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NOTE 2:

NOTE 3:
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website of documents that have been submitted by a third party.

Where the request for confidentiality applies only to part of the submission, the portions to be deemed

The Commission is not responsible for any copyright infringement due to its publication on the public CNSC

Item Name

Portion(s) to be Deemed
Confidential

Table 1: Material to be Deemed Confidential
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Enclosure 1, 92896-REP-
01320-00024 ROO,
“Safety Assessment for
PWMF Storage Building 5
with 1410 Dry Storage
Containers” of OPG
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Management Facility —
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of 1,410 Dry Storage
Containers, December 4,
2025, CD# 92896-CORR-
00531-01675, E-Doc#

7609483

[ Entire content
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[J The information is a matter of national or nuclear security

] Disclosure of the information would likely endanger the
life, liberty, or security of a person or person(s)

The information is of a:
financial nature,
commercial nature,
scientific nature,
technical nature,
personal nature, or
other nature (specify),

and is consistently treated as confidential and the person
affected has not consented to disclosure.
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The above-noted material should be protected for the following reasons:
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Enclosure 1, 92896-REP-
01320-00024 ROO,
“Safety Assessment for
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Proceeding takes part in private, to the
exclusion of members of the public, other
than the parties and their counsel or agent

Part of the proceeding takes part in
private, to the exclusion of members of the
public, other than the parties and their
counsel or agent

Publication of information be restricted or
prohibited

Disclosure of information be prohibited or
restricted to some or all of the parties and
intervenors, or their counsel and agent

Other measure to protect the information

The content of this document pertains to

proprietary commercial and technical information

on the operation of the Pickering Waste
Management Facility.

A redacted copy of this document (attached) has
been provided to CNSC staff for inlusion with the

CNSC staff CMD.
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2. MANDATORY: | have included a summary or redacted version of the material that provides adequate detail to
satisfy the public interest in public hearings and disclosure of evidence.
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this request as confidential unless and until the Commission makes a ruling to deny this request.
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= Redacted version of 92896-REP-01320-00024 ROO, “Safety Assessment for PWMF Storage Building 5 with 1410
Dry Storage Containers”

Authorized signature:

W W April 26, 2026

Ka,pil Aégarwal, VP/I\(ucIear Sustainability Strategies & Services Date

e-Doc Page 3 of 3



REPORT

KINECTRICS

Unless otherwise stated, all information redacted in this document is
considered prescribed information under the General Nuclear Safety
and Control Regulations

SAFETY ASSESSMENT FOR PWMF STORAGE BUILDING 5 WITH 1410

DRY STORAGE CONTAINERS ONTARIO

PV294/RP/0002 RO1
October 20, 2025

Prepared for

Ontario Power Generation

Security Classification: Kinectrics Confidential

Prepared by

DocuSigned by:
l krdesson Mues

AB7Z80605DE1F48E

Anderson Alves
Analyst

Radiation Assessment and
Decommissioning

Prepared by

GENERATION

Deterministic Safety Analysis Dept.

Document No.: 92896-REP-01320-00024

Revision No.: ROO

Accepted by:
(print name)

Paul Crowley

Date:

10-Nov-2025

Signature:

fencf—

OPG Proprietary

OPG Purchase Order Number:

Other:

Kinectrics: 300215
Worley Parsons: 300216 [
Candu Energy: 300217 O
Calian Ltd: 300219 [

PO

This acceptance does not relieve the contractor from
responsibility, for errors or ﬁwissions or from any

Radiation Assessment and
Decommissioning

Verified by obligations oPNRBTBNEAELDNis contract.
DocusSigned by: Signed by:
Pl Matthew Switle
B65833CR17A8B4DC 6B5F4437D38645E—
Damien Moule Matthew Smith
Senior Engineer Manager

Radiation Assessment and
Decommissioning

Verified by Verified by
DocusSigned by: DocuSigned by: DocuSigned by:
e
I Jmine Punyy ‘ g Ryain, Murpliy-Susw
EZERCS8DAEQDAOD. 04264ADOD4FE40E— N\ gpcAEsA4268D466

Jimin Peng
Technical Expert

Environmental Service,
Clean Energy and
Community Engagement

Peter Maka
Technical Expert

Radiation Assessment and
Decommissioning

Ryan Murphy-Snow
Analyst

Radiation Assessment and
Decommissioning

PV294/RP/0002 R0O1
QF-4-42 RO

Kinectrics Inc.

Page 1 of 54


CROWLEYP
 Acceptance


Revision History

Rev Date Author Description of Revision
RO0 | May 27, 2025 A. Alves, Initial Issue
J. Peng
RO1 | October 20, 2025 A. Alves, Updated to Address Client's Comments
J. Peng

Certification Statement

I, the undersigned, being a licensed professional engineer in the province of Ontario and being
competent in the applicable field, have prepared or directly supervised the preparation of this
document, following the procedures of the Kinectrics quality management system.

Kinectrics document and revision no. PV294/RP/0002 RO1

Certified by: Damierbl\éloule

Registration 60. 100185374

|
Q\\OFE,SS‘SN‘)(
S/ <
é’) / QZ DocuSigned by:
W m
Stamp S DLMOUE §\\ YL
100185374 PO .
. ) 65833CB17A8B4DC...
<, /
’90[\:\.__ - Q~\O
//VCE_QF O““
Dtte: October 20, 2025

DISCLAIMER

Kinectrics prepared this report as a work of authorship sponsored by their Client. This report has been prepared solely for the
benefit of the Client and may not be used or relied upon in whole or in part by any other person or entity without Client
permission or without Kinectrics’ permission if required by the Contract between Client and Kinectrics Inc. Neither Kinectrics,
their client nor any person acting on behalf of them: (a) makes any warranty or representation whatsoever, express or implied, or
assumes any legal liability of responsibility for any third party’s use, or the results of such use, with respect to (i) the use of any
information, apparatus, method, process, or similar item disclosed in this report including the merchantability or fitness for any
particular purpose of any information contained in this report or the respective works or services supplied or performed or (i) that
such use does not infringe on or interfere with privately owned rights, including any party’s intellectual property; or (b) assumes
responsibility for any damages or other liability whatsoever (including any consequential damages resulting from a third party's
selection or use of this report or any information, apparatus, method, process, or similar item disclosed).

Copyright © 2025 Kinectrics Inc. and Ontario Power Generation. All rights reserved.

