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ABSTRACT

The two proposed sites have selected for low-level radioactive waste
(LLW) final disposal sites in Taiwan. Based on the follow-up schedule, the
referendum and environmental impact assessment will execute positively.
Tunnel disposal is an appropriate conception for this two potential sites. Fuel
Cycle and Materials Administration (FCMA) is a competent authority which to
examine the licence application. To match up the professional work
development, Institute of Nuclear Energy Research (INER) is commissioned to
execute the plan “Preliminary Study of Key Topic for Low-Level Radioactive
Waste Tunnel Disposal Safety Assessment” by FCMA. The schedule for this
plan starts at May 2, 2011 and continues through November 30, 2011.

The achievements of this study includes follows: (1) study the
international repository case for LLW tunnel disposal; (2) analysis the
parameters for safety assessment; and (3) propose the key topic of engineered
barrier system and geologic barrier system for safety assessment of LLW final
disposal. These can benefits the review work of safety assessment report and

further development for the safety of LLW disposal facilities.

Keyword: low-level radioactive waste(LLW), tunnel disposal, safety assessment
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2. 4o g4 ¥ K% DGR 3 & ¥ Al 5 01

21#+FFFaRn

211 % %
tv & = RPpFEa % 2 ¢ 4172 (Nuclear Safety and Control Act) » ** 2000
#3224 £ 5 gy & 24 f ¢ (Canadian Nuclear Safety Commission,
CNSC) - H izfr¥w 5t 1946 # = = dhp+ i ¢ 4] /& (Atomic Energy
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vE P RA SR 72 #% #f (Nuclear Waste Management Organization,
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EFARAPX 22 i@ m& < T 4 27 (Ontario Power Generation,
OPG) % 4v £ ~ 1 & P50 T 2 § 3 = 7 > #73 Pickering ~ Bruce ~ Darlington
2R R £ 203 E KN F Bise o H P Bruce A ¥ Bruce B 7 Bt
Pt d g g F @ 2730 (Bruce) ©
TE Rz Bl R R A2 Y M st R P (Low and
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2.1.2 #F 42

OPG % i & #4 {7 DGR 3+ 4 ¢hB = » ¥ 2 & £ fFR 2 2 4o Golder
Associates Ltd. ~ Quintessa Ltd. ~ Gartner Lee Ltd. ~ INTERA Engineering Ltd. -
Itasca Consulting Ltd. ~ Hatch Ltd. % -~ 2 % * & [ f& 4= University of
Waterloo ~ University of Toronto % 2. & F# /75 2 u i A2 4 R 4 & 1% o
A2 453 1998 £ > d Golder Associates $% 1) — LM BB PEA %X 3 0 2001 &
F¥ > Kincardine # #cf#% 1) % Bruce % % ft P X B L&ILW & 8 ¢ A %5 2
¥ {735 >2002 & 4 * Kincardine # 5 fi+£? OPG % 37 # & 4+(Memorandum
of Understanding) > & % DGR 3+ 3% 372+ 2003 & p* 5 %2 4 Fe B o 1 IBRER
Ham¥ 2 A GAH  BIEFMAXTIFRZ X >k (Golder
Associates Ltd., 2003)> @ {4 Golder Associates Ltd.>t 2004 & 4-%f 1 f2 H jisv
T~ % ﬁ_ﬁ’fﬂﬁ@;‘#? VA ERT THEFEY 5L T IS A W\i&%‘;’%
% 2 % (Golder Associates Ltd., 2004) ; Gartner Lee Ltd.» 3% 2004 & i i =
AT (TR € 3% X R 4 17(Gartner Lee Ltd., 2004) ; OPG 2 Kincardine
P& ¥ 7 MY DGR 3+ % 2 & 172 3& (Ontario Power Generation, 2004)
T % B DGR F PR A2 FE B B H @ The Strategic Counsel % 2005
# v Kincardine 7 e/ 2 WL FEHA A 5% > &% 18 hh 6778 o
AP A EFA WWMF % 8 L&ILW El et 5] 5 60% 0 & }“1'—"};’{ L g
22% > ¢ = 'fﬁ”ﬁ 13% > % Fvif & 358G 3 ﬁ % 3% 5% (The Strategic Counsel,
2005) ° 5 4t >+ 2006 # pFiA-iR #- ILW 5 ~ DGR P > & B4 2009 # 444
% 3 3% % (Environmental Assessment, EA)# 11352 » 2 2 % - K% > A 47
% |(Garisto et al., 2009) > 2010 & ¥ = % =& 4= # 2% 2+ 4F 2 (Hatch Ltd., 2010)
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3F 4 (Postclosure Safety Assessments) 2 ¥ £ = # = iz 3F £ (Environmental
Impact Statement, EIS) » T & % & > ¥ 3 2012 e BT ZF R
(Construction Licence)> >t 2018 & %= = 3% 3§ {4 iy "8 1|8 & B 408 < 3 7 (B
2.1-5) o

2012 2 2019 £ RF 1 (35 P 20 B A3 ALY Hid e B F e T HA
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® 2017/2018

OPG receives operating
licence to accept waste
packages at L&ILW DGR
(anticipated)
OPG receives EA Approval and Licence

Approval for Site Preparation/Construction Licence @ 2013 e It will take about five years
(anticipated) to construct the LEILW DGR

2012 ® Public Hearing before Panel

® Submit EIS to Panel (anticipated)

2011
V2 Safety Case complete o
Preliminary Design Report e
2010
V1 Safety Case complete o AT
2009 ® FA Guidelines issued

January 2009
Updated Conceptual e
Design Report

2008
® [EATrack approved
2007
® FEA Scoping Hearing
2006 e FEA Project Description submitted
® Positive community poll to move
2005 forward with L&ILW DGR received

B 2.1-5 DGR 3* % # #2(2005-2018)
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D [Task Name Duration l Start [ Finsh a1 j _[ 2014 = 2!:1 2017 I 2018 2019
e G L i - i ] AN ,Q!LQZLQ% a4 [Qrfa2 03 Qil0z2|Q304 01]02[Q3104 mlmjo: Q4]01]Q2]0Q3]04|01102 (03|04 Q1]02[Q3
Key Assumed Dates (NWMO Provided) & Pre-Work 180 days 04/06/2012 01H2/2012
— 3 sarer-ijcaA:u‘vmn 0 days 04062012 04/06/2012 * I
5 R 9 & Contract D 180days 04062012 01M2/2012 p—
s Site Work 120days 040672012 021012012 —
B IMil Dates (Schedule D i ) 2272 days 070112013 21/06/2019 v <
14 |  Start Project C n (Sign C & Odays 07012013 0740172013 Y
N Complete Primary Foundations 0 days 18/06/2013  18/06/2013 | *
16 Main Shaft 1106 days 03/08/2013 24/09/2016 | w )
23 Ventilation Shaft 1140 days 04/0612013 29/08/2016 L o -
29 DGR Lateral Development & Construction 832 days 03112016 27032019 L 4 o
| 3 | Site Clean-Up & Hand-Over to Operations 28 days 2410572019 21082019 L)
3% |Long-Lead Critical Procurement - Detail Design, Fabricate & Delivery 4cays| DTN 16472014 o
3 Detailed Design, Fabrication & Delivery 450 days 07/0172013 16/04/2014 ———————
% |Surface Construction for Devel & Construction Stage BiSdays 0700172013 0410572015 v
46 Initial Site Preparations 300 days 07/0112013 031172013 T ———
58 ShaftF Plant & F ] 490 days 07/01/2013 26/05/2014 P———————————
| & ] & g Plant 44days 21032015 0410572015 T
&8 Primary F - Shaft Haadfrlmes m]or & Equ 180 days 0710112013 06/07/2013 —
106 'Main Shaft 1115 days 03082013 03M0/2016 L, -
107 | Pre-Sink & Liner - Main Shaft SSdays 030872013 011072013 —
BLE Install & Set-up - Main Shaft 162days  10/08/2013 0200272014 —
L] G Surface & Install Utilities - Main Shaft 191days 041072013 27/0472014 P—
146 Main Shaft Sinking & Initial DGR Development S74days  26/052014 180172016 1 R ———C
| 788 | Mnin Shaft Lining & Equippi 624 days 10272014 1410612016 | s e
170 ission & R Main Shaft Sinking Gear T67days 1400612016 2008/2016 | | L e
178 Install Main Shaft Koepe Hoists 404 days 03/08/2015 24/09/2016 | R ——_
193 C Office & Amenities gt 90 days 05/0712016 03H0/2016 L ey
'S8 |Ventilation Shaft s T77days  OGO0I3  0BH 12016 | v o
%8 Pre-Sink - Ventilation Shaft 59days  06/07/2013  O03/09/2013 | L
i Install Sinking Gal & Set-up - Main Shaft 229 days 130772013 130372014 P——
207 Construct Surface Buildings & Install Utilities - Ventilation Shaft T Zzidays  06/09/2013 2900472014 g
| <0 ] Ventilation Shaft Sinking & Initial DGR Development 120512014 05/02/2016 1 v . |
244 Ventilation Shaft Lining & Equipping (DGR De: Config 26M172014 061172016 - v
%3 |Transition Shaft Sinking to Lateral Develoy &C 0810412015 1011172015 P— [
Ml © Per s 06/0472015 10172015 e
#72_|Initial DGR Level G ical ig 05/0272016 2010/2016 mm—
273 wnicel Drilling Program 0days 05/02/2016  05/02/2016 *
274 WMIMRMWW(MM elc) 200 days. 05/02/2016 2300872016
275 Lateral Development Commences - Initisl Resulls 0 days 20/10/2016 20/10/2016 >
278 |Underground D 1 t & C 1020 days 2410772016 21/06/2018 | P @
217 DGR Construction - lnllm Set-up for Lateral Development 88 days 240772016 201012016 p—
il _DGR Lateral Development B4ddays  20M0M016| 26032019 v v
a1 DGR Compl: UGD);! 25/03/2019  25/03/2019 | *
312 DGR C & Equipping - Shaft & Services Area Facilities 175days  O7MX2017 2910872017 —
322 Shaft & Services Area Ci Ce e 0 days 29/08/2017 29/08/2017 *
323 DGR Emplacement Room Area Construction 531 days 1811172017 31/05/2019 N —————————
328 Rooms 0days 31/05/2019 31/05/2019 *
= DGR Change-Over & for Oy i 88 days. 25/03/2019 21/106/2019 —
. -1 Ch Over for r‘ i Stage 887 days  0BM1/2016 2410512019 > -
Licud Ci & Re I of g Temp Facilities Odays 0641172016 | 06/11/2016 -
341 Roads & Site Facilities 431 days 05/03/2018 24052018 D
“s Facilities Complete - Hand-Over to Operations 0 days 24/05/2019  24/0572019 [ 1 -
Tosk * Rolled Up Critical Task [ ]  Split - Group By Summery ~ (e——
e e e Crical Task - w RoidUp & External Tasks CEmEmmEE  Deadine &
Progress. [T Roled Up Progress e Project Summary P———
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dFiE 845 m 2 gRVHRRIZ B TR KBRS o Bd 2 2T 2
KT A (F2.1-8) :
(¥ % 1 105m iFre: & F 2 % % % #£(Devonian Dolostones) & » & f 7 7
v 2 % e 4 £ (Dolomitic Limestones) ;
(2) 105miFx 430 m Fre' » # F 13 & (Silurian) 7 & # 2 F # (Shale) % ;
(3)430m /#% 830m Ffe: i B4 % (Ordovician) | # &
% 7 % #) # (Cambrian Sandstone) & > ¥ & j&

(4)830m ;FX 845m Fhw:

ETIRS

1
REF®ER %W L ¥ £ (Precambrian Granitic Gneiss) °

Overburden

Bruso A OB 1 e, o Amherstburg FM
: : Bois Blanc FM } DEVONIAN
o BassIsland FM 7

Salina FM
SILURIAN

a-—GI-IpII Amabel &
Reynales FMs.

gis— Cabot Head &  {
Manitoulin FMs.
Queenston FM
Georgian Bay FM

Collingwood FM [ ORDOVICIAN
Lindsay FM

UIHHIIIN{ Cambrian Sandstone

Precambrian )
Basement >

® 2.1-8 DGR #u+ F3l5
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r 3

Post-Closure
Institutional Control

F

3

Post-closure monitoring
data / Experimental data

Disposal Concept
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Predicted performance data /
Analogue performance data /
Experimental data

Safety

I 3

y

Assessment
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Material testing data /
Construction data /
Experimental data

Operational monitoring
data / Experimental data

Site Closure and
Confirmation

B 2.2-1 % »3%f%

Site Operation

4
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Assessment Context
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Justify Scenarios -
L vy
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¥
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A
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.
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Assessment?
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afety Assessment?
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221 BRAF =+ 1

PEAR TIPS g e® LLW 5 2 B3 4 13 £ (Waste Inventory) 5 &

AP TR E R AN R

(%55 it T Rd B 40 £

(2)*7F Piiv T A s EH 25 & £ 5 R

Todae A4 RS R P s 2 A 2 R (High Volume Scenario) (% 5
o By FER PR R RGBSR X 2R Y R

* i EH S 2035 & o
RATRALZZEAFIALZE XEF FTF 8+ X5/ % (Bottom
Ash) ~ 14§ % & & % (Baghouse Ash) ~ # it & (Compact Bales) ~ %] i+ 44
(Compact Boxes) » 2L AJZ B2 A 4 % % > F] # (Non-pro Drums) ~ 25
FdR i 2 B R 4 8 >t £ $(Non-pro Boxes)2 H v & > go 787 5 37 B
Bt SEp 2 2035 R P fE s R 1.3x10" Bq (% 2.2-1) -
NGBS SRS AEEE N ERTHUT BT FA
FEAMCEAFDEENZREY25m 2 BT HUETE ) L EAILE

bl
ZHEPFRAAENERTRAUZIELAFIUZE
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%221 FFRE 203522 LIW AAd $ 5 &
. ., |Bottom Baghouse Compact |Compact |Non-pro |Non-pro |Non-pro
Radio-nucl Total
adio-nuclide Ash (bins) |Ash (drums) |Bales Boxes Drums Boxes Other ofa

H-3 5.2x10"  0.0x10° 7.2x108%  [9.8x10"2  |1.4x10"2 |8.3x10"2 |5.5x10'* [9.7x10"
C-14 1.8x10°  |6.5x10° 3.8x10°  [1.0x10" |2.0x10" |1.2x10" |7.8x10' |2.5x10M
Cl-36 4.0x10°  |6.1x10* 24x10°  |6.6x10°  |2.5x10°  |1.5x107  [9.9x10°  |4.0x107
Fe-55 2.1x10"?  [3.2x10"° 43x10"  [1.2x10"%  |6.5x10'  |3.8x102  |2.5x10'2 [1.1x10"
Co-60 3.5x10°  |4.8x10° 3.0x107  [8.2x107  |4.7x107  |2.8x10°  |1.8x10%  [9.7x10®
Ni-59 3.4x10"  |5.1x10° 2.0x10""  [5.5x10'  [2.1x10" [1.2x10"  |8.2x10'"  [3.4x10'?
Ni-63 5.0x10"°  |6.7x10% 42x10°  [1.2x10"°  [6.5x10°  [3.9x10'° |2.5x10'° |1.4x10"
Se-79 44x10°  [2.0x10° 3.3x10°  [8.9x10°  |7.4x10°  |4.4x10°  |2.9x10°  |9.8x10°
Sr-90 1.1x10"°  |5.2x10% 42x10°  [1.1x10"  |5.5x10°  [3.2x10"° |2.1x10'° [8.6x10'"
Z1-93 4.7x10*  |3.7x10? 23x10*  [6.3x10°  |7.9x10°  |4.7x10*  |3.1x10*  [2.2x10°
Nb-94 2.8x10°  [0.0x10° 2.5x10°  16.9x10°  |5.3x10%  [3.1x10°  |2.1x10°  |1.8x10%°
Tc-99 1.6x107  |7.5x10° 1.2x107  [3.3x107  [2.7x107  |1.6x10°  |1.1x10%  |3.7x108
Ru-106 7.5x10"  |2.0x10° 1.5x10"  |4.0x10"  [3.3x10°  [2.0x10" [1.3x10"° |6.6x10"
Ag-108m 1.3x10°  ]6.0x10° 9.8x10°  [2.7x10°  |2.2x10°  [1.3x107  [8.6x10°  [3.0x107
Sb-125 3.3x10"%  |5.1x10° 3.5x10°  |9.5x10'°  |6.3x10°  |3.7x10'° |2.5x10'° |2.4x10"
Sn-126 6.8x10°  [3.1x10° 5.0x10°  [1.4x10°  |1.1x10°  |6.7x10°  |4.4x10°  |1.5x107
I-129 3.7x10*  |1.7x10* 2.7x10*  [7.4x10*  [6.2x10*  [3.7x10°  |2.4x10°  [8.2x10°
Cs-134 1.6x10"°  |6.3x10° 1.7x10"  |4.5x10°  [1.3x10'° |7.9x10'° |5.2x10' [|2.3x10"
Cs-135 1.3x10°  |5.9x10* 9.6x10*  [2.6x10°  |2.2x10°  |1.3x10°  |8.5x10°  |2.9x10°
Cs-137 1.3x10""  [5.7x10"° 9.3x10° |2.5x10'  |2.1x10'  |1.2x10'2  |8.2x10'"  |2.8x10'
Sm-151 44x10°  [2.0x10° 3.3x10°  [8.9x10°  |7.4x10°  |4.4x10°  |2.9x10°  |9.8x10°
Eu-152 0.0x10°  {0.0x10° 0.0x10°  [0.0x10° |2.1x10%  |1.2x10°  |8.2x10%  |2.3x10°
Eu-154 5.8x10°  |3.1x10% 5.6x10°  [1.5x10"°  |2.3x10%  |1.4x10°  |8.9x10%  |2.9x10%°
Eu-155 1.3x10°  [0.0x10° 1.2x10°  [3.2x10°  [0.0x10°  |0.0x10°  [0.0x10°  |5.7x10°
U-234 29x10°  |1.1x10* 3.2x10°  [8.7x10°  [|8.2x10*  [4.9x10°  |3.2x10°  |2.4x10°
U-235 4.8x10°  [1.7x10° 52x10°  [1.4x10*  |1.3x10°  |7.9x10°  |5.2x10°  |3.9x10°
U-236 5.4x10*  |2.0x10° 5.9x10°  [1.6x10°  |1.5x10*  [9.0x10*  |6.0x10*  |4.4x10°
U-238 3.6x10°  |1.3x10* 40x10°  [1.1x10°  [1.0x10°  |6.0x10°  |4.0x10°  |3.0x10°
Np-237 2.7x10*  ]9.8x10? 3.0x10*  [82x10*  |7.7x10°  |4.6x10*  |3.0x10*  [|2.2x10°
Pu-238 1.0x10%  |4.3x10° 1.2x10°  [3.4x10%  [2.2x107 1.3x10%  [8.4x107  |8.1x10®
Pu-239 1.8x10%  |6.4x10° 2.0x108  [5.3x10°  |5.0x107  [3.0x10%  |2.0x10%  |1.5x10°
Pu-240 2.6x10%  [9.2x10° 2.8x10%  [7.7x10%  [7.2x107  |43x10®  |2.8x10%  [2.1x10°
Pu-241 2.4x10"°  [8.5x10° 2.6x10"  [7.1x10"  [6.7x10°  |4.0x10" |2.6x10'" |1.9x10"
Pu-242 2.5x10%  [1.2x107 3.7x108  [1.0x10°  |8.7x107  |5.2x10%  |3.4x10%  |2.6x10°
Am-241 2.6x10°  [9.4x10° 29x10°  |7.8x10°  |7.3x10*  |4.3x10°  |2.9x10°  |2.1x10°
Am-243 5.7x10°  |2.0x10* 6.2x10°  [1.7x10°  |1.6x10°  [9.5x10°  |6.3x10°  |4.7x10°
Cm-244 1.1x10®  |7.8x10° 24x10%  [6.5x10%  [2.7x107  [1.6x10®  |1.1x10%  |1.3x10°
Total 3.9x10%  [1.2x10" 7.3x108%  [1.5x108  |1.2x10™  |6.8x10™  |4.5x10' [1.3x10%

