BREMNER Shawn -NUCLEAR; THAM Stephanie
-NUCLEAR

Subject: Reasons for Lack of De-Tritiation Effort in PND.

Armando,

Here are some of the reasons Glenn gave me in regard to why PND was having problem to
execute the "on-line" de-trit plan in the last few years....

1. Extended TRF outage (ie: in Y2003) & now;

2. S&l tanks occupied by moderator drains in PB units in the last

few yrs preventing on-line swap; generally last about 6 wks per outage;

3. Before 2002, U4 moderator D20r stored in S&I tanks to allow

maintenance works to support PARTS. This lasted 18 mths, and prevented on-line swap.
4, There were some procedure issues that prevented "on-line swap"

to be executed safely. This resolution took about 6 to 9 mths;

5. At times, there were planning (IOP) / resource (OPS & inventory)

/ schedule / co-ordination problems that prevented on-line swap;

| am a little troubled by what Sav said that DND has only 1 viable

option to resolve the charter's objectives. | imagine other people

could be troubled too. Example, just off the cuff, why can't the status quo of drumming or using
external storage to support outages (such as SCO/VBO which occur every 6 yrs) as viable
options, if it is cost effective.

Edmond

THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) AND
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR
CONFIDENTIAL. If you are not the intended recipient, you are hereby notified that any review,
retransmission, dissemination, distribution, copying, conversion to hard copy or other use of this
communication is strictly prohibited. If you are not the intended recipient and have received this
message in error, please notify me by return e-mail and delete this message from your system.
Ontario Power Generation Inc.
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EMAIL 3.

From: WONG Edmond -NUCLEAR [edmond.wong@opg.com]

Sent: Thursday, June 08, 2006 6:25 PM

To: TOPOLNISKY Dave -PICKERING; DREPAUL Fred -PICKERING; KAULESSAR
Ghaman -PICKERING; ANTONIAZZI Armando; THAM Stephanie -NUCLEAR; LEUNG
Tracy -NUCLEAR; FOSTER Charles -NUCLEAR; CORNACCHIA Mario -NUCLEAR,;
WALKER Glenn -PICKERING

Subject: Minutes & Actions: PND D20 Project - Cost Benefits

Attendees:

CS OPS: F.Drepaul (for D.Topolnisky); G.Kaulessar; G.Walker
Projects: E.Wong; T.Leung

Kinectrics: A.Antoniazzi

Sponsor: C.Foster

Date: June 8, 2006

Hi-Lites:

1. Additional IXCU Tanks:

a. Obtained agreement that the increased capacity at IXCU for Low

Ci (both oily & non-oily) are adequate;

b. G.Kaulessar advised the project that the additional capacity

proposed at IXCU for Hi Ci (both oily & non-oily) are inadequate. He indicated that the
information from N-REP-03861-10000 "Upgrading Capability in OPGN" used by Kinectrics to
calculate the additional capacity is too conservative, and did not take into consideration the
following OPEX, even though such OPEX were not documented. His advise

is to use the OPEX to further increase Hi-Ci capacity by 30%.

* The "acute" (either volumetrically & qualitatively) water

recovered are normally drummed, and were not documented as part of the present total annual
water recovered.

* The % isotopic in the recovered water is recently at 20% to 25%
vs 33% as indicated in the report.
* Presently, drumming of downgraded Hi-Ci water will start to

occur if Sulzer is shutdown by 1 wk. This indicates more leakage is occurring from the moderator
than what was indicated in previous reports.

C. Discussed various cost benefits & justification for the

additional tankage at IXCU, and obtained consensus that enough "quantitative" information are
available.

2. New Drum Cleaning Facility:

a. Discussed various cost benefits & justification for the new Drum

Cleaning Facility at PND, and obtained consensus that enough "quantitative" information are
available.

3. Additional S&l Tanks:

a. CS Ops agreed that the "quantitative" cost justifications for

new S&l tanks are not readily available, and project may have to use the "qualitative" reasoning
as business drivers.

b. Following potential cost benefits were discussed, but are

inconclusive as to whether they can be used as business driver(s):

* The benefits in shortening outages with the capability to

simultaneously drain the moderator & PHT from the same unit are indeterminable as this scenario
had never been tried, and may not be feasible due to heat sink concerns.

* Similarly, the benefits to shorten outages with the capability

to simultaneously drain the moderator from a PB unit & PHT drain from a PA unit are
indeterminable as this scenario had never been tried.

* The present mode of detritiation using on-line swap is
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inefficient & costly, and the station is always firefighting to keep the tritium level in all its units to
be within spec. This is because on-line swap can only be performed in quiet mode, usually over
week ends or utilize overtime. There will be certain amount of OM&A savings if this is changed to
off-line swap.

* The additional tanks will provide the flexibility to perform

off-line swap. The cost benefit can be from OM&A savings as mentioned above, ALARA & fuel
burn-up. However, calculations of the ALARA savings from reduction of tritium level inside the
reactor are not available yet, and the savings from fuel burn-up due to improved isotope are still
required to be calculated.

(Note: CS OPS also indicated that with the additional tanks, the off-line swap can be achieved
within the "40 days outage”, which otherwise will not be achievable.)

Actions:

1. Issue email & obtain agreement from G.Kaulessar to document the
revise assumptions for Hi Ci downgraded water.

* Actioned: A.Antoniazzi TCD=June 13, 06

2. Provide historical yearly consumption rate for resin & NUPAC.

* Actioned: G.Walker TCD=June 13, 06

3. Provide upgraders' unit cost (ie: $/Kg-fluid processed) so that

the reduction of upgraders' efficiency can be used to calculate cost benefit.
* Actioned: G.Walker TCD=June 13, 06

4, Provide unit cost benefit from detritiation via ALARA & emission

(ie: $ savings to production/outage per Ci/Kg reduction) .
* Actioned: F.Drepaul TCD=June 13, 06

THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) AND
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR
CONFIDENTIAL. If you are not the intended recipient, you are hereby notified that any review,
retransmission, dissemination, distribution, copying, conversion to hard copy or other use of this
communication is strictly prohibited. If you are not the intended recipient and have received this
message in error, please notify me by return e-mail and delete this message from your system.
Ontario Power Generation Inc.
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EMAIL 4.

From: WIGGLESWORTH J J -NUCLEAR [john.wigglesworth@opg.com]
Sent: Friday, June 09, 2006 11:23 AM

To: ANTONIAZZI Armando

Cc: DREPAUL Fred -PICKERING

Subject: RE: questions pertaining to tritium emissions from nuclear
stations

Currently < 20 % of outage dose is attributed to internal tritium uptakes. The recommended
monetary value for a rem saved is now $25,000
(#3 below).

The other part is complicated to explain. The Heat Transport system is a high pressure high
temperature system which leads to more leaks as opposed to the lower temperature lower
pressure moderator system. The Curie content in the HT is ~ 1.15 Ci/kg vs ~ 18.5 Ci/kg
moderator systems. Our cold fingers give us approximate values of the %HT in the stack which is
drawing on the air in accessible areas of the Reactor Buildings. Although are emissions are vary
low the % of HT D20 going out to atmosphere is 96 %. During outages work is completed on
both systems in a ratio of 90 % HT systems to 10 % moderator work. We assume that 90

- 95 % of our uptakes are due to HT system Curie content.

If 30 Megagrams (~ capacity of 6 boilers) of 1.1 Ci/kg Heat Transport D20 is replaced by 0.5
Ci/kg D20 this will reduce the net Curie content in the Heat Transport by 10%. This would save ~
2.5 rem over the next year which is a net savings of $62,500 for the one outage. Since two
outages occur per year this would save $125,000.

Outage dose is in the range of 20 to 30 rem for each of the past few outages.
Hope this helps, John.

From: ANTONIAZZI Armando [mailto:Armando.Antoniazzi@kinectrics.com]
Sent: Thursday, June 01, 2006 11:46 AM

To: WIGGLESWORTH J J -NUCLEAR

Subject: FW: questions pertaining to tritium emissions from nuclear stations

John,

| have not heard from you on my original inquiry, see below. Should |
address the questions | posed to you to someone else?

Thanks for your help.
Armando

Dr. Armando B. Antoniazzi

Nuclear Waste and Tritium Solutions
Kinectrics Inc.

800 Kipling Ave

Toronto, Ontario

Canada M8Z 6C4

ph: 416-207-6000 ext 6680
fax: 416-207-6094

125

Attachment 6
Page 134 of 171





Filed: 2021-04-19, EB-2020-0290
Exhibit L-D2-02-AMPCO-131
Attachment 6

K-012667 Page 135 of 171

email: armando.antoniazzi@kinectrics.com

From: ANTONIAZZ| Armando

Sent: Thursday, May 18, 2006 5:13 PM

To: 'WIGGLESWORTH J J -NUCLEAR'

Cc: 'LEUNG Tracy -NUCLEAR'; WONG Edmond -NUCLEAR; 'BREMNER Shawn
-NUCLEAR'

Subject: RE: questions pertaining to tritium emissions from nuclear

stations

John,
Could you answer some further questions?

During an outage dosage to personnel is estimated and eventually actual
doses are measured. In general most of the dose is associated with
tritium; is this correct? Is there a relationship utilized to calculate
anticipated worker tritium dose that ties the dose to the tritium levels

in the PHT and/or moderator systems. | know you can calculate the dose
to a person from the MPC of tritium in the work area. Is there a tie to

the Ci/kg in the PHT or Moderator system.

Specifically, | am looking to utilize the cost provided in #3 below. |
would like to estimate the cost associated with worker dose (tritium
related) received during outage work and whether that dose can be
correlated with the tritium concentration in the operating systems.
Also, what is the average total dose of all personnel(tritium related)
during outages?

Help on this would be appreciated. Thank-you.
Armando

Dr. Armando B. Antoniazzi

Nuclear Waste and Tritium Solutions
Kinectrics Inc.

800 Kipling Ave

Toronto, Ontario

Canada M8Z 6C4

ph: 416-207-6000 ext 6680
fax: 416-207-6094
email: armando.antoniazzi@kinectrics.com

From: WIGGLESWORTH J J -NUCLEAR [mailto:john.wigglesworth@opg.com]
Sent: Monday, April 10, 2006 10:51 AM

To: ANTONIAZZI Armando

Subject: RE: questions pertaining to tritium emissions from nuclear

stations

#3. $10,000 / rem.
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#4. Related to health effects of radiation and replacement cost for
another worker to be trained up if the first worker approaches a dose
limit and is restricted from doing radioactive work.

John.

From: ANTONIAZZI Armando [mailto:Armando.Antoniazzi@kinectrics.com]

Sent: Friday, March 31, 2006 7:24 AM

To: WIGGLESWORTH J J -NUCLEAR

Cc: THAM Stephanie -NUCLEAR; WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR
Subject: questions pertaining to tritium emissions from nuclear stations

John,

My name is Armando Antoniazzi and | work for Kinectrics. We have been
contracted by OPG to examine the options for heavy water storage and
drum handling. Would you be able to answer questions related to those
issues that lead to tritium emissions to the environment and to worker
dose. Specifically,

1. What is financial impact to OPG of increase or decrease in
tritium emissions?

2. What is non-financial impact to OPG of increase or decrease in
tritium emissions?

3. What is the dollar value associated with dose?

4, Is this value related to lost worker hours or health?

| will follow up with a telephone call to you.
Thank-you for your time.

Armando

Dr. Armando Antoniazzi

Nuclear Waste and Tritium Solutions
Kinectrics Inc.

800 Kipling Ave

Toronto, Ontario M8Z 6C4

ph: 416-207-6000 ext. 6680

email: armando.antoniazzi@kinectrics.com

This transmission contains information which may be confidential and
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which may also be privileged. It is intended for the named addressee
only. Unless you are the named addressee, or authorized to receive it
on behalf of the addressee, you may not copy, use, or disclose it to
anyone else. If you have received this transmission in error, please
contact the sender. Thank you for your cooperation.

Kinectrics Inc. 800 Kipling Avenue, Toronto, Ontario, Canada M8Z 6C4

THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S)
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR
CONFIDENTIAL. If you are not the intended recipient, you are hereby

notified that any review, retransmission, dissemination, distribution,

copying, conversion to hard copy or other use of this communication is

strictly prohibited. If you are not the intended recipient and have

received this message in error, please notify me by return e-mail and

delete this message from your system. Ontario Power Generation Inc.
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EMAIL 5.

From: ALY Nasser -NUCLEAR [nasser.aly@opg.com]

Sent: Friday, May 19, 2006 3:19 PM

To: WONG Dominic -NUCLEAR

Cc: LEUNG Tracy -NUCLEAR; WONG Edmond -NUCLEAR; ANTONIAZZI Armando
Subject: Preliminary Seismic review of Potential Locations for D20 Tank

Installation

Dominic,

As discussed during the project meeting, | conducted a preliminary review on the seismic
requirements for potential locations for D20 storage tanks (locations identified in an email by
Tracy, attached below). The findings are summarized below. A list of reference documents that
govern the seismic qualification of systems, strcutres and components in Pickering A and B are
also included at the end of the summary. This information should assist Kinectrics with their
conceptual/costing study.

(1) East of D20 Supply Tanks (PB)

Elevation: 254'-0" (tanks are 20 ft in height)

Potential Tank Area: The area east of the supply tanks. [Line L to Line O, Between
column 184 and column 185]

Note: The area cannot be impeding the D20 tankers that will come in through the loading
area S559.

Reference Drawing: NK30-DFA-22000-0005

This location is in the PB Reactor Auxiliary Bay. According to [R-12] and [R-13], the
RAB structure was deemed seismically adequate.
Seismic demand response spectra for PB are documented in Ref. [R-11].