PV294/RP/0002 RO1 Kinectrics Inc. Page 2 of 54



Table of Contents

1.0 INtrodUCtioN......coc i ————————————— 6
2.0 Objectives and Scope of WOrk ........ccccorriiiniinniininnnn s 6
3.0 Safety Assessment Methodology..........cccccummmmmmmimmmmnm s 6
3.1 Normal Operations Safety ASSESSMENT ..........uuiiii i 6
3.1.1 Public Dose from ChroniC EMISSIONS .........coiiiiiiiiiiiiiiiiee e 6
3.1.2 Public and Worker Dose from External Gamma Radiation................ccccceiiiiiiiiiiiiinns 6
3.1.2.1 (€ T=T o] 4= 1T PTR SRR 7
3.1.2.2 DSC Layout @Nd AQES ... .coeeeiieeiiieee ettt et 10
3.1.2.3 Materials and CrosSS-SeCHONS............oiiiiiiiiiii e 13
3.1.24 Dose Points and Dose Acceptance Criteria............c.uuuuuueeuiiieeiieeiiieiiieiieeeieeenennennnnnns 13
3.1.2.5 NeULron DOSE RAES........coiiiiiiiii e 15
3.1.2.6 Dose CoNVErsioN FACOrS .........uuuiiiiiiiiiie et a e 15
3.1.2.7 AdAItIONAl CASES .....eeeiiiiieiiii e 15
3.2  Malfunctions/Accidents Safety ASSESSMENLt..........cciiiiiiiiii e 16
3.3 USE Of SOMWAIE......eeiiiiiiii et 16
B.3.2 MNP ettt e e e h bt e e e Rt et e e e et ae e e e e naeaeaeeanreeaas 16
4.0 Key Technical ASSUmMPlions........cccoiiinn s 17
5.0 Normal Operations Safety Assessment..........ccccveeeeicciiiiiiirnnneesessss e 17
5.1 Public Dose from ChroniC EMISSIONS ..........ccoiiiiiiiiiiiiiiiiie e 17
5.2  Public and Worker Dose from External Gamma Radiation.............ccccccccooiniiiiiiiiiinns 17
B.2.1 BASE CASE.. . uiiiiiiiiiiii et e e e e e e e et e e e e e e e e e aeaeaae s 18
5.2.11 PWMF Site Points DOSE Rates.........ccoooiiiiiiiiii e 18
5.21.2 Storage Buildings Fence Dose Rates ..........oooiiiiiiiiiiiiiiiiiiiic e 18
5.21.3 Base Case — DSCS ONIY ...coouiiiiiiiiii ettt e e e e e e e eaanans 20
5.2.2 Added Shielding Case ...........uuuuiiiiiiiiiiiiie et e e as 23
5.2.3 ReSCAlEd DSCS CASE......ccccuuiriiiiiiiie ettt e e e 25
5.2.31 Additional Distance NOrth FENCE ..........cccuuiiiiiiiiiiii e 27
5.3 TOtal PUDIC DOSE ...ttt 31
6.0 Malfunctions/Accidents Safety Assessment............ccccccmmmmmmmmmmnnnnnmnnnnnnnnnnnnnna. 31
6.1  Malfunctions/Accidents during Handling and Storage............cccvviii e, 32
6.1.1 DSC Seal Weld Failure during StOrage. .........cceuiiiiiiiiiiiiiiiieee e 32

PV294/RP/0002 RO1 Kinectrics Inc. Page 3 of 54



6.1.2 DSC drop during Transfer to StOrage ............uiiiiiiiiiiiiicce e 32

6.1.3 Transporter Collision with a Dry Storage Container or Another Transporter ................... 32
G I = TP PR PP TP PP 32
T R T = T 1 Lo U = (U 33
6.1.6 Tornados / High WINd.........coooiiiii e e e e e e aaaea 33
6.1.7 Thunderstorms/Lightning.........coovriii i e e e e e aaneas 33
B.1.8  FlOOMING -t 34
T RS T = o1 (o T3 (o o 1P UPPPPUR 34
B.1. 10 AIrCraft Crash .........ooi it e e e e e ee e e e e as 34
6.2  Construction Hazards Impacting Storage of DSCs in SB3and SB4 .............ccccoeeeeeee 34
6.2.1 Dropped or IMpacting LOAAS ........uuiiiieeiieeiii et e e e e e eeeennea 34
6.2.2 EArtNQUEAKE ... ..ot a e ———— 34
6.2.3 Acetylene Decomposition EXplosion MiISSIle ...........ccoeeuiiiiiiiiiiiii e 35
6.2.4 Soil Failures (Slope Instability and Subsidence) .........cccccooevieiiiiiiiiii e, 35
6.3 Summary of Malfunctions/Accidents Associated with Construction, Handling and Storage
35
7.0 CONCIUSIONS ...t nn e e e n e nanns 37
8.0 REfErENCES .....eueeeeii s nnnnnnnnnns 38
Appendix A : Hazard Pre-SCre@ninNg ........ococuuiiiiiiie e e e e e e e e e e ananes 40
Appendix B : Aircraft Crash Frequency Calculations .............o.eevvviiiiiiiiiiiiiiiiiiiieieeeieeieeieeneeeneees 51

PV294/RP/0002 RO1 Kinectrics Inc. Page 4 of 54



List of Tables

Table 1: SB3/SB4/SB5 DSC Number per FUel AQES ........cooiuiiiiiiiiiieie e 11
Table 2: Energy Bands for the DSCs Surface SOUICe ..........coviiiiiiiiiiiiii e 13
Table 3: DOSE POINTS.....coiiiiii et e e et e e 14
Table 4: Dose Acceptance Crteria..........cooiiiuiiiii e 15
Table 5: Base Case Best Estimate + 20 Dose Rates .......c.ovveeiiiiiiiiiiiiii e, 18
Table 6: Base Case Best Estimate + 20 Dose Rates — DSCs Only..........ccceeveeiiiiiiiiiiiiiienneeenn. 21
Table 7: Base Case Best Estimate + 20 Dose Rates — Added Shielding...............cooociiiieeeeeenn. 23
Table 8: Base Case Best Estimate + 20 Dose Rates — Rescaled Outer DSCs.............ccceeeneee. 27
Table 9: Dose Rates (uSv/h, BE+20) at 30 cm Distance from a Single DSC Surface................ 27
Table 10: Dose Rates (uSv/h, BE+20) at 30 cm Distance from a Single DSC Surface.............. 28
Table 11: Base Case Best Estimate + 20 Dose Rates — Rescaled Outer DSCs........................ 31

List of Figures

Figure 1: Aerial View Of the PWMF Site .........uiiiiiiiie e 7
Figure 2: PWMF SBS5 Updated Drawing [9] .......cvuiiiiiiuiiiiiiiiiieiiieiiieiieiiisieaenesessnnnnsnnnsnnnnnannnns 8
Figure 3: PWMF SB3-SB5 and Fence Updated Layout..................uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiies 9
Figure 4: MCNP Model Including SB3/SB4/SB5 and PCSS — SB5 with 1410 DSCs.................. 10
Figure 5: SB3 DSC Age Distribution LayOut [4] .........coeiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiee e 11
Figure 6: SB4 DSC Age Distribution Layout [3].........couuiiiiiiiiiiiiii e 12
Figure 7: Age Distribution of 1410 DSCs N SB5 ..o 12
Figure 8: PWMF Site DOSE POINTS.......cuiiiiiiiiiiiiiiiiiiiii s 14
Figure 9: Base Case with 1410 DSCs Storage Buildings Dose Rates (uSv/h, BE+20) —
Distances from Fence Above Criteria Labeled ... 19
Figure 10: Base Case with 1410 DSCs — Storage Buildings Dose Rates 10 Relative Uncertainty
................................................................................................................................................. 20
Figure 11: Base Case with 1410 DSCs — Contributions from SB3-SB5 DSCs — Storage
Buildings Dose Rates (USV/h, BE+20) ...coovvuiiiiiiiieecie et 22
Figure 12: Added Shielding Case with 1410 DSCs Storage Buildings Dose Rates (uSv/h,
BE+20) — Shielding Walls Position and Length Labeled ...................ooooiiiiiee e, 24
Figure 13: Age Distribution of 1410 DSCs in SB5 — Rescaled Outer DSCs Highlighted (Scaled
Down to 50% in Pink, 25% in Blue, and 15% in PUrple) ..........ccoiiiiiiiiiiieieeeeeeeeeeeeeeeeeee e 25
Figure 14: Rescaled DSCs Case with 1410 DSCs Storage Buildings Dose Rates (uSv/h,
BE+20) — ReSCaled OULEr DSCS......ooiiiiiiiiiii et a e 26
Figure 15: Additional Distance from SB5 North Fence [27] .......c.oovvviiiiiiiiiiiiiiiiiiiiiieieeiaes 29
Figure 16: Age Distribution of 1410 DSCs in SB5 — Rescaled Outer DSCs Highlighted (Scaled
Down to 50% in Pink, 25% in Blue, and 15% in PUrple) .........cccoooiiiiiiiiieeeeeeeeeeeeeeeeeeeee e 29
Figure 17: Rescaled DSCs Case with 1410 DSCs Storage Buildings Dose Rates (uSv/h,
BE+20) — Rescaled Outer DSCs — Additional Distance North Fence Highlighted in Purple ...... 30

PV294/RP/0002 RO1 Kinectrics Inc. Page 5 of 54



1.0 Introduction

At the Phase Il location of the Nuclear Sustainability Services (NSS) Pickering Waste
Management Facility (PWMF) there are currently 2 used fuel dry storage buildings (SB3 and
SB4). There is a need for additional storage space for the used fuel arising from the operation of
the Pickering Nuclear Generating Station (PNGS). Besides the construction of the Pickering
Component Storage Structure (PCSS), a new storage structure (SB5) is being planned and so
safety analyses and assessments are required.