21




222 Bk 2 A
PEEARF IR e B AR Y ¥ g™ BFE(R 2.2-3) :

(1)# %" 32+ % (Covered Above Grade Concrete Vault , CAGCV)} 7 B ¥
B 3

Q)¢ 2R Z-7) £ Kk (Covered Above Grade Concrete Vault on Sand ,
CAGCV-S) ;

(3)¥ # B2 % -7k+ % (Covered Above Grade Concrete Vault on Till ,
CAGCV-T) ;

(4)i% k& 2 2 % (Shallow Concrete Vault, SCV) ;

(5)iFk R 3+ % (Deep Concrete Vault, DCV) ;

(6)# £ F x ¥ = % (Rock Cavern Vault, RCV) ;

(7)i®% B # F #F x5 % (Deep Rock Cavern Vault in Shale, DRCV-S) @ i+
WFERA0m E AR

®)iF & F & £ H #F xh» E (Deep Rock Cavern Vault in Limestone,
DRCV-L) : =% & 660m % & # k&

S Golder = @ 3% fp » 305 ¥ FEEEIfHHICI R T FHMET
CAGCV-S ~ CAGCV-T ~ DRCV-S 2 DRCV-L(# 2.2-2) -

W 4RI B (CAGCV)di E PrA Y » F Bl 2R+ 5 £ 27
m->:% 17m-~3 7Tm> PEESHFEZ X THIEL 09 m B gy 55Kk
(Reinforced Concrete)’ + B et 2 7 £ 9 5 3200 m’» 4p A% AR s 22 B3 0.1
MEDTHAHETE P L BN FEIOImME P EREFE S Am B

LMK > 45 BBl 2.2-4 -
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K #F x 3 F(DRCV)ite g Bl(R 2.2-5)¢ - 12 B # (Shaft)id &
PARGHEE ST AREAEY B Y A EESE(ET 8m £
m)s A EAuhs 3 BRI R ETLARESF & Bru e §2
AP TALE10m~F Tm~ £ 120m - Ak 7895 8400m’ » A4p A8 sy
"

PRz G 15me @ § bug AT is 0 Akl Y A
& ﬁl

i
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el
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i
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%0222 RAELE PEA AN BB FHEL 2 ¥ 7

A e A PR | Fa | AT
weE | vF | =

B4R 1 2 -F) # & (CAGCV-S) v

WoAGRES —/J\ % & (CAGCV-T) \

AR 2 Z;;‘E(SCV), 10 m Rk & ?

iR R4 ¥ % (DCV) X

;i‘;/é;%ré;ﬁsr‘w‘ e % (SRCV), 60 m & 7 % # & ?

FR £k R Z(DRCV), B2 X

YT ;;T% X e % (DRCV-S), 460 m % \

iR T H Rk R ehe E (DRCV-L), 660 m 7% \

TR kR 112 :xp Golder Associates, 2003
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05m FER % | W
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223 ¥ Tk 53
& Golder Associates (2003)3* 4 #F7 7 » T2 2 Fp k2w T4
(Hydrogeological Concept) > 4- B 2.2-6 > #-F-hld T REB®R A 2 B > P
drF ol
(1)# & & ™ -k (Surficial Groundwater Zone) -
(AN FRRkagFd 282
B)& mzFE
(C) Tk »erkg 4 ¢ nid 55 0.02m/lyr
(D) T k=R 3 ¢ R K 5 10 m/yr
(B)% =k itk
(F)s =k d p s i ki
(2):% & # T -k (Shallow Badrock Groundwater Zone) -
AN F e 24
(B)i% % 29 B
(C)F T -kiik 5 43 50~ 300 m/yr
(D) k& & ik -k @4 7 i~ (Brackish)
(E)3» T-kd p g i RGP
(3)® & ¥ T -k (Intermediate Badrock Groundwater Zone) -
AVEFaF #6248
(B)i% i 14 1S
(C)F= TRk 5 43 1~ 10 m/yr
D)’k # 7z 7 B~ (Saline) » ¥ % % )k # -K(Brine)
(B)s T KB RGP
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(4)i# % ¥ T -k (Deep Badrock Groundwater Zone) -
A)G T 8748
(B)i% & 14 4% i
(C)F %4 1# 1 & 31 & 47 (Chemical Diffusion)
(D)¥ T -k oniE 3% 0.01 m/yr
E)yk s fmgenda > k@K
(F)¥ T ki ? 3 ne kg
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FE T #(Surficial Groundwater Zone) =

LEGEND LITHOLOGY

- HhTARHE r TEHMEREH E g%ﬁ
% a

BT EhS2EH ) mRE
400 ] 400 800 |:| R
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ARERAETIEREL i% B T #(Shallow Badrock Groundwater Zone) = ot B #h T A (Intermediate Badrock Groundwater Zone) :
B R {EER GirEBEAES GHEERERAZE

(O AR R+ b R S E0.02 miyr BigEES (B e

DT AREE - P EEHE mir (CH T AT EEI TR 50- 300 mivr (O T ARESMR 1- 10 mhr

(Eh T A BB A DA EEEABEFANES DRESHES - BEEREAR

(FithF A ch A b EE A S (Edth T At P ith 5 A i (Exdth T A2 183 Atk i i
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I
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z

FEE T A (Deep Badrock Groundwater Zone) :
ArtABRSRARE

(B Y-l
PN I ESE L2
(DY F AR EER 0.01 miyr
ExFRRRNEL - BEEK

(Pt T K-S A ki

B Golder Associates, 2003
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FAL KR ¢ B2z p Quintessa Limited, 2003

B 227 % 2ER NS H R
FHEEHE e REHAE S DI FERNER LA T

t o % W] 5 %4 & (Reference Scenario) 2 % B & > M et i fasgs —
K RGP e ok ¢ 8 (Lake Release) 3 2% 1+ & o @ CAGCV ek
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BHEMETYERZEIAESER > H @ﬁ%l % 3 # /n(Advection) ~ &£ 4
% % (Decay) ~ i3 f2
(Dissolution) ~ % i (Sorption) ¥ ° iz H- %3 5 d ITFHB I E N B T K
% (B 22-9) B XFEMAIPREF REAGL FBZV PR LR ER
TR E B Jf+7f§‘§%] LB e TR R R AL E S IRIEE 5 LT
Pl % %2 B30 o
m R EERT
CAGCV e ? » e B B 2R 22585 AW AR bl FEF
FRP FREEF—LEFL e 7R HRE(R22-10) 0 FIt ek SR
SR %] A 2% » (Inhalation) 2 &P~ (Ingestion) & & iT @ & I A

(Dispersion) 2 #4c(Diffusion) % 4= 32 i # » it F iv* Q)5

B A % § @ (Human Intrusion Scenario) > 7]

#p 0 2 %3 (Resuspension)*t = § ¢ @ 4% A §8= ~ (§] 2.2-11) ; @ & DRCV
PRAE Y o Bl R g F] A M i F4P (Borehole) {7 5 B~ Tl B0 o

% DRCV B ¥4 i K oH ffF & @ ﬁi%?viéﬁﬁ_@%?]ﬁ%ﬁ#ﬁ}b
3 CAGCV ik #24 > 4p B 2 Jie? %% DRCV LRk i #24 > FlH T3
R R LR IFE B Bk (Ordovician) £ 7 chi F Bl > P F] TR
Mo Flt P S R R E (B 2.2-12) - n;b‘i—?pi:é%ﬁﬁ_@ﬁ%]igﬁé
d 75 l.%]%%:ﬁ%%i:f'?? DEFEF TREFEY R B TRRR S Ed B TR
iR Z UL @B IOk R (R 22-13) © §l 2214 FRP DRCV-S 2
DRCV-L PL 4 2 fB 3% 2303 TR H RS BB % orE i%ﬁi}?‘%%{m* I
NP TR @ (e ] A @ﬁﬂ;/v“ Koo
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ELEVATION IN METRES

e
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05 (NFERRED) - SEE FIGURE 12 5505000
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SCALES
HORFONTAL SCALE = 1:20,000
VERTICAL SCALE = 1:5,000
VERTICAL EXAGGERATION 4 TO 1

400 0 400 800

[ ™ e ™ e =
HORIZONTAL SCALE 1:20000 ME TRES

B 2.2-14 DRCV-S 2 DRCV-L 24 2. Hat T

8

8

N
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LITHOLOGY

OVERBURDEN
DOLOSTONE
REDSHALE

GREY SHALE
LIMESTONE
SILTSTONE, SANSTONE

GRANITIC GNEISS

DOOREOE

LEGEND

* DIFFUSIONIN LOW PERME ABILITY
SHALE AND LIMESTONE LINITS

HORIZONTAL ADVECTIVE FLOW IN MODE RATELY
PERMEABLE SILURIAN DOLOSTONE

t

GEOMETRIC PARAMETERS

DIFFUSION PATHWAY L ENGTH
QUEENSTON SHALE RCV - 63 m RANGE S0 m o 80 m
LINDSAY LIMESTONE RCW - 263 m RANGE 250 m © 300 m

ADVECTIVE FLOW PATHWAY
PATHWAY LENGTH 10,000 to 20,000 m
HYDRAULIC GRADIENT 0.0005 to 000
HYDRAULIC CONDUCTIMTY 1610 “frv's
EFFECTIVE POROSITY 0.5010%

NOTE

1. FORLOCATION OF SECTION E-E SEE FIGURE 34

2.0FF-SHORE CONDITIONS ARE INFERRED FROM AVAL ABLE
BATHYMETRIC AND GEOLOGICAL INFORMATION (SEE
FIGLIRE 12) AND ARE INTENDED FOR ILLUSTRATION
PLURPOSES ONLY.
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225% 3%

X 2GS RIHE Y AMBER 4.4 x4z 3¢ j\}\f’fﬁ_%f{i THE BHE
A2 2FEPA @ﬁ%]/w\ 17 » AMBER #% ;% % Quintessa Limited % & 2_ L %
i o A23N 0 B F B (Compartment Modelling) 32 34 18 (7 4 47 » H f7258 B
AR T % 75 180 9001:2000 R - & ¥ F ¥ ik F EFRPEL B F RS
B~ Bt FRABEHEG 2 R R AR L FHMD F o ka RN
AT Ao R e 5 5 BEbE* AMBER 425% ki& 7 LLW ¥ 3
% 235 0 ke Quintessa Limited 3 fie & 4 £ * M)l % 23k 2. %06
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WHRANFEHTFIFER > TTRAEBREE A TR rEE B
BRI ARG T RO L R A DB G R
i»%%ﬁﬁ%%ﬁ%ﬂ&ﬁ%%J&%é&%CMmVimmvﬁﬁ@
R AN A (Groutmg)i LB J\(Non -grouting)2_ %> d [ 2.2-16
foR R 4~ 18 (Wasteform)k 7 = B % 8.0 8.4 ] 5 NF-WF1A - NF-WF1B
%2 NF-WFIC > 1 ﬁ;‘%.f‘:é.’-ﬁ_ Fk 3 LTINS FHH o AELA B L NF-UnEngl %
NF-DwnEngl > # EH#L FK 5 F T 303 K 0 5.4 % 5 NF-UnBacl %
NF-DwnBacl » @ {8 % F BLRF 4 11 3% {lﬁﬁa‘] e gug 2> 5 A AMBER 4L
AR B AT R B A 1T 7 (R 2.2-16) -

A ERERREY O AR RFAREEERLTLIRRAXTNTE S A
CAGCV-T $E4 ¢ » # TERA 2 ka2 A2 v 2 H K FHK LA
FF_Till ¢ FF Dol » ® 514 £ @ #4117 - 4% u #t & (Longitudinal
Dispersivity) Z_% & @ﬁ%lﬁﬁél;v‘i & (Total Path Length)z_ 1/10 » 4ept — % >
R FRERDKRTLFRAE > Flokg 2 FREF I B FAR
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(FF_Tilll~FF_Till5) » % 2 # & % 2.3 I B % #.(FF_Dol 1~FF Dol 5) > #
22-4 TEP CAGCV-T 24 ¥ » B3 & B ¢ 4% %0 %4 CAGCV-T =
RIS SP IR TRt
?%%T%éﬁé

fv*ﬂa e g

A 28 TR &R BI(R 2.2-17) > 1 fd 38R 54
EHY P RkF R R ATBINIO ZEA > T
Pz THEK kiR he TR LRGHIEE
Fii 4o B 2.2-18 -

72> CAGCV-S 24 @ #3# THhEd ta TRAEFHER - %é&'—fr
G EEA N EArfrd THEEEZ M0 TR E K HERE PR T TN E
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FR)ER  EF R REDE ARG T EE e T EE 2 K
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Hizfhz & Hd2 Fehe BacR 2.2-21
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Upstream Engineered Structures
p g ~

>

‘Upstream’

A
v
Upstream Backfill — | | & "4 4 g g o
Waste Forms (A, B, C)________H.:Ar E E: e i %. %
Downstream Backfill — [ ; v ¢ A g ;ﬁ =
7 = —
Downstream Engineered Structures v '‘Downstream’
I Potential Contaminant Transport, by Advection
and Diffusion
B 2.2-15 i35 % M A B
32023 FHF RN K T
Material Assigned in
Compartment(s) CAGCV CAGCV DRCV DRCV
(Nongrouting) | (Grouting) | (Nongrouting) | (Grouting)
Waste Form A
RawAsh GroutAsh RawAsh GroutAsh
(NF_WFIA)
Waste Form B
RawComp GroutComp RawComp GroutComp
(NF_WFI1B)
Waste Form C
RawNonPro | GroutNonPro | RawNonPro | GroutNonPro
(NF_WFIC)
Engineered
structures
Eng Conc Eng Conc Water Water
(NF_UpEngl,
NF DwnEngl)
Backfill
(NF_UpBacl, Water Back Grout Water Back Grout
NF DwnBacl)
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% 2.2-4 CAGCV-T LA 2. i3 & ®BH . T K T

Compartment | Length (m) | Width (m) | Height (m) Material

Weathered
FF_Tilll 67 320 3

Till
Unweathered

FF Till2...5 67 320 35

- Till

Saturated

FF Doll...5 Lpo/5 320 10
Dolostone

WAULT CHARACTERISTICS

=
==
- HNDWATES
o o i BEDROC e
— e
// — - )
Tkl - -
S
1
4 L
7 -
J—
L = -—
.~ - = 10y MK RG ZONE
j_ " -
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FF_Till1

FF_Till2

FF_Till3

FF_Tilld

FF_Till5

FF_sdv_D1

FF_sdv _T1

L
FF_Adv_T]

FF_adw_Ta

FF_fdu_D1

FF_dw_D3

FF_adu_Ds

B 2.2-18 CAGCV-T %4 2. B3 % B 055 2 47 2 1

% 2.2-5 CAGCV-SH & 2 i3 H & ®H ° & 2

Compartment Length (m) | Width (m) | Height (m) Material
FF Sandl...2 67 320 1.75 Sand
Unsaturated
FF UnsatDoll...3 67 320 1.33
Dolostone
Saturated
FF Doll...5 Lpo/5 320 10
Dolostone
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- toa —

LA WATER LEVEL

ELEV. 1t

WAULT CHARACTERISTICS

VALLT LENGTH [PARALLEL TO SECTICH) ~70 m

VALLT WIDTH {PERPENDICLLAR TO SECTION} 4851

-
pepeeet 10w
‘\\ e = —
"-'—-_
-— —
wn o 0 P - m m

HORZONTAL DSTANCE fm]

—200

=104

— 180+

—1ra |

—1ne

—fay-

FF_fdv_D4

MO

AEGENG. 0000
cmormgse | CROUND SURFACE

=R=E=TEN BEDROCK SURFACE
=== GROUNDWATER TABLE

POTENTML CONTAMINANT
H MIGRATICH PATHIAAY (UNSATURATED 2088 |

POTENTIAL CONTAMINANT
— MIGRATICH PATHIAY (SATURATED ZONE)

NOTE
1, FOR LOCAT 10N OF SECTION &4 SEE FIBURE 24

1o [ 00 a0
HORZONTAL BOALE

5 [} ] L
VERTIGAL SCME METRES

B 2.2-19 CAGCV-S #£ 4 2 %3P T-kind > »