(2) Ventilation Equipment Room (PB)

Elevation: 277'-4"

Potential Tank Area: Room S668

Note: Currently containing obsolete HVAC equipment
Reference Drawing: NK30-D5A-24000-0053

This ventilation equipment enclosure is constructed on top of the solid waste handling
facility, which was constructed to the following seismic requirements:

Ref.: Design Manual NK30-24000, Addition to Service Wing for Solid Waste Handling
Facility. Section 5.0 Seismic Requirements:

Except for the siding on the South side, the building structure does not need to be
seismically qualified. The south wall siding shall be seismically qualified for design basis
earthquake (DBE) [R-11]. The structure shall not produce negative impact on the seismic
capability of the pressure relief duct (PRD).

Seismic demand response spectra for PB are documented in Ref.
[R-11].

(3) IXCU Area (PA)

Elevation: 274'-0"

Potential Tank Area: East of unit 1, IXCU Footprint [Between Lines H and Kto Line O,
column 6 to Column 9]

Note: Cancelled ECN 0963

Reference Drawing: NA44-0G-21002-00058

This location is in the PA Reactor Auxiliary Bay (RAB).
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According to [R-3], the PA RAB structure was assessed to be to be seismically adequate. It
should be noted that masonry walls (a typical seismic liability) in the vicinity of any structures,
systems or components (SSC's) on the success path were evaluated and upgraded if necessary.
The same needs to be followed for new SSC's. Seismic demand for PA is characterized by the
floor response spectra in Ref. [R-6] and [R-3].

(4) UPP-A (PA)

Elevation: 274'-0"

Potential Tank Area: Line A to D, Columns 1 to 4

Note: All equipment in UPPA, with the exception of certain piping and feed tanks, are not
in use, and can be removed.

Reference Drawing: NA44-EMG-34600-00004

Ref. Design Manual NA44-29800, Heavy Water Upgrade Plant Building, Nov. 1971.
This design manual does not stipulate any seismic requirements.

The building is not on the success path evaluated in Ref. [R-3].
Seismic demand response spectra for PA are documented in Ref.

[R-6] and [R-3].

(5) Off-Gas Building (PB)

Elevation: 254'-0" (outside the plant)

Potential Tank Area: Entire Building

Note: This building has never been commissioned.
Reference Drawing: NK30-DFH-79320-00001

According to Design Manual NK30-29100 (Off-Gasses Building and Service Duct, April
1977), earthquake loading was considered in design.
No details are available on the extent or the level of seismic loading and according to Operations,
the building was never commissioned. It would be conservative to assume that the building has
some inherent minimal earthquake resistance (as per the National Building code at the
time,1965). But since the building was never commissioned, seismic evaluation will have to be
conducted based on PB DBE according to Ref.
[R-11]. ltis noted that earlier effort pointed to total lack of seismic resistance for this building,
however, further investigation concludes some seismic strength exists as mentioned above.

References

[R-1] Control of Unsecured Equipment in Seismically Qualified Areas, OPG-N
Procedure N-PROC-MA-0031.

Pickering A

[R-2] Engineering Direction on Evaluation Methodology for Seismic Impact of Plant
Modifications, NA44-CORR-03652-0073548, January 30, 2004.

[R-3] Seismic Assessment of Pickering 'A' Nuclear Generating Station, NA44-REP-
02004-0073, Feb. 1998.

[R-4] Administrative Controls for Seismic Qualification, NA44-REP-03650-00002.

[R-5] Seismic Capacity Preservation, Pickering 'A' Return to Service, AECL
Implementation Guide No. 44RS-03650-1G-002 R02, December 2000.

[R-6] Floor Response Spectra (FRS), Pickering 'A' Return to Service, AECL
Implementation Guide No. 44RS-20090-1G-001 RO1, April 1999.

[R-7] Pickering A Safety Report, Section 2 Design Criteria, Subsection 2.3: Seismic
Qualification and Classification,
NA44-SR-01320-00001 R11, July 2003.

[R-8] Control of Unsecured Equipment in Seismically Qualified Areas, OPG-N
Procedure N-PROC-MA-0031.

[R-9] Abnormal Incident Manual, Common Mode Events, NA44-014-09013-6.

Pickering B
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[R-10] Pickering B Safety Report, Section 2 Design Criteria, Subsection 2.3: Seismic

Qualification and Classification,
NK30-SR-01320-00002 RO1, June 2003.

[R-11] Safety Systems Engineering Design Guide No.

DG-30-68000-2, Pickering G.S. 'B' Seismic Qualification of Safety Related Systems.

[R-12] Safety Systems Engineering Design Guide Supplement No.
DG-30-68000-006, Pickering G.S. 'B' Seismic Qualification of Safety Related Systems: Reactor
Auxiliary Bay Structure/2/21441/21451, Oct.

1980.

[R-13] Email from. C. Alexander to P.J. Armstrong Re: PB Seismically Qualified

Structures, NK30-CORR-67100-0084852

Regards,

Nasser Aly, M.Eng., P.Eng., P.E.

Senior Design Engineer

Engineering Services Division

Ontario Power Generation - Nuclear

889 Brock Road, Pickering, Ontario Canada L1W 3J2
T. 905.839.6746 x. 5216

E. nasser.aly@opg.com

OPG Building Code P82 5D1

Internal 702+5216

From: LEUNG Tracy -NUCLEAR

Sent: Tuesday, May 09, 2006 2:55 PM

To: WONG Dominic -NUCLEAR

Cc: WONG Edmond -NUCLEAR; BREMNER Shawn -NUCLEAR; LEUNG Tracy -
NUCLEAR

Subject: Re: Potential Locations for D20 Tank Installation

Dominic,

As per our conversation today, you need a list of proposed locations to speak to the
Structural Analysis expert about the seismic issues that the D20 storage project may encounter.
Here is the list, and the reference drawings for the locations. Please contact me if you need more
information. Thanks.

1. East of D20 Supply Tanks

Elevation: 254'-0" (tanks are 20 ft in height)

Potential Tank Area: The area east of the supply tanks. [Line L to Line O, Between
column 184 and column 185]

Note: The area cannot be impeding the D20 tankers that will come in through the loading
area S559.

Reference Drawing: NK30-DFA-22000-0005

Drawing Link:
http://passport.opg.com:80/pjserv/serviet/com.iint.pjserv.serviets.PJBro
wserServices?ConfigSection=PNDB&PanellID=TIMC010&PanelKeyData=P %20%20DRAW
ARC%20NK30-DFA-22000-
0005%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2
0%20%20%20%20&ShortCut=Y

2. Ventilation Equipment Room

Elevation: 277'-4"

Potential Tank Area: Room S668

Note: Currently containing obsolete HVAC equipment

Reference Drawing: NK30-D5A-24000-0053

Drawing Link:
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http://passport.opg.com:80/pjserv/serviet/com.iint.pjserv.serviets.PJBro
wserServices?ConfigSection=PNDB&PanellID=TIMC010&PanelKeyData=P%20%20DRAW
ARC%20NK30-D5A-24000-
0053%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2
0%20%20%20%20&ShortCut=Y

3. IXCU Area

Elevation: 274'-0"

Potential Tank Area: East of unit 1, IXCU Footprint [Between Lines H and K to Line O,
column 6 to Column 9]

Note: Cancelled ECN 0963

Reference Drawing: NA44-0G-21002-00058

Drawing Link:

http://passport.opg.com:80/pjserv/servlet/com.iint.pjserv.servlets.PJBro
wserServices?ConfigSection=PNDB&PanelID=TIMC010&PanelKeyData=P%20%20DRAW
LOC%20NA44-0G-21002-
00058%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%?2
0%20%20%20%20&ShortCut=Y

4. UPP-A

Elevation: 274'-0"

Potential Tank Area: Line A to D, Columns 1 to 4

Note: All equipment in UPPA, with the exception of certain piping and feed tanks, are not
in use, and can be removed.

Reference Drawing: NA44-EMG-34600-00004

Drawing Link:

http://passport.opg.com:80/pjserv/serviet/com.iint.pjserv.serviets.PJBro
wserServices?ConfigSection=PNDB&PanellID=TIMC010&PanelKeyData=P%20%20DRAW
MAD%20NA44-EMG-34600-
00004%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%
20%20%20%20&ShortCut=Y

5. Off-Gas Building

Elevation: 254'-0" (outside the plant)

Potential Tank Area: Entire Building

Note: This building has never been commissioned.

Reference Drawing: NK30-DFH-79320-00001

Drawing Link:

http://passport.opg.com:80/pjserv/serviet/com.iint.pjserv.serviets.PJBro
wserServices?ConfigSection=PNDB&PanelID=TIMC010&PanelKeyData=P%20%20DRAW
MAD%20NK30-DFH-79320-
0001%20%20%20%20%20%20%20%20%20%20%20%20%20%20%20%2
0%20%20%20%20&ShortCut=Y

Tracy Leung

Assistant Technical Officer

Design Projects, Pickering A

Phone No.: (905) 839-1151 ext. 2767

Pager: 416-390-4746

THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) AND
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR
CONFIDENTIAL. If you are not the intended recipient, you are hereby notified that any review,
retransmission, dissemination, distribution, copying, conversion to hard copy or other use of this
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communication is strictly prohibited. If you are not the intended recipient and have received this
message in error, please notify me by return e-mail and delete this message from your system.

Ontario Power Generation Inc.
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EMAIL 6.

From: LEUNG Tracy -NUCLEAR [tracy.leung@opg.com]

Sent: Tuesday, May 30, 2006 3:10 PM

To: ANTONIAZZI Armando

Subject: FW: Review of Seismic Requirements for D20 Storage and Transfer
Systems

Tracy Leung

Assistant Technical Officer

Design Projects, Pickering A

Phone No.: (905) 839-1151 ext. 2767
Pager: 416-390-4746

From: WONG Dominic -NUCLEAR

Sent: Tuesday, May 30, 2006 2:23 PM

To: LEUNG Tracy -NUCLEAR

Cc: WONG Edmond -NUCLEAR

Subject: Review of Seismic Requirements for D20 Storage and Transfer Systems

The following is a review of the seismic requirements of various systems.

If the modification is part of 38210 system, then the system shall be seismically qualified to meet
(1) and (2). If modification involves containment penetration, then the lines and valves must also
be seismically qualified to maintain contain boundary integrity. The services (e.g. instrument air,
power for MV) to operate a seismically qualified valve during or after a seismic event must also
be seismically qualified.

1. Engineering Design Guide DG-30-68000-2 Seismic Qualification of Safety Related Systems

specifies:
* 38200 D20 Supply System qualified to DBE "A".
* Note 13 stated "The D20 supply system is to be seismically

qualified only to the extent that there will be no loss of inventory from the bulk storage tanks."

2. Flow diagram NK30 FDH 38210 0001 and Design Manual NK30-38210 for D20 Supply
System state:

* The D20 supply system is seismically qualified for a DBE
Category A.

* Equipment Data Sheets (tanks and relief valves) in the design
manual also show seismic qualification to DBE A.

* System Classification List for CNSC approval of Code
Classification also shows system and tanks to seismic qualification DBE A.
* Notes on piping drawings do not specifically state seismic

requirements. If the relief valves are seismically qualified, it is most likely that the piping is also
seismically qualified.

3. 34960 - D20 Transfer System:

* Flow diagram NK30-FFH-34960-0001 marked seismic requirements for
specific section (containment penetration) of the drawing.
* Design manual NK30-34960 states D20 transfer lines that

penetrates RB wall and containment are seismically qualified to DBE A, isolation valves
seismically qualified to DBE B.
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4. 34970 - Moderator D20 lon Exchange Cleanup System:

* No seismic requirements marked on flow

diagramNK30-FFH-34970-0001. No seismic requirements stated in design manual NK30-34970.
* Equipment data sheet for strainer in design manual stated

seismic qualification not required.

5. 38340 - 30TF-38340 Pickering Incoming/outgoing D20 Transfer System
(PIOTS)

* Design Manual 30TF-38340 stated PIOT system is not seismically
qualified.

* Seismically qualified dike is provided around tanks and pumps to
contain a limited spill of tritiated D20, but not a full tank.

* PIOTS tanks's supports are designed to withstand seismic loads
equivalent to DBE A to prevent toppling of the tanks in the seismically qualified dike.
* PIOTS tank room wall are designed to withstand DBE A.

* Pickering B containment isolating valves are seismically

qualified to DBE A or B.

* Pickering A containment isolating valves are NOT seismically
qualified.

Dominic.

THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) AND
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR
CONFIDENTIAL. If you are not the intended recipient, you are hereby notified that any review,
retransmission, dissemination, distribution, copying, conversion to hard copy or other use of this
communication is strictly prohibited. If you are not the intended recipient and have received this
message in error, please notify me by return e-mail and delete this message from your system.
Ontario Power Generation Inc.
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EMAIL 7.

From: LEUNG Tracy -NUCLEAR [tracy.leung@opg.com]

Sent: Thursday, May 25, 2006 8:54 AM

To: ANTONIAZZI Armando; KAULESSAR Ghaman -PICKERING

Cc: THAM Stephanie -NUCLEAR; WONG Edmond -NUCLEAR; BREMNER Shawn
-NUCLEAR

Subject: FW: D20 Storage - FLR Losses

Armando and Ghaman,
FYI, info from Operational Performance Reporting. Thanks.

Tracy Leung

Assistant Technical Officer

Design Projects, Pickering A

Phone No.: (905) 839-1151 ext. 2767
Pager: 416-390-4746

From: WONG Edmond -NUCLEAR
Sent: Thursday, May 25, 2006 8:48 AM
To: LEUNG Tracy -NUCLEAR

Subject: RE: D20 Storage - FLR Losses

Tracy,
Pls forward to Armando & Ghaman, & cc Stephanie.
Thx.. Edmond

Tracy Leung

Assistant Technical Officer

Design Projects, Pickering A

Phone No.: (905) 839-1151 ext. 2767
Pager: 416-390-4746

From: SWANN Brenda -CORP FINANCE
Sent: Wednesday, May 24, 2006 3:23 PM
To: LEUNG Tracy -NUCLEAR

Cc: NOONAN Karen -CORP FINANCE
Subject: D20 Storage - FLR Losses

Tracy,

| spoke with a couple of engineers (& the station generation contact) regarding
your query as to whether we have had outages or extensions due to lack of D20 storage. The
concensus is that it would be highly unlikely that we would have outage or outage extension as a

result of this.