2.0 Objectives and Scope of Work

The objectives of this project are as follows:

1. Perform a holistic safety analysis of the normal operation dose rates due to external
gamma radiation for the PWMF site including the proposed new used fuel dry storage
structure SB5. This analysis was performed for an SB5 layout containing 1410 Dry
Storage Containers (DSCs).

2. Perform safety assessments for chronic emissions and malfunctions/accidents for 1410
DSCs stored in SB5 to confirm that the existing safety analysis [1] [2] [3] [4] [5]
adequately covers DSC storage in SB5.

3.0 Safety Assessment Methodology

The methodology to be used for each piece of the safety assessment for SB5 are outlined in the
sub-sections below. The methodology used is informed by and consistent with OPG’s Guideline
for Safety Assessment [6]. It also meets the requirements of REGDOC 2.4 .4 [7].

3.1 Normal Operations Safety Assessment
3.1.1 Public Dose from Chronic Emissions

The emissions from the PWMF during normal operations and the doses to public were
calculated recently [1] [2]. In this work, the emissions from the expanded PWMF were evaluated
based on the latest emission data for PWMF. The impact of the operation of SB5 was assessed
to determine if the previous analyses sufficiently bound the radiological impact of chronic
emissions on public health resulting from the expanded PWMF.

3.1.2 Public and Worker Dose from External Gamma Radiation

A normal operations public and worker dose rate analysis was performed using MCNP for the
PWMF Phase Il site, which is shown in Figure 1. The analysis included DSC storage buildings
SB3, SB4, and SB5 along with the PCSS. The analysis methodology followed the reference
nuclear waste shielding analysis methodology for heavily shielded containers [8]. Additional
details of the analysis are provided in the subsections below.
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PWMF Phase Il
Licensed Area

Figure 1: Aerial View of the PWMF Site
3.1.2.1 Geometry

The geometry from the previous PWMF MCNP model, developed for the dose rate analysis of
the PCSS [1] was used as the starting basis for this analysis, which includes SB3, SB4, SB5,
and the PCSS with latest the layout. This PCSS layout assumes a full building, with 64 Retube
Waste Containers - End Fitting (RWC-EFs), 76 Retube Waste Containers — Pressure Tubes
(RWC-PTs), and 48 Steam Generators (SGs) — the RWCs are decayed by 1.7 years and SGs
assumed a final placement year in 2031 with 4.2 to 4.5 years decay between unit shutdown and
2031.

The SB5 layout was modified based on the updated layout shown in Figure 2. Besides the DSC
layout which are discussed below, the main changes introduced to the MCNP model geometry
are the E-W distance between SB4 and SB5, which increased to 36 m, and the overall
dimensions of SB5, which are about 156 m E-W by 93 m N-S. Additionally, the fences around
the east side of SB5 were adjusted. The overall changes and distances between SB5 and the
fences are shown in Figure 3. The MCNP model with 1410 DSCs in SB5 is shown in Figure 4.
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SB5 WITH 1410,DSCs

SB4

Figure 4: MCNP Model Including SB3/SB4/SB5 and PCSS - SB5 with 1410 DSCs

3.1.2.2 DSC Layout and Ages

For SB3, the layout from Reference [4] was used, shown in Figure 5. This layout contains 100
6-year-old fuel DSCs, 299 25-year-old DSCs, and 81 30-year-old DSCs. The layout for SB4 was
unchanged from Reference [3]. A DSC layout for SB5 with 1410 DSCs was assumed in this
analysis, shown in Figure 7. Table 1 summarizes the number of DSCs per fuel age considered
in this analysis.
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Table 1: SB3/SB4/SB5 DSC Number per Fuel Ages

Fuel Age | SB3 | SB4 | SB5
6 100 | O 0

10 0 252 | 304

15 0 0 147

20 0 0 160

25 299 | 147 | 178

30 81 73 | 185

35 0 32 | 278

40 0 120 | 158

Total 480 | 624 | 1410
30(30(30|30|25|25|25|25|25|25 25|25(25|25|25|25 (25 |25(25 (25
30/30(30|30|25|25(25|25|25|25 25|25(25|25|25|25(25 (25|25 |25
30|30(30|30|25|25|25|25|25|25 25|25|25|25|25|25|25|25|25 (25
30/30(30|30|25|25|25|25|25|25 25|25|25|25|25|25|25 (25|25 (25
30(30(30(|30(25|25|25|25|25|25 25|25|25|25|25|25|25 25|25 |25
30/30(30|30(25(25|25|25|25|25 25|25|25|25(|25|25|25|25|25 |25
30/30(30|25|25|25(25|25|25|25 25|25|25|25|25|25(25 (25|25 |25
30(30(30|25(25|25|25|25|25|25 25|25|25|25|25|25(25 25|25 (25
30(30(30|25|25|25|25|25|25|25 25|25|25|25|25|25|25|25|25 (25
30(30(30|25(25|25|25|25|25|25 25|25|25|25|25|25(25 (25|25 (25
30(30(30|25|25|25|25|25|25|25 25|25|25|25|25|25 (25 |25(25 (25
30|30(30 25|25
30(30(30 25|25
303030 | 4 25|25
30|30(30 25|25
30|30(30| 6 25|25
30(30(30| 6 [ 25|25
30(30(30 25|25
30(30(30 25|25
30|30(30 25|25
303030 25|25
30|30[30]30{ 25 25 | 25| 25| 25| 25 2525|2525 |25 | 25| 25|25 | 25 [ 25
30(30(30(|30(25|25 (25|25 25|25 25|25(25|25|25|25(25 25|25 |25
30/30(30|30(25(25|25|25|25|25 25|25(25|25|25|25|25|25|25|25

Values shown in the figure correspond to the DSC decay time in years

Figure 5: SB3 DSC Age Distribution Layout [4]
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Figure 6: SB4 DSC Age Distribution Layout [3]
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Figure 7: Age Distribution of 1410 DSCs in SB5
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The DSC surface sources from the PCSS shielding analysis and other PWMF projects [1] [10]
were used to represent the DSCs in this analysis. This surface source was developed in
Reference [10] using ORIGEN-S for the reference Pickering 28-element fuel bundle with an exit

burnup of || and 10 years decay time.

The DSC source spectrum was grouped into six energy bands, shown in Table 2. This grouping
was initially done to ensure that the results for all energy bands of the spectra have good
convergence, since the intensities of each energy band significantly vary. The use of the same
surface source files assumes that the fine-group photon spectrum in each of energy band is
identical across different decay times. The impact of applying the reference fuel spectra to all
fuel burnup/decay age combinations has been investigated and shows that the difference in the
group average energies is negligible and has no impact on the calculated dose rates [3].
Therefore, the use of the reference surface source files for other decay times is justified.

Table 2: Energy Bands for the DSCs Surface Source

Energy Group | Photon Energy Band (MeV)
00 0.30<E<0.65
01 0.65<E<1.00
02 1.00sE<1.25
03 1.25<E <1.50
04 1.50<E <200
05 2.00<E<3.00

3.1.2.3 Materials and Cross-Sections

The materials and shielding properties were left unchanged from previous calculations of dose
rates for the PCSS. Appendix D of Reference [1] includes the detailed list of materials used in
the MCNP model.

The cross-section libraries that were used are those installed on the Kinectrics technical
computing platform for use with MCNP. They rely primarily on the ENDF/B-VI R8 and
ENDF/BVII.1 data libraries [11]. Consistent with the previous MCNP model of the PWMF site,
the cross-section library used in this work was the MCLIB04 photon library, based on ENDF/B-
VI cross sections.