FF_D&Saiinell

FF_Df5here

B 2.2-20 CAGCV-S $24 2. B 3 % B i3t A 47 28 1



4 22-6 DRCV 4 2 :fH & RH < T & T

Compartment | Length (m) | Width (m) | Height (m) Material
FF Limel...5 240 160 6 Limestone
FF_Shalel...5 240 160 12 /46 Shale
FF_Shaftl...5 5 5 12/52 Sand/Gravel
Saturated
FF Doll...5 3000 160 100
Dolostone

b
&

-
bg

-~
@
@
@

FF_Diol

=
FF_Shale5
FF_Shaled
FF_Shale3
FF_Shale?
FF_ghalel
FF_Limes
FF_Lime4
FF_Lime3
FF_Lirna2

FF_LIme’

-]
@
@

FF_Dal2

@

FF_Dol4

FF_Dal4

®2.2-21 DRCV $24 2 B3 % St A 47 2 4
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%227 % 2R R

Scenario | Repository Level of Calculation Case Peak Dose Rate (mSv y™)
Concept Engineering 300-1,000y | 1,000 - 10,000y | > 10,000 y
Reference | CAGCV-T Non-grouting | Lake Release 2x 10" 8x 10™ 2x 10
Grouting Lake Release 4x 10" 8x 10™ 2x 10
CAGCV-S Non-grouting | Lake Release 1x10° 8x10° 8x10°
Grouting Lake Release 3x 10 1x107° 7x10%
DRCV-S Non-grouting | Lake Release - 2x 10" 4x10™
Grouting Lake Release - - 9x 10"
DRCV-L Non-grouting | Lake Release - - 2x 10
Grouting Lake Release - - 5x 10"
Human CAGCV-S&T | Non-grouting | Borehole 3x 107 2x107° 2x10°
Intrusion
CAGCV-S&T | Grouting Borehole 2x107° 2x107° 8x10°
DRCV-S&L | Non-grouting | Borehole 3x 107 2x107° 3x10°
DRCV-S&L | Grouting Borehole 2x107° 1x10° 6x10°
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23DGR#*# B K012 % 23k % 6

¥y it DGR & #4297 - £ 2004 &£ {2 > MEF ST MA R IER
Z 2T HanE % o ILW 2. /438~ % Kincardine # > R LA A2 5% 5 »
AR H R R R T 525 DR FFEEFE B g% - ok
AR ABEERAPMBHZRI T2 £ 5¢ FE R 2 EEHR RS HP

X 2TFERLERBEGEITCRL PR REFE - FPHPRL 2
FRFL LG O 0 A 2PTRFLEFL D FAEELAT A
N A H O BUREE A R SRR R A FEP A4F s 2 Tk

st~ F WM ERECGY > BR TR 2 5 A @%JAWHE 4 T2GGM 17 &

A4
F o

231 R+ wi
2004 & p =% 0 & Bruce Hhbz ¥l i%‘“,/f},%!”ﬁ LLW ¢k > &%
> LW F 4k T e® BB ILW 2 & 3 T sk g B~ 2 (Used Nuclear
Reactor Component) % & i & jig % -k & YL(Purify Reactor Water System)i# *
i {4 T (Resin) 2 g 1 (Filter) -
Ay 3ERERM5 Y EDGRS #2¢Wfr35 £ 8@Yy - 23
10 & 3t F (2 ).%}VT‘% A EE W
ERRNHP O FIPE 2T RIS FEE PAASASERAIEF D 2062
Edes o A2 23-1MP AN FEY B LLW R E R 5 830x10°Kg s ILW

BT B2 ) b FE A2 DGR #2062

BREE L 9.02x10°Kg 8- HPAEEE ERASITE 83 3T B

WERE 1.62x10°Bq -
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% 23-1 3R 3 2062 £ 2. L&ILW A3 & 5 &

Radio- Amount(Bq) at 2062 Elements/ Amount (Kg)

nuclide LLW ILW Total Chemicals LLW ILW Total
H-3 8.49x10" 1.56x10" 1.00x10"  |Antimony 3.23x10% 2.35x10" 3.25x10"
C-14 2.42x10" 6.07x10" 6.07x10"° | Arsenic 2.83x10% 1.42x10% 4.25x10%
Cl-36 6.01x10% 1.42x10" 1.42x10"  |Barium 9.42x10% 1.59x10" 9.58x10"
Ni-59 5.01x10'" 3.63x10" 3.64x10"  |Beryllium 1.11x10% 2.10x10" 1.32x10%
Ni-63 5.04x10" 3.95x10" 3.96x10"  |Boron 1.53x10% 5.25x10% 6.78x10%
Se-79 1.54x10% 1.25x10" 1.25x10"  |Bromine 1.30x10" 4.62x10°" 1.30x10"
Sr-90 8.96x10" 4.52x10" 5.42x10"”  |Cadmium 1.12x10* 1.96x10"" 1.12x10*
Mo-93 0.00x10% 1.00x10" 1.00x10"?  |Chromium 7.85x10% 1.98x10% 9.84x10%
7r-93 4.54x10" 2.13x10" 2.13x10™  |Cobalt 3.42x10" 3.01x10” 6.44x10"”
Nb-93m 0.00x10% 9.26x10" 9.26x10">  |Copper 3.35x10% 7.01x10% 3.35x10%
Nb-94 2.46x10" 4.60x10" 4.60x10"  |Gadolinium 0.00x10" 5.41x10% 5.41x10%
Tc-99 6.28x10" 6.10x10" 6.10x10"  |Hafnium 0.00x10" 2.58x10" 2.58x10™
Ag-108m 3.43x10" 1.97x10" 1.97x10"  |lodine 6.60x10"" 1.19x10™ 6.61x10"
Sn-121m 0.00x10% 7.76x10" 7.76x10"”  |Lead 1.52x10% 2.85x10% 1.52x10%
I-129 1.21x10% 1.33x10% 1.34x10”®  |Lithium 4.47x10" 5.89x10% 5.94x10%
Cs-137 1.32x10" 9.37x10" 1.07x10™  |Manganese 8.32x10% 1.71x10% 8.49x10%
Ir-192m 0.00x10% 1.14x10" 1.14x10"  |Mercury 6.83x10"" 3.73x10"! 6.87x10"
Pt-193 0.00x10% 1.15x10" 1.15x10"  |Molybdenum 2.15x10% 9.78x10" 1.19x10%
Pb-210 3.20x10' 0.00x10% 3.20x10"  |Nickel 1.63x10% 4.92x10% 1.68x10%
Ra-226 3.80x10% 0.00x10% 3.80x10”  |Niobium 1.02x10% 1.10x10* 1.11x10*
U-232 2.25x10% 7.71x10% 2.33x10%  |Scandium 2.29x10" 6.16x10™" 2.35x10"
U-233 3.07x10% 8.88x10% 3.15x10%  |Selenium 8.14x10" 5.06x10% 8.64x10"
U-234 1.34x10"” 1.30x10% 1.47x10”  |Silver 5.13x10% 2.13x10" 7.26x10%
U-235 2.16x10" 2.08x10% 2.36x10°7  |Strontium 3.24x10% 3.35x10” 3.27x10%
U-236 2.56x10% 2.38x10” 2.80x10% | Tellurium 2.03x10% 6.63x10™* 2.03x10%
U-238 5.91x10% 1.60x10% 6.07x10” | Thallium 2.41x10™ 3.04x10™" 5.45x10™"
Np-237 1.23x10% 1.07x10" 1.34x10%  |Tin 1.37x10% 2.37x10% 2.51x10%
Pu-238 4.69x10" 2.77x10" 4.96x10"" | Tungsten 1.18x10% 1.48x10% 1.49x10%
Pu-239 8.32x10" 8.51x10" 9.18x10"  |Uranium 3.34x10" 2.49x10"! 3.59x10%
Pu-240 1.23x10" 1.24x10" 1.35x10" | Vanadium 8.97x10" 9.56x10" 1.05x10%
Pu-241 6.75x10' 1.76x10" 1.83x10"  |Zinc 1.47x10% 2.06x10% 1.49x10%
Pu-242 1.23x10% 1.26x10% 1.36x10%  |Zirconium 7.42x10% 5.95x10% 5.96x10%
Am-241 2.16x10" 2.30x10" 2.39x10"”  |PAHs 3.43x10% 0.00x10" 3.43x10"
Am-242m 2.35x10% 2.39x10” 2.37x10% S:'Efnze:‘es & 276x10% 0.00x10% 2.76x10%
Am-243 2.67x10"” 431x10% 3.10x10”  |Dioxins & Furans 9.25x10 0.00x10" 9.25x10"
Cm-243 2.70x10" 5.30x10% 3.23x10”  |PCBs 1.31x10" 0.00x10" 1.31x10"
Cm-244 1.93x10" 1.25x10" 3.18x10"

Total 8.83x10™ 1.53x10'° 1.62x10'
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2.3.2 ALk P4
DGR fe® #3% 372009 £ pF g 4 B4 F e F e s o 4ol 2.3-1
GRS A mﬂﬁww«ﬁu‘Aﬁo”%ﬂw—iﬂ% #2011 & 3

LB A (R 2.3-2) i & ¥ (Main Shaft) 2 id p B+
(Ventilation Shaft) & & ¥ B2 > /%@_‘é R N AR -{ WA |- 5

(Services Area)> 2 & T3 A F 1 1T~ E & *x 2 A} %% & FH7(F 2.3-3) >
-3 G ERFHF(RI23-4) 0 K EF A T (Pane)F > 2 31 BAH S B
% (Panel 1 e’v”“”ﬁ 14 %% »Panel 2 %K F 17T BERF): Ex®mEIR
I% T ;ﬁr‘b i 38 & % ip (Access Tunnel)#-Ax R 382 3 B 3cz po> @ B 3¢
FEEIR LT NT)E o LI L F A S KT A R4 (Major Principal
Horizontal Stress)c7=> w kB35 B % 2c g » M D& 2
BRI ERE Y B BRI AT A JZ2 LLW(Non-Processible
LLW)~LLW %1 # 4 % (Steam Generators)~H = LLW % ILW % (% 2.3-2)>

TGP 2330 F B E TR I PI~P6 > B % N FER
FERAUND AR fAERSF FET LS (R 235 KEA
FERF 2R F BREY T RE S 55 (F 2.3-6)
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B 2.3-1 DGR f % 4] % e ¥ (2009 # %)
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B 2.3-2 DGR 3k 53] 2 fe ¥ (2011 & 3%)
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2.3.3 ¥ w4 A

DGR 2. i ¥ #iF &R & 680 m iF -+ K - fL* fL 5 Cobourg Hi2 & - %
Fle 2 LR nB i e T AR B 2 AEA » BREA00m BEHIEN - A

@ﬁﬁkWmﬁ&ﬁﬁwpzﬁa%ﬁﬁ%@@wmﬁﬁﬁﬁﬁﬁﬁﬁl
2.3-7) > Bruce Hrab*ifen¥ih s > A ¥TA G F Rt E A g e 2 R
oo

@ 1985 & % 2010 & ¥ > Bruce ¥4 % # % 5% 4 & & (Seismicity)sh &
4% R R RAAcR 2.3-8 0 Bruce Hak X fF 50 Km p % 58 4 - S RH
252 R R 2 Bruce Hrakb A 2 iRigE 5 2 150 Km = B
32005 E ¥ A5 A - SCRFE 43 B2 K R

a R fRIEE KA 1% 482 (Borehole) P~ {8 5 1 4o 11 2 Y o

# R~ # 2 B M (Fracture)~ # > Bruce ik 2 7 i % & o US ik 7|
# > @ OPG M4 & DGR FF T 81 % Fli& 7~ v B2 e > %5l s
DGR-1~6 > #p R =% 4rB] 2.3-9 ¥ d FB] 2.3-10 ¥ & 'Jé DGR-5 2 DGR-6
AorH S B EH o Bl 23-11 5 d 45 2 B HFHEIP gAY
I4.#7 % (Core Natural Fracture Frequency) » ¥ 5 J1 78 & 200 m 12 p 2 B 47 5
B OBETREFRRLEEATRAR ATIERARLFE B A S
AL BT FRE RS HREF RIS 0 E A S T AcR 2.3-12

Vol BIloR 4 Rk BRI B A2 ok BER (R 23-13)0 F g
B H-47 b Cobourg Hig A 2k BH R AP H Fens - BI55 Ko
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Michigan

urian), Trenton (Ordovician), Shadow Lake/
Precambrian (Armstrong and Carter, 2010)
" Interpreted Aeromagnetic Lineament
or Linear Zone (Wallach et al. 1998)
_—"" Megablock boundaries (Sanford et al. 1985)
- Huron domain boundary (Carter et al. 1996)
. Ottawa-Bonnechere Graben fault system
- =~ (Sage 1991) N

100 km

/ / / Basement-seated faults; Rochester (Sil-
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Rock Geological E T
Type Unit | I I i | I

Cherty dolostone

soil Drift
Lucas
Dolostone Amherstburg (UppPer)

Amherstburg (lower)

Bois Blanc

Dolostone

Bass Islands (upper)

Bass Islands (lower)

Salina G

Dolomitic shale

Salina F

Argillaceous dolostone and
anhydrite

Dolostone and anhydritic
doloston

c dolostone

Bituminous v

Dolostone and
dolomitic limestone

Shale

Cabol Head

Cherty

ne and minor shale

Manitoulin

Red shale

Queenston

Grey shale

Georgian Bay

Dark grey shale

Blue Mountain

Black calcareous shale and
argillaceocus estone

]

Sherman Fall

Kirkfield

Bioturbated limestone

Coboconk

Lithographic limestone

Gull River

Siltstone and sandstone

Shadow Lake

Sandstone

c. ian

Granitic gneiss

Precambrian

Middle
Devonian

Lower
Devonian

er
Silurian

Miadie
Slurian

Lower
Siurian

Upper
Ordovician

B e o

Cambrian

- Precambrian

® 2.3-13

B ok gk k4 BER RS
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Surficial
Groundwater Zone

Shallow Bedrock
Groundwater Zone

Intermediate
Bedrock
Groundwater Zone

Deep Bedrock
Groundwater Zone



o

fmf
J»

NS AR d R & (Free Mixing) % 4 #t(Partitioning)2. 15 % {8 » d 3t
EHTACE YRR BB EEEN gﬂ“%ﬁﬂ Phaie® i:‘—'k%*zﬁj-?_@ﬁi%]i B ¥
#£ %+ % (Excavation Damaged Zone, EDZ)% #wig % » 7 & 4 § Wb 5 o
m EDZ 2 P % FIR 2 (v A REFELFIERAICHIH L > kiR E
FHRE O FIMPEL Jﬁ%ﬁr’ #on R A @iﬁ%]i EXYw% B RTR
fi%}‘?d o E FRATIE t@ﬁﬂii#’”%ﬂ?‘éﬁ%%%} °

-4 DGR 2 i3k =3 & ¥ /& i* & (Normal Evolution Scenario) % £t

"

# fF & (Disruptive Scenario) % » cifi4r T

THFEFE A PHETERRERRE F 2 ERAF A0 e
B B4R 1 RREEE LY %éﬁéﬁ’ﬁ%ﬂ#ﬁ%ﬂ%ﬂﬁ
LERT T A4 TR oR 23150

—_\

EE AR TR B 2 g
AR AREET T RS AR
(1)%% % i|(Reference Case) : d BRI & imftd p 3RS 2 RR L H2 42
IR 4 (Overpressure)is & 2 ¥ T Rindo o £4 & b2 12 > Gikyp 2011 &

BT E S ST TS LR

(2)f§ 1 & * % »|(Simplified Base Case) : fj i & #£ 8 0% 2 > Br¥ FARIER
PIERTREARPNRPE ) LAERS G A RFRE R RR AR
PR RE > AR EXRE ERE TR E RF- BT EE KE
BR .

RS ¢ AR B S s FIA A SR EFL B AN G

O
R PRy P S EER S P Y-S SN R R E
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SR 0 Kl BB A e BRI i B > 3 RGPS R KGR

EX
Bd b F BT 448

x\"»

-

(1) A #g » & & (Human Intrusion) : % ¥ FirgE Hie o A A B E
FaE A E S F (R 2.3-16a) 0 £ Wk F o PR E A
SRR B F RPN G 1 B PRTER PR KR TR
Fooom AN A TORE Td s e PliE A g4k 2 (B 2.3-16b) -

(2) ¥ w3 « »T i & (Severe Shaft Seal Failure) :

T 2 pu chw R

(a)E AR 5% 2 £ #.(Concrete Monolith) @ # &4& 2 & 3 ;

(b):® 52 %1% (Concrete Bulkheads) : 3% &% SIS ) SR

(c)1 42w 3 1 4L (Engineered Fill) : # * %8 2 (70%)22 75 (30%)2. £ &

BAYRE B MEEM - B (Creep) ~ B f)&T(Self-heal)i%ﬁ i

()R #E2 F(Concrete Cap) © § B wHE 2 &30 g B R ET F -

FUPEMEEFRERFRF AN VA% REY Y EERERT T i
BT 0 R TR A S PR B i B (] 2.3-17) -

M

(3):# & £ w4 »ff & (Poorly Sealed Borehole) @ % 3 73543 & 97 % 2.2
4% DGR-1~6 43 2 wH L sxcnfi )0 7 5 P e g 2 dom il B v i 4
SeeEA) 0 g A PR B el (] 2.3-18) -

(4) £ %7k 538 5 & (Vertical Fault) © B8 ff® Hr 3B (8 Fl+ = 4pad 1%
v ALK A BIA LU 0 6 S PR i B el B (] 23-19) -

DGR 2z 2011 &5 4 BF & 2= 4L ¢ > e 2 0 FHBEHOYE
B4R d 20 RE B #5447 (Organic Waste) ¥ 35 % fic? 4 & 24 4 > &
¥ & B3 ¥ (Metallic Waste) K 4 iE427 8 2 4 > H F WA 4 {8 § g
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TR A BB P fﬁﬁ%}(’ bhE AP T s MEREHP N el
¥ ¢ B & {r(Resaturation) s p* & > & ¢ & I F & & % 44 (Gaseous
Radionuclide) 78 1 » F]t 5 #8 & 4 (Gas Generation)” 5 DGR r® ¥<% >

LY E
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B 2.3-14 DGR il #1278 18 iie?]i'% v
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B 2.3-15 DGR f® =% 2

69

' - Compacted Fill
Concrets
[F] Bentonitessand
- Asphalt

I Repository
- Diffusive transfers in
groundwater
Adveclive transfers in
groundwater

> Gas transfer (bulk and/or
dissolved gas)

SIS S L ol



ORE P RESE:

B 2.3-16 A 5 » EfF&
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B Repository

- Engineered Fill

Concrete

- Bentonite/sand
e

- Asphalt

I Repository

Diffusive transfers in
groundwater

- Advective transfers in
groundwater

B> Gas transfer (bulk and/or
dissolved gas)



B engineered Fil
5 Degraded Cancrete
Degraded Bentonite/sanc

- Degraded Asphalt

— o
== Repository
> Diffusive transfers in
groundwater
Advective transfers in
aroundwater

__ B> Gas tanser (buk andlor

Gas wransier {BUIK ang/or

dissolved gas)

[l ergineered Fin
| Concrete

- Bantonite/sand

[

N Repository

—. Diffusive transfers in

- groundwater
Advective transfers in
groundwater

‘ Gas transfer (bulk and/or
dissolved gas)

i
g
g

e

B 2.3-18 3 4 2 w4 sopF &
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& 2.3-19

2~
=

Waterable

3 EP A

72

EEEE

Bentonite/sand
- Asphalt

I Repository

~—+_ Diffusive transfers in

== groundwater
Advective transfers in
groundwalter

= Gas transfer (bulk and/or
dissolved gas)



235 % =R

DGR z. 2011 # &3P % 2= L ¢ > d 3t pa !