To verify that, | checked our NUGEN database for the past 3 years and there are
no charges against the USIs you provided.

Sorry | wasn't able to help.

Thx/Brenda
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Brenda Swann
Cost & Schedule Analyst
Operational Performance Reporting

Phone: 702-4099
Bell Line: (905) 839-6746 x 4099
*: brenda.swann@opg.com

THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) AND
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR
CONFIDENTIAL. If you are not the intended recipient, you are hereby notified that any review,
retransmission, dissemination, distribution, copying, conversion to hard copy or other use of this
communication is strictly prohibited. If you are not the intended recipient and have received this
message in error, please notify me by return e-mail and delete this message from your system.
Ontario Power Generation Inc.
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EMAIL 8.

MessageFrom: WALKER Glenn -PICKERING [glenn.walker@opg.com]
Sent: Friday, August 11, 2006 9:38 AM

To: WONG Edmond -NUCLEAR; ANTONIAZZ| Armando

Cc: LEUNG Tracy -NUCLEAR

Subject: RE: S&l

You could install valves and probably some piping that would allow a transfer but consider the
following. If we had high curie water in TK1 that was being sent to the TRF or as in our current
situation with gad in TK1, why would we you want to contaminate good lower ci water? Another
point which | missed. Let's assume we are receiving TRF product. We are placing it in TK3
because we like to segregate by Ci content, and we are using TK4 for UPP product storage. In
order to accommodate the swap using higher Ci water, we now need to transfer TK3 containing
TRF product into TK4 with the Upgrader product, (assuming there is sufficient room in TK4).
You've now reduced the effectiveness of TRF product for the purpose of maintaining/lowering
PHT tritium. With additional storage this wouldn't be a concern. This condition will also exist when
HT drains are performed, as will be the case for U7. We need TK3 empty to accept HT drain
water. TK4 will contain UPP product so | have asked TRF to withhold 100+ Mgs of TRF product.
(I know the 40 day outages preclude HT drains and you can't accommodate for all scenarios, but
in my 14 years in this position | have scene things change quickly. Discovery work during outages
can require draining on very short notice).

| apologize if | seem a little short. | struggle with these types of issues on a regular basis and I'm
not getting a warm fuzzy feeling that we are going to get what we feel we need. Oh well, only
1377 more days to go!

Glenn

From: WONG Edmond -NUCLEAR

Sent: Friday, August 11, 2006 8:32 AM

To: WALKER Glenn -PICKERING; '"ANTONIAZZI Armando'
Cc: LEUNG Tracy -NUCLEAR

Subject: RE: S&l

Glenn,

| am not cleared whether the root cause of this problem ----a “valve configuration” issue or
“tankage issue”? Please elaborate.

Edmond

----- Original Message-----

From: WALKER Glenn -PICKERING

Sent: Friday, August 11, 2006 8:26 AM

To: '"ANTONIAZZI Armando'

Cc: WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR
Subject: RE: S&I

This prevents us from transferring any upgrader product into any of the S&I Tanks and have in
past been required to place an upgrader on Total Reflux. This in turn can lead to increased
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backlog in IXCU. Frequently we will use Moderator Upgrader product for swaps as the tritium
concentration is considerably lower compared to the units. This means we are putting Hi Ci water
into the low Ci side of S&l. This doesn't impact operations but does increase the risk of potentially
contaminating the HT make-up.

Glenn

----- Original Message-----

From: ANTONIAZZI Armando [mailto:Armando.Antoniazzi@kinectrics.com]
Sent: Thursday, August 10, 2006 4:37 PM

To: WALKER Glenn -PICKERING

Cc: WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR

Subject: S&l

Glenn,

Another point requiring clarification. One of Ghaman’s comments was that during an on-line or
off-line moderator swap PND can only feed from the low Ci side (TK3/4) and receive into HiCi
(TK1/2) side of S&I. Can you explain to me how this impacts Operations during a swap.

Thanks,

Armando

Dr. Armando B. Antoniazzi

Nuclear Waste and Tritium Solutions
Kinectrics Inc.

800 Kipling Ave

Toronto, Ontario

Canada M8Z 6C4

ph: 416-207-6000 ext 6680

fax: 416-207-6094

email: armando.antoniazzi@kinectrics.com
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This transmission contains information which may be confidential and which may also be
privileged. It is intended for the named addressee only. Unless you are the named addressee, or
authorized to receive it on behalf of the addressee, you may not copy, use, or disclose it to
anyone else. If you have received this transmission in error, please contact the sender. Thank
you for your cooperation.

Kinectrics Inc. 800 Kipling Avenue, Toronto, Ontario, Canada M8Z 6C4

THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S)
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR
CONFIDENTIAL. If you are not the intended recipient, you are hereby

notified that any review, retransmission, dissemination, distribution,

copying, conversion to hard copy or other use of this communication is

strictly prohibited. If you are not the intended recipient and have

received this message in error, please notify me by return e-mail and

delete this message from your system. Ontario Power Generation Inc.
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EMAIL 9.

From: LEUNG Tracy -NUCLEAR [tracy.leung@opg.com]
Sent: Tuesday, October 10, 2006 4:15 PM

To: ANTONIAZZ| Armando

Cc: WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR
Subject: Re: Outage info confirmation

Armando,

From information on both the Pickering A and Pickering B outage websites, your original
assumptions were correct.

For Pickering B: Assume two outages per year. Each unit will go into outage every other year.

For Pickering A: Assume one outage per each. Each of unit 1 and unit 4 will go into outage every
other year.

For Pickering A, there’s no indication that PHT drains are performed. However, PHT system
maintenance is required every year. There’s also a bleed cooler inspection call-up every ten
years. In either cases, | do not believe that the entire system needs to be drained. This probably
needs confirmation from Glenn Walker or James Bryant.

For Pickering B, I've found the following information from the Outage website. Moderator drains
are not schedule in every outage, nor are they scheduled with PHT drains for outages past 2007.
Please see the following:

Copied from File “PB 2006 June Tri-annual Review Outage Overview APPROVED Web Copy 04
August 2006” Posted on OPG Outage website (Aug 23, 2006, 2:19 pm)

Miscellaneous
Project #
P671
P751
P761
P881
P871
P951
P961
P1081
VBO
P1051
P1061
P1071
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P1072
P1151
P1161
P1281
P1271

Moderator Drain

Yes
No
Yes
Yes
No
Yes
No
No
Pick "A"
None
None
None
TBD
No
TBD
TBD
TBD

HP Service Water Outage

Yes
Yes
Yes
Yes
None
None
None
None
Pick "A"
None
None
None
TBD
TBD
TBD

LP Service Water Outage
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Pick "A"
None
None
None
TBD
TBD
TBD

Electrical Mtce

Type C/D
Type E
Type E
Type E
Type E
Type F
Type F
Type F
Pick "A"
None
None
None
Type F
??

??

PHT Low Level Drain State

2 Loops
2 Loops
South Loop
None
None
None
None
None
Pick "A"
None
None
None
None
TBD
TBD

PHT Quadrant Mtce - Major (11 days)

All
Minor
NE & SE
NE & SE
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NE & SE
NW & SW
NW & SW
NW & SW
Pick "A"
None
None
None
NW & SW
NE & SE
NE & SE

PHT Quadrant Mtce - Minor (6 days)

All

All
NW & SW
NW & SW
NW & SW
NE & SE
NE & SE
NE & SE
Pick "A"
None
None
None
NE & SE
NW & SW
NW & SW

Shutdown Cooling Loop

All

SDC Loop 1,2,3,4
SDC Loop 1,2,3,4
SDC Loop 1,2,3,4
SDC Loop 1,2,3,4
SDC Loop 1,2,3,4
SDC Loop 1,2,3,4
SDC Loop 1,2,3,4
Pick "A"

None

None

None

SDC Loop 1,2,3,4
SDC Loop 1,2,3,4
SDC Loop 1,2,3,4
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Please let me know if you need additional information. Thanks.

Tracy Leung

Assistant Technical Officer

Design Projects, Pickering A

Phone No.: (905) 839-1151 ext. 2767
Pager: 416-390-4746

THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S)
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR
CONFIDENTIAL. If you are not the intended recipient, you are hereby

notified that any review, retransmission, dissemination, distribution,

copying, conversion to hard copy or other use of this communication is

strictly prohibited. If you are not the intended recipient and have

received this message in error, please notify me by return e-mail and

delete this message from your system. Ontario Power Generation Inc.
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EMAIL 10.

From: WONG Edmond -NUCLEAR [edmond.wong@opg.com]

Sent: Wednesday, September 13, 2006 9:07 AM

To: ANTONIAZZI Armando; BREMNER Shawn -NUCLEAR; THAM Stephanie -NUCLEAR;
LEUNG Tracy -NUCLEAR

Subject: FW: Fuel Burnup Savings

Fyi....

From: FUSCA Frank

Sent: Wednesday, September 13, 2006 8:39 AM

To: WONG Edmond -NUCLEAR

Cc: LEUNG Tracy -NUCLEAR; FUREY Patrick -NUCLEAR; KALYANAM Kaly -NUCLEAR
Subject: RE: Fuel Burnup Savings

Hi Edmond,
The fuel burnup savings for PN are shown in the table below:

PNA and PNB System Isotopic Marginal Fuel Cost Savings
Year Marginal Fuel Savings (k$/0.01%/Unit/a)
PNA PNB
Mod PHT Mod PHT
2006 33.81 0.94 40.09 1.12
2007 3299 0.92 39.12 1.09
2008 33.55 094 39.78 1.11
2009 34.22 096 4058 1.13
2010 34.22 096 4058 1.13

These data are based on a Capacity Factor of 80% for the PN generating Units. The Nuclear
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Finished Fuel Prices are from 2005 and have not been updated for 2006. This may cause a little
variance in the numbers. Like in the DND report, the above Fuel Burnup Savings for PNA and
PNB are the dollar savings in the finished fuel costs only and do not include cost savings resulting

from irradiated (spent) fuel handling, storage, disposal, decreased fueling operations, etc.
Please let me know if you have any questions. Thanks, Frank

From: WONG Edmond -NUCLEAR

Sent: Tuesday, September 12, 2006 12:53 PM
To: FUSCA Frank

Cc: LEUNG Tracy -NUCLEAR

Subject: Fuel Burnup Savings

Frank,

We are in the conceptual phase of D20 Storage Project, and is trying to justify the expense by

crediting additional D20 storage can improve isotopes & thus can save $ via the fuel burnup

savings.
In your recent << OLE Object: Forms.HTML:Hidden.1 >> << OLE Object:

Forms.HTML:Hidden.1 >> << OLE Object: Forms.HTML:Hidden.1 >>
N-REP-03861-10001 <javascript:showDoc(%220%22,576,%22a0%22);>
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"Comparison Of The Present And Proposed Upgrading And Detritiation Strategies At DND", you
had shown some fuel burnup savings data from DND. | am wondering whether you can provide
us with similar data from PND for each 0.01% isotope improvement in each of PND's moderator
& PHT systems.

Thx.. Edmond

THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) AND
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR
CONFIDENTIAL. If you are not the intended recipient, you are hereby notified that any review,
retransmission, dissemination, distribution, copying, conversion to hard copy or other use of this
communication is strictly prohibited. If you are not the intended recipient and have received this
message in error, please notify me by return e-mail and delete this message from your system.
Ontario Power Generation Inc.
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EMAIL 11.

From: WESTON E H -PICKERING [e.weston@opg.com]
Sent: Friday, June 16, 2006 1:09 PM
To: WONG Edmond -NUCLEAR; WOODS Steve -PICKERING

Cc: THAM Stephanie -NUCLEAR; ANTONIAZZI Armando; LEUNG Tracy -NUCLEAR;

BREMNER Shawn -NUCLEAR
Subject: RE: LLDS in 40 days outage.

Correct
> e Original Message-----
> From: WONG Edmond -NUCLEAR

> Sent: Friday, June 16, 2006 11:52 AM

>To: WESTON E H -PICKERING; WOODS Steve -PICKERING

>Cc: THAM Stephanie -NUCLEAR; '"ANTONIAZZI Armando'; LEUNG Tracy
> -NUCLEAR; BREMNER Shawn -NUCLEAR

> Subject: RE: LLDS in 40 days outage.

>

> For 3-ways communication.....

>

> Your reply indicated to me that

> * With the present outage template, a moderator drain can

> occur within the 40 days outage window, but a PHT LLD will not occur

> in the same window.

> * In the future, there may be a chance that PHT LLD can

> occur together with a moderator drain within the 40 days outage window
> when a new alternate heatsink procedure is approved (at least 1 yr

> away).

>

> Thanks,

> Edmond

>

> e Original Message-----

> From: WESTON E H -PICKERING

> Sent: Friday, June 16, 2006 11:35 AM

> To: WONG Edmond -NUCLEAR; WOODS Steve -PICKERING
> Cc: THAM Stephanie -NUCLEAR

> Subject: RE: LLDS in 40 days outage.

>

> Correct...Per our discussion, the current 40 Day Outage Template

> Does Not include a LLD, however, a Mod Drain may or may not be

> included depending on specific Unit Moderator Maintenance

> requirements.....NOTE: The currently approved Heat Sink ( HS #9)
> supporting LLD, can only be credited after Day 38. In a Standard 40
> Day Outage , this obviously doesn't fit. Reactor Safety is

> reviewing alternate Heat Sink configurations /entry conditions

> specific to LLD which, if approved, may change the conditions as

> stated above... ( Recommendations/approvals at least 1 year

> away)...Hope this helps
>

>

> From: WONG Edmond -NUCLEAR

> Sent:  Wednesday, June 14, 2006 2:27 PM

> To: WESTON E H -PICKERING; WOODS Steve
> -PICKERING
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> Cc: THAM Stephanie -NUCLEAR

> Subject: LLDS in 40 days outage.