3.1.2.4 Dose Points and Dose Acceptance Criteria
The dose rate was calculated at il fences surrounding SB5 (at the north, east and

southern locations), as well as the dose points used in the previous analysis for the PCSS [1],
listed in Table 3 and shown in Figure 8.
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Table 3: Dose Points

Dose Point # Description
PW10 1t below TMB roof peak (height 41 ft above TMB floor)
PW24 Montgomery Park Rd turnaround
PW26 Bend in bike path northeast of PWMF Phase Il
LS03 Off shoreline
LS04 Off shoreline
LS05 Lake 282 m off shoreline
LS06 Lake 144 m off shoreline
LS07 Lake, where shoreline intersects with land site boundary|

Figure 8: PWMF Site Dose Points

The radiation safety requirements under normal operation of the PWMF are the following [12]:

e < 0.5pSv/h outside the RCS and Used Fuel Dry Storage (UFDS) areas, on a quarterly
average basis, based on the CNSC dose limit of 1 mSv per year for a member of the
public, over a maximum of 2,000 hours per year occupancy for non-NEWSs (Nuclear
Energy Workers).

e For a member of the public, the dose constraint is < 100 uSv per year at the Pickering
site boundary. This is an administrative dose target of ten percent of the CNSC dose limit
of 1 mSv per year (assuming 2000 hours occupancy).

e For NEWs, the dose limit is 50 mSv in any single year and 100 mSv over 5 years.
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The resulting acceptance criteria for each of the dose points considering the occupancy are
outlined in Table 4.

Table 4: Dose Acceptance Criteria

Annual Dose Hourly Dose
Dose Points Acceptance Occupancy Acceptance
Criteria Criteria
PW24, PW26 100 pSv/yr 2000 hr 0.05 pSv/hr
LS03, L80€é|67805’ LSO, 100 uSv/yr 1000 hr 0.1 pSv/hr
PW10, mesh tallies
(outside of buildings) 1 mSv/yr 2000 hr 0.5 uSv/hr

3.1.2.5 Neutron Dose Rates

Neutron dose rates from DSCs represent only around 4% of the gamma dose rates, as
discussed in Reference [13]. Neutron dose rate contributions from RWCs containing Pressure
Tubes (PT) and Calandria Tubes (CT) at the PCSS were not accounted for in this work.
Therefore, neutron contributions were not assessed.

3.1.2.6 Dose Conversion Factors

The International Commission on Radiation Protection (ICRP) 116 Anterior-Posterior Dose
Conversion Factors (DCF) [14] were used. These are internationally recognized and accepted
conversion factors and are specifically identified in the OPG reference methodology for heavily
shielded containers [8].

3.1.2.7 Additional Cases

The base case is defined by the storage buildings and PCSS layouts described above in
Sections 3.1.2.1 and 3.1.2.2. Since the calculated base case dose rates exceeded the
acceptance criterion of 0.5 uSv/h at points along the SB3-SB5 fence, each of the following
calculations was performed as well:

a) The distances to where the dose rates equal 0.5 uSv/h were calculated. This was
done using mesh tallies in MCNP that extend beyond the |Jij fence boundaries.
b) The shielding thickness required to reduce dose rates below the 0.5 uSv/h criterion

in the form of concrete at the buildings’ perimeters was calculated. The required
thickness of the shielding material was estimated based on attenuation curves [15],
and a confirmatory run was performed in MCNP to confirm that the recommended
shielding thickness is adequate to reduce dose rates at the fence to below 0.5 uSv/h
at all locations along the fence.

c) The surface sources for the outermost DSCs were scaled down such that the dose
rate criteria of 0.5 uSv/h at the ] fence are met with no additional shielding in
the building walls. The dose rate required near the surface of the outer DSCs was
given such that the dose rate at the |Jjjjjij fence is below 0.5 uSv/h.
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3.2 Malfunctions/Accidents Safety Assessment

Hazard identification and screening for SB5 was carried out based on the analysis of the
activities involved which include handling and storing DSCs in SB5, the characterization of the
waste of concern (i.e., DSCs), OPEX and the OPG internal hazard [16] and external hazard [17]
screening guides. Furthermore, the impact of construction of SB5 on existing DSCs being
stored at SB3 and SB4 is assessed. The following general steps are performed as part of the
hazard identification and screening process [6]:

e Perform hazard identification,
e Perform pre-screening of internal and external hazards, and
e Perform detailed qualitative and quantitative event screening.

If the frequency of occurrence estimated for any postulated accident scenario is less than 10
events per year (refer to CSA N292.0:19 [18] and REGDOC-2.4.4 [7]), it is considered incredible
and is not considered for further assessment.

As required by REGDOC-2.4.4 [7], the credible events are classified into the following facility
states:

¢ Anticipated Operational Occurrence (AOO),
e Design-Basis Accident (DBA), and
¢ Design Extension Conditions (DEC).

The frequency ranges of these states were as per Appendix C.2 of REGDOC-2.4.4 [7].
Bounding events from each event group are identified.

Based on the analysis of the activity of on-site transfer, the transfer of DSCs from PNGS to SB5
is similar to the transfer of DSCs to SB3 and SB4 which has been assessed before [2] [3] [4]
[19]. The only difference compared with the previous assessment is the DSC handling and
storage in the new Building SB5. Therefore, the malfunctions and accident associated with the
DSC handling and storage in SB5 are assessed.

Based on the preliminary review of the previous work [3] [5] [19], it is expected that no new dose
consequence analysis is required. This is confirmed and documented in Section 6.0.
3.3 Use of Software
3.3.2 MCNP
MCNP V6.1 was used in this analysis. MCNP V6.1 was executed on the Kinectrics technical
computing platform using the following configuration:

e Operating System: Red Hat Enterprise Linux (RHEL) 7.4, 32-bit

o Hardware: Dell PowerEdge Xeon server

MCNP has been installed and qualified for use in radiation shielding applications on this
technical computing platform, as documented [20]. It is a Grade 1 code based on Section 4.2 of
the Kinectrics Software Qualification Procedure, AWI-4-30 [21].

MCNP is a rigorous physics analysis code that applies a Monte-Carlo method to solve particle
transport problems with few significant approximations. It is used in reactor design and safety
analysis applications and dose calculation applications. MCNP is qualified for static calculations
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using k-code or source term methods for various CANDU-related analyses. A code applicability
document for MCNP has been prepared for OPG waste management facility shielding
analysis [22].

4.0 Key Technical Assumptions

Assumption #1

The design and operation of SB5 including the DSC handling rate (number of DSCs being
stored per year) will be similar to SB4.

Rationale: All three buildings (SB3, SB4 and SB5) at PWMF are used to handle and store
DSCs transferred from PNGS. It is assumed that the design of SB5 and the DSC
operation in the building including the DSC handling rate (humber of DSCs being stored
per year) will be similar to SB4'.

Assumption #2

No neutron contributions will be assessed in the dose rate assessment for normal
operations.

Rationale: Neutron dose rates from DSCs represent only around 4% of the gamma dose
rates, as discussed in Reference [13].

5.0 Normal Operations Safety Assessment

5.1 Public Dose from Chronic Emissions

An analysis of the public dose from chronic emissions was recently performed for the PWMF
using the IMPACT software [1]. The primary change since that assessment is the addition of the
new DSC storage building (SB5). However, DSC lids and bases are sealed with a full-
penetration groove weld and then the DSCs will be filled with inert helium followed by leak
testing prior to storage. As such, chronic releases from DSCs in SB5 are not expected during
the normal operation of SB5.

It is noted that the stack monitoring for the processing building at PWMF was decommissioned
in 2023/2024 due to low emission from the processing building. For example, in the period of
2021 to 2023, the emissions of particulates were less than 1.5E+05 Bg/year, 1.3E+05 Bg/year
and 1.2E+05 Bq/year, respectively [23] [24] [25]. These are bounded by the historical emission
value used in the assessment [2]. Therefore, no update to the IMPACT analyses for the PWMF
site is required and the maximum individual dose to the public due to chronic releases continues
to be 1.88E-03 uSv per year, far less than the dose limit of 1000 uSv per year [1].