(e B 7R e 535

Q) Hi® =3 680 m iFr2 FEEF ARAEE AR S

G)aAy s EMILGEE T 2062 E3F 5 s 8

(4)Fx T2 17 L&ILW e 3 4 ik

OV FrE bl T2k =2

O)F FAELH AL FHRFTHEE AGI 2 A i FLL
M o #F# Quintessa Ltd. A& & 7 & > 3= 5 BF > 5 L 7 ¢
FRAC3DVS-OPG ~ T2GGM ~ 2 AMBER 2_ #7 ;% 4&( 8] 2.3-20) &k ikt

gzl o A ¥

FRAC3DVS-OPG : i NWMO 7 fie & DGR 3+ % #7485 2 425¢ >
B % ¥ RypIRe 3 IR R e Sl = MR R TR K
S UEA I IRl B HRhEEE S kaE 2 e TR HA(R
2.321) -

T2GGM : £ «~ DGR 2+ % ¢ % B 2 # # & 4 # 5 (Gas
Generation Model , GGM) * k #-ft et 37 5 $cnd 4 iEf8 ~ 2 5 18
Bl By B ez 403 F2F DGR 3+ F ¢ 1945 GGM 5
% 323 B - % Fortran #2;¢ 5 TOUGH2 #2;% 2 Lawrence Berkeley
National Laboratory 2_ = ZfFL 5 3 B » ¥ % 32§05 T E Y L1414
%" (Porous Media)® 2. % #p /i (Multi-phase Fluid Flow) -3¢ ; @ T2GGM

F 2 PEA 5% GGM #7822 TOUGH2 23V 2. 2 4pinfii 8 & 42
Ko (85 - 27 A7 4 Moy T oK bl HE B B l§%1~%i;
(%] 2.3-22) -
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AMBER : % Quintessa Ltd. #7358 % 3 B L § #25% » & * & 5.
Boat KT o dgd 22 L RAF P FIEY R P @S BB 2011
ERE DG Y { 7% &~ AMBER 5.3 5%(Quintessa Ltd., 2009) % i&
FEHE BRI PAREATR W IRC S EBRE S LT
H g2 RHLP BiAcR 23-23 2B 23240 TR R R 2 AR
RAcE) 23-250 B & % b2 PR R REPE Y SUF KO0 R L e ia

R E e

: FRA @ BDVS m@ @_'{Groundwaler flow rate (m*/a)

Darcy fluxes (m/a)
Well capture fraction (unitless)

B e e e e e | Contaminant flow
! Gas masses in repository and 1 Na::geld (G Biosphere
l T2GGM — (Ftt I, | Geosphere [~ Contaminant [ 7| Model
1 Gas fluxes (kg/a) 3
. : : 1 Model concentrations
| Repository saturation (unitless) | (Bg/m? ar gim?)
! I

e L L e e e o o o o e e e e e e

B 2.3-20 & 7475\ 48
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Velocity Magnilude
miyear]

Elm

10
1.0
10"
10°
ID.\
Lo |0"
ID.!;
10
10’
10*
10°

Viertical Exaggaration £0:1

B 2.3-21 FRAC3DVS-OPG z #idgin 34 #

T2GGM

Geospharns
TOUGH 2 Transport Model

= Gas Trans

Repository Repository

Gas Generation Model

= Cormasion

s et P - Migroblal degrodation
- Waler Transport 5 _J "

= I3 L [k |
- Water consumption
SouwrcefSink for gas & water =

- Gas Generation Rate
- Water Gereration Rale

W 2.3-22 T2GGM 2 #%35% 28 47 54 it
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- Decreased
Mo il Orovician, EmBBSSmm increased gas generaion | NE.GG) - SECSPhERE,
Inslammms;m NESE | [ underpressum ™ - amounts and rales { enlry pressure
rosaturation L ic r NEGG2 ] liisased NEGT2
degradation rates 2 geosphers aur
) entry pressure .
! No densi Increased hydraulic NE-EDZI
. Site m‘? - conductivityin EDZ & NE-ED72 Mwii::d
. r gecsphere
Increasad permeability NE- relative > NE-GT3
and diffusion ®ANI2/3 | permeablity
— -t curve
Inareased inventory | NV No me;rdwgoqa-ic > NENM Incraased |
y readions L | Asphalt m""mbitv |
iodified gas saiurations &, NEﬁ’Cj’ fio gas generation > NENGD replaced _ MEGTA T
fwo-phase fiow parameiers BNE | RC2 = by bentoniie/ = ; ¥
No gas gensration s iz @ g R T sand bentonite/sand
_— » | NE-NGT Horzontal gredientin 1 NEMS
_ L | Guelph and Salina A1 & NE-CG
100:m surface erosion .| nE-£R Instantaneous resaturation NERT2
—= |and release & no retardation "~
Tundra dimate
. Tundradlimate
NECE 38 as air rather than -
—_— melhang NEMG
Probatilistic case | nEpr
L Repository backfilled I
Hon-radicactive NE-NR ¥ NEBF
SpeCies e —
(inStEnanEoUS SAER L uERS 1 instantaneousrelense s NE-RTT
& no gas generstion | no retardation

B 2323 & FiFi-FaTITHE RS2 BFHE B

Human Intrusion
Scenario

Severe Shaft Seal
Failure

Poorly Sealed
Borehole

Vertical Fault
Scenario

Expioration borehole Expioraiion borehoie H-GR1 | Exploration borerote > H-GR2
into DGR > poorly sealed ] continued down into
T . — Cambrian & poorly
) ¥ Non !radloacuve species segled
‘ HFNR |
| Signiticantly degraded Further degraded k|| SEED
shaft seals and EDZs shaft seals and EDZs
_'N_0r1—|radioacﬁve species
SF-NR I
|

Poorly sealed invesligalion .
monitoring borehole
vNon-{adioaclive species

BH-NR

Vertical fault Vartical fault
500m NW of DGR 700m SE of DGR VE-AL
__y Non-adioactive species

VE-NR |

B 2.3-24 B3RS T ITH RS2 FH R T
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Total Radioactivity (Big)

1.E+17 §
1.E+16
1E+15 |

‘ -
1E+14 § - o 0os 0ess 0 8% a

®0%\® & 0osesm e ="
1.E+13
1E+12 }
1.E+11
S

1.E+10 A ' ‘s

100 1,000 10,000 100,000 1,000,000 10,000,000

Time (a)
———NE-RC: In'Waste ® NE-SBC:InWaste — - - Initial Inventory

—— NE-RC: Released & Inside DGR
~—— NE-RC: Released & Outside DGR

® NE-SBC:Released & Inside DGR~ Host Rock
* NE-SBC: Released & Outside DGR

B 2.3-25 =%

Ay
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24 % 23" 2 £ & F B

gt R e £ A 2 ML b b Al 0 e R

b
-%..
&
(=
¥

S FRED pARR A WRE 2R P ATR L SRR e
Fl’? o
X E DR R 2 RBAEN R A SRR PR AIRIE)

v g
B Rl BAR(R T H) S8 B T B AL ) SR GRimik
_j,

P e ” v
B 3}&3 Mt 4

\\\?{r

Z) 0 P AT

241 R P8 Sk
B R e up Sl F KRB WP 4o
(DA ~Fit
(A)X i #p (Half-life) 2 % % ¥ #(Decay Constant) : X it Hp % st
MPRAERIAWER- EF R A LR R
Beap P PRELE CERFN R DR T T e o m X0 g
BERVERS B EPRIFITRT S AR FE LR
[
(B) % % 4#&(Decay Chain): j&~ B* A7 - @ P hE I ¥ -
B 3 EI0 G PR AREPEE b % LE % 4 7l (Decay
Series)
(2) 7 3 # 5 £ (Inventory) : $ it & {2452 4~ 400 B
(3) B
(A REHFE(RRE 475 ~pH~3f2R ~ % “HER)
B) % iz &
(C) s ¥t T dic
(D) 2.
(E) #c2 4~ 448 F
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2.4.2 F B B3 S8k
Bk BT Sz BLp 8 R e
(DEF“2fel 80 ZAREFAS S8 W2 2767 B BIIMA
Fz g hE s 7 RAeT
(A)# A3k 3+ 2 fe B (Layout)
(B) % *< % (Emplacement Room) ~ & & "4 if (Access Tunnel) ~ i€
B £ U Ventilation Drift) & 2. ¢ ~
(OERE S-SR AR T B A
Qe 7 BEFLSTE: SAFF AU S - Ko Rz 1 mmE 4
S8BT AT
(A)F F 1~ pRAkE3SFFID
B EHFT -~ %R
Op 732 ~45E e ff
(D)% % £S5 (Wall thickness) ~ #F % &
(E)¥ 1 TR B 4kl 5 Beh &
G)r HE R Sl AR H A 1WA A S 3t E 2
e MG IIMA S 22 2 A R R R S HP L v
B LT o™
(A)E gz wE AR TF&E
BYE w2 Mt ¢ 2 3R - Al Rk F ok
P BERZICHSE

(a)%F R 3 2 (Structural Concrete) ;

|

(b) ™ 4 3 1+ s -k JF (Low Heat, High Performance Cement,
LHHPC) ;

(c)*i¥ + /®)(Bentonite/Sand) ;
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(d)#g 7 -k ik & & 4~ (Asphalt Mastic Mix) ;
(e)1 #2.% 3 4 (Engineered Fill) -
‘v £ <~ DGR % 23%F& ¥ > &8 T Bw R UFEKRE S
FEREEA SR AR R HP AT LS CRT R R FL T CRT
i BER A R4 BERZ VSR SRS A (e DA

At AE B LR PR R E

(C)it & ~ % et A ¢ 2 =i % B(Sorption Coefficient; Kd) e

2.4.3 ¥ T B 3k

OBl Sl P 2 g fdeT

(1) Frat
(A)w BB~ R A BiFRAS T fRER TR 2ZIFR > T3
§3 TORBMA RN LK 2 kT e A R A
Bl prg il 2@ S A~ Fu i S ¥ d DGR3
% DGR-4 4+ 2 3 TR FHR & 44700 fRE B S T oRRR Y
pH Eh~ 2 2335 kB S P2 SiciE > § #4230 sk g
G2 FY e
B)F S F e o b F 2 B R S IVH T E

(2) & iy 412
(A) @ e [ & & 27 5 A
(B)k+ BHERZ %5 M
(C)p T k=2 k4 3
D)+ &gk &
(E)3* B 5
PP fond ot FEY 2 sl
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3.1 M s B R ek ¥ 236 2 MAERAL
fo kSRR TARGER A 2 D L&ILW o 1998 & B 47
LREART F AL Z X 2TRELR I AT SN
2011 &3 R FESL > PREJF DL 2FEFL E RE EE T

PSSR W AR

S A=
[ '3
=

% >

e

CR

AU

LACSER R

e 4R 4 4 FURH

= Ny 2 — P
SRS S

2R LFCRP A HE 2R WA
Bk b R EER AR AT (AT B N 2 MARRAE R A 5~ X A
L2 TEERAT 0 Ao i 3.1 495 o Ktk B Acit deT

¥

7N
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F 3.1-1 M aERALA P

A E B 43R 3L
AR BAYFERE [RE- CFEREER
RS- S AERANER

o PR

*i=

/4

LivE s %Y

Hige

/4

FRAP PR PAEA 5 P R)

EXE

BRAYF FREHE

AERZ s TAEREMTE | RALS > B g v BRI
RS CRLZBEF HE
RALAN B AT

BT ,
RALL BTk

AEFT AR RAL  FHAL B 2 TR A

FAL - HEwEEi

R

GERAEN AT B

"
%

+

B
AL

RATE 2 B RE LY

£ 15
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P JR3E (source term)Z_ B E ;A F E 5 B PR A LT 5
FEMARIIFEQO03 ER) FERE SR T R iE Y &L

TR LLW 3 A 0 B3t 37 B

N
4«%

e X 2035 # 2 ¥ifd
B A iE 1.3x10° Bq s # R Y 3FF (2011 £%%) > F] DGR 2 %3+
2~ BHPRFES 5 - RG] FiE* DGR #HPF 2
PBRTLGEREMRE > L2 1/LLW 3 4 > %33 37 B A

SIS

\Et
=

A 2062 # 2 P48 5805 B 2 1.62x10'°Bq -
FTEARRBFRR P TR I S PR AR
HERF R XYLl IRl o

REES S PR
RS CALEANER

2T Rk ELITE EEBR V*J%i?fﬁii«”&é?‘éfi
(Activity) 2 Jk & (Concentration) » /5 R H = 2 B 5.(Bq)» kR H =

f (mole) °

EXENNE NI TR £ R S S

L i g (Halflife) 3 s {2 17 8% 8 3 A4v 4008 & — X 76 § enph
Fox i X% %% ¥ #i(Decay constant) & bt 7 48 o 8 i pF
BRIV Rt R SRR S S AR TR Ty 2
FIPF BV AREREILEAR -
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RAT R RMAFE(R AL T P
* %48(Decay chain) : j&- B* PfAEF- @ HR¥FI V- B
P BRI F PGB L 0 xR % L5 (Decay series) ;

’fv,\_’é‘ ’J:-r‘ ¢ r‘ﬁ]'g ]ZZ#%;—— L ﬂp’f\’.’"f‘ %j\ J— %@m‘f‘% % i °

AREZ 1R
RET ~BRAFFEUREHT

B R PR SR KRR Y g BAR B £
ST RBERAYFRAAREMT G %GR K (B4 T )(Carbon Steel
Ash Bin) ~ ¥ B 455 4 4 fi‘{ﬁ-%a (#icé# % )( Mild Steel Compactor Box) -
L R JIE S R d 2 & fa(Non-pro Box)~ ¥ B 2. Br R f L ¢
(#&cé% B )(Mild Steel Bale Rack) ~ 2235 ad® i 15 B¢ 30 47 2 143 44 (B2 4
B )(Carbon Steel Drum Bin) ~ ™ Fg #7g 7% B 3 4+ B % 1 (Low Level
Resin Pallet Tank) ~ 7% #47% i 75 iF B # $8(Active Liquid Waste sludge
Box) ~ jmtt % §5 5+ 8.2 ¥ *<Hf (Tile Hole Equivalent Liner) ~ & % A 3
¥ B % B (Retube Waste Container) ~ % B’ B %48 (Resin liner) & >

SR P ENH G e E(Overpacks) » T IUKR B ETHLH -

A B Erup v EHREER
£ 5 DGR 22 ¥ B B 4 ¥ w4 s &
MEFRERFAS LMY Ly g ~BEX 2 A 42

3
&

Fﬂ

Bol

B
It =

I

=

?ﬁmmﬂ%’%$%1$%%’%ﬁﬁﬁ@ﬁﬁiﬁoﬁﬁ&%
EREE RAY L Bl & pd AR T RSB P 2
FEY o wEME FE SR R IR S B G A

L HFTARR NRR BN R
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HAS CBRES T

FIR i G F RS g 2 WK W @
ﬂﬁﬁ%ﬁ%@ T RN R E AL R S A
Moo ek d B R7L o B R M PR G kT R

Ao - FETFHEP AN IBEEHRL ZERZEHF c L E Y
¢ i B35+ (Excavation Disturbed Zone, EDZ)% 3 & #L3f +
(Highly Damaged Zone, HDZ)3 #& %3 » — 4300 B {2 b & B2 2
LR s AR kyy o R L FACR 30-1 0 A g g
B2 @A & S aRRTE e TR
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A= 1E-bmis
10100 1000

Hydraulic Conduciiiy

Enhancement Factor

Main Shaft | AL » 2.0375m
Ventilation Shaft e 7.45m 1.6125m
it
il
T
: r r 05 05r
: HDZ a :
: emoved ——  Inner Cuter : Undamoged
5 at closure EDZ . EDZ  Rock
_Egggi'):nﬁgﬂﬁht T ey u\ni,,,,..
:’ - E;"‘ T i Eyuuu&. uu ': ’
H Factor ! :
1 Enhancement | H
[} ] ]
: Factor 10 keeee
1 1
1 1
! '
« ! 1 ] iy

((QESCR

F3.0-1 BREsd 2 3 RAET 2 F L F



AREE - bR
RN L BT

X 2R FENEF LSRR WD RS BT Sl F
o EEG S A AN - £+ DGR E
Pl EREH GRS HBruce FraLiE TR AL % ¢ T B T
B8R 2 JAB AT 2R REEBRINE T ELTSF 2K
PERE R BpUERER ERE ke s TREHCE 2 Y b
Fop b~k 2 Qs ¢ 8 2 Teiile s | ok o A
fia® g R AP RmEE L SR E AN AT~ BRI g

& FEP 2 24 > ¢ 3 % 2376 ¥ “TH 7 (R AE -

Ay

RAL B TRBR

EIGE VRl FY o PR T ok m B L% 2R
SR RS R R TR R RS E Vg R R

¢l T RGE R R ) s kA s A PR B /S (Migration
Pathway)& ¥ /61 11 2 B H B4 HABH R - PHfad B HH
NS TR 2 BIREY 28/ 0 Aot £~ 2 TR
PREBREEL  BEAFPH-EHgEg>FY A4 -2 F &7~
AEB TR
PR BB R BN Tk R a8
BKE s AU~ BIEAE o

;{ﬁr} £ A2 %V v RAPAERBRIE  FAT R
(DR B B k2~ A5 1422 B Ip BB
Qe el ~FHYEE T R 2R EEEFREST 2
PR FIRZHEED ¥ S PRE S B W) -
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CEPABRBB L

()P B4 > doB St 2 SRt ~ B 73 242 13 2

Qs RGeS A5 2 T kY BB RE kd R . #
Tk T AR A e i A PR .