>

> Herb,

>

> As | explained to you earlier that the "D20 Project" was advised to

> consider additional S&| Tanks storage capacity in PND's to accommodate
> an outage scenario that drains both moderator

> & PHT to low level (LLDS) from the same unit. After our discussion,

> please confirm my understanding is correct that the present "40 days

> outage" template does not include a LLDS scenario as this will require

> longer (>40 days) outage duration to achieve.

>
> Thanks.
>

> Edmond

THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S) AND
MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR
CONFIDENTIAL. If you are not the intended recipient, you are hereby notified that any review,
retransmission, dissemination, distribution, copying, conversion to hard copy or other use of this
communication is strictly prohibited. If you are not the intended recipient and have received this
message in error, please notify me by return e-mail and delete this message from your system.
Ontario Power Generation Inc.
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EMAIL 12.

MessageFrom: WALKER Glenn -PICKERING [glenn.walker@opg.com]
Sent: Thursday, August 10, 2006 11:47 AM

To: ANTONIAZZ| Armando

Cc: WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR

Subject: RE: UPPA tanks and high TOC

You're right, the questions are all inter-related. | hope my response answers your questions
without confusing the issue. Let me know if further explanation is required.

Glenn

From: ANTONIAZZI Armando [mailto:Armando.Antoniazzi@kinectrics.com]
Sent: Thursday, August 10, 2006 10:54 AM

To: WALKER Glenn -PICKERING

Cc: WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR

Subject: UPPA tanks and high TOC

Glenn,

| am revising our report and | need a clarification on the use of UPPA tanks. In our original
report of 2004 we noted that,

“The TOC spec of 1 ppm required by the Upgraders and the TRF is difficult to achieve with the
IXCU. Normally the TOC level can be reduced to about 3-4ppm. Even for this, the UPPA
storage tanks are utilized together with a temporary IXCU on recirculation to bring the TOC levels
down from 5ppm to 3ppm.”

| gather, as our previous report states, the 5ppm water sits in the UPPA tank(s) allowing venting
of volatile TOC prior to using a temporary IXCU to clean up this water. The further clean up is
needed because of rust, conductivity, pH issues arising from the usage of the carbon steel UPPA
tanks. This information came from a meeting with you.

Can you clarify for me several things:

1.. Is the procedure described above in addition to the use of external contractors (Pacific
Nuclear, Westinghouse) to clean the water; that is, PND personnel perform the above work using
some of the UPPA tanks and the external contractors deal with the really high TOC water in other
UPPA tanks? This procedure is how Pickering has been attempting to deal with the high TOC
water. It was our intention to clean up the really high TOC water ourselves but in the last 6
months or so the use of Westinghouse has been developed, so yes the procedure will be in
addition to the use of external contractors. (The value of 5 ppm is somewhat low. We typically
deal with water which is several times higher than that.)
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2.. Are the UPPA tanks used strictly for storage of low Curie (high TOC) water awaiting some
future treatment or a combination of storage and additional IXCU help as described above? We
initially were using UPP-A tanks strictly as storage for the high TOC water. One tank contained
some low curie high TOC water which we were able to clean up at over a period of time at IXCU.
Our plan was to then use temporary columns and UV oxidation to pass the water from one tank to
the empty tank eliminating the need to recirculate the water. Constant TOC problems with our
recovery water have however continually forced use to send water to UPP-A for recirculating
through the temporary columns and take the pressure off IXCU. As such we haven't had the
opportunity to deal with the water Westinghouse has been looking at. As for the term low Curie,
that depends on how you look at it. We normally consider water which is < 2 Ci/Kg as low curie
water. All the water we have been processing, (other than that original low Ci tank mentioned
above), has been > 2 Ci/kg but relatively low in comparison to the units. Most of the water has
been between 2 and 5 Ci/kg, good for detriatiation purposes once upgraded.

3.. Venting off volatile TOC can be done in any vented vessel but the UPPA tanks are (were?)
used to do this because of the limited storage capacity at IXCU? Yes, without the use of UPP,
IXCU would be shutdown and unable to accept water from the units, (forcing the units to drum).

The questions deal with the same issues but looked from different perspectives.

Thanks,

Armando

Dr. Armando B. Antoniazzi

Nuclear Waste and Tritium Solutions
Kinectrics Inc.

800 Kipling Ave

Toronto, Ontario

Canada M8Z 6C4

ph: 416-207-6000 ext 6680

fax: 416-207-6094

email: armando.antoniazzi@kinectrics.com
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This transmission contains information which may be confidential and which may also be
privileged. It is intended for the named addressee only. Unless you are the named addressee, or
authorized to receive it on behalf of the addressee, you may not copy, use, or disclose it to
anyone else. If you have received this transmission in error, please contact the sender. Thank
you for your cooperation.

Kinectrics Inc. 800 Kipling Avenue, Toronto, Ontario, Canada M8Z 6C4

THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S)
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR
CONFIDENTIAL. If you are not the intended recipient, you are hereby

notified that any review, retransmission, dissemination, distribution,

copying, conversion to hard copy or other use of this communication is

strictly prohibited. If you are not the intended recipient and have

received this message in error, please notify me by return e-mail and

delete this message from your system. Ontario Power Generation Inc.
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EMAIL 13.

MessageFrom: WONG Edmond -NUCLEAR [edmond.wong@opg.com]

Sent: Friday, September 22, 2006 6:21 PM

To: JAHANGIR Nimun -PICKERING; LEUNG Tracy -NUCLEAR

Cc: KAULESSAR Ghaman -PICKERING; THAM Stephanie -NUCLEAR; BREMNER Shawn -
NUCLEAR; TOPOLNISKY Dave -PICKERING; ANTONIAZZ| Armando

Subject: RE: Upgrader degradation Improvement mechanism

Nimun, Ghaman,

This is to document your conclusion that the natural degradation rate for the upgraders is around
15% to 17% when calculation is based on the “do-nothing” option (note: the 25% normal
degradation rate previously provided was based after the exclusion of UV improvement).

The 35% improvement of upgraders rate of degradation after installing UV is also calculated
based on “do-nothing” option. Therefore, the resultant from the normal degradation (15%) and
the improvement from UV (35%) yields a net improvement to the degradation rate of 50% by
IXCU alone.

The technical justification for this rate of improvement by IXCU alone has been provided below.

Edmond

From: JAHANGIR Nimun -PICKERING

Sent: Friday, September 22, 2006 1:28 PM

To: WONG Edmond -NUCLEAR; LEUNG Tracy -NUCLEAR

Cc: KAULESSAR Ghaman -PICKERING; THAM Stephanie -NUCLEAR; BREMNER Shawn -
NUCLEAR; TOPOLNISKY Dave -PICKERING

Subject: RE: Upgrader degradation Improvement mechanism

Hi :

Attached is the response of the actions from the minutes of the Meeting held on September 20 th.
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Please also find the explanation on how & what contribute to the improvement on the “rate of
degradation” of the upgraders packing after installing the IXCU tanks.

As calculated (Kinterics report), IXCU is grossly undersized for incoming recoveries.
Currently, oil decanting/removal process is in adequate

With one UV unit servicing both Hi Ci/ Low Ci trains, there is not enough tank space to
allow further TOC reduction for the current 3 ppm to 1 ppm. In other words, the UV unit will
increase the residence time of water in IXCU. The benefit of the UV unit is to ensure we meet the
TOC spec; less usage of charcoal and possibly reducing the TOC from 3 ppm to 1 ppm.
Additional feed tank will allow for the additional residence time to clean up water down to TOC =
1 ppm via the UV unit.

One of the major benefits of the increased tankage is the improvement of the oil removal
process in IXCU. Currently this process is grossly inadequate and consequently oil from IXCU is
shipped to the upgrader feed tanks (UPP/Sulzer feed tanks currently contain oil). This oil is
eventually fed to the distribution columns and gradually coats the packing.

Thanks

Nimun A Jahangir

Common Services - Engineering
Ontario Power Generation

Tel: 905 839 1151 X 6041
Pager: 416 541 2387

From: WONG Edmond -NUCLEAR

Sent: Thursday, September 21, 2006 9:09 AM

To: 'Nimun Akhter Jahangir'; KAULESSAR Ghaman -PICKERING

Cc: LEUNG Tracy -NUCLEAR; THAM Stephanie -NUCLEAR; BREMNER Shawn -NUCLEAR;
'ANTONIAZZI Armando’

Subject: Upgrader degradation Improvement mechanism

Ghaman, Nimun,

Per my phone message this morning. Please provide some explanation on how & what
contribute to the improvement on the “rate of degradation” of the upgraders packing after
installing the IXCU tanks. Since we are using this as a cost benefit, we need to explain in both
the report & BCS, what the mechanism is causing such an improvement. Note: The success of
such improvement may even require to be listed as an item in the PIR “Post Installation Review”
section in the BCS, & be tested after the project is complete.
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Your latest instructions & tables indicated that the rate of degradation of upgraders packing will
be improved by 35% after UV Oxidation System is installed, 40% after IXCU tanks are installed,
and final 25% will remain as natural degradation.

We understand how UV can improve the rate of degradation by reducing or maintaining the
TOC of the feed stock to the upgraders to about 1 ppm from nominal 3 to 5 ppm. However, we
don’t understand via what mechanism can IXCU contribute to such improvement of up to 40%
(note: this improvement is even better than UV).

Edmond

THIS MESSAGE IS ONLY INTENDED FOR THE USE OF THE INTENDED RECIPIENT(S)
AND MAY CONTAIN INFORMATION THAT IS PRIVILEGED, PROPRIETARY AND/OR
CONFIDENTIAL. If you are not the intended recipient, you are hereby

notified that any review, retransmission, dissemination, distribution,

copying, conversion to hard copy or other use of this communication is

strictly prohibited. If you are not the intended recipient and have

received this message in error, please notify me by return e-mail and

delete this message from your system. Ontario Power Generation Inc.
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27. APPENDIX Q - Cost Justification Information from PND Common Services Engineering

Information

Action No. Item Description

Disposal of Drums : No of

1 Drums Approximately 10 drums /year

Approximately 2”” — 5 from the bottom
1.) Pls provide # of drums that contain such contents = Approximately 100

) Solid Content from Drums
2.) Project will use 3.5 of average content per drum. Pls confirm acceptance of

this assumption. OK

Degradation Data of Upgraders | Predicting future performance is not simply linear progression. Feed performance due

3
to packing degradation worsens at a faster rate from a certain point.
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As per minutes....
1.) PlIs predict a date for packing replacement =
UPP B : At the End of 2014
Sulzer B : At the end of 2019

[See the table below for clarification]

2.) Pls predict a date that upgrader can no longer sustain normal operation, and

provide mitigate actions & associated costs req’d at that point.

UPP B: End of 2008
Sulzer B; End of 2017

Mitigate Action Required: Buying Upgrading Services

Cost Required: Please see the table below.

UPPB
External Upgrading

year Projected Feed rate Cost
2006 180 -3942000
2007 167.52 -2302128
2008 155.04 -662256
2009 142.56 977616
2010 130.08 2617488
2011 117.6 4257360
2012 105.12 5897232
2013 92.64 7537104
2014 80.16 9176976
2015 67.68 10816848

Sulzer
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External Upgrading
year Projected Feed rate Cost
2006 140 -5256000
2007 136.51752 -4798402.128
2008 133.03504 -4340804.256
2009 129.55256 -3883206.384
2010 126.07008 -3425608.512
2011 122.5876 -2968010.64
2012 119.10512 -2510412.768
2013 115.62264 -2052814.896
2014 112.14016 -1595217.024
2015 108.65768 -1137619.152
2016 105.1752 -680021.28
2017 101.69272 -222423.408
2018 98.21024 235174.464
2019 94.72776 692772.336
2020 91.24528 1150370.208
2021 87.7628 1607968.08
2022 84.28032 2065565.952
2023 80.79784 2523163.824
2024 77.31536 2980761.696
2025 73.83288 3438359.568
2026 70.3504 3895957.44

Reference Data :

1. Required Feed Rate : 150 Kg/hr (UPPB) ; 100 Kg/hr (Sulzer)

2. Per Kinterics Report, Packing Replacement is $10M

3. External Upgrading Cost is $15/kg ( Per Charles Foster)
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See Attached E-mail from Charles Foster
TRF Info rptSummByYearA rt
Per minutes...
TRF allotment and actual 1). Pls clarify what were the gaps from past yrs due to lack of storage.
4 usage of TRF product Gaps due to Lack Of
Year Storage (Kg)
2001 55100
2002 372513
2003 167254
2004 215824
2005 125310
2). Since project does not know what allotment are expected by PND from TRF beyond
2011, Pls provide prediction of what this gap will be between 2011 to end of life.
Predicted Avergae Gap per Year : 187200.2 kg
¢ Upgrader Reflux Costs Reflux Cost for Sulzer : $20,000 /day
Reflux Cost for UPP : $24,000 /day
7 Duration of Upgrader Reflux Year 2004 2005 2006
UPP 7 15 22
Sulzer 5 9 0
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Days on total reflux due to Bottom product can not be sent to S& I system. confirm
following calculations are acceptable = OK
1.) For UPP Reflux cost = 15 days average per yr x $24K/day ;

2.) For Sulzer Reflux cost = 5 days average per yr x $20K/day
External D20 Storage Costs
8 Cost born Internally
See Attached E-mail from Steve Dickson
o High Stack Losses

FW: PND H3
Emissions
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DISCLAIMER

This report was prepared for Black and M‘Donald under the Kinectrics Inc ISO 9001 Quality Program
Registered with QMI. Kinectrics Inc. takes reasonable steps to ensure that all work performed shall meet
the industry standards, and that all reports shall be reasonably free of errors, inaccuracies or omissions.
This report was prepared in accordance with Purchase Order Number 48005626 R001.