5.2 Public and Worker Dose from External Gamma Radiation

An MCNP run was performed for the Retube Waste Container and Steam Generator sources
within the PCSS and the DSCs within SB3, SB4, and SB5. For each case combination, the total
dose rate was calculated by summing the contributions from SGs, RWCs, and DSCs.

" The DSC handling rate is based on the assumption that SB4 was filled in one year which is very
conservative. The actual handling rate could be much less than this number.
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5.2.1

Base Case

5.2.1.1 PWMF Site Points Dose Rates

As outlined in the OPG methodology for shielding analysis of thick-walled waste containers [8],
the dose rates were compared against the dose acceptance criteria after adding 2o to the best

estimate to account for code uncertainty. For the base case, the dose rates at all site dose

points are below the dose acceptance criteria, as shown in Table 5. As with the previous
analyses of the PWMF site [1] [3], the dose rates were highest at site dose points PW10, PW24,
and PW26 all located on the land near the waste storage buildings. The dose rates were lower

at the lake dose points, which are further from the buildings.

Table 5: Base Case Best Estimate + 20 Dose Rates

Dose Rate (uSv/h, BE+20)

Dose Foint PW24 | PW26 | LS03 | LS04 | LS05 | LS06 | LS07 | PW10
Acceptance Criteria | 5.00E-02 | 5.00E-02 | 1.00E-01 | 1.00E-01 | 1.00E-01 | 1.00E-01 | 1.00E-01 | 5.00E-01
Base Case 217E-02 | 1.90E-02 | 1.50E-05 | 2.61E-04 | 1.65E-03 | 3.89E-03 | 1.03E-02 | 2.31E-01

5.2.1.2 Storage Buildings Fence Dose Rates

The best estimate dose rates around SB3, SB4, and SB5 were calculated around the three

buildings along with extra space to cover the surrounding fence areas. The best estimate plus
two sigma dose rates around the storage buildings for the base case are shown in Figure 9. The
distances where the dose rates fall below the criteria along the fence sides are also shown in
Figure 9. The north side of SB5 has the farthest distance beyond the fence above 0.5 uSv/h, up

to 27 m, followed by the south side of SB5, up to 14 m beyond the fence. A few high dose
streaks visible in Figure 9 are the result of statistical artifacts from the convergence of high-

energy particles in the Monte Carlo simulation, not actual regions of elevated dose rates. This is
further illustrated in Figure 10, where the artifacts align with the positions of the streaks seen in
Figure 9. Figure 10 shows the relative 10 uncertainty distribution from the MCNP mesh tally,

indicating good convergence overall, with most values below 10%, except for the

abovementioned streaks.
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Figure 10: Base Case with 1410 DSCs - Storage Buildings Dose Rates 10 Relative
Uncertainty

5.2.1.3 Base Case — DSCs Only

To evaluate the storage building fence dose rates from the contribution of only the DSCs in
SB3-SB5, a separate case was calculated without accounting for the PCSS RWCs and SGs
contributions. This was also done to estimate the PCSS waste dose rate contribution by
comparison with the base case. The best estimate plus two sigma dose rates around the
storage buildings for the base case accounting only for the SB3, SB4, and SB5 DSCs
contributions are shown in Figure 11 and Table 6. This result shows that, even without the
contribution from the SGs and RWCs stored in the PCSS, segments of the fence around the
storage buildings are above 0.5 uSv/h for the base case.

Figure 11 indicates that dose rates along certain fence segments around SB4 exceed the
criteria. However, thermoluminescent dosimeter (TLD) survey data, as reported in Reference
[26], showed that the dose rates around SB4 were less than half of the acceptance criteria. The
dose rates calculated in this analysis were not scaled down to reflect this survey data, making
the reported dose rates conservative.
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Table 6: Base Case Best Estimate + 20 Dose Rates — DSCs Only

Dose Rate (uSv/h, BE+20)

Bl (el PW24 | PW26 | LS03 | LS04 | LS05 | LS06 | LS07 | PW10

Acceptance Criteria | 5.00E-02 | 5.00E-02 | 1.00E-01 | 1.00E-01 | 1.00E-01 | 1.00E-01 | 1.00E-01 | 5.00E-01

Base Case 2.17E-02 | 1.90E-02 | 1.50E-05 | 2.61E-04 | 1.65E-03 | 3.89E-03 | 1.03E-02 | 2.31E-01

Base Case — DSCs Only | 1.71E-02 | 8.35E-03 | 1.36E-05 | 2.43E-04 | 1.49E-03 | 3.39E-03 | 8.78E-03 | 1.45E-01
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5.2.2 Added Shielding Case

This MCNP case has the estimated concrete thickness added as shielding to confirm its
effectiveness. The required thickness of the shielding material was estimated based on
attenuation curves [15], and a confirmatory run was performed in MCNP to confirm that the
recommended shielding thickness is adequate to reduce dose rates at the fence to below

0.5 uSv/h at all locations along the fence. While only concrete was considered as the shielding
material in this analysis, alternative materials with different thicknesses but equivalent
attenuation could also be used. Shielding was only added to the outside of SB5 near the fence
segments surrounding SB5, as requested by OPG. The best estimate plus two sigma dose
rates around the storage buildings for the added shielding case are shown in Figure 12, which
labels the position and length of the walls. The shielding walls are 3 m tall, 8 cm thick on the
south side of SB5,12 cm thick on the northwest side, labeled in orange in Figure 12, and 10 cm
on the northeast side, labeled in green in Figure 12. With this added shielding, the dose rates at
almost all fence segments surrounding SB5 are below criteria. The dose rates at all site dose
points for the added shielding case are below the dose acceptance criteria, as shown in Table
7.

Table 7: Base Case Best Estimate + 20 Dose Rates — Added Shielding

Dose Rate (uSv/h, BE+20)

e e PW24 | PW26 | LS03 | LS04 | LS05 | LS06 | LS07 | PW10

Acceptance 5.00E- | 5.00E- | 1.00E- | 1.00E- | 1.00E- | 1.00E- | 1.00E- | 5.00E-
Criteria 02 02 01 01 01 01 01 01

Base Case 217E- | 1.90E- | 150E- | 2.61E- | 1.65E- | 3.89E- | 1.03E- | 2.31E-
02 02 05 04 03 03 02 01

Added Shielding | 2.15E- | 1.70E- | 143E- | 2.31E- | 1.52E- | 3.77E- | 1.01E- | 2.27E-
02 02 05 04 03 03 02 01
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5.2.3 Rescaled DSCs Case

The surface sources for the outermost DSCs were scaled down such that the dose rate criteria
of 0.5 uSv/h at the |Ji] fence are met with no additional shielding in the building walls. The
rescaled outer DSCs are shown in Figure 13. The SB5 MCNP calculations were rerun with the
rescaling applied to these outer DSCs. The scaling factors for each energy group were rescaled
down to 50% (highlighted in pink), 25% (highlighted in blue), and 15% (highlighted in purple).
Then, the base case contributions from SB3, SB4, and PCSS wastes were added.

The best estimate plus two sigma dose rates with the rescaled DSCs are shown in Figure 14.
With this rescaling of the DSCs, the dose rates at all fence segments surrounding SB5 are
below criteria. The dose rates near the surface of the outer DSCs were taken from the mesh
tally elements closest to the northernmost and southernmost DSCs. The maximum dose rates
(BE+20) in these regions were 2.1 uSv/h for the northernmost DSCs and 1.5 uSv/h for the
southernmost DSCs.