ﬁﬁi‘§ﬁ@ﬁ
ﬁﬁ*‘?ﬁéi‘@ﬁ‘lﬁﬁﬁﬁ
dofea it o F 48 A 4 5 DGR ek 3¢ 2 W4T > HA 4 A
wE HFWRAPF P F IS RA L A K E BRI Y A
WA R AL T RERFALIATFRATEAL M
HEMREFRAAE 2 68y T LR B TR FEY @
ﬁ?] v we B i 20 T2GGM 3= 4238 5 # GGM #2582 TOUGH2 #%3¢

& A

25N S e ARk (TR - BT AT F AR TR Ak B2
%ﬁ’r‘]a @%J ﬁi}\‘ °

LA S
B - S HEFr oS

be bk PR E AR PEA BuH TER TORRESELE B 20
HEHEY B U R IR A R A TS 2 BURE (X
DN SN R 4 ga,ﬁﬁﬁ;éw V3P RSB E) A 2R AL
Foiv RypE i s R ARSN EHEE 2 s Sl AR
ﬁﬁ@gﬁliﬁs DA £ X FlEEY R BBV E E 22 AMBER #7250
RAEF AT S LTSS I BRI BRI AR
2P BRI AT
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AR TR RN
HEL - cEmralduEr P Mok

e £ A IRTRARN 2 BB P AR AT
(DPEE K 3P £(2003 & 5%) ¢
e 4258 AMBER 4.4 %K 5 02 R B R BRI H - RFPIAA 'M*l
(Q)F BB ¥ 3HFEE(2003 # 4R)
715 #4258 FRAC3DVS-OPG 14 34 7 3-ht % 58 3 7 K drid =
A T2GGM : % & GGM #7342 TOUGH2 425% » * M3FE §
@@ﬁ;
#4255 AMBER 5.3 %3 4 # FRAC3DVS-OPG 2 ¥ T -Kingu
T2GGM 2 § # G H % % 5~ » @ (00 R HACS RIS~ B3
OG22 EPAHE

R BE i 2 % 2R g7 RO MR L T T
B2 X 2THAN N ERETREFEEL DTN LF SR
i~ % 2
FE ol B2 % 2R P RAROE T AR AR R R
VRIS EE D N LERBEE R - SFEY L AT

PR AN AT R SRR AT FRELT L RS

RAES 1 Bffd LmRARS BN B 8 B d TR ER L
2F'3£F]$F'&Fiﬁiﬁ.}%—\a'ﬂwl__lf?i&;vj:lpﬁi\ﬁ% 2535

o

ol
|l

AN FEIRETHERRNE
REL=Z - FBEIEIEAEFEIN
F& Tt (Uncertainty) s & 4 23 B AL RB 12 hP R

N

WEE R R R R it B FlEE R D B e R
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Reference Containers and Overpacks

Container Name, Wastes and
Overpack

Picture

Carbon steel ash bin (AIBN)
. Bottom ash
. Baghouse ash

Reference overpack
. LLW sheet metal overpack
(BINOPK)

Container Name, Wastes and
Overpack

Mild steel compactor box (B25)
. Compacted waste (boxes)

Reference overpack
. None

Mild steel bale rack (BRACK)
. Compacted waste (bales)

Reference overpack

e To be overpacked but
details not yet specified.
Assumed to be simple sheet
metal cover.

Non-pro box (NBP47)
. Non-processible waste
(boxes)

Reference overpack
. None

Carbon steel drum bin (DBIN)
. Non-processible waste
(drummed)

Reference overpack
. 10% overpacked in LLW
sheet metal overpack (BINOPK)

Low level resin pallet tank
(RTK)

. ALW resins

. LLW resins

Reference overpack

e To be overpacked but
details not yet specified.
Assumed to be simple sheet
metal cover.

Picture




Container Name, Wastes and
Overpack

Picture

ALW sludge box (NPBSB)
 ALW sludges

Reference overpack
e LLW sheet metal overpack
(BINOPK)

Tile hole equivalent liner
(THLIC18)*

» Filters and elements

* lIrradiated core components
e IXcolumns

Reference overpack*

e Transported in a re-usable
shield and inserted into a
concrete pipe array in the
emplacement room

Container Name, Wastes and
Overpack

Picture

Resin liner (RL)

. CANDECON resins
. Moderator resins

. PHT resins

. Misc. resins

Reference shield (RLSHLD1)
. Concrete cylinder each
holding two resin liners

Retube waste container
(RWC-EF)

. Retube wastes (end
fittings)

Retube waste container

Notes:

(RWC-PT) This table presents a simplified description of waste containers

* Retube wastes (pressure and overpacks. Pictures generally show the containers as they
tubes) appear during storage at WWMF. All containers will be lidded and
* Retube wastes (calandria overpacked if necessary. Steam Generators are not shown in the
tubes) table as they will not be placed in containers.

* Retube wastes (calandria
tube inserts)

* Original preliminary design. Replaced by steel and concrete
ATHEL and ILW Shield containers in final preliminary design
(OPG,2010).
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LLW Reference Container and Overpack Characteristics

Bottom Ash| Baghouse | Compacted| Compacted| Non-Pro. Non-Pro. | LL /ALW ALW Steam LLW
Ash Waste Waste (Drums) (Boxes) Resins® Sludges |Generators®| Overpack
(Bales) ® (Boxes)
Container (Identifier) | New Ash | New Ash Bin| Bale Rack | Compactor| Drum Bin Non-pro | Pallet Tank |ALW Sludge Cut LLW
Bin (AIBN) (AIBN) (BRACK) | Box (B25) (DBIN) Container | (RTK) with Box Segments | overpack
with sheet (NPB47) | sheet metal| (NPBSB) (BINOPK)
metal cover cover
External Width (m) 1.32 1.32 1.22 1.12 1.32 1.32 1.24 1.32 1.8-3.6 1.78
(0.D.)
External Depth (m) 1.32 1.32 2.29 1.84 1.96 1.96 1.24 1.96 1.8-3.6 2.54
(0.D.)
External Height (m) 14 14 1.2 1.3 1.03 1.19 1.68 1.03 22 -45 1.88
(O.L)
Geometry Box Box Box Box Box with six Box Box Box Segment Box
drums
Closure Bolted lid Bolted lid Cover Clipped Bolted lid Lid Cover Lid Welded steel Lid
around box| gasketed lid around box plate
frame frame
Material Carbon steel Carbon steel Carbon Mild steel Carbon | Steel tubularCarbon steel{Carbon steel|Carbon steel|Carbon steel
steel steel frame and shell
chnant matal
Wall thickness (mm) 3.4 3.4 1.6 4.6 6.5 2.8 1.6 2.7 75 3.4
Coating Zn Zn galvanized Paint Paint Paint Paint Paint Paint None Paint
galvanized
Internal Volume (m”®) 1.8 1.8 1.64 23 1.2 2.5 1.5 2.2 Variable 6.56
External Volume (m®) 2.5 25 3.4 28 2.8 3.2 2.7 2.7 Variable 8.5
(12-21)
External Surface 10.9 10.9 14.0 11.8 11.9 13.0 11.4 11.9 Variable 25.1
Area (m?) (30-44)
Notes: From Appendix E of OPG (2010). These ‘reference containers and overpacks’ are for consideration in determining the performance of waste packaging in the

repository, and not in the calculation of inventory volumes (see Section 3.4 for these assumptions). a
b Data from the Nuclear Waste Management Organization (NWMO) (2010a).

B-1

1.6-mm carbon-steel cover assumed.




ILW Reference Container and Overpack Characteristics

CANDECON, Resin Filters &| Irradiated IX Retube Retube
Moderator, Shields?® | Elements Core Columns Waste Waste
PHT and Comp- Containers
Misc. Resins onents Containers (Others)
(End
Container Resin Liner Resin liner IC-18 T-H-E Liner (THLIC18) b End fitting Pressure
(Identifier) shield 1 iald © container tube
(RLSS) ILW Shield container
(RLSHLD1) (RWC(EF)) | (RWC(PT))
External Width (m) 1.63 (O.D.) 2.2 (OD) 0.55 (0.D.)° 1.70 1.85
1.0(0.D)°
External Depth (m) | 1.63 (O.D.) 2.2 (OD) 0.55 (0.D.)° 3.35 1.85
1.0 (0.D)°
External Height (m) 1.8 4.25 10.7° 1.92 2.25
1.7°
Geometry Cylinder Cylinder Cylinder Box Box
Material Stainless Concrete Carbon steel ° Steel- Steel-
steel Concrete and steel © concrete- concrete-
Wall thickness 6.3 250 10° 350 475
(mm) Not aiven °
Coating None None Galvanized ° Stainless Stainless
None © steel lined | steel lined
Internal Volume 3 6 25° 2.7 0.8
(m®)
0.25°
External Volume 3.8 16.2 26° 10.9 7.7
(m?) .
1.3
External Surface 13.4 37 20.8° 30.8 235
Area (m?) 69°
Notes:

Data from NWMO (2010a) and Appendix E of OPG (2010).
These reference containers and overpacks are used in determining the performance of waste
packaging in the repository, and not in the calculation of inventory volumes (see Section 3.4 for these

assumptions).

a Concrete Resin Liner Shield of 250 mm thickness is assumed. Two alternative concrete shields
are also available, and a stainless steel overpack. However, the 250 mm shield will be most
common, see OPG (2010).

b For the original preliminary design, it has been assumed that these wastes are emplaced in
IC-18 T-H-E liners.

c For the final preliminary design, it has been assumed that these wastes are emplaced in ILW

shields.
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Physical Properties of Raw Wastes

Parameter Bulk Density | Physical Porosityj Moisture Content
(kg m™®) Void Fraction (-) | (kg water/ kg waste)

Bottom Ash 550 0.3 0.01¢
Baghouse Ash 390 0.3 0.001°
Compacted Waste - Boxes 1000 0.5 0.001°
Compacted Wastes - Bales 770 0.5 0.001°
Non-processible — Drums 500 04° 0.001 ¢
Non-processible — Boxes 230 0.9 0.001°
Non-processible — Other 1070° 0.8° 0.001°
LL/ALW Resins 750’ 0.4 0.03'
ALW Sludges 1120 0.3 0.01°
Steam Generators 1730 08" 0.001°
CANDECON Resins 850 0.4' 0.03'
Moderator Resins 850 04' 0.03'
PHT Resins 850 0.4' 0.03'
Misc. Resins 850 0.4' 0.03'
Irradiated Core Hardware 880 0.9 0.001 ¢
Filters and Filter Elements 880 0.9 01"
IX Columns 880’ 05" 0.03'
Retube Waste (Pressure Tubes) 2290 ° 0.7" 0.001°
Retube Waste (End Fittings) 970° 09" 0.001°
Retube Waste (Calandria Tubes) 1270 ¢ 08" 0.001°
Retube Waste (Calandria Tube Inserts) 580" 09" 0.001°

Notes:

Data based on assumptions described in OPG (2010), in particular, Table C-7.

a Averaged value calculated using data from Tables 2.1, C-7 and Appendix E of OPG (2010)
to derive a 53:47 split between the mass of items such as heat exchangers and the mass

of items such as encapsulated tile holes.

b  Averaged value calculated using data from Tables 2.1, C-7 and Appendix E of OPG (2010)
to derive a 85:15 split between the porosity of items such as heat exchangers and the
porosity of items such as encapsulated tile holes.

c Contains granular fills and therefore has fewer voids than the other non-processible wastes.

d May contain some moisture, because water is sprayed onto the ashes during loading into

the bins to cool the ashes. Some of the moisture may evaporate during storage.
Waste would normally be dry; this represents trace amounts of water in the package.

e

f  Bound (bead) water not included. Free water is drained from the resins during transfer to the
resin liners at the stations, but some water remains on the bottom of the liners, typically 3%.

g Water content is immobilized with polymer gel.

h Expect some moisture retention on filters.

i Typical physical porosity of resins, from standard technical specifications.

j Includes bound water.

k Based on ungrouted porosity of 0.9 (Table C-7 of OPG 2010), a nominal grout porosity of
~30%, an ungrouted bulk density of 1500 kg m-3 (midpoint of values in Table C-7 of OPG
2010), and grout grain density of 2560 kg m-3 (Table 4.26).

| Taken to be the same as filters and filter elements.

m No data given in OPG (2010). Value of 0.5 adopted for the current assessment.

n

Calculated using (1 — Bulk Density/True Density). The Bulk Density is the density of the
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wastes as packaged, and the True Density is the density of the solid metal that makes up the
items. True Density data are taken from Tables C-2 to C-5 of OPG (2010).
Based on weight of 61 kg per pressure tube and 30 pressure tubes per box (Table 3.4 of OPG
2010) and 242 boxes with net volume of 193 m® (Table 3.1 of OPG 2010).
Based on weight of 163 kg per end fitting and 16 end fittings per box (Table 3.4 of OPG 2010)
and 899 boxes with net volume of 2429 m® (Table 3.1 of OPG 2010).
Based on weight of 23 kg per Calandria tube and 44 Calandria tubes per box (Table 3.4 of
OPG 2010) and167 boxes with net volume of 133 m® (Table 3.1 of OPG 2010).
Based on weight of 1.2 kg per Calandria tube insert and 384 Calandria tube inserts per box
(Table 3.4 of OPG 2010) and 45 boxes with net volume of 36 m® (Table 3.1 of OPG 2010).
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Reference Waste Volumes

Waste Categories Raw (Net) Number of Emplaced
Volume DGR Volume
(m?) Containers (m3)
LLW
Bottom ash 2,033 882 7,497
Baghouse ash 364 218 1,853
Compacted wastes (bales) 2,268 1,383 4,702
Compacted wastes (boxes) 14,110 6,135 17177
Non-processible (drums) 9,408 7,840 25,5632
Non-processible (boxes) 56,713 24,190 73,792
Non-processible (other) 3,279 164 3,279
LLW and ALW resins 3,393 2,165 6,307
ALW sludges 3,569 1,709 14,527
Steam generators 8,387 512 8,387
Sub-total LLW 103,524 45,198 163,053
ILW
Moderator resins 1,929 430 4,779
PHT resins 1,348 301 3,340
Misc. resins 1,808 403 4,480
CANDECON resins 2,257 503 5,592
Irradiated core components 27
Filters and filter elements 1,344 jjgg : glg; :
IX columns 544
Retube Wastes (Pressure Tubes) 193 242 1,860
Retube Wastes (End Fittings) 2,429 899 9,804
Retube Wastes (Calandria Tubes) 133 167 1,285
Retube Wastes (Calandria Tube Inserts) 36 45 349
Sub-total ILW 12,048 771193 : 2(7)3?12 :
vese | B | 0
Notes:

Data from Tables 2.1 and 3.1 of OPG (2010).
a Based on waste packages proposed in original preliminary design
(NWMO 2010a). b Based on waste packages in final preliminary

design (OPG 2010).




Potentially Important Radionuclides and their Half-Lives

Radionuclide | Half-life (a) | Decay Constant (a™)
H-3 1.23E+01 5.63E-02
C-14 5.70E+03 1.22E-04
CI-36 3.01E+05 2.30E-06
Ni-59 1.01E+05 6.86E-06
Ni-63 1.00E+02 6.92E-03
Se-79 2.95E+05 2.35E-06
Sr-90? 2.88E+01 2.41E-02
Nb-93m 1.61E+01 4.30E-02
Mo-93 4.00E+03 1.73E-04
Zr-93 1.53E+06 4 53E-07
Nb-94 2.03E+04 3.41E-05
Tc-99 2.11E+05 3.28E-06
Ag-108m? 4.18E+02 1.66E-03
Sn-121m? 4.39E+01 1.58E-02
1-129 1.57E+07 4.41E-08
Cs-1372 3.02E+01 2.30E-02
Ir-192 2.02E-01 3.43E+00
Ir-192m 2.41E+02 2.88E-03
Pt-193 5.00E+01 1.39E-02
Pb-210° 2.22E+01 3.12E-02
Po-210 3.79E-01 1.83E+00
Rn-222° 1.05E-02 6.62E+01
Ra-226° 1.60E+03 4.33E-04
Ra-228? 5.75E+00 1.21E-01
Th-228° 1.91E+00 3.63E-01
Th-2292 7.34E+03 9.44E-05
Th-230 7.54E+04 9.20E-06
Th-232 1.41E+10 4 93E-11
Ac-227° 2.18E+01 3.18E-02
Pa-231 3.28E+04 2.12E-05
Pa-233 7.38E-02 9.39E+00




Radionuclide | Half-life (a) | Decay Constant (a™)
U-232 6.89E+01 1.01E-02
U-233 1.59E+05 4.35E-06
U-234 2.46E+05 2.82E-06
U-235° 7.04E+08 9.85E-10
U-236 2.34E+07 2.96E-08
U-238°? 4 47E+09 1.55E-10
Np-237 2.14E+06 3.23E-07
Pu-238 8.77E+01 7.90E-03
Pu-239 2.41E+04 2.87E-05
Pu-240 6.56E+03 1.06E-04
Pu-241° 1.44E+01 4.83E-02
Pu-242 3.75E+05 1.85E-06
Am-241 4.32E+02 1.60E-03
Am-242m? 1.41E+02 4.92E-03
Am-2432 7.37E+03 9.40E-05
Cm-242 4.46E-01 1.56E+00
Cm-243 2.91E+01 2.38E-02
Cm-244 1.81E+01 3.83E-02

Notes: Half-lives from the electronic database supplied
with ICRP (2008).
a Short-lived daughters taken to be in secular equilibrium.
b Short-lived daughter of Ra-226, modelled explicitly in the biosphere.
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Radionuclide Decay Schemes

Radio- Explicitly Modelled Decay Chain

nuclide

Mo-93 — (0.8800) Nb-93m

Ir-192m — Ir-192

U-232 — Th-228

Pu-241 — Am-241 — Np-237 — Pa-233 — U-233 — Th-229

Am-242m — (0.1722) Pu-242 — U-238 — U-234 \

— (0.8233) Cm-242 — Pu-238 — U-234 — Th-230 — Ra-226 — Pb-210 — P0-210

— (0.0045) Pu-238 A

Cm-243 — (0.0024) Am-243 — Pu-239 — U-235 — Pa-231 — Ac-227
— (0 9976) Pu-239 A

Cm-244 Pu-240 — U-236 — Th-232 — Ra-228 — Th-228

Notes: Branching ratios for radioactive progeny are indicated in brackets preceding the progeny. If
none is indicated, the branching ratio is 1. Short-lived radioactive progeny (e.g., with half-life of a few
tens of days) have been taken to be in secular equilibrium with their long-lived parent.