© Kinectrics Inc, 2013
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250 Water Street, Unit 102

Whitby, ON Canada L1N 0G5

T 905.668.4908
F 905.668.4909
Www.pggroup.com

PGL File #: 3821-01.03

DATE: September 16, 2013
TO: Ruth Burany, Kinectrics Inc.
FROM: Archana Uprety, PGL

Salima Jaffer, PGL
Will Gaherty, PGL

Re: Heavy Water Management Building Project: Campus Plan F1 Background
Groundwater Review — Ontario Power Generation — Darlington Nuclear
(OPG-DN)

PGL was retained by Black and McDonald to evaluate the existing groundwater condition in the wells near
Campus Plan F1 area (F1) and develop a groundwater monitoring program to support the F1 soil management
plan.

1.0 INTRODUCTION

F1 will receive soil excavated from the Protected Area during the excavation and construction work associated
with the new D20 Heavy Water Management Building. A 2009 spill event in the Protective Area at the Heavy
Water Management Building foot-print means excavated soil may be impacted with tritium. Therefore, OPG has
requested the development of a groundwater monitoring program for F1.

2.0 PURPOSE

The purpose/objective of this memo is to:

e Review existing reports provided by OPG to determine up and downgradient tritium concentration in
groundwater at F1;

e Review the reports to identify overburden and shallow bedrock groundwater-flow directions;

¢ |dentify gaps in available data provided by OPG; and

e Develop a groundwater monitoring program to support the F1 soil management plan.

Our technical memo presents a review of existing wells, results of the groundwater programs from existing reports
provided by OPG and the proposed groundwater monitoring program.

3.0 DATA

PGL reviewed specific sections (groundwater flow direction and analytical data) of the below listed reports
provided by OPG:

s EcoMetrix Incorporated — Darlington Nuclear Generating Station Groundwater Monitoring Program Design,
March 2012;

e Genivar — OPG Darlington Nuclear Site Delineation of Areas of Elevated pH in vicinity of Former Truck Wash
Area, August 2009. OPG File Number: NK38-REP-07010-0266518; and
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e CH2M HILL (Excerpt 3 pages) — Ontario Power Generation Inc. New Nuclear — Darlington Project Geological
and Hydrogeological Environment Existing Environmental Conditions Technical Support Document, 2008.
OPG File Number: NK054-REP-07730-00005.

PGL reviewed data from 3 groundwater wells at F1 and 25 wells nearby to determine existing groundwater
conditions. The groundwater wells that were selected for review based on groundwater-flow direction, and
proximity to F1 (Figure 3 and 4.4). Results were compared to Ontario Regulation 153/04 Table 3 Standards.

In aggregate, data was available from 17 of the 28 wells:

1) EcoMetrix contained maximum values measured from 2008 to 2012 from 12 wells for benzene, toluene,
ethylbenzene, and xylenes (BTEX), petroleum hydrocarbons (PHC) fractions F1 to F4, metals/inorganics,
volatile organic compounds (VOCSs), tritium and gamma.

2) Two wells were analyzed for tritium only in February and June 2008.
3) Groundwater samples collected from the three wells at F1 were analyzed for dissolved metals and inorganic
parameters in December 2008.

There were exceedences of:

Chloride in two wells;

Selenium in one well;

PHC fraction F3 in one well which a had concentration of 522 ug/L; and

One well which had a concentration of 130Bg/L tritium, exceeding the F1 New Build limit of 100Bg/L.

All analytical results in the remaining wells were below the Table 3 Standards (See Table A).

Table A: Data Review

Groundwater Wells (EcoMetrix, March 2012)
Well ID Analyzed Parameters Exceedence
MWO010-18 | - NA
MWO011-31 | - NA
MWO012-5 | - NA
BTEX and PHC F1-F4, Metals/Inorganics, VOC,
MW044-34 | Tritium and Gamma None
BTEX and PHC F1-F4, Metals/Inorganics, VOC,
MWO45-10 | Tritium and Gamma None
BTEX and PHC F1-F4, Metals/Inorganics, VOC,
MWO46-6 | Tiitium and Gamma None
MW047-92 BTEX and PHC F1-F4, Metals/Inorganics, VOC, | Chloride (37.2 M ug/L) exceeds the Table 3
Tritium and Gamma Standards (2.3 M pg/L)
MW048-31 BTEX and PHC F1-F4, Metals/Inorganics, VOC,
Tritium and Gamma
MWO049-20 | - NA
MWO050-7 | - NA

’ W PGL
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Table A: Data Review (continued)

Groundwater Wells (EcoMetrix, March 2012)

Well ID Analyzed Parameters Exceedence

MW052-15 BTEX and PHC F1-F4, Metals/Inorganics, VOC, Trit‘ium (130 Bq/L) exceeds the F1 New Build
Tritium and Gamma limit of 100 Bq/L

MWO053-31 B'I_'EX and PHC F1-F4, Metals/Inorganics, VOC, | PHC F3 (522ug/L) exceeds the Table 3
Tritium and Gamma Standards (500pug/L).

MWO054-20 | - NA

MWO055-14 | - NA

MWO056-85 BTEX and PHC F1-F4, Metals/Inorganics, VOC, | Chloride (15.3M pg/L) exceeds the Table 3
Tritium and Gamma Standards (2.3M pg/L)

Mwos7-27 | ST=X and FHC F1-F4, Metalsiinorganics, VOC, é@fi?dpz}szeitﬂei%%: qgt)speelgnsi;lgldards

(2.3M pg/L, 63pg/L, respectively)

MWO058-6 ?:;tfiiuxmagr?dngmf;;Fcl, Metals/Inorganics, VOC, None

MW059-12 ?;Ii'tfiiuxmaggdPg:mﬁaFcl, Metals/Inorganics, VOC, None

MWO063-98 | No analytical NA

MW064-40 _?;Ii'tfiiuxmagr(]idngml:;Fcl, Metals/Inorganics, VOC, None

MW065-25 | - NA

MWO066-8 | - NA

MW106-29 | - NA

Groundwater Wells (C2M HILL, 2008)

MWO051-7 | Tritium None

MW105-6 | Tritium None

Groundwater Wells at F1 (Genivar, August 2009)

MWO08-12 | Metals and inorganics None

MWO08-13 | Metals and inorganics None

MWO08-14 | Metals and inorganics None

Notes:  N/A = Not applicable

- = Not analyzed

M = Millions

Results evaluated against Ontario Regulation 135/04 Table 3
Last set of numbers in MW notation refer to depth of well in meters. For example, MW10-18 is 18 meters deep. This does not apply
to the three wells at F1

W PGL
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GROUNDWATER FLOW DIRECTION

Based on the EcoMetrix report, overburden groundwater-flow direction is towards the southeast and the shallow
groundwater-bedrock flow is towards the south.

3.1 DATA GAPS

PGL reviewed groundwater data from 28 wells; 11 wells did not have any analytical results available and 3 of the
wells (at F1) were only analyzed for metals and inorganics. Therefore, a total of 14 wells did not have background
tritium results available for review. The groundwater wells with no tritium results include the following wells: F1
wells (MWO08-12 to MWO08-14), and 11 downgradient wells (MWO010-18, MWO011-31, MWO012-5, MW49-20,
MWO050-14, MWO054-20, MW055-14, MW063-98, MW065-25, MWO066-8, and MW106-29).

4.0 PROPOSED GROUNDWATER MONITORING PROGRAM

As part of the long-term strategy for groundwater protection at F1, PGL recommends a groundwater-monitoring
and sampling program. No new wells are required. Eight existing groundwater wells were selected for the
monitoring program which includes existing wells near and downgradient of F1 and wells with limited or no
available analytical results. This includes the following wells:

e One upgradient well (MW105-6);
e Three F1 wells (MW08-12 to MW08-14); and
¢ Four downgradient wells (MWO050-14, MW051-7, MWO058-6, and MW059-12).

PGL recommends that the wells selected for the monitoring program that do not have baseline tritium results
(MW08-12 to MWO08-14, and MWO050-14) be sampled for tritium before any soil is staged at F1.

PGL recommends quarterly monitoring and sampling as presented in Table B. The monitoring and sampling will
begin approximately four months after F1 is in use and will be continued for as long as soil is staged at F1.

Table B: F1 Groundwater Monitoring program

Objective Monitor tritium concentrations in wells in close proximity to F1.
Monitoring Well Frequency Analysis Parameter Considerations
MW08-12 Quarterly Tritium At F1

MWO08-13 Quarterly Tritium At F1

MWO08-14 Quarterly Tritium At F1

MWO050-14 Quarterly Tritium South Site Boundary
MWO051-7 Quarterly Tritium South Site Boundary
MWO058-6 Quarterly Tritium Southeast Site Boundary
MW059-12 Quarterly Tritium Southeast Site Boundary
MW105-6 Quarterly Tritium North Site Boundary
Method detection limit for tritium: 100 Bqg/L

4 W PGL
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5.0 STANDARD LIMITATIONS

PGL prepared this memo for our client and its agents exclusively. PGL accepts no responsibility for any damages
that may be suffered by third parties as a result of decisions or actions based on this report. The memo’s purpose
is to transmit and interpret monitoring data and so will need to be used in conjunction with previous reports by
PGL or others. As is true for all environmental investigations, potential remains for the presence of unknown,
unidentified, or unforeseen surface or subsurface contamination. More or different investigation may be required if
other risks are identified. The data presented in this report is valid for the date of sampling, but site conditions
may change with time.

The findings and conclusions are Site-specific and were developed in a manner consistent with that level of care
and skill normally exercised by environmental professionals currently practicing under similar conditions in the
area. Changing assessment techniques, regulations, and site conditions means that environmental investigations
and their conclusions can quickly become dated, so this memo is for use now. The memo should not be used
after that without PGL review/approval.

The project has been conducted according to our instructions and work program. Additional conditions and
limitations on our liability are set forth in our work program/contract. No warranty, express or implied, is made.

Attachments:  Figure 3 — Genivar — Groundwater Monitoring Wells Locations
Figure 4.4 — EcoMetrix — Groundwater Monitoring Wells Locations

g W PGL





Filed: 2021-04-19
EB-2020-0290

& -3 . . “ Exhibit L-D2-02-AMPCO-131

Attachment 7, Page 10 of 11

4860800 4860840 4860880 4860920

4860760

(tgw'md n‘! 161m -,

= ,..:s. lﬂz.o
> |

GW flow dlre:tlnn

683920 683960 684000 684040

684080
DATE : June 2009 i i
i Groundwater Flow Direction 3 GENIVAR
ot B aodoNA OPG Darlington Nuclear Site e B RN
APPVD : M.H.






Filed: 2021-04-19
EB-2020-0290

Exhibit L-D2-02-AMPCO-131
Attachment 7, Page 11 of 11

Ontario Power Generation

Groundwater Monitoring Well Locations - Site Wide

0 500 m
@ Monitoring Well Location
@ Decomissioned Monitoring Well Location Ilfnc:q{\._ﬁgt‘r‘llxn ONTARIOPOiAER

Basemap source: Google Earth Pro Under Corporate License











Filed: 2021-04-19
EB-2020-0290
Exhibit L
D2-02-AMPCO-132
Page 1 of 2

AMPCO Interrogatory #132

O~NOOOTHA WN =

NN/
O OWoONOOOULPA,WN-0O©

Interrogatory

Reference: Appendix 2p - 2015 Superseding Release Execution BCS P17

The 2015 Superseding Release Execution BCS shows a project variance of $270.9
million. On page 19, OPG provides a Change Summary. These items are included in

the table below.

Ref: Appendix 2q - 2018 Superseding Release Execution BCSD

The 2018 Superseding Release Execution BCS shows a project variance of $117.4

million.

Please modify and complete the attached table to summarize the key drivers of the
increase in costs at the 2015 provide Superseding Release Execution BCS, the 2018
Superseding Release Execution BCS and at project completion.

D20 Storage Project Cost Variance Drivers

Events

Variance $M 2015 BCS

Variance $M 20158 BCS

The relocation of the
building 7 metres to the
west

Increased materials
quantities for piping,
valves and equipment

Requirement to have
process piping runin a
pipe chase/tunnel buried 7
metres below grade

Design Scope growth
required to meet design
requirements

OPG Requested Scope
Changes

Environmental
Requirements

Under estimate of effort

Dewatering Requirements

Client Requested
Changes

Witness Panel: D20 Project
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Response

Both the 2015 Superseding Release Execution BCS (Ex. D2-2-10, Attachment 2p,
p.19) and the 2018 Superseding Release Execution BCS (Ex. D2-2-10, Attachment
2q, pp. 3) detail major project events that led to increased costs. Each of these events
caused OPG to incur additional costs across numerous individual work packages.
Because the project tracked costs at the work package level, and not by event, OPG
is generally unable to attribute precise costs to the listed events, beyond what is
provided in Ex. L-D2-02-Staff-162 and in Ex. D2-2-10, Attachments 2m -2q.

Also, the following events had been wholly completed prior to the execution of the 2018
Superseding Release Execution BCS and therefore contributed no amount to any
variance as between the 2015 and 2018 Superseding Release Execution BCSs:

e “The relocation of the building 7 metres to the west”

e “Requirement to have process piping run in a pipe chase/tunnel buried 7 metres

below grade”
e “Dewatering Requirements”
e “Environmental Requirements”

Finally, the total cost of the D20 Storage Project is $510M and therefore there was no

overall variance against the estimate of $510M (including management reserve) in the
2018 Superseding Release Execution BCS.

Witness Panel: D20 Project
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AMPCO Interrogatory #133

Interrogatory

Reference: Ex D2 T2 S11 Attachment 1 P28

Burns & McDonnell/Modus were contracted to perform independent updates on Unit 2
execution that were reported to the Darlington Refurbishment Committee (DRC) of the
OPG Board. This group was also requested by the DRC to perform an evaluation of
the process used by OPG in developing the control budget and schedule for Unit 3,
which was completed in November 2019.