As expected, the dose rates (BE+20) at all site dose points for the rescaled DSCs case are
lower than the base case and are below the dose acceptance criteria, as shown in Table 8.
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Figure 13: Age Distribution of 1410 DSCs in SB5 — Rescaled Outer DSCs Highlighted
(Scaled Down to 50% in Pink, 25% in Blue, and 15% in Purple)
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Table 8: Base Case Best Estimate + 20 Dose Rates — Rescaled Outer DSCs

Dose Rate (uSv/h, BE+20)

DI [Pty PW24 | PW26 | LS03 | LS04 | LS05 | LS06 | LS07 | PWA0

Acceptance | 5.00E- | 5.00E- | 1.00E- | 1.00E- | 1.00E- | 1.00E- | 1.00E- | 5.00E-
Criteria 02 02 01 01 01 01 01 01

Base Case 2.06E- | 1.82E- | 1.39E- | 2.12E- | 1.45E- | 3.60E- | 1.01E- | 2.28E-
02 02 05 04 03 03 02 01

Rescaled DSCs | 2.04E- | 1.65E- | 1.35E- | 2.69E- | 1.46E- | 3.54E- | 9.50E- | 2.24E-
Case 02 02 05 04 03 03 03 01

To estimate the required dose rate near the DSC surface after applying the scaling factor, a
single DSC MCNP input with the fuel ages 500-group photon energy spectra was used to
assess the dose rates around the container. The best estimate dose rates at 30 cm from the
rescaled single DSC at certain fuel ages are shown in Table 9. These values may be
considered as the bounding SB5 outer DSCs surface dose rates that result in dose rates below
0.5 pSv/h at the |lij fence segments around SB5.

Table 9: Dose Rates (uSv/h, BE+20) at 30 cm Distance from a Single DSC Surface

. Dose Rate at 30 cm (uSv/h, BE+20)
Fuel Age (Scaling) - -

Front Side (Wide) Top
40y (100%) 7.02E+00 8.70E+00 | 5.35E+00
40y (25%) 1.75E+00 2.18E+00 | 1.34E+00
40y (15%) 5.26E-01 6.53E-01 4.01E-01
35y (100%) 8.34E+00 1.03E+01 6.32E+00
35y (50%) 4 17E+00 5.15E+00 | 3.16E+00
30y (100%) 1.00E+01 1.23E+01 7.52E+00
30y (50%) 5.00E+00 6.16E+00 | 3.76E+00
25y (100%) 1.21E+01 1.62E+01 9.44E+00
25y (50%) 6.05E+00 8.12E+00 | 4.72E+00
20y (100%) 1.51E+01 1.86E+01 1.16E+01
20y (50%) 7.56E+00 9.29E+00 | 5.79E+00
15y (100%) 1.95E+01 2.43E+01 1.52E+01
15y (50%) 9.77E+00 1.21E+01 7.58E+00
10y (100%) 3.03E+01 3.68E+01 2.34E+01
10y (50%) 1.51E+01 1.84E+01 1.17E+01

5.2.3.1 Additional Distance North Fence

There is an additional distance of about 12 m between the SBS north fence and the south side
of the road, as shown in Figure 15, where an additional barrier/fence may be installed at the
0.5 puSv/h boundary. So, the surface sources for the outermost DSCs were scaled down such
that the dose rate criteria of 0.5 uSv/h considering an additional 12 m distance from the north
fence were met with no additional shielding in the building walls.

PV294/RP/0002 RO1 Kinectrics Inc. Page 27 of 54



The best estimate plus two sigma dose rates with the rescaled DSCs are shown in Figure 17.
The dose rates near the surface of the outer DSCs were calculated closest to the northernmost
and southernmost DSCs. The maximum dose rates (BE+20) in these regions were 2.8 uSv/h for

the northernmost DSCs and 1.6 uSv/h for the southernmost DSCs.

The best estimate plus two sigma dose rates at 30 cm from the rescaled single DSC at certain
fuel ages are shown in Table 10. These values may be considered as the bounding SB5 outer
DSCs surface dose rates that result in dose rates below 0.5 uSv/h at the fence segments
around SB5. The dose rates (BE+20) at all site dose points for the rescaled DSCs case are
lower than the base case and are below the dose acceptance criteria, as shown in Table 11.

Table 10: Dose Rates (uSv/h, BE+20) at 30 cm Distance from a Single DSC Surface

Fuel Age (Scaling)

Dose Rate at 30 cm (uSv/h, BE+20)

Front Side (Wide) Top
40y (100%) 7.02E+00 8.70E+00 | 5.35E+00
40y (50%) 3.51E+00 4.35E+00 | 2.67E+00
40y (25%) 1.75E+00 2.18E+00 | 1.34E+00
40y (15%) 1.05E+00 1.31E+00 | 8.02E-01
35y (100%) 8.34E+00 1.03E+01 6.32E+00
35y (50%) 4.17E+00 5.15E+00 | 3.16E+00
30y (100%) 1.00E+01 1.23E+01 7.52E+00
30y (50%) 5.00E+00 6.16E+00 | 3.76E+00
25y (100%) 1.21E+01 1.62E+01 9.44E+00
25y (50%) 6.05E+00 8.12E+00 | 4.72E+00
20y (100%) 1.51E+01 1.86E+01 1.16E+01
20y (50%) 7.56E+00 9.29E+00 | 5.79E+00
15y (100%) 1.95E+01 2.43E+01 1.52E+01
15y (50%) 9.77E+00 1.21E+01 7.58E+00

PV294/RP/0002 R0O1

Kinectrics Inc.

Page 28 of 54



Figure 15: Additional Distance from SB5 North Fence [27]
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(Scaled Down to 50% in Pink, 25% in Blue, and 15% in Purple)
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Table 11: Base Case Best Estimate + 20 Dose Rates — Rescaled Outer DSCs

Dose Point Dose Rate (uSv/h, BE+20)

PW24 PW26 LS03 LS04 LS05 LS06 LS07 PW10

Acceptance Criteria | 5.00E-02 | 5.00E-02 | 1.00E-01 | 1.00E-01 | 1.00E-01 | 1.00E-01 | 1.00E-01 | 5.00E-01

Base Case 2.26E-02 | 1.82E-02 | 1.39E-05 | 2.12E-04 | 1.45E-03 | 3.60E-03 | 1.01E-02 | 2.28E-01

Rescaled DSCs Case | 2.08E-02 | 1.78E-02 | 1.38E-05 | 2.19E-04 | 1.47E-03 | 3.56E-03 | 9.73E-03 | 2.26E-01

5.3 Total Public Dose

The maximum individual dose to members of the public can be calculated by adding together
the maximum individual dose from chronic releases which is 1.88E-03 uSv per year (see
Section 5.1), and the dose rate from external gamma radiation at the most conservative public
dose point (PW24).

For the base case, assessed in Section 5.2.1, the dose rate from external gamma radiation
(BE+20) calculated at PW24 was 0.0217 uSv/h (which includes the contributions from the DSCs
in SB3/SB4/SB5 and the RWC-PT/CTs, RWC-EFs, and SGs in the PCSS), which equates to
43.4 uSv per year (assuming 2,000h occupancy). For the added shielding and rescaled DSCs
cases, the dose rates at PW24 are 0.0215 pSv/h (43 uSv/y) and 0.0204 uSv/h (40.8 uSvly),
respectively.

The dose contribution from chronic releases is negligible compared to the dose contribution
from external gamma radiation. The administrative public dose target of 100 uSv per year is not
exceeded considering the dose from external gamma radiation for all cases assessed in this
work.

It should be noted that the MCNP results are conservative. As discussed in Section 5.2.1.3, the
MCNP analysis DSC dose rates were not scaled to reflect the recent survey data [26].
Additionally, the fuel ages assumed for the SB5 DSC layout are conservative, as the waste will
have undergone further decay by the time all DSCs are transferred to the building.