Radionuclides with Progeny in Secular Equilibrium

Radio- Progeny in Secular Equilibrium
nuclide
Sr-90 — Y-90
Ag-108m — (8.700E-2) Ag-108
Sn-121m — (7.760E-1) Sn-121
Cs-137 — (9.440E-1) Ba-137m
Pb-210 — Bi-210
Ra-226 — Rn-222 — Po-218 — (9.998E-1) Pb-214 — Bi-214 — (9.998E-1) Po-214
— (2 000F-4) At-218 A
Ra-228 — Ac-228
Th-228 — Ra-224 — Rn-220 — P0-216 — Pb-212 — Bi-212 — (6.406E-1) Po-212
— (3 RO4F-1) TI-208

Th-229 — Ra-225 — Ac-225 — Fr-221 — At-217 — Bi-213 — (9.791E-1) Po-213 — Pb-209

— (2 090F-2) TI-209 A
Ac-227 — (9.862E-1) Th-227 — Ra-223— Rn-219 — Po-215 — Pb-211 — Bi-211 — (9.972E-1) TI-207

— (1 380F-2) Fr-223 A — (2 760F-3) Pn-211
U-235 — Th-231
U-238 — Th-234 — Pa-234m — (1.600E-3) Pa-234
Pu-241 — (2.450E-5) U-237
Am-242m | — (0.9955) Am-242
— (0 0045) Nn-238
Am-243 — Np-239
Note:

Branching ratios for radioactive progeny have been indicated in brackets preceding the progeny. If
none is indicated, the branching ratio is 1.
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Corrosion Rates for Metals

Conditions Metal Corrosion Rate (m a™%)
Best Probability Distribution Function
Estimate | Distribution | Minimum | Maximum
Aerop!c humid Un-passwa.ted C-steel 1E-05 log uniform 1E-06 1E-04
conditions and galvanized steel
(Phase 1) Passivated C-steel,
stainless steel and 1E-07 log uniform 5E-08 5E-06
Ni-alloys
Zirconium based alloys 1E-08 log uniform 5E-09 5E-08
Anaerobic Un-passivated C-steel 1E-06 log uniform 1E-07 1E-05
humid and aalvanized steel
conditions Passivated C-steel,
. 1E-07 log uniform 1E-08 1E-06
stainless steel and
(Phase 2)
Zirconium based alloys 1E-08 log uniform 5E-09 5E-08
Anaerobic Un-passivated C-steel 2E-06 log uniform 1E-07 1E-05
saline | and aalvanized steel
Passivated C-steel,
saturated . 1E-07 | log uniform | 1E-08 | 1E-06
conditions stainless steel and
(Phase 3) Zirconium based alloys 1E-08 log uniform 5E-09 5E-08

Notes: The rates in the above table are appropriate for the expected repository environment: pH
5.0-6.5 (except pH 12-13 for the passivated C-steel), temperature of ~ 20 °C, and a Na-Ca-Cl
salinity of 170-215g L™.




Excavated Dimensions and Areas of Emplacement Rooms and Access Tunnels

Parameters Panel 1 Panel 2 Total
Emplacement Rooms:

Depth (m) (1) 682.1 682.1

Emplacement Room ID (2) P1 P2 P3 P4 P5 P6 P1 P2 P3 P4 P5 P6

Number of Emplacement Rooms (2) 4 0 3 2 2 3 13 1 2 1 0 0 31
Length of each room (m) (2) 250 | 250 | 250 | 250 | 250 | 250 250 250 | 250 | 250 250 250

Width of each room (m) (2) 86 | 8.6 8.4 7.4 8.4 8.1 8.6 8.6 8.4 74 8.4 8.1

Height of each room (m) (2) 7 | 635 | 58 6.5 6.2 7.2 7 6.35 | 5.8 6.5 6.2 7.2

Total Roof Area (mz) 28,875 36,150 65,025
Access Tunnels (outside shaft and services area):

Length (m) (2)

514 (2) /510 (3)

809 (2) / 820 (3)

Width (m) x Height (m)

54x815(2)/5.4x6.4(3)

5.9x8.15 (2)/ 5.4 x 6.4 (3)

Roof Area (m2)

2,812 (2) /2,780 (3)

4,773 (2) 1 4,600 (3)

7,585 (2) /7,380 (3)

Ventilation (Return Air) Drifts:

Length (m)

None (2) / 520 (3)

None (2) / 795 (3)

Width x Height (m)

None (2) / 5 x5 (3)

None (2) /5 x5 (3)

Roof Area (m2)

-(2) /2,600 (3)

- (2) /4,000 (3)

-(2)/ 6,600 (3)

Panel (from first emplacement room):

Length (m) (2)

250 (2) / 260 (3)

250 (2) / 260 (3)

Width (m) (2)

441 (2) 1 440 (3)

515 (2) / 515 (3)

Footprint (m2)

110,250 (2) / 114,000 (3)

128,750 (2) / 134,000 (3)

239,000 (2) /248,000 (3)

Notes:

1. For the Postclosure Safety Assessment, the repository floor elevation is taken to be -496.3 m above sea level (mASL) (i.e., a depth of 682.1 mBGS) based on
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ground surface elevation of 185.84 mASL at DGR-2. This is 6 m above top of Sherman Falls (Section 4.2).
2. Data from NWMO (2010a) for the original preliminary design.
3. Data from NWMO (2010b) for the final preliminary design.



Dimensions and Cross-sectional Areas of Shafts at Closure

Main Shaft Ventilation Shaft
Surficial Groundwater Zone:
Length (m) (1) 20 20
Excavated Diameter (m) (1) 9.4 7.7
Finished Diameter (m) (2) 6.5 5
Excavated cross-sectional area (m?) 69.40 46.57
Finished cross-sectional area (m?) 33.18 19.63
Liner thickness (m) 1.45 1.35
Shallow Bedrock Groundwater Zone:
Length (m) (1) 158.6 158.6
Excavated Diameter (m) (1) 8.15 6.45
Finished Diameter (m) (2) 6.5 5
Excavated cross-sectional area (m?) 52.17 32.67
Finished cross-sectional area (m?) 33.18 19.63
Liner thickness (m) 0.83 0.73
Intermediate Bedrock Groundwater Zone:
Length (m) (1) 269.1 269.1
Diameter (m) (3) 9.15 7.45
Cross-sectional area (m?) 65.76 43.59
Liner thickness (m) 0 0
Deep Bedrock Groundwater Zone:
Length to top of monolith (m) (1) 214.4 214.4
Diameter (m) (4) 9.15 7.45
Cross-sectional area (m?) 65.76 43.59
Liner thickness (m) 0 0

Notes:
1. Data from NWMO (2010a).

2. Liner and highly damaged zone (HDZ) around shafts in Surficial and Shallow Bedrock

Groundwater Zones are not removed at closure (NWMO 2010a).

3. Data from NWMO (2010a). Shaft liners in Intermediate Bedrock Groundwater Zone are

removed at closure and

0.5 m thickness of HDZ removed (NWMO 2010a) from around the shafts. The diameter given is

the diameter of the shaft once the liner and HDZ have been removed.

4. Data from NWMO (2010a). Shaft liners above the level of the DGR are removed at closure
and 0.5 m thickness of HDZ removed (NWMO 2010a) from around the shafts. The diameter
given is the diameter of the shaft once the liner and HDZ have been removed.




Repository Volumes

Panel 1 Panel 2 Total
ORIGINAL PRELIMINARY DESIGN
Excavated Volumes (m®):
Emplacement Rooms (1) 1.91E+05 2.46E+05 4.37E+05
Access Tunnel (outside shaft and services 2 26E+04 3 89E+04 6.15E+04
area) (1)
Shaft and Services Area (2) 3.53E+04
Total 2.13E+05 2.85E+05 5.33E+05
Void Volume (m®):
Emplacement Rooms (3) 1.55E+05 1.99E+05 3.53E+05
Access Tunnel (outside shaft and services 1.93E+04 3. 63E+04 5 56E+04
area) (4)
Shaft and Services Area (5) 9.18E+03
Total 1.74E+05 2.35E+05 4.18E+05
FINAL PRELIMINARY DESIGN
Excavated Volumes (m®):
Emplacement Rooms (1) 1.91E+05 2.46E+05 4.37E+05
Access Tunnel (outside shaft and services 3. 06E+04 4.90E+04 7 9BE+04
area) and Ventilation Drifts (1)
Shaft and Services Area (2) 4.79E+04
Total 2.22E+05 2.95E+05 5.65E+05
Void Volume (m®):
Emplacement Rooms (3) 1.63E+05 2.02E+05 3.65E+05
Access Tunnel (outside shaft and services 2 50E+04 4 40E+04 6.90E+04
area) and Ventilation Drifts (4)
Shaft and Services Area (5) 1.54E+04
Total 1.88E+05 2.46E+05 4.49E+05

Notes:

1. Derived from dimensions given in Table 4.3. Includes volume that will be filled by room and
closure walls.

2. Data from NWMO (2010a) for original preliminary design, and NWMO (2010b) for final
preliminary design.

Includes volume that will be filled by concrete monolith at base of main and ventilation shafts but
does not include ramps down to shaft sumps.

3. Derived by subtracting emplaced waste volume given in Table 4.6 from excavated volume
with allowance for

volume of concrete in rooms, waste voidage (Table 3.10) and packaging voidage (Appendix H).
4. Allowance made for volume of concrete in tunnels and drifts.

5. Allowance made for volume of concrete in shaft and services area (including concrete
monolith (Figure 4.5 for final preliminary design, and Figure 4.6 for original preliminary design).
Allowance also made for volume of concrete and steel decommissioned ventilation shaft, and
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equipment used in the DGR (e.g., forklifts and cranes) which is to be left in the South and West

Service Tunnels.

Numbers of Containers and Volumes of Waste in Each Panel

Waste Categories Panel 1 Panel 2
Number of Emplaced Number of Emplaced
Containers Volume (ms) Containers Volume (ms)
LLW
Bottom ash 208 1,764 674 5,733
Baghouse ash 51 436 167 1,417
Compacted wastes (bales) 325 1,106 1,058 3,596
Compacted wastes (boxes) 1,444 4,042 4,691 13,135
Non-processible (drums) 1,845 6,008 5,995 19,524
Non-processible (boxes) 5,692 17,363 18,498 56,429
Non-processible (other) 164 3,279 0 0
LLW resins
ALW rosing 509 1,484 1,656 4,823
ALW sludges 402 3,418 1,307 11,109
Steam generators 256 4,194 256 4,194
Sub-total LLW 10,896 43,093 34,302 119,960
ILW
CANDECON resins 335 3,728 168 1,864
Moderator resins 287 3,186 143 1,593
PHT resins 201 2,227 100 1,113
Misc. resins 269 2,987 134 1,493
Irradiated core components
Filters and filter elements 2973 (1) 4,067 (1) 1486 (1) 2,034 (1)
IX columns 2,969 (2) 6,302 (2) 1,484 (2) 3,151 (2)
Retube Wastes (Pressure Tubes) 161 1,240 81 620
Retube Wastes (End Fittings) 599 6,536 300 3,268
Retube Wastes (Calandria Tubes) 111 857 56 428
Retube Wastes (Calandria Tube 30 233 15 116
Inserts)
Sub-total ILW 4,966 (1) 25,060 (1) 2,483 (1) 12,530 (1)
4,962 (2) 27.295 () 2.481 () 13,647 (2)
Total 15,862 (1) 68,153 (1) 36,785 (1) 132,490 (1)
15.858 (2) 70.388 (2) 36.783 (2) 133.607 (2)
Note:

Values calculated using container and waste data from Table 3.11 and waste allocation given in

Table 4.2.

1. Data from NWMO (2010a) for the original preliminary design.

2. Data from NWMO (2010b) for the final preliminary design.
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Sequence of Shaft Sealing Materials

Sealing Depth of Depth of Base Vertical Diameter (m) Comment
Material ID Top (mBGS) Length Main Ventilation
(MBGS) (m) Shaft Shaft
CC 0.0 20.0 20.0 6.50 5.00 Concrete cap
S6 20.0 178.6 158.6 6.50 5.00 Engineered fill. Shaft liner and HDZ not removed.
Concrete bulkhead keyed into rock to distance equal to
B3 178.6 190.6 12.0 13.23 10.68 0.5*shaft radius. Shaft liner and HDZ removed prior to
emnlacement of shaft seal
Bentonite/sand mix. Shaft liner and HDZ removed prior to
S5 190.6 322.8 132.2 9.15 7.45 emplacement of shaft seal.
9.15 7.45
6.0 (straight) (straight) (straight) Lower 12 m of concrete bulkhead keyed into rock to
B2 322.8 340.8 12.0 (keyed- 13.23 10.68 distance equal to 0.5*shaft radius. Shaft liner and HDZ
in) (ovnd in (Lovad im removed prior to emplacement of shaft seal.
Bentonite/sand mix. Shaft liner and HDZ removed prior to
S4 340.8 372.6 31.8 9.15 7.45 emp|acement of shaft seal.
9.15 7.45
6.0 (straight) (straight) (straight) Lower 12 m of concrete bulkhead keyed into rock to
B1 372.6 390.6 12.0 (keyed- 13.23 10.68 distance equal to 0.5*shaft radius. Shaft liner and HDZ
in) (Lavad in) (Lovad in) removed prior to emplacement of shaft seal.
Bentonite/sand mix. Shaft liner and HDZ removed prior to
S3 390.6 506.6 116.0 9.15 7.45 emplacement of shaft seal.
Asphalt Mastic Mix. Shaft liner and HDZ removed prior to
S2 506.6 567.5 60.9 9.15 7.45 emplacement of shaft seal.
Bentonite/sand mix. Shaft liner and HDZ removed prior to
S1 567.5 662.1 94.6 9.15 7.45 emplacement of shaft seal.
Shaft Monolith
above DGR 662.1 682 1 20 9.15 7.45 Concrete. Shaft liner and shaft HDZ above DGR floor
floor removed prior to emplacement of shaft seal.
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Sealing Depth of Depth of Base Vertical Diameter (m) Comment
Material ID Top (mBGS) Length Main Ventilation

(MBGS) (m) Shait Shaft
Shaft Monolith Shaft liner and shaft HDZ below DGR floor not removed
below DGR 682.1 719.1/746.4 37/64.3 8.15 6.45 prior to emplacement of shaft seal. Thickness of liner
floar (1) incliuded in diameter valiie
Note:

1 Base of monolith in main shaftis at 719.1 m and in ventilation shaft is at 746.4 m.
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Mass and Volume of Shaft Sealing Materials

Sealing Sealing Main Shaft Ventilation Shaft Total Total
:\gaterlal Material Type Volume Mass Volume Mass E/H?L;qu)e Masé)(kg)
m3d) | k) @) | m* 1) | ko) (@)
cc Concrete 6.6E+02 | 1.6E+06 | 3.9E+02 | 9.5E+05 | 1.1E+03 | 2.6E+06
s6 Engineered fill | 5.3E+03 | 1.0E+07 | 3.1E+03 | 6.2E+06 | 8.4E+03 | 1.7E+07
B3 Concrete 1.6E+03 | 4.0E+06 | 1.1E+03 | 2.6E+06 | 2.7E+03 | 6.6E+06
s5 Bentonite/sand | 8.7E+03 | 1.4E+07 | 5.8E+03 | 9.2E+06 | 1.4E+04 | 2.3E+07
B2 Concrete 2.0E+03 | 5.0E+06 | 1.3E+03 | 3.2E+06 | 3.4E+03 | 8.2E+06
s4 Bentonite/sand | 2.1E+03 | 3.3E+06 | 1.4E+03 | 2.2E+06 | 3.5E+03 | 5.6E+06
B1 Concrete 2.0E+03 | 5.0E+06 | 1.3E+03 | 3.2E+06 | 3.4E+03 | 8.2E+06
s3 Bentonite/sand | 7.6E+03 | 1.2E+07 | 5.1E+03 | 8.1E+06 | 1.3E+04 | 2.0E+07
S2 Asphalt Mastic | 4 0E+03 | 8.0E+06 | 2.7E+03 | 5.3E+06 | 6.7E+03 | 1.3E+07
Mix
S1 Bentonite/sand | 6.2E+03 | 1.0E+07 | 4.1E+03 | 6.6E+06 | 1.0E+04 | 1.7E+07
_ Included in calculation of repository concrete in
Monolith Concrete Table 4.7 and Table 4.8
Engineered fill | 5.3E+03 | 1.0E+07 | 3.1E+03 | 6.2E+06 | 8.4E+03 | 1.7E+07
Total Concrete (3) | 1.0E+04 | 2.5E+07 | 6.7E+03 | 1.6E+07 | 1.7E+04 | 4.1E+07
Eﬁéz'(-)lith) Bentonite/Sand | 2.5E+04 | 3.9E+07 | 1.6E+04 | 2.6E+07 | 4.1E+04 | 6.6E+07
Asphalt Mastic |/ 4163 | 8.0E+06 | 2.7E+03 | 5.3E406 | 6.7E+03 | 1.3E+07
Mix
Notes:

1. Calculated from dimensions given in Table 4.14.

2. Derived using bulk densities given in Table 4.26. Includes liner in Surficial and Shallow Bedrock

Groundwater

Zones.