Please provide the November 2019 report.

Response

The referenced report was provided with OPG’s pre-filed evidence at Ex. D2-2-7,
Attachment 3.

Witness Panel: Darlington Refurbishment Program
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AMPCO Interrogatory #134

Interrogatory

Reference: Ex D2 T2 S11 Attachment 1 Page 70

a) Please provide a copy of No. NK38-NR-PLAN-09701-1000.

b) Please provide a copy of Ontario Power Generation, Darlington Refurbishment
Program Assurance Program Management Plan, Doc. No. NK38-NR-PLAN-09701-
10001, Sheet No. 0011, Rev. 003, June 29, 2018.

c) Please provide a copy of Ontario Power Generation, Darlington Refurbishment
Project Assurance: 2020 Update & 3-Year Outlook, November 11, 2020.

Response

a) NK38-NR-PLAN-09701-1000 is not a valid OPG document number. No document
is provided.

b) Please see Attachment 1 for a copy of NK38-NR-PLAN-09701-10001, Sheet No.
11, Rev. 003, June 29, 2018.

c) Please see Attachment 2 for a copy of The Darlington Refurbishment Project
Assurance: 2020 Update & 3-Year Outlook, November 11, 2020. The Attachment
is marked confidential but OPG has determined it is non-confidential in its entirety.

Witness Panel: Darlington Refurbishment Program
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Program Assurance Group (PAG) model updated-to match PAG framework. Added
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Added process suppost docurmiéent framework in Appendix B,
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1.0 PURPOSE AND SCOPE

The purpose of this document is to explain how assurance is achieved in the
Darlington Refurbishment Program (DRP). Assurance for the purpose of this
document is defined as a set of tools, organizations, and processes that have been
implemented to ensure that all DRP business objectives are achieved.

The scope of this document is for the DRP only. This program management plan
takes its authority from the D-PCH-09701-10000, Darlington Refurbishment Project
Charter.

The flow of information and the organizational hierarchy of oversight and assurance
providers are captured in Figure 1 below. The details of the role of each of the
oversight and assurance providers are available in Appendix A. In addition, roles and
accountabilities of the Nuclear Projects organization are described in NK38-REF-
09701-10006, Nuclear Refurbishment Division of Responsibility.

*  Financial Accountability Office
*  Auditor General of Ontario
PROVINCE
MINISTRY OF ENERGY *  Independent Advisor to the Ministry of Energy
BOARD OF DIRECTORS, *  Dedicated Committee of the Board
. m,,g:mm, fonc *  Strategic risk-based audits
+ Bums & meDonnell /140 *  Bxternal oversight team reporting to the Board
CHIEF EXECUTIVE OFFICER/

+  Executive Leadership Team (ELT) Reviews
EXECUTIVE LEADERSHIP TEAM +  Supplier Audits & Quaiity Performance (SAZQF)

+ e, Peopla & culture, Finance ° i
+ Sunphy Cram, Chial iformatian o*er *  Refurbishment Construction Review Board {RCRB}

= Erterpriss Rise “aragement

CHIEF NUCLEAR OFHICER
= Wuclesr Oversight (N} = Confirms implementation of Nuclear Management System
«  Canmdian Kuclesr Safety Commission (CNSC) O 1o lcense IN286)

SVP NUCLEAR PROJECTS . ey ' . g
2 «  Progrem and project sk regimen = OAG Cormective Action Program
+  Project Management [Execution] = Cpeality Mamagement +  Cominuousimprovement intigres  * MINagRd sytem framenank
- Engmeerng = project Planaing & Contrals -+ strategic oversight = tompiance t3 reulatery requiremants
o Procuramest Overtight = Progect Assurance & Contract Mamagement - selfassessmentsetsons lnasned JLILT N
+  Figd contruetion = Vandor SverrEntvander Audis &
VENDOR vendor Quality Assursnge Pragram ingluding: ;
5 = Subcomtractor cversight ¢ History Dockets |HDCCS
* Wty stk B «  wwpection & Test Flans [TPY) + Vendor Comective Action
P — o ‘t = Comprehensive Work Packages (Cwes) Program

Figure 1 — Hierarchy of Oversight and Assurance Providers

N-TMP-10010-R010 (Microsoft® 2007)
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2.0 PROGRAM REQUIREMENTS

As per Institute of Nuclear Power Operations (INPO) 11-007 Principles for Strong
Governance and Oversight of Nuclear Power Organizations, Oversight is defined as

“ .the verification that the standards, expectations, and goals established through
governance of the organization are met...; [all employees] identify performance gaps
for corrective actions, monitor the effectiveness of corrective actions, and escalate
issues to higher levels of line management when necessary. Oversight—through its
fundamental elements of audit, evaluation, monitoring, inspection, and investigation—
enhances organizational effectiveness, productivity, and integrity.”

DRP Assurance is comprised of four main separate elements: External Assurance,
Internal Assurance, Project Assurance, and Contractor’s Program Assurance, see
Figure 2. Each element plays an important role in providing assurance to the
stakeholders that the project is being executed safely, to the required quality, on time,
and on budget.

Project Management (Project

Nuclear Oversight Project Assurance Analysia Teams) Contractor's Assurance Program
Internal Audit Self Assessments & Benchmarking Project Ove (Project Teams Supplier Audils & Quality Primnce
; (All Functions)
Risk Management
e o e e In Process QC Enhanced ASL Oversight

QPG Board of Directors Gualty Enginseing T —
e S e, Performance Management

Advisor to Ministry of Energy Procurement Engineering PRI

N SR Field Construction

Review Board (RCRB) auttEmedliase Supplier Inspection & Oversight

Industry Oversight

WANO. IAEA, NSRB, CNSC

Ministry of Envirenment (MOE)

Ministry of Labour (MOL)

~
Corrective Aclion Process

core scope. and those projects belng executed by Projects and Modifications on behalf of Darlington Refurbishment

Figure 2 — Darlington Refurbishment Program Assurance Model

N-TMP-10010-R010 (Microsoft® 2007)
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21
2.1.1

21.2

21.3

214

2.1.5

The DRP Assurance Model, by design, incorporates multiple tayers of oversight to
support building and maintaining internal and external confidence. The intent of the

Assurarice Mode! is to ensure the DRP (1) meets all safety, quality, cost, and schedule

expectations; (2) that any issues will be identified and resolved expedltlous[y, and (3)
that transparent and -aceurate information flows Up to the Board in a way thaf suppdrts
Board oversight effectiveness and decision making. The following sections explain
key requirements the DRP which focus to establish consistency in oversight across the
program.

External Assurance
Nuclear Oversight (NO})

NO's audit mandate. includes audit of the Darlington Refurbishment Project. The role of
this group is to:audit the OPG Management System to ensure that it meets the
requirements of N286 and N-CHAR-AS-0002, Nuclear Management System. The
audit results are shared with the OPG Darllngton Refurbishment Management Team
and when required, the results are escalated to the Senior Management Team.

Internal Audit (1A)

1A’s audit mandate is to ensure that the risks for the company are being adequately
managed through proper planning, cost controf and schedule adherence. This group
audits Enterprise Risk Management processes in accordance with the Strategic Audit
Plan approved by the Board. This audit plan includes risk-based audits aligned with
the top strategic and enterprise risks per the assurance section in OPG-PROG-0004,
Enterprise Risk.Management. In addition periodic audits of business processes are
also performed.

Darling Refurbishment Committee (DRC) Independent Oversight

Reporting directly to the' BRC; a sub-committee of the Board of Directors (BoD), Bums
& McDonnell independently assess and evaluate the accuracy and completeness of
project information provided.by the Refurbishmenit management team. They evaluate
the robustness of internal oversight and assurance and identify high-level risks to the.
project that couid impatct the high confidence schedule and budget, are identified.

independent Oversight
A Mlmstry of Energy {MoFE) appointed person has been embedded in the DRC. This

individual monitors and reports on the progress and performance of the DNR project
on a confidential basis to the MoE.

Refurbishment Construction Review Board (RCRB)
The RCRB advises. OPG on overall project management, -as well as management of

specific projects within the DRP. The RCRB makes impartial assessments to help
ensure that the project teams’ actions are meeting expectations, and that

N-TMP-10010-R010 (Microsoft® 2007)
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commitments and industry-proven project management practices are in place in all
areas of safety, human performance, cost, schedule, and quality.

The RCRB is comprised of external members who have expertise in nuclear plant
operations, regulatory matters, and construction mega-projects. It conducts multiple
site visits per year and reports on the results of its assessments to management,
including recommendations on actions for improving performance. The Chair of the
RCRB presents a stummary of findings o the Darlington Refurbishmerit Committee
annually.

2.1.6 Auditor General

The Auditor General is. responsible for auditing the Province of Ontario’s finances and
also have authority to carry out “value for money” audits of provincial agencies-such as
OPG, including DNR.

2.1.7  Industry and other Oversight

Industry régulatory and oversight bodies, including Canadian Nuclear Safety
Commission (CNSC) and World Assomatlon of Nuclear Operators (WANQ) perform
routing audits, assessments, and ihspections of the Darlington Nuclear Generating
Station (DNGS) performance. As the DR Project progresses, these reviews will
include insights into the project’s compliance with our Power Reactor Operating
License (PROL) and WANO best practices. The Ministry of Environment arid Climate
Change and the Mmlstry of Labour may also provide oversight during the Darlington
Refurbishment Project as réquired.

2.2 Internal Assurance
2.2.1 Project Assurance Analysis

Performance monitoring and reporting are key. components of the assurance model
and process controls. Regular performance reviews and status meétings are held to
ensure processes-are implemented as designed, results are achieved as anticipated,
and corrective actions are identified where resulfs are not meeting expectations. A '
variety of performance reports are provided. to all levels of the organization and the
stakeholders to assist in executing oversight roles. Program Management Plans for
each function provide more detail on specific metrics being tracked.

The Project Assurance organization establishes and maintains the DNR assurance
model and ensures its ongoing adequacy at covering the management system and
four project pillars; safety, quality, schedule and cost. This includes reporting on the
results of both internal and external assurance, co-ordinating all external oversight
assurance activities, and providing a “check and adjust” function to ensure effective
oversight and assurarice is in place, with a focus on key risk.areas.

Trends are identified, and all planned internal and external assurance activities are
captured, in'a storyboard and accompanying heat map which is presented ona

N-TMP-40010-R010 (Microsoft® 2007)
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quarterly. basis to the Nuclear Projects Executive Team by the Project Assurance
group.

222  Self-Assessment and Benchmarking

Self-assessments and benchmarking are an element of the DRP Agsurance. Self-
assessments place an increased emphasis on individual accountability and robust
management systems. Self-assessments and benchmarking evaluations provide a
structured method to compare performance with management expectations, 1ndustry
standards of excellence, and regulatory requirements-to identify areas that require
improvement. Self-assessments and benchmarking are conducted in accordance with
N-PROC-RA-0097, Self-Assessment and Benchmarking.

2.3 Project Assurance
2.3.1 Project Manageiment

Each Project has matrixed resources who are. equipped with the expertise to provide
clarity around the contracted requirements, and who are able to judge the competency
of the Contractor’s resources. Project Management is the day to day interactions of
the pro;ect and removal of barriers when required to progress work. The focus of this
layer is to keep the projects moving while ensuring that they meet the quality
requirements within contract cost and tirming.

2.3.2  Project Oversight

Project oversight principles and requirements are applicable to all projects initiated and
executed within OPG. Oversight is the independent assessment necessary to ensure.
OPG and project objectives are achieved.

Project Oversight Plans (POP) are developed in accordance with OPG-8TD-0148,
Project Management Standard. The POP outlines the strategy for oversight activities.
Guidance for POPs is provided in N-MAN-00120-10004 Sht OS-PLAN, Project
Oversight Planning and Implementation. The oversight results, performance metrics,
Station Condition Records (SCR), and trends may be reviewed to determine if there is
an unidentified risk or opportunity surfacing across the projects. This may result in
changes to the POPs.

Project oversight activities and findings are fecorded in the RMO database:
2.3.3  In Process Quality Control

One of the assurance elements is the In Process Quality Control (QC) for Engineering,
Procurement and Construction. OPG has stipulated in the Contractor Owner Interface
Requirements (COIR) a number of quality hold points to confirm that the produicts
meet all requirements béfore advancing to-the next.stage. The hold points are based
on OPEX along with Lessons. Learned from working with contractors over the years.

‘N-TMP-16010-R010 (Microsofi® 2007)
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2.3.4

2.4
244

2.4.2
2.4.2.1

2.4.2.2

Quality Surveillance (QS)

The last layer of Project Assurance is Quality Surveillance (QS). Project personnel
conduct surveillances on the Coniractor’s QC activities to verify the integrity of the'
Contractor's QC process. This is:an importarit process to verify that the:Contractor's
resources are adhering to their own QC processes and are identifying areas which
have failed within their corrective action program.

Contractor’s Program Assurance
Contractor's Assurance Program

Each of the contracts requires that the prime contractors and their sub-contractors.
have a Quality Program which complies with Canadian Standards Association. (CSA)
N286, Mariagement System Requirements for Nuclear Power Plants. Itis a
contractual requirement that the Contractor’s Quality Organization will provide
sufficient oversight to confirm that their management system is rigorously followed and
that all deficiencies are documented in their corrective action system. [tis further
expected that the Contractor Quality organization is independent of production
pressures.

This layer of assurance reviews all Contractors’ and Subcontractors’ Management
Systems to ensure they meet the requirements of CSA N286. The audits look for
programmatic issues that could negatively impact the success of the' overall project.