6.0 Malfunctions/Accidents Safety Assessment

Malfunctions and accidents associated with DSC processing have been assessed previously
[2]. In addition, on-site transfer of DSCs to DSC storge Buildings (e.g., SB3 and SB4) has been
assessed before [2] [3] [4] [19]. The assessment results including dose consequence calculation
apply to this project given the activities of DSC processing and on-site transfer are independent
of activities carried out in the storage buildings. The only difference compared with the previous
assessment is the DSC handling and storage in the new Building SB5. Therefore, the
malfunctions and accidents associated with the DSC handling and storage in SB5 are assessed
to confirm it is safe to operate. Furthermore, the impact of construction of SB5 on existing DSCs
being stored at SB3 and SB4 is assessed.

The assessment followed the methodology specified in Section 3.2, taking into account the
information from the existing safety assessments [2] [19]. A pre-screening of the identified
hazards was undertaken to screen out those events which are known to have no impact on the
Pickering site or PWMF. Hazards may be eliminated at this stage when it can easily be
determined without any additional analysis, that the hazard has a negligible impact on the safety
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of SB5. Hazards that are screened in are then part of the detailed screening analysis. Appendix
A lists the results of the hazard pre-screening assessment.

6.1 Malfunctions/Accidents during Handling and Storage
6.1.1 DSC Seal Weld Failure during Storage

Radioactive release from a DSC will only occur if both the fuel sheath and the DSC lid seal weld
fail. However, used fuel having a known damaged or defective sheath will not be loaded into a
DSC. Failure of the sheath is not expected to occur during the operating life of the storage
facility. Furthermore, the DSC lid and base are sealed with a full-penetration groove weld. After
the weld has been completed and cooled, a Phased Array Ultrasonic Testing (PAUT) system is
used for the inspection of the DSC lid-to-base seal-weld. The DSC is subsequently filled with
inert helium and leak tested prior to storage.

As the seal-welds are inspected and pressure tested, and there is no external force acting upon
DSCs, it is concluded that multiple random weld failures are not a credible event. A check of
OPEX also confirmed that no instance of random-weld failures has been reported. Therefore,
this event is screened out.

6.1.2 DSC drop during Transfer to Storage

DSC drop could occur due to the failure of the Transporter or the DSC lift plates while the DSC
is lifted by the Transporter during the transfer of a loaded DSC in SB5. Assuming that 624 DSCs
are transferred to SB5 within the year, same as the rate for SB4 [19], the postulated frequency
of both mechanical locking mechanisms failing simultaneously while carrying a loaded DSC
within SB5 would be 6.24E-06 events per year [19], greater than he cut-off frequency of 1E-06
per year.

However, given that the Transporter is equipped with front and rear bumper emergency stops or
sensors, and taking into account the low-lift height of the DSC while in the Transporter and that
the loaded DSC has been seal-welded at this stage of the process, no releases are expected
from this scenario. Therefore, this event is screened out.

6.1.3 Transporter Collision with a Dry Storage Container or Another
Transporter

Operator error during Transporter operations could result in a collision with a loaded DSC on
SB5 building floor or with another Transporter in SB5. The probability of a DSC drop or collision
event in SB5 due to operator error would be 6.24E-01 events per year, assuming maximum of
624 DSCs are transferred to SB5 within a single year [19].

However, given the low-lift height of the DSC while in the Transporter and that the loaded DSC
has already been seal welded at this stage of the process, no releases would result from this
scenario. Therefore, there would be no public or occupational dose consequences. Therefore,
this event is screened out.

6.1.4 Fire

Similar to SB3 and SB4, SB5 has been designed in accordance with the National Building Code
of Canada (NBCC) [28] and the National Fire Code of Canada (NFCC) [29]. Additionally, in case
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of accidents involving fires, the Pickering Emergency Response Program (ERP) also applies to
the PWMF Phase Il site where SB5 is located within.

The credible fire scenarios could be DSC transporter fire and Transient Work Vehicle (i.e.
Scissor Lift) fire in the storage area. The fire involves mainly the combustible liquids and the
rubber tires. The effects of a fire could potentially increase the temperature of the DSC and the
used fuel bundles inside the DSC. However, Fire Hazard Assessment (FHA) [30] concluded that
given the large thermal inertia of the DSC and the limited duration of the event, the DSC
exposed to the fire would not exceed their design limits during a fire event and there would be
no radioactive release from the DSCs. As such, there would be no public or occupational dose
consequences as a result of this event. Therefore, this event is screened out.

6.1.5 Earthquake

The DSC has a safety factor of 7 against overturning and 4 against sliding under the loads
described for the earthquake scenario using the Pickering ‘B’ seismic ground response spectra
and accelerations of 0.0625¢g horizontal and 0.05g vertical Peak Ground Acceleration (PGA)
[31].

The structure of the DSC is adequately strong to ensure the integrity of the DSC in case of an
earthquake with the above parameters. In addition, the DSC is required by design to withstand a
storage building collapse without loss of shielding or containment [32]. Therefore, no releases
would result from DSCs in storage and there would be no public or occupational dose
consequences as a result of a Design Base Earthquake (DBE). Therefore, this event is
screened out.

6.1.6 Tornados / High Wind

A DSC can resist overturning in tornado winds of up to 425 km/h [31]. This scenario considers
the DSC to be subject to the full force of the horizontal wind and ignores the building structures.

It is expected that the wind associated with a Design Base Tornado (DBT) will not overturn a
DSC loaded with used fuel, which has a safety factor greater than 5 against overturning due to
tornado winds [31]. Therefore, it can be concluded that a seal-welded DSC will not overturn
under the impact of postulated tornado missiles/severe wind load and the containment will not
be breached as a result of a tornado-generated missiles.

Based on the design requirements [32], the DSCs in storage will withstand tornado generated

missile impacts, strong winds and storage building structural failure or collapse without loss of

shielding or containment. Therefore, there would be no releases from the seal welded DSCs in
storage inside the SB5 and no dose consequences to the public or to workers. Therefore, this

event is screened out.

6.1.7 Thunderstorms/Lightning

Thunderstorms can potentially involve lightning striking SB5. However, SB5 will be equipped
with appropriate grounding provisions [28]. Additionally, according to the design requirements
[32], the DSC was designed to maintain its structural integrity, appropriate shielding and
containment function for severe atmospheric conditions, including lightning. This is also
confirmed in a lightning strike container assessment [33].Therefore, no releases and public dose
consequences are expected from this event. Therefore, this event is screened out.
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6.1.8 Flooding

The only possibility for flooding at the PWMF site would be as a result of extreme local
meteorological events. Water entry originating from a Probable Maximum Precipitation (PMP)
into SB5 is possible. However, the DSCs are seal-welded and designed to tolerate water
immersion at 2 MPa [32], so the temporary waters of the PMP flooding does not represent
radiological safety concern. Therefore, this event is screened out.

6.1.9 Explosion

Explosion sources exist on PWMF Phase Il. Based on the transportation route assessment for
the SB3 and SB4 [34], the peak side-on overpressure at the distance of 100 m from the sources
of the explosion is no more than 7 kPa. As SB5 is located at least 200 m away from these
explosion sources and there are other facilities between SB5 and these sources, the impact of
the explosion on SB5 can be screened out given the estimated overpressure level at SB5 will be
less than 6.9 kPa, the criterion specified by the US NRC [35]. Furthermore, the maximum
thermal radiation due to the propane fireball is expected to be less than 18 kW/m?, less than the
potential impact criteria of 35 kW/m?.

6.1.10 Aircraft Crash

The aircraft crash frequency calculated for the total safety related container (DSCs and RWCs)
storage area in the PWMF site, including SB5 and the proposed PCSS, is 6.5E-07 events per
year, based on the proposed dimension of the building and taking into account the crash rate for
the PWMF site (refer to Appendix B). This value is lower than the cut-off frequency of 1E-06
events per year. Therefore, this event is screened out.

6.2 Construction Hazards Impacting Storage of DSCs in SB3 and SB4
6.2.1 Dropped or Impacting Loads

During the construction of SB5, construction crane(s) will be used to lift various parts of the
building materials into place. Due to crane failure or human error, swinging or dropped loads
from the crane could impact the structure in the vicinity of construction area. However, SB5 is
about 38 m away from SB3 and SB4, it is unlikely that structural integrity of SB3 and SB4 were
to be compromised should such an event occur.