3. Includes concrete liners in shafts in Surficial and Shallow Bedrock Groundwater Zones.




Hydraulic Conductivities and Porosities for Repository Materials

Parameter Material Undegraded Degraded
Vertical and | Structural Ref. value 1E-10 1E-8
Horizontal Concrete PDF values Min: 1E-11 /Max: 1E-9 Min: 1E-9 /Max: 1E-7
Hydraulic PDF type Log-triangular Log-triangular
Conductivity | | HHPC Ref. value 2E-12 1E-10
(ms™) (1) PDF values | Min: 2E-13Max: 2E-11 Min: 1E-11 /Max: 1E-9
PDF type Log-triangular Log-triangular
Bentonite/ | Ref. value 1E-11
sand PDF values Min: 1E-14 /Max: 1E-9
PDF type Log-triangular
Asphalt Ref. value 1E-12
Mastic Mix | PDF values Min: 1E-14 /Max: 1E-11
PDF type Log-triangular
Engineered | Ref. value 1E-4
Fill PDF values Min: 1E-6 /Max: 1E-2
PDF type Log-triangular
Diffusion and | Structural Ref. value 0.1 0.25
Transport Concrete PDF values Min: 0.08 /Max: 0.14 Min: 0.2 /Max: 0.3
Porosities (-) PDF type Triangular Triangular
LHHPC Ref. value 0.05 0.1
PDF values Min: 0.04 /Max: 0.1 Min: 0.05 /Max: 0.15
PDF type Triangular Triangular
Bentonite/ | Ref. value 0.29
sand PDF values Min: 0.25 /Max: 0.33
PDF type Triangular
Asphalt Ref. value 0.02
PDF values Min: 0.01 /Max: 0.04
PDF type Triangular
Engineered | Ref. value 0.25
Fill PDF values Min: 0.2 /Max: 0.3
PDF type Triangular

Note:

1. Slightly lower values (less than a factor of two) can be expected for saline conditions due to
greater density and viscosity of water. However, this data report adopts freshwater hydraulic
conductivity values irrespective of salinity conditions.




Sorption Coefficients for Bentonite/Sand Shaft Seals (m* kg™)

Element Kd
C 0
Cl 0
Cr o™
Ni 0
Cu o™
Zr 0.05
Nb 01
Cd oM
I 0
Pb 0.001
Ra 0
] 0.01
Np 0.004
Pu 0.5
All other elements and organic 0
contaminants

Note:

1.  Where relevant data is not available, a value of 0 is chosen conservatively.



Densities for Repository Materials

Parameter Material Undegraded Degraded
Grain Density (kg m™) Structural Concrete " 2560 2650
LHHPC 2560 @ 2650 @
Bentonite/Sand 2740 @
Asphalt 1990 ®
Engineered Fill 2650 ©
Dry Bulk Density (kg | Structural Concrete @) 2280 1990
™) LHHPC 2425 ®) 2390 7
Bentonite/Sand 1600 ©
Asphalt 1960
Engineered Fill 1990

Notes:

1. Taken to be the same as for LHHPC.

2. Derived from bulk density using Equation 4.4 and porosity value from Table 4.22.
3. Assumed to degrade to have the same grain density as quartz given in CRC (2006).
4. Average grain density for 70:30 mix of MX80 bentonite (2780 kg m™, Karnland et al. 2008) and
quartz sand (2650 kg m™, CRC 2006).

5. Average grain density for 70:20:10 mix of quartz sand (2650 kg m™, CRC 2006),

asphalt (1035 kg m™, Pettersson and Elert 2001) and hydrated lime (2200 kg m™, CRC

2006).
6. Grain density of quartz given in CRC (2006).
7. Derived from grain density using Equation 4.4 and porosity value from Table 4.22.
8. Table 5 of Dixon et al. (2009).
9. See Section 4.4.2.

Effective Diffusion Coefficients for Repository Materials

Parameter Material Undegraded Degraded
Horizontal and | Structural Concrete 2.5E-12 1.25E-10
Vertical
Effective LHHPC 3E-13 1.25E-10
Diffusion
Coefficient Bentonite/Sand 3E-10

2 -1

m
(m”s™) Asphalt 1E-13
Engineered Fill 2.5E-10

Note:

No distinction is made between values for anions and other species.
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Two-phase Flow Parameters for Repository Materials

Material m n Sir Sqr
Pa* - - - -

Concrete Ref: 1.0E-6 Ref: 0.5 Ref: 2.0 Ref: 0.20 Ref: 0.10

(LPHPC & | Min: 1.0E-7 Min: 0.3 Min 1.5 Min: 0.01 Min: 0.00

stuctural) | \ax: 3.0E-5 | Max: 0.6 Max: 2.3 Max: 0.30 | Max:0.20

Bentonite/ Ref: 1.0E-7 Ref: 0.4 Ref: 1.8 Ref: 0.01

sand Min: 3.0E-8 Min: 0.25 Min 1.25 Min: 0.0 0.01
Max: 3.0E-5 Max: 0.6 Max: 2.5 Max: 0.60

Asphalt Assume zero capillary pressure at all saturations

IIir;lgineered 2E-3 0.5 2.0 0.25 0.0

i
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Depths to Geological Units (metres below ground surface)

Geological Unit

Depth of Top Unit (mBGS)

Depth at Centre of Stratigraphic

Unit (MBGS)

Quaternary 0 10

Lucas 20 25

Amherstburg (upper) 30.4 40

Amherstburg (lower) 50 63

Bois Blanc 75 100
Bass Island (upper) 124 134
Bass Island (lower) 144 157
Salina G 169.3 174
Salina F 178.6 201
Salina E 223 233
Salina D 243 244
Salina C 2446 252
Salina B 260.3 276
Salina B evaporite 291.2 292
Salina A2 carbonate 293.1 306
Salina A2 evaporite 319.7 323
Salina A1 Upper carbonate 325.5 327
Salina A1 carbonate 328.5 348
Salina A1 evaporite 367 369
Salina A0 370.5 373
Guelph 374.5 377
Goat Island 378.6 388
Gasport 397.4 401
Lions Head 404.25 406
Fossil Hill 408.7 410
Cabot Head 411 423
Manitoulin 434.8 441
Queenston 447.7 483
Georgian Bay 518 563
Blue Mountain 608.9 630
Collingwood 651.6 656
Cobourg 659.5 674
Sherman Fall 688.1 702
Kirkfield 716.1 739
Coboconk 762 774
Gull River 785 812
Shadow Lake 838.6 841
Cambrian 843.8 852
Precambrian 860.7 N/A

Note:

The DGR-1/2 stratigraphy is used as reference. All data from Table 3.1 of the DGSM report
(INTERA 2011) except for Amherstburg (lower), Bass Islands (lower) and Salina A1 Upper
Carbonate which are from TR-08-10 (Walsh 2011).
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Mapping of the Geological Units to the Hydrogeological Zones

Geological Unit

Hydrogeological Zones

Quaternary

Surficial Groundwater Zone

Lucas

Ambherstburg (upper)

Ambherstburg (lower)

Shallow Bedrock

Bois Blanc

Groundwater Zone

Bass Island (upper)

Bass Island (lower)

Salina G

Salina F

Salina E

Salina D

Salina C

Salina B

Salina B evaporite

Salina A2 carbonate

Salina A2 evaporite

Salina A1 Upper carbonate

Intermediate Bedrock

Salina A1 carbonate

Groundwater Zone

Salina A1 evaporite

Salina A0

Guelph

Goat Island

Gasport

Lions Head

Fossil Hill

Cabot Head

Manitoulin

Queenston

Georgian Bay

Blue Mountain

Collingwood

Cobourg

Sherman Fall

Deep Bedrock Groundwater

Kirkfield

Zone

Coboconk

Gull River

Shadow Lake

Cambrian

Precambrian
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Sampled Groundwater and Porewater Compositions

Georgian Cobourg
Sample OGW-8 OGW-12 Salina A2 Salina Al Bay Shale Limestone
Sample Type Groundwater Groundwater Porewater Porewater Porewater Porewater
Borehole DGR-3 DGR-4 DGR-4 DGR-3 DGR-3 DGR-3
Depth (mBGS) | 337.80-341.51 | 373.66-381.18 304.05 348.31 581.28 680.46
Formation Salina Upper Guelph Saline A2 Salina A1 Georgian Cobourg
A1 Formation Unit - Carh Unit - Carh Bav
Table 4.7 and | Table 4.7 and

Source Table 4.8; Table 4.8; Figures 4.53 | Figures 4.53 | Figures 4.53 | Figures 4.53
(INTERA 2011) Figures 4.53 Figures 4.53 to 4.57 to 4.57 to 4.57 to 4.57
% Drill Water 3.1 0.3 N.D. N.D. N.D. N.D.
Caontamination

pH 7.3 6.5 N.D. N.D. N.D. N.D.
Eh (mV) -13 -141.9 N.D. N.D. N.D. N.D.
DO (mgL™) 0.3 0.23 N.D. N.D. N.D. N.D.
Sulphide 5 0 N.D. N.D. N.D. N.D.
(mal™

?glgu(lr?]tgetlj_ﬂ 26760 375468 131035 191664 298610 260362
(Fll;iﬂqgfnsny 1019 1210 N.D. N.D. N.D. N.D.
Na (mg L") 7835 99133 47446 61626 54486 59514
Ca(mgL™) 1003 31597 2208 668 40533 9530
Mg (mg L™ 580.6 7901 2558 8738 12651 22099
K(mgL") 125.2 3665 545 1407 16159 17303
Sr(mgL™) 17.7 589.3 252 1128 1566 1868
Fe (mgL™) 10 29.6 N.D. N.D. N.D. N.D.
Mn (mg L™ 1.03 4.27 N.D. N.D. N.D. N.D.
Cl(mg L™ 13615 229635 77617 54775 212431 178956
Br(mg L™ <30 1715 167 30 2371 1824
F(mgL™ 1.9 0.3 N.D. N.D. N.D. N.D.

I (mg L™ <0.3 0.5 N.D. N.D. N.D. N.D.
Si(mg L™ 26 987 N.D. N.D. N.D. N.D.
SO, (mg L™ 3568 211 8713 80999 291 1415
NOs (mg L™) <6 <5 N.D. N.D. N.D. N.D.
B(mgL") N.D. N.D. 75 241 182 177
Alkalinity as

CaCOs 180.6 425 N.D. N.D. N.D. N.D.
Notes:

These compositions are groundwater and porewater analyses that have been corrected for

perturbations due to sampling and analysis where feasible. It is expected that the departure from

in-situ conditions will be greatest for the porewaters. Porewater concentrations (apart from TDS)

were reported in the original source in units of mmol kg'1
water. These concentrations have been converted to mg L" based on1 kg
L water density. N.D. means no data.
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Geosphere Hydraulic Conductivity and Specific Storage

Horizontal
Geological Unit Hydraulic PDF Vertical Hydraulic PDE Specific Storage PDF
Conductivity (m s™) 1 (m )

Quaternary 8E-10 (1) 4E-10 (1) 1E-3 (2)
Lucas 1E-06 4E-9 to 2E-4 (3) 1E-07 @) 8E-07* (2)
Ambherstburg (upper) 1E-06 1E-8 to 2E-5 (3) 1E-07 (1) 2E-06 (2)
Ambherstburg (lower) 1E-07 1E-8 to 2E-5 (3) 1E-08 (1) 2E-06 (2)
Bois Blanc 1E-07 6E-10 to 1E-4 (3) 1E-08 ) 1E-06 (2)
Bass Island (upper) 1E-04 1E-5 to 3E-4 (3) 1E-05 (1) 2E-06 (2)
Bass Island (lower) 1E-05 (1) 1E-06 (1) 2E-06 (2)
Salina G 1E-11 (1) 1E-12 (1) 5E-06” 2)
Salina F 5E-14 (1) 5E-15 (1) 3E-06% (2)
Salina E 2E-13 (1) 2E-14 (1) 3E-06% (2)
Salina D 2E-13 (1) 2E-14 (1) 8E-07* (2)
Salina C 4E-13 (1) 4E-14 (1) 5E-06% (2)
Salina B 4E-13 )] 4E-14 (1 3E-05% (2)
Salina B evaporite 3E-13 (1) 3E-14 (1) 9E-074 (2)
Salina A2 carbonate 3E-10 (1) 3E-11 (1) 2E-06 (2)
Salina A2 evaporite 3E-13 (1) 3E-14 (1) 7TE-077 (2)
Salina A1 Upper 2E-07 (1) 2E-07 (1) 1E-06 )

carbhonate
Salina A1 carbonate 9E-12 (1) 9E-13 (1) 1E-06 (2)
Salina A1 evaporite 3E-13 (1) 3E-14 (1) 4E-07 (2)
Salina AO 3E-13 (1) 3E-14 (1) 2E-077 (2)
Guelph 3E-08 (1) 3E-08 (1) 1E-06 (2)
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Goat Island 2E-12 (1) 2E-13 (1) 5E-07 (2)
Gasport 2E-12 )] 2E-13 (1 5E-07 (2)
Lions Head 5E-12 )] 5E-13 (1 7E-07 (2)
Fossil Hill 5E-12 )] 5E-13 (1 9E-07* (2)
Cabot Head 9E-14 (1) 9E-15 (1) 3E-05 (2)
Manitoulin 9E-14* (1 9E-15* (1 2E-06" (2)
Queenston 2E-14* (1) 2E-15* (1) 4E-06" (2)
Georgian Bay 3E-14 (1) 3E-15 (1) 1E-05 (2)
Blue Mountain 5E-14* (1) 5E-15* (1) 1E-057 (2)
Collingwood 2E-14 (1) 2E-15 (1) 1E-06 (2)
Cobourg 2E-14* (1 2E-15* (1 TE-07” (2)
Sherman Fall 1E-14* (1) 1E-15* (1) 3E-06" (2)
Kirkfield 8E-15* (1) 8E-16* (1) 2E-06 (2)
Coboconk 4E-12* (1) 4E-15* (1) 2E-06" (2)
Gull River 7TE-13* (1) 7E-16* (1) 2E-06" (2)
Shadow Lake 1E-09 (1) 1E-10 (1) 1E-06 (2)
Cambrian 3E-06 (1) 3E-06 (1) 1E-06 (2)
Upper Precambrian 1E-10 (4) 1E-10 (4) 1E-06 (4)
Notes:

Horizontal hydraulic conductivity from Table 4.19 of INTERA (2011).

Vertical hydraulic conductivity calculated using anisotropy given in Table 4.19 of INTERA (2011). Specific storage from Table 4.19 of INTERA (2011).

1. Log triangular PDF with the minimum/maximum minus/plus 0.699 (i.e., a factor of 5) based on Figure 4.88 of INTERA (2011) compared with Figure 4.90 of

INTERA (2011).

2. Log triangular PDF with the minimum minus 1.0 and the maximum plus 0.699 (i.e., a factor of 5) based on Figure 4.94 of INTERA (2011) and the discussion therein.
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3. Log triangular PDF with the minimum/maximum values shown here — taken from Table 4.12 of INTERA (2011).

4. Single point value.

*  Value from interim version of INTERA (2011) at time of data freeze for safety assessment (summer 2010). Values differ (up/down) by a factor of two or less from those
given in the final version, see Appendix A, INTERA (2011).

A Value from interim version of INTERA (2011) at time of data freeze for safety assessment (summer 2010). Values differ (up/down) by a factor of two or less

from those given in the final version, with the exception of the Salina G, Fossil Hill, Coboconk and Gull River for which the value is up to a factor of five higher than the value

given in the final version, see Appendix A, INTERA (2011).
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Geosphere Porosities

Geological Unit (Liquid) Porosity (-) " _PDF *| PDE (min/max) ®
(Fractional Std.Dev)
Quaternary 0.2 0.80 0.04/0.36
Lucas 0.07* 0.80 0.014/0.13
Amherstburg (upper) 0.07* 0.80 0.014/0.13
Amherstburg (lower) 0.07* 0.80 0.014/0.13
Bois Blanc 0.077* 0.80 0.015/0.14
Bass Island (upper) 0.057* 0.80 0.011/0.10
Bass Island (lower) 0.057* 0.80 0.011/0.10
Salina G 0.172* 0.80 0.034/0.31
Salina F 0.128* 0.80 0.026/0.23
Salina E 0.135* 0.80 0.027/0.24
Salina D 0.098* 0.80 0.020/0.18
Salina C 0.205* 0.80 0.041/0.37
Salina B 0.165* 0.80 0.033/0.30
Salina B evaporite 0.098* 0.80 0.020/0.18
Salina A2 carbonate 0.145* 0.80 0.029/0.26
Salina A2 evaporite 0.098* 0.80 0.020/0.18
Salina A1 Upper carbonate 0.07* 0.80 0.014/0.13
Salina A1 carbonate 0.019* 0.80 0.038/0.034
Salina A1 evaporite 0.007* 0.80 0.001/0.013
Salina A0 0.027* 0.80 0.005/0.049
Guelph 0.057* 0.80 0.011/0.10
Goat Island 0.02* 0.80 0.004 /0.036
Gasport 0.02* 0.80 0.004 /0.036
Lions Head 0.031* 0.80 0.006 / 0.056
Fossil Hill 0.031* 0.80 0.006 / 0.056
Cabot Head 0.116* 0.80 0.023/0.21
Manitoulin 0.028* 0.80 0.006 /0.050
Queenston 0.073* 0.22 0.057/0.089
Georgian Bay 0.071 0.22 0.055/0.087
Blue Mountain 0.078* 0.22 0.061/0.095
Collingwood 0.012* 1.0 0/0.024
Cobourg 0.015* 1.0 0/0.030
Sherman Fall 0.016* 1.0 0/0.032
Kirkfield 0.021* 1.0 0/0.042
Coboconk 0.009 1.0 0/0.018
Gull River 0.022 1.0 0/0.044
Shadow Lake 0.097* 0.74 0.025/0.17
Cambrian 0.071* 0.74 0.018/0.12
Upper Precambrian 0.038 0.5® 0.019/0.057

Notes:
1. Liquid porosity from Table 4.18 of INTERA (2011).