-Supplier Audits & Quality Performance

Approved Supplier List Audits

Supply Chain (SC) is actountable for the Approved Supplier List (ASL) for OPG.
Supplier qualification is established by a graded approach for each type and scope of
item or service based on Codes, Standards, and OPGN Design and Quality
reqwrernents Supply Chain shall not be permitted to place a purchase order with any
supplier requiring a Quality Program until an acceptable qualification status has been
established by Supplier Audits & Quality Performance (SA&QP). Requirements of N-
PROC-MM-0010, Establishing and Maintaining OPG ASL apply to both Safety Related
and Augmented Quality items and services suppliers.

Quality Engineering & Supplier Performance Management.

Supply Chain is actountable for measuring and managing supplier's quality
performance, investigation and management of supplier corrective actions related to
SCR and Operating Experience (OPEX), reduction of initial receipt inspection material
quarantine, management of supplier repcrted non-conformances and development. of
suppliers: This includes maintaining ASL Critical Supplier List, Quality Key
Performance Indicators, ASL Critical Supplier Quality Health Index, and supplier
quality escalation process per N-PROC-MM-0041, Quality Engineering and Supplier
Performance Managemenit.

N-TMP-10010-RO10 (Microsoft® 2007).
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2.4.3  Supplier Inspection and Oversight
The Suppiier Inspection and Oversight group supports the project teams with oversight
of all procurement related quality activities. These oversights. provide: key inputs to
NSC ASL Audit Group and Quality Engineering and Supplier Performance.
2.5 Nuclear Projects Executive Team (NPET)
NPET meetings provide a cross-project and cross-functional forum to discuss cognitive
trends and determine whether appropriate assurance coverage is in place for the
DNR. This review is typically held quarteriy.
2.6 Corrective Action Program
DRP follows N-PROG-RA-0003, Corrective Action Program (CAP). OPG and each of
its Engineer Procure Construct EPC) contractors have requirements to address
adverse-conditions that trigger the use of OPG's, and/or EPC contractors’ CAP
Programs. These requirements are documiented in NK38-NR-PLAN-09701-10001
Sheet 0010, Nuclear Projects Oversight Program Management Plan and N-GUID-
00120-10012, Use of OPG Contractor Corrective Action Program vs OPG CAP for
further details.
3.0 ROLES AND ACCOUNTABILITIES
Refer to Appendix A for details.
4.0 DEFINITIONS & ACRONYMS.
4.1 Definitions
Oversight: Oversight is the accountability to critically monitor, assess, and evaluate
the conduct of the project managers and their crganizations. This. mciudes the review
of action plans that address gaps between current performance and governance
stanidards, as well as the independent analysis of trends, data, and petformance
information that provides assurance that functional sutcomes are achieved and policy
boundaries. are being respected.?
4.2 Acronyms
ASL Approved Supplier List
BoD Board of Directors
CAP Corrective Action Program
CEQ Chief Executive Officer
CNSC Canadian Nuclear Safety Commission
CRO Chief Risk Officer
CSA Canadian Standards Association
DRC Darlington Refurbishment Committee
DRP Darlington Refurbishment Program

2 |NPO 08-002 — Excellence in Nuclear Project Management; Section 19.1.9 integrated Process Control
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EPC
1A
INPO

‘MoE

NO
NSC
POP
PROL
Qe

Qs
RMO
RRB
SA&QP
SCR
WANO

Engineer Procure Construct

internat Audit _

Institute of Nuclear Power Operations
Ministry of Energy

Nuclear Oversight

Nuclear Supply Chain

Project Oversight Plans

Power Reactor Operating License,

Quality Control
Quality Surveillance

Risk Management and Oversight database

Refurbishment Construction Review Board
Supplier Audits & Quality Performance’
Station Condition Reécord

World Association of Nuclear Operators
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1)  CSA N286-05, Management System Requirements for Nuclear Facilities

2)  D-PCH-09701-10000, Darlington Refurbishment Project Charter

3) INPO 09-002: Excellence in Nuclear Project Management

4)  INPO 08-007: Principles for Excellence in Nuclear Project Construction

5)  INPO 11-007 Principles for Strong Governance and Oversight of Nuclear Power
Organizations

B8) N-CHAR-AS-0002, Nuc¢lear Management System

7)  N-GUID-00120-10012, Use of Contractor Corrective Action Programs vs.OPG
CAP

8)  N-GUID-01070-10001, Nuclear Oversight Audit Handbook

9)  OPG-STD-0148, Project Management Standard

10) N-MAN-00120-10004 Sht OS-PLAN, Project Oversight Plzanning and
Implémentation

11} N-PROC-MM-0010, Establishing and Maintaining Ontario' Power Generation
Approved Suppliers List

12) N-PROC-MM-0041, Quality Engineering and Supplier Performarice
Management

13) N-PROG-RA-0003, Corrective Action Program

14) N-PROG-RA-0010, Independent Assessment

15) N-PROC-RA-0048, Conducting Audits

16) N-PROC-RA-0097, Self Assessment and Benchmarking

17) NK38—GU]D-09701—10032,' Program Assurance Group Guide

18) NK38-NR-PLAN-09701-10001 Sheet 0010, Nuclear Projects: Oversight Program
Management Plan for Darlington Refurbishment

19) OPG-PROG-0004, Enterprise Risk Management
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Appendix A: Organizational Accountabilities

Vd__r..Quality
Assurance Program

| 'Vendorsfollow thesr own approved Quallty Managemen programs

{required to be on the OPG Approved Supplief List). This'includes but.
not limited to processes for the following:

e Sub-contractor oversight

Equipment and materials
‘Drawings

inspection‘and Test. Plans {(ITPs)

Comprehensive Work Packages (CWPs)

History Dockets (HDOCs) '

Contractor Executive
Steering Committees

Prolect Management
{Execution)

share over5| ght findings,

Established for each major vendor to address any emerging issues,
ensuie issues are escalated, ensure ongoing dialogue atail levels, and

Oversees project dellverables and the day-to day progress of ihe
projécts, removing barriers o expedite the work and ensuring that quality
reéquiremerits are achieved on fime and on budget. Project Managers
maintain specific metrics for safety, quality, cost and schedule and
promptly document and escalate any'signif cant performance shortfalls.

Engineering Oversight

Inspection & Test Plans (ITPs) before releasing to the field for execution.

to RD369 including tracking of Integrated Implementation Plan

Engineering reviews of Comprehensive Work Packages (CWPs),

Adds OPG hold and -witness points as required.

Provides oversight on vendor engineering activities, including OPG
acceptance of Nan-Conformance Reports {NCRs). ‘Confirms compliance:

commitments,

Procurement Oversight

Performs oversight on manufacturing, final inspection and storage.of
materials, including review of History Dockets (HDOCs).

Field Construction
Oversight

‘Material Exclusion {FME), WorkProtection, Space Allocation and

Performs oversight on health and safety activities, including. Foreign

Transient Material {SATM), material movementhousekeeping, and
hoisting and rigging.

Qualit_y Management

Through direct detailed assessments and. intervention (both project
vertical slice-and program horizontal slice), conducts reviews on
Engineer, Procure, Construction (EPC) documentation to confirm that
contractors, sub-contractors, and suppliers are meeting quality and
regulatory requirements.

Project Planning &
Controls

Ensures cost and schedule compliance and compigte and accurate
metrics and reports.

Project Assurance &
Contract Management

Performs oversight of the veridors' corrective action programs, oversees
the DRP management system. Manages, reports, and analyzes all
assurance activities across the Darlington Refurbishment Project (DRP).
Provides commercial support for contracts used for Darlington
Refurbishment

N-TMP-10010-R010 (Microsoft® 2007)
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“Nuclear Oversight.

Conducts audits, survelllances and assessments to ensure that the DRF’ ‘
meets the requirements of the Niiclear Management- System {N286).

Nuclear Safety Review
Board

Provides independerit assessment of continued safe operation of the
units, and the safe Return to Service (RTS) of the units.

Canadian Nuclear Safety
Commission

Performs ingpections to ensure licence conditions (N286} are met.

World Association of
Nuclear Operators.

Executwe Leadershlp '.
Team Reviews

_ helps develop gap closure p]ans

| Rewewsthe performance of the DRP on a quarterly ba5|s tncludlng

Provides assistance in risk significant areas (e.g. RTS) to help the team
understand the current state of performance to industry standards and

« SVP Nuclear Projects review on safety, quality, schedule ahd cost
(monthly to ELT and DRC) '

Chief Financial Officer report on financial controls

Chief Risk Officer report on risks

General Couricil report on legal and ethics issues

‘People & Culture report on staffing, training and safety

Refurbishment
Construction Review
Board

thdependent oversight of the project by industry experts with regulatory,
mega-project, and nuclear experience. Provides recommendations
based on strong industry operating experience (OPEX}.

Supplier Audits &
Quality Performance:

e e e S SR
internal Audit

Approved Suppller List (AS L)

Verlf ies management has de5|gned and operated processes and controls

Performs periodic Engineer, Procure, Construct (EPC) implementation
audits oni-all EPC vendors to qualify and maintain vendors on the

to meet project and enterprise objectives. Includes strategic fisk based
audits aligned with fop risks and objectives identifi ed by managerment.

Burns & McDonnell

" Mmlstry of Energy s
Independent Advisor

cont"dence echedule and budget

Retained mdwldual through Infrastructure Ontario who routanelyr rnonttors "

Independently assesses and evaluates the accuracy and completeness
of information provided by the Refurbishment management team to the
Board. Evaluates.robustness of iriternai oversight and assurance; and
identifies high-level risks to the project that couid impact the high

and reports on progress of the project and has full access to all
documents and project meetings. Reports on status, performance and
risk, on a confidential basis exclusively to the Ministry of Energy and
Infrastructure Ontatio.

N-TMP-10010-R010 (Microsoft® 2007)
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0NTAR|0 . _ OPG Confidential Exclusive

GEN ERATIUN FOR INFORMATION to the Darlington Refurbishment Committee

November 11, 2020
DARLINGTON REFURBISHMENT PROJECT ASSURANCE: 2020 UPDATE & 3-YEAR OUTLOOK

REASON FOR REPORT

This report provides an update to key elements of the oversight and assurance structure for the Darlington
Refurbishment Program (DRP), and outlines the 3-year oversight and assurance outlook, including key
areas of risk that will be assessed and monitored. This Project Assurance outlook should be considered
a ‘living plan’ that evolves with project risks and lessons learned.

CONCLUSIONS
The Project Assurance framework and plan continue to ensure that:
1) The processes and controls are in place to optimize safety, quality, schedule, and cost
performance throughout the planning and execution of the remaining unit refurbishments;
2) Issues are identified and resolved expeditiously; and
3) Transparent and accurate information is reported up through Management and to the Board for
effective oversight and decision-making.

HIGHLIGHTS

1. Key Updates to Assurance Roles and Accountabilities

The oversight and assurance structure, by design, incorporates multiple layers of oversight to support
building and maintaining internal and external confidence in DRP performance. This structure is provided
in Appendix 1.

Each layer of the assurance structure continues to be constructed in a manner that avoids supplanting
the management decision-making process, and that reinforces accountability for identifying and fixing
problems at the lowest applicable organizational level. These successive layers of oversight focus on
evaluating the effectiveness of subordinate programs, and on testing the accuracy and completeness of
information. Appendix 2 provides additional detail on the respective accountabilities and reporting by the
Board of Directors, Chief Project Officer (CPO), the Chief Nuclear Officer (CNO), and the Chief Executive
Officer (CEO) and Enterprise Leadership Team (ELT) in discharging their oversight and assurance
responsibilities.

The changes to the oversight and assurance structure for Unit 3 are as follows:
i) Board of Directors Independent External Oversight Advisor

Following the conclusion of arrangements with Burns & McDonnell / Modus, the
Refurbishment Construction Review Board (RCRB) has been appointed to the role of
Independent Oversight, reporting to the Darlington Refurbishment Committee (DRC). In this
function, the RCRB will conduct independent assessments approximately 3-4 times per year
of project performance, risks, and opportunities, and provide observations and
recommendations to the DRC.

ii) Chief Project Officer (CPO) & Enterprise Projects Oversight Resource

With the appointment of the RCRB as the Independent External Oversight Advisor reporting
to the DRC, Management has reviewed the existing assurance structure to identify any areas
that may require adjustment. Considering the lessons learned from the successful execution
of Unit 2, along with the increased maturity and confidence on subsequent units,
Management has determined the existing oversight structure of both internal and external
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assurance providers (detailed in Appendix 1) to be both robust and sufficient to support
Management’s needs to oversee and optimize project performance.

Should there be a specific need for additional oversight in specific areas, either at the request
of DRP or OPG Executive Management, the following external agencies are able to provide
the required services based on their expertise and/or direct experience in consulting on
discrete aspects of the DRP:

e High Bridge Associates Inc., IEDG Infrastructure & Energy, World Association of

Nuclear Operators (WANO), CANDU Owners Group (COG), Modus Strategic
Solutions, and independent peer reviews conducted by industry experts.

2. Project Assurance 3-Year Outlook

As events, trends, and risks are identified, the Assurance team collaborates with accountable project/line
owners and all internal and external assurance providers to prioritize oversight activities. This includes
identifying the appropriate scope for project self-assessments, Nuclear Oversight, Internal Audit, WANO
support missions, and other external reviews as requested by management. This agile “check and adjust”
cycle ensures activities evolve to meet project demands and enhance performance.

The 2020-2021 Integrated Assurance Plan can be found in Appendix 3, and outlines the assurance
activities currently planned for Unit 3. Plans are subject to change as project risks evolve; as such,
the integrated plan will be continually assessed and adjusted as needed.