In the worst-case scenario that SB3 or SB4 were to collapse, the DSC will withstand a storage
building collapse without loss of its shielding or containment [32]. Therefore, this hazard can be
screened out.

6.2.2 Earthquake

During the construction of SB5, construction crane(s) will be used to lift various parts of the
building materials into place. Scaffolding will be erected during construction activities. As a
result of an earthquake, the crane might topple, scaffolding and the SB5 under construction
might collapse. However, given the distance between SB3/SB4 and SB5 which is about 38 m
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and the peak height of SB5 is about 7.5 m 7, it is unlikely the toppled crane and collapsed
structure could cause damage to the SB3 and SB4.

Even in the worst scenario, where SB3 or SB4 were to collapse over the DCSs in storage due to
the toppling of a crane, collapse of scaffolding, and the failure of SB5 during an earthquake
event, this hazard would be within the design basis of the DSC. The DSC is designed to
withstand a storage building collapse without loss of its shielding or containment [32]. Therefore,
this hazard can be screened out.

6.2.3 Acetylene Decomposition Explosion Missile

Acetylene could be used during the construction of SB5 for activities of cutting, welding, brazing,
and heat treating at very high temperatures. There will be increased possibility for acetylene
explosion missiles during the construction work.

Storage and use of acetylene should strictly follow OPG’s standards for hazardous material
handling. Acetylene cylinders should be stored in upright position in purpose-built containment,
ensuring that they are adequately secured against falling. It is recommended that bulk acetylene
to be stored in secure storage in the construction laydown area, away from SB3 and SB4. If
these requirements and recommendation are followed, this hazard should not impact the
structural integrity of SB3 and SB4.In the worst-case scenario that an acetylene explosion
missile occurs, the event will be bounded by a tornado missile [19]. This hazard is screened out.

6.2.4 Soil Failures (Slope Instability and Subsidence)

SB5 will be built adjacent to SB3 and SB4. Excavation work will be performed about 38 m away
from the east side of SB3 and SB4. To minimize slope instability and/or subsidence risk, all
applicable codes and standards shall be followed. The Construction Plan shall ensure that
adequate provisions are made for shoring the foundations of the adjacent buildings. If these
requirements are followed, the construction hazards associated with soil failures are not
expected to impact the structural integrity of SB3 and SB4.

In the worst-case scenario, soil failure occurs due to excavations, which could compromise the
integrity of the SB3 and SB4 structure. Under this scenario, the release of radioactivity from a
seal-welded DSC is not expected, given the robust design of the DSCs, which are designed to
withstand storage building structural failure [32]. Therefore, this hazard is screened out.

6.3 Summary of Malfunctions/Accidents Associated with Construction,
Handling and Storage

Based on the screening performed in Section 6.1 and Section 6.2, all identified events are
screened out. The following events are screened out due to their low frequency of occurrence.
e Seal Weld Failure during Storage
e Aircraft Crash

The following events are screened out based on a qualitative assessment of their
consequences:

7 The peak height is without the height of the ridge vent.
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e Dropped or Impacting Loads

e Earthquake

e Acetylene Decomposition Explosion Missile

e Soil Failures (Slope Instability and Subsidence)

e DSC drop during Transfer to Storage

¢ Transporter Collision with a Dry Storage Container or Another Transporter
e SB5 Fire

e Tornados / High Wind
e Thunderstorms/Lightning

e Flooding

e Explosion

The assessment results are summarized in Table 1.

Table 1: Summary of Postulated Malfunction and Accident

Malfunction Sl eilse Classification r::;?:ﬂ?:m I':::(ei:'ltlijar:'l

or Accident occxr/enci esvenL(Ythz (see Note 3) dose to occupational
(event /year) D public (mSv) | dose (mSv)

Malfunctions and Accidents during DSC Storage in SB5

DSC seal weld

failure during <1E-06 N -— -— -—

storage

DSC drop

during transfer 6.24E-06 Y DEC 0 0

to storage

Transporter

collision with a

DSC or another 6.24E-01 Y AOO 0 0

transporter

Fire See Note 2 Y See Note 2 0

Earthquake See Note 2 Y See Note 2 0 0

Tornado/high 3.13E-06 Y DEC 0

wind

T_hund_erstorms See Note 2 Y See Note 2 0

/lightning

Flooding See Note 2 Y See Note 2 0 0

Explosion See Note 2 Y See Note 2 0 0

Aircraft crash 6.5E-07 N - - -—-
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Malfunction Sl ceise Classification ;::(?:12‘1 ;:;?;T;?L
. occurrence event (Y/N) .
or Accident (see Note 3) dose to occupational
(event /year) -See Note 1 public (mSv) | dose (mSv)
Construction Hazards Impacting Storage of DSCs in SB3 and SB4
Dropped or
Impacting See Note 2 Y See Note 2 0 0
Loads
Earthquake See Note 2 Y See Note 2 0 0
Acetylene
DooomPOsition)  see Note 2 Y See Note 2 0 0
xplosion
Missile
Soil Failures
I(pre. : See Note 2 Y See Note 2 0 0
nstability and
Subsidence)

Notes:

1. The term credible is used for those events with the frequency of occurrence higher than 1E-06 events

2.

per year.

The hazard frequency was not calculated for this scenario. The event is considered credible based on

its nature or if it is bounded by a credible event. The classification of DEC was assigned to such event

for conservatism.

As per REGDOC 2.4.4 [7], the following classification was applied:

e AOO: an event with a likelihood of occurrence greater than 10-2 per year

e DBA: an event with a likelihood of occurrence less than 10-2 per year and greater than 10 per
year

e DEC: an event with a likelihood of occurrence less than 10 per year and greater than 10 per
year

7.0 Conclusions

This report documents the safety assessments that were performed to support the operation of
SB5 on the PWMF site, including a normal operations safety assessment and
malfunction/accident safety assessment.

In the normal operations safety assessment, doses to workers and the public for normal
operation of the PWMF were assessed. It was concluded that doses to the public due to chronic
emissions from the PWMF were significantly less than the dose acceptance criterion. With
respect to dose rates around the facility, public dose acceptance criteria at the site boundary
locations are met, and dose rates at the facility fence line around SB5 are met when mitigation
options (e.g. additional shielding or the use of lower dose rate DSCs around the periphery) are

applied.

In the malfunction/accident safety assessment, hazards were identified and screened for
handling and storage of DSCs in SB5. It was concluded that no releases would result from all
the events considered. Furthermore, it is confirmed that the construction of SB5 will not have an
impact on DSCs stored in SB3 and SB4.
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Appendix B: Aircraft Crash Frequency Calculations

This Appendix presents the aircraft crash frequency calculations for the PWMF site. The
calculations were based on the Appendix B of Reference [B-1], including the calculation of the
effective area of the target and multiplying that by the aircraft crash rate.

The effective target area Aerr is calculated as

Aett = A + As
where
Ar= (WS +R)*H*cotd + (2 *-L*W*WS)/R + L*-W
As = (WS+R) *S
Where

Ar = effective fly-in area;

As = effective ski area;

WS = aircraft wingspan;

R = length of the diagonal of the facility;

H = facility height;

cot® = mean of the cotangent of the aircraft impact angle;
L = length of facility;

W = width of facility; and

S = aircraft skid distance

The values for the aircraft wingspan, mean of the cotangent of the aircraft impact angle and
aircraft skid distance were taken from Tables B-16, B-17 and B-18 from Reference [B-1],
respectively. The aircraft crash rates for the PNGS site and the dimensions of facilities at the
PWMF site including SBS which are used in the frequency calculation are based on
Reference [B-2].

The results of aircraft crash frequency calculations for the PWMF site where SB5 is located are
presented in Table B-2.
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