2. No data in Table 4.3 of INTERA (2011), assumed based on the ranges for units where data are
available.
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3. Triangular distribution. Min/max equals mean minus/plus one standard deviation.

*  Value from interim version of INTERA (2011) at time of data freeze for safety assessment (summer
2010).

Values differ (up/down) by a factor of less than two from those given in the final version, with the
exception of the Fossil Hill which is about a factor of six higher than the value given in the final version;
see Appendix A of INTERA (2011).

A Value from interim version of INTERA (2011) at time of data freeze for safety assessment (summer
2010). Values differ (up/down) by a factor of less than 1.2 from those given in the final version; see
Appendix A of INTERA (2011).
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Hydraulic Properties of the Shaft

EDZs
Parameter Inner EDZ Outer EDZ
Reference Value PDF (1) Reference Value PDF (1)

Thickness (2) 0.5xr - 0.5xr -
Hydraulic 100 x geosphere 100 to 10,000 x 10 x geosphere 10 to 100 x

L . geosphere . geosphere
Conductivity (3) (vertical) (5) (vertical) (vertical) (vertical)
Total, Transport 2 x geosphere - Geosphere -

and Diffusion

(Accessible)

Notes:

Taken to be log uniform.

r' is the radius of the excavated shatft (i.e., prior to removal of HDZ).

Hydraulic conductivity taken to be isotropic in EDZs.

100x is recommended as the reference value to be consistent with the assumed areas of the shaft

DZs.
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Hydraulic Properties of the Repository HDZ and EDZ

Parameter Emplacement Rooms & Unsupported Access Tunnels Supported Access Tunnels
HDZ EDZ HDZ EDZ
Reference PDF Reference PDF (1) Reference PDF Reference PDF (1)
Value Value Value Value
Thickness (m) 0.5 - 8 - 2 (top & - 3 -
bottom)
0.5 (sides)
Hydraulic 1E-6ms” - 1,000 x 100 to 1E-6 ms” - 1,000 x 100 to
- geosphere geosphere
Conductivity (2) (horizontal)(4) 10,000 x (horizontal) 10,000 x
geosphere geosphere
(horizontal) (horizontal)
Total, Transport 4 X - 2 x geosphere - 4 x geosphere - 2 X -
and Diffusion | geosphere geosphere
(Accessible)

Notes:

1. Taken to be log uniform.

Hydraulic conductivity taken to be isotropic in HDZs and EDZs.

2
3. Note that this is the matrix porosity, not fracture porosity.
4

Mid-range of the PDF is recommended noting that lateral transport will be dominated by presence of the HDZ and open tunnels.
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Geosphere Grain Densities

Geological Unit Grain Density Values (kg m™) PDF
Quaternary 2800 ¥ )
Lucas 2700* (2)
Ambherstburg (upper) 2700* (2)
Ambherstburg (lower) 2700* (2)
Bois Blanc 2700* (2)
Bass Island (upper) 2700* (2)
Bass Island (lower) 2700* (2)
Salina G 2700* (2)
Salina F 2760* (2)
Salina E 2830* 2)
Salina D 2930 2)
Salina C 2750* (2)
Salina B 2810 (2)
Salina B evaporite 2930 (2)
Salina A2 carbonate 2870* (2)
Salina A2 evaporite 2930* (2)
Salina A1 Upper carbonate 2720* (2)
Salina A1 carbonate 2720* (2)
Salina A1 evaporite 2930 (2)
Salina A0 2780* (2)
Guelph 2810 (3)
Goat Island 2730 (3)
Gasport 2730 3)
Lions Head 2730 3)
Fossil Hill 2730 (3)
Cabot Head 2800* (3)
Manitoulin 2730* 3)
Queenston 2770 (3)
Georgian Bay 2760 (3)
Blue Mountain 2760* (3)
Collingwood 2690* (3)
Cobourg 2710 3)
Sherman Fall 2720 (3)
Kirkfield 2700* (3)
Coboconk 2690 3)
Gull River 2730 (3)
Shadow Lake 2750* 3)
Cambrian 2660* (3)
Precambrian 2590 (1)

Notes:

1. Assume triangular distribution with min and max -5% and +5% of the mean.

2. Triangular distribution with min and max -5% and +5% of the mean based on Figure 4.1 of INTERA

(2011).

3. Triangular distribution with min and max -2.5% and +2.5% of the mean based on Figure 4.1 of

INTERA (2011).

4. Nominal value for clay based on illite mineral density (CRC 2006).

*
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2010). Values differ (up/down) by a factor of less than 1.08 from those given in the final version; see




App. A of INTERA (2011).

Notes:

Geosphere Dry Bulk Densities

Geological Unit Dry Bulk Density Values (kg m™) PDF
Quaternary 2240 (2)
Lucas 2490* (3)
Amherstburg (upper) 2490* (3)
Amherstburg (lower) 2490* (3)
Bois Blanc 2490* (3)
Bass Island (upper) 2490* 3)
Bass Island (lower) 2490* (3)
Salina G 2480* 3)
Salina F 2300* (3)
Salina E 2490* 3)
SalinaD 2870* (3)
Salina C 2290* 3)
Salina B 2370* 3)
Salina B evaporite 2870* (3)
Salina A2 carbonate 2440* (3)
Salina A2 evaporite 2870 (3)
Salina A1 Upper carbonate 2630* (3)
Salina A1 carbonate 2630 3)
Salina A1 evaporite 2870* (3)
Salina A0 2600* (3)
Guelph 2600* (4)
Goat Island 2600* (4)
Gasport 2600* (4)
Lions Head 2600* (4)
Fossil Hill 2600* 4)
Cabot Head 2540* (4)
Manitoulin 2660* (4)
Queenston 2580* (4)
Georgian Bay 2610 (4)
Blue Mountain 2560* (4)
Collingwood 2580* (4)
Cobourg 2660 (4)
Sherman Fall 2660 (4)
Kirkfield 2640* (4)
Coboconk 2670 (4)
Gull River 2670 (4)
Shadow Lake 2530* (4)
Cambrian 2400* (4)
Precambrian 2490 (2)

1. Calculated from grain density in Table 5.10 and the porosity in Table 5.6 using Equation 4.4.

2. Assume triangular distribution with min and max -5% and +5% of the mean.

3. Triangular distribution with min and max -5% and +5% of the mean based on Figure 4.1 of INTERA

(2011).

4. Triangular distribution with min and max -2.5% and +2.5% of the mean based on Figure 4.1 of

INTERA (2011).

*
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2010). Values differ (up/down) by a factor of less than 1.09 from those given in the final version; see
App. A of INTERA (2011).
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Geosphere Sorption Coefficients

Element Limestone and Shale
Dolostone (m® kg™) (m3kg™h @
C 0 0
Cl 0 0
Cr oM oM
Ni 0 0
Cu om om
Zr o 0.01
Nb o 0.05
Cd o 0.05
I 0 0
Pb oM 0.03
Ra 0 0
U 0.001 0.001
Np 0.001 0.03
Pu 0.02 0.2
All other elements and 0 0
organic contaminants

Notes:
1. No relevant data available, therefore no sorption is conservatively assumed.

2. Geological Units classified as shale are: Salina C and F, Cabot Head, Manitoulin, Queenston,
Georgian Bay and Blue Mountain.
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Geosphere Effective Diffusion Coefficients

De Nal Normal to De HTO Normal to Den:De (-)
Geological Unit Bedding (m*s™) (1) Bedding (m*s™)(3) PDF
Quaternary (2) 6.0E-11 1.2E-10 (2) 1:1
Lucas 6.0E-12* 1.2E-11 (2) 1:1
Amherstburg (upper) 6.0E-12* 1.2E-11 (2) 1:1
Ambherstburg (lower) 6.0E-12* 1.2E-11 (2) 1:1
Bois Blanc 6.0E-12* 1.2E-11 (2) 1:1
Bass Island (upper) 1.3E-11* 2.6E-11 (2) 1:1
Bass Island (lower) 1.3E-11* 2.6E-11 (2) 1:1
Salina G 4.3E-13 8.6E-13 (2) 2:1
Salina F 41E-12 8.2E-12 (2) 2:1
Salina E 4.7E-12 9.4E-12 (2) 2:1
Salina D 4.7E-12 9.4E-12 (2) 2:1
Salina C 1.1E-11 2.2E-11 (2) 2:1
Salina B 1.2E-11 2.4E-11 (2) 2:1
Salina B evaporite 7.7E-14 1.5E-13 (2) 2:1
Salina A2 carbonate 1.2E-12 2.4E-12 (2) 2:1
Salina A2 evaporite 7.7E-14 1.5E-13 (2) 2:1
Salina AT Upper 4.9E-12* 9.8E-12 @) 1:1
rarhnnata
Salina A1 carbonate 1.8E-13 3.6E-13 (2) 2:1
Salina A1 evaporite 3.0E-14 6.0E-14 (2) 2:1
Salina A0 3.0E-14 6.0E-14 (2) 2:1
Guelph 3.2E-12* 6.4E-12 (2) 1:1
Goat Island 1.5E-13 3.0E-13 (2) 2:1
Gasport 1.5E-13 3.0E-13 (2) 2:1
Lions Head 6.2E-12* 1.2E-11 (2) 2:1
Fossil Hill 1.6E-11* 3.2E-11 (2) 2:1
Cabot Head 3.1E-12 6.2E-12 (2) 2:1
Manitoulin 1.5E-13 3.0E-13 (2) 2:1
Queenston 1.0E-12 2.0E-12 (2) 2:1
Georgian Bay 6.8E-13* 1.4E-12 (2) 210
Blue Mountain 8.2E-13 1.6E-12 (2) 2:1
Collingwood 4.9E-13 9.8E-13 (2) 2:1
Cobourg 3.7E-13 7.4E-13 (2) 2:1
Sherman Fall 2.2E-13 4 4E-13 (2) 2:1
Kirkfield 4.2E-13 8.4E-13 (2) 2:1
Coboconk 2.7E-13 5.4E-13 (2) 2:1
Gull River 2.6E-13 5.2E-13 (2) 2:1
Shadow Lake 6.1E-12* 1.2E-11 (2) 2:1
Cambrian 7.7E-12* 1.5E-11 (2) 1:1
Upper Precambrian 3.0E-13 6.0E-13 (2) 1:1
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Notes:

1.

From Table 4.19 of INTERA (2011).

2. Log-triangular distribution with the minimum/maximum minus/plus 0.699 (i.e., a factor of 5) based

on Figure 4.38 of INTERA (2011).

3. A factor of two greater than De Nal normal to bedding.

*

A

Value from interim version of INTERA (2011) at time of data freeze for safety assessment (summer
2010). Values are up to a factor of 30 higher than those given in the final version, except for the
Shadow Lake which is a factor of 1.5 lower and the Fossil Hill which is almost a factor of 400 higher
than final value; see Appendix A of INTERA (2011).

Value from interim version of INTERA (2011) at time of data freeze for safety assessment (summer
2010).Value of 7:1 is given in the final version; see Appendix A of INTERA (2011).
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Two-phase Flow Parameters for van Genuchten Model

Number

Geological of 1 m (-) n(-) Sir(-) Sqr (-) Notes/Comments
Unit Samples (Pa )
Shallow
Bedrock
Groundwater 0 - - - - - Not included in gas models
Zone

Ref: 4.11E-08 | Ref: 0.817 | Ref: 3.873 Ref: 0.040 | Assume equal to Salina F
Salina G 0 Min: 3.55E-08 | Min: 0.356 | Min:  1.620 0.000 Min:  0.000

Max: 4.53E-08 | Max: 1.567 | Max: 5.520 Max: 0.100

Ref: 4.11E-08 | Ref: 0.817 | Ref: 3.873 Ref: 0.040
Salina F 3 Min: 3.55E-08 | Min: 0.356 | Min:  1.620 0.000 Min:  0.000

Max: 4.53E-08 | Max: 1.567 | Max: 5.520 Max: 0.100
Salina E (1) 1 1.70E-06 0.460 4.310 0.010 0.150
Salina D 0 1.70E-06 0.460 4.310 0.010 0.150 | Salina E
Salina C (1) 2 3.23E-06 0.350 4.220 0.550 0.000
Salina B 1 1.21E-07 0.931 2.170 0.000 0.035
Salina Assume equal to Salina
B evaporite 0 4.86E-07 0.990 2.280 0.010 0.100 | A2 evaporite
Salina A2 Ref: 1.32E-06 Ref:  3.060 m " adjusted tg
carbonate - ) - achieve improve

2 Min: 3.04E-07 0.500 | Min: 2.420 0.000 0.000 | qualitative fit

Max: 5.76E-06 Max: 3.700
Salina
A2 evaporite 1 4.86E-07 0.990 2.280 0.010 0.100
Salina A1
Upper 0 2.70E-05 0.145 4.890 0.248 0.000 | Assume equal to Guelph
carbonate
Salina
A1 carbonate 1 2.57E-08 0.990 2.410 0.000 0.000
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Number

Geological of El m (-) n(-) Sir(-) Sqr (-) Notes/Comments
Unit Samples (Pa )
Salina Assume equal to Salina A2
A1 evaporite | 1 4.86E-07 0.990 2.280 0.010 0.100 evaporite
Ref:1.70E-07 Ref:1.131 Ref:2.250 Ref:0.002 Ref:0.143
Min:1.20E-07 Min:0.990 Min:1.790 Min:0.000 Min:0.020
Salina AO 2 Max: Max: 1.272| Max: 2.710| Max: Max:
2.41E-07 0.004 0.265
Based on limited fit for sample
Guelph 1 2.73E-05 0.145 4.890 0.248 0.000 4-5.5 (DGR-4, Salina AO)
Ref:3.58E-08 Ref:0.684 Ref:6.110 Ref:0.025 Reference calculation neglects
Min:9.47E-09 Min:0.527 Min:2.170 Min:0.020 sample 4-6B (DGR-4)
Goat Island 3 Max: Max: Max: 6.540| Max: 0.000
3.77E-08 15.244 0.030
Gasport 0 3.58E-08 0.684 6.110 0.025 0.000 Assume equal to Goat Island
Lions Head 0 3.58E-08 0.684 6.110 0.025 0.000 Assume equal to Goat Island
Fossil Hill 0 3.58E-08 0.684 6.110 0.025 0.000 Assume equal to Goat Island
Cabot Head 1 6.83E-08 0.243 6.820 0.000 0.050 Assume Sgr of 0.05

B-39



Number

Geological of El m (-) n(-) Sir(-) Sqr (-) Notes/Comments
Unit Samples (Pa )
Ref:2.45E-08 Ref:1.305 Ref:3.650 Ref:0.106 Ref:0.050
Min:2.00E-08 Min:0.682 Min:3.430 Min:0.000 Min:0.000
Manitoulin 2 Max: Max: 1.927| Max: 3.870| Max: Max:
3 00F-08 0211 0100
Ref:2.81E-08 Ref:1.133 Ref:4.454 Ref:0.086 Ref:0.056
Min:1.58E-08 Min:0.429 Min:2.470 Min:0.000 Min:0.000
Queenston 7 Max: Max: 2.466| Max: 8.840| Max: Max:
3.81E-08 0.197 0.195
Ref:3.32E-08 Ref:1.097 Ref:3.813 Ref:0.166 Ref:0.037
Min:1.34E-08 Min:0.457 Min:2.660 Min:0.000 Min:0.000
GeorgianBay | 7 Max: Max: 3.195| Max: 4.580| Max: Max:
4.78E-08 0.377 0.120
Blue Ref:2.33E-08 Ref:1.089 Ref:3.184 Ref:0.065 Ref:0.010 Calculated from Calder
Mountain Min:1.04E-08 Min:0.505 Min:2.380 Min:0.000 Min:0.000 (2011) by combining Blue
5 Max: Max: 2.372| Max: 3.760| Max: Max: Mountain Upper and Lower
3.80E-08 0.155 0.050
Collingwood 1 1.06E-08 2.570 2.140 0.000 0.120
Ref:1.62E-08 Ref:1.689 Ref:3.130 Ref:0.060 Ref:0.025
Cobourg 4 Min:7.11E-09 Min:0.109 Min:1.520 Min:0.015 Min:0.000
Max: Max: 3.454| Max: 7.560| Max: Max:
2.69E-08 0.171 0.085
Ref:3.54E-08 Ref:0.999 Ref:2.335 Ref:0.170 Ref:0.110
Min:2.89E-08 Min:0.791 Min:2.160 Min:0.130 Min:0.000
Sherman Fall | 2 Max: Max: 1.206| Max: 2.510| Max: Max:
4.33E-08 0.210 0.220
Kirkfield 1 5.78E-09 7.216 2170 0.000 0.150
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Number
Geological of El m (-) n(-) Sir(-) Sqr (-) Notes/Comments
Unit Samples (Pa )
Ref:1.51E-08 Ref:1.732 Ref:1.820 Ref:0.025
Min:1.14E-08 Min:0.738 Min:1.700 Min:0.000
Coboconk 2 Max: Max: 2.726| Max: 1.940| 0.000 Max:
1 99F-08 0050
Gull River 1 2.50E-08 0.775 4.060 0.210 0.110
Shadow Lake | 0 4.41E-06 0.583 1.200 0.040 0.000 Assume equal to Cambrian
Cambrian 1 4.41E-06 0.583 1.200 0.040 0.000
Not included in Gas models
Precambrian | 0
Notes:

Data based on limited fit to capillary pressure data with liquid saturations between 0.7 and 1.0.
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