The following key areas will be prioritized over the next three years:

o Turbine Generator (TG) Controls Upgrade: the TG Controls upgrade will be performed for the
first time on Unit 3; therefore, additional oversight on this project has been planned. For
example, in addition to the WANO Member Support Mission conducted in October 2019,
Internal Audit performed a Unit 3 TG readiness audit in Q1 2020, identifying opportunities for
improvement in baseline schedule development.

e Resourcing and Management of Unit Overlap: the simultaneous refurbishment of multiple
units will present new risks including in the areas of resource management, scheduling, and
work management. A divisional self-assessment focusing on the overlap between Units 3 and
1 is currently scheduled for Q1 2021 to help identify and mitigate the risks.

e Implementation of COVID-19 Defence Protocols: the implementation of the COVID-19
protective measures in March 2020 and the possibility of continued future project impacts
created a need for an assessment of the protocols implemented to protect the safety of
workers and maintain project work. These areas will be a focus of internal self-assessments,
as well as external oversight bodies such as Nuclear Oversight and Internal Audit.

e Incorporation of Lessons Learned and Key Performance Metrics: early indication of project
performance will be key in confirming that the Unit 2 lessons learned that have been
incorporated into the Unit 3 schedule are generating the expected results. This will be a focus
of internal self-assessments, as well as external oversight bodies.

Submitted by:

Ca

Dietmar Reiner
SVP, Refurbishment Transition

APPENDICES

1. Darlington Refurbishment Project Assurance Model
2. Detailed Accountabilities and Reporting
3. 2020-2021 Integrated Assurance Plan





Filed: 2021-04-19, EB-2020-0290
Exhibit L D2-02-AMPCO-134
Attachment 2, Page 3 of 7

Appendix 1: Darlington Refurbishment Project Assurance Model

Layered assurance model to ensure:

* lIssues are identified early and resolved
expeditiously

* Transparent and accurate information flows
to appropriate levels of the organization and
the OPG Board of Directors

* Line management ownership and
accountability for finding and fixing
problems, without relying on external MINISTRY OF ENERGY
parties.

* Independent Advisor to the Ministry of Energy

= Darlington Refurbishment Committee {dedicated
committee of the Board)

= Strategic risk-based audits

«  Refurbishment Construction Review Board
{independent oversight team raporting to the DRC})

BOARD OF DIRECTORS / DRC
*  Internal Audit (14)
*+  Independent Oversight to the DRC

CHIEF EXECUTIVE OFFICER f = Executive Leadership Team (ELT) Reviews

fCUﬂ\;E&!]E‘AD:RSH'P TEAM = Supplier Audits & Quality Performance (SA&QP)
. , People re, Finance .
. Chain, Chief | Independent Management Oversight Resources
=  Enterprise Risk Management
CHIEF NUCLEAR OFFICER
= Nuclear Oversight (NO) * Confirms implementation of Nuclear Management System
*  Canadian Nudlear Safety Commission (CNSC) * Compliance to license requirements (N286)
*  World Association of Nuclear Operators (WANO)
*  Nuclear Safety Review Board (NSR8)
CHIEF PROJECT OFFICER & ENTERPRISE PROJECTS EXECUTIVE TEAM (EPET) *  KeyPerformance Indicators /reports = Benchmarking
ji i e M Sk i *  Program and project risk registers * OPG Corrective Action Program
. Prq_ect Mamaemmt {Execution) = Quality & Per e Imp S AT mentinitistives *  Managed system framework
= Engineering =  Project Planning & Controls o e isht e e TR latory requi
*  Procurement Oversight . G ial 2 it & Project A P Fressy r (RD360)
+  Field Construction +  Vendor Oversight / Vendor Audits o
Nendor wﬂ. Management Subcontractor Ult-' e Dockets (HDOCS)
= ! LA & overs! * History
+  Vendor Quality Assurance Program *  Inspection & Test Plans (TPs) Vendar Corrective Action
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Appendix 2: Detailed Accountabilities and Reporting

1.

Board of Directors — Accountabilities and Reporting

;) Board Independent Resources

To assist the Board in maintaining the capability to independently test the effectiveness of
programs, and to confirm the accuracy and completeness of Program information provided
by Management, the Board will continue to retain independent resources and receive
reports from the assurance bodies identified in the table below.

Board of Directors
Independent External
Oversight Advisor

The Board of Directors, through the Darlington Refurbishment
Committee (DRC), has retained the Refurbishment
Construction Review Board (RCRB) to provide independent
assessments approximately 3-4 times per year of Program
performance, risks, and opportunities, and provide observations
and recommendations to the DRC.

Minister of Energy’s
Independent Oversight
Resource

The Minister of Energy continues to retain an expert that
regularly reports on the health of the Program to the Minister.
This expert has unfettered access to all Program information
and to the Program management team, and also participates on
the DRC in an “ex-officio” capacity, co-reporting to the Minister
with the Chair of the Darlington Refurbishment Committee.

Internal Audit

The Internal Audit team’s responsibilities remain unchanged,
and they continue to maintain functional independence from
management. Audit results regarding key gaps in meeting
operational, compliance, or regulatory objectives are reported
quarterly to the Board.

Nuclear Safety Review
Board (NSRB)

NSRB accountabilities remain unchanged. It continues to
provide an annual presentation to the Board regarding their
independent view of Darlington Nuclear plant operations, and
any impact the Program may have on the operating units.

ii) Board Reporting

Given the impact of the Program on OPG'’s finances and operations, reporting to the Board
continues to occur across a number of Board committees:

Darlington Refurbishment
Committee

Focus: Execution performance of the Program

Principle ELT Rep: Chief Project Officer (CPO)

External Input: Insights provided by RCRB; Minister of Energy’s
Independent External Oversight Resource

Audit Feedback: Audit results both from Internal Audit and
Nuclear Oversight applicable to the Program

Generation Oversight
Committee

Focus: Potential impacts of Refurbishment on operating unit
safety, the health of training programs needed to support
Refurbishment activities.

Principle ELT Rep: Chief Nuclear Officer (CNO)

External Input: Insights provided by the NSRB, WANO / INPO,
Canadian Nuclear Safety Commission (CNSC)

Audit Feedback: Audit results both from Internal Audit and
Nuclear Oversight applicable to Nuclear Operations

Audit and Risk Committee

Focus: Application of internal control environment, financial
implications of Refurbishment, impact on cash flow and
financing and financial implications of cost recovery
Principle ELT Rep: Chief Financial Officer

External Input. External Auditor; specialized resources as
needed.

Audit Feedback: Performance and setting of Strategic Audit
Plan and internal audits related to the Program
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Compensation, Leadership Focus: Succession planning, compensation, incentives and
and Governance Committee | retention in support of the Program, internal and external
communications, stakeholder relations, and reputation
management strategies, plans and metrics

Principle ELT Rep: SVP, Human Resources; SVP, Corporate
Affairs

External Input: Management’s compensation advisors (presently
Willis Towers Watson), independent compensation advisors
(presently Hugessen Consulting)

Audit Feedback: Results applicable to succession planning and
Human Resource policy application to the Program

2. Chief Executive Officer and Enterprise Leadership Team (ELT) — Accountabilities and Reporting

The Chief Executive Officer (CEQ) is accountable for providing robust oversight to ensure
that the CPO and CNO are effectively finding and correcting issues that carry implications
for the Program and OPG. The CEO utilizes the broader ELT to ensure that the company’s
financial, risk, legal, human resources and ethics programs and standards are properly
applied to the Refurbishment Program, as well as ensures timely and complete reporting to
the Board:

Enterprise Leadership Team | Reviews the performance of the Darlington Nuclear

Quarterly Review Refurbishment Program on a quarterly basis, including:

e CPO report on Program status including safety, quality,
schedule and cost

¢ Chief Financial Officer report on financial controls
application, and other financial implications

e Chief Risk Officer report on enterprise risks that stem
from or impact the Program and on the effectiveness of
the riskmanagement program

e General Counsel report on legal and ethics issues

e Human Resources report on staffing, training, and safety
performance

¢ Internal and external audit and assessment reports

¢ Insights provided by the RCRB

Internal Audit Internal Audit verifies that management has designed and

operated robust processes and controls to meet Program and

enterprise objectives. The Strategic Audit Plan includes risk-

based audits aligned with the Program top risks and objectives.

Management reviews and acts to resolve the findings and

recommendations resulting from the Strategic Audit Plan.

3. Chief Project Officer — Accountabilities and Reporting

The CPO and Enterprise Projects Executive Team are accountable for execution of a robust
set of oversight and assurance programs to ensure that issues are identified, reported,
evaluated and corrected. These programs and structures look at all elements of the
Darlington Nuclear Refurbishment Program and report up to the Chief Executive Officer:

Enterprise Projects Actively monitors and assesses project performance to
Executive Team determine if activities are progressing on plan and that safety,
quality, schedule and cost requirements are being met.
Project Planning & Controls | Establishes cost and schedule baselines, and maintains
Organization controls for changes to the baselines. Ensures cost and
schedule compliance, and complete and accurate metric and
progress reports.
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Commercial Management &
Project Assurance
Organization

Oversees the multi-layered Program Assurance framework,
manages the Program Management System, conducts
surveillances of projects and contractors, and raises any gaps
promptly. Provides support for management of contracts used
in execution of the Program.

Project Management,
Execution, and Support

Oversees project deliverables executed by OPG and contracted
vendors, and the day-to-day progress of the projects. Removes
barriers to expedite the work and ensures that quality
requirements are achieved on time and on budget. Project
Managers maintain specific metrics for safety, quality, schedule,
cost, and promptly address and escalate performance gaps.

Quality Management
Organization

Through direct assessment and intervention confirms that
contractors, subcontractors and suppliers are meeting quality
expectations and that all needed regulatory documentation is
being created and maintained. Performs specialized and
regulatory required quality inspections.

Contractor Executive
Steering Committees

Steering committees have been established for each major
supplier to ensure key issues and oversight findings are
escalated and addressed expeditiously.

Contractors / Vendors

During contract formation, provisions were included that require
implementation, oversight and assurance processes on the part
of each contractor. Contractors are responsible for establishing
and executing these programs to ensure that their activities, and
those of their subcontractors, meet requirements. OPG
continues to monitor contractor compliance in this area.

4. Chief Nuclear Officer and Nuclear Management System — Accountabilities and Reporting

The CNO, through the Nuclear Management System and the Nuclear Executive Committee,
is accountable for execution of robust operations, oversight and for ensuring that established
programs are implemented in accordance with the Nuclear Management System:

Nuclear Executive
Committee

Provides assurance that project performance is following the
Nuclear Management System and that corrective actions are
taken when issues cross from the Project into the Nuclear
Management System.

Regulatory Affairs

Manages interfaces with external regulators such as the
CNSC, Ministry of Labour, Ministry of Energy, and performs
assessments of compliance. OPG anticipates and addresses
issues in a way that maintains and builds regulatory
confidence.

Industry Assistance and
Assessment (WANO / INPO)

Nuclear industry organizations are utilized by Management to
provide assistance in significant risk areas to help understand
the current state of performance relative to industry standards
and to help develop gap closure plans. They periodically
evaluate corporate and station performance; comparing
performance to established industry standards and highlighting
significant gaps. The results of these evaluations are reported
to the CNO and CEO who direct the development and
implementation of plans addressing the areas for improvement.
This information is shared with the Board of Directors.

Nuclear Safety Review
Board (NSRB)

Provides independent assessment of continued safety of
operating units, application of the Nuclear program, quality
assurance, and the safe return to service of units.

Nuclear Oversight
Organization

Conducts audits and assessments to ensure that the Program
meets the requirements of the Nuclear Management System.
The findings are reported to the CNO and CPO for action, and
are shared with the NSRB and the Generation Oversight and
Darlington Refurbishment Committees of the Board.
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AMPCO Interrogatory #135

Interrogatory

Reference: Ex D2 T2 S11 Attachment 1 P28

At the end of 2019, the contract with Burns & McDonnell/Modus was mutually agreed
to expire and the Board moved the role of the Refurbishment Construction Review
Board (RCRB) to the role of Independent Oversight. OPG will continue to utilize other
oversight groups (e.g. Internal Audit) as appropriate.

a) Please provide all Burns & McDonnell/Modus reports between 2016 and the end
of 2019, not filed with the application.

b) Please provide all internal audits of the DRP.

Response

a) All Burns & McDonnell / Modus reports completed since EB-2016-0152 are
provided as Attachments to Ex. L-D2-02-SEC-084.

b) A summary of Findings and Management actions and their current status resulting

from Internal Audits pertaining to the DRP completed since EB-2016-0152 is
provided in Ex. L-D2-02-SEC-084, Attachment 11.

Witness Panel: Darlington Refurbishment Program
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AMPCO Interrogatory #136

Interrogatory

Reference: Ex D2 T2 S11 Attachment #3

Bates White compares the D20 Storage Project to the Salt Waste Process Facility
(SWPF), located at the Savannah River Site in Aiken, South Carolina, as a means to
test the reasonableness of Bates White’s estimate for the D20 Storage Project.

D2-AMPCO-137_Attachment A provides the US Department of Energy (DOE)
February 2020 project management dashboard for the SWPF which shows the cost
has soared from $900 million to $2.3 billion and start-up has been delayed since 2013.

a) Please explain why Bates White selected the SWPF project as a comparator.
b) Please provide the decision criteria used to select comparator projects.

c) Please provide other projects considered as comparators but not selected and
indicate why.

d) Please confirm the $2.3 billion costs for the SWPF doesn’t include other operating
costs.

Response

The following responses were prepared by Bates White:
a) and b)

In evaluating projects as potential comparators for the D20 Storage Project, Bates
White used several criteria to determine whether projects would be comparable.
These criteria included the following: Was the project, (1) a liquid radioactive
material processing facility; (2) of relatively similar size and complexity; (3) like the
D20 project, at or near completion; and (4) described in sufficient detail in publicly
available information. SWPF met these criteria.

c) We note that the Integrated Waste Treatment Unity (“IWTU”) was also used as a
comparator for the D20 Storage Project. Although we considered other potential
comparators, none met the criteria described in the above response as clearly as
these two projects.

Witness Panel: D20 Project
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1 d) The $2.3 billion figure represents the agreed-upon construction costs for SWPF;

2 the construction contractor was awarded a separate USD$380 million contract for
3 the commissioning and one year of demonstration operation of the SWPF.

Witness Panel: D20 Project





