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Reference Site description R&D results Results of earlier | | FEP databases
design assessments

1 Processing of features, events and processes (FEPs) (ch 3)

Initial Internal Extenal
state processes factors
2a Description of site 2b Description of engineered 2c Description of repository
initial state (ch 4) barrier system (EBS) layout (ch 5)
initial state (ch 5) — with site adaptations
3 Description of external conditions (ch 6) 4 Compilation of Process reports (ch 7)
— Climate and climate related issues with handling prescripfions, including
— Future Human Actions models
5 Definition of safety functions and function 6 Compilation of input data (ch 9)

indicators (ch 8) Define

- safety functions of the system,

— measurable/calculable safety function indicators and
— safety function indicator criteria

7 Definition and analyses of reference evolution (ch 10)
Study repository evolution for
— repetition of most recent 120,000 year glacial cycle and
— variants assuming global waming due to increased greenhouse effect

8 Selection of scenarios (ch 11) based on 9 Analyses of selected scenarios
— results of reference evolution with respect to
— FEP analyses — containment (ch 12)
— safety functions — retardation (ch 13)
10 Additional analyses (ch 14) 11 Conclusions (ch 15)
— scenarios related to future human actions — compliance with regulatory
— optimisation and best available technigue (BAT) requirements
— relevance of excluded FEPs — feedback to design, R&D, site
— time beyond one million years investigation

— natural analogues

Figure 2-2. An outline of the eleven main steps of the SR-Site safety assessment. The boxes at the top
above the dashed line are inpuis to the assessment. The products of each step ave described in detail in the
main text. Together, the eleven steps represent the box “Safety assessment™ in Figure 1-4.
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Figure 2-3. The handling of FEPs in SR-Site. The letters a to h are explained in the text.
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Internal process |  Fuel/cavity in canister

Radicactive decay

F01

Description/Definition

Transformation of radionuclides in the fuel due to radioactive decay.

Handling in SR-Site

Intact canister. Thermal model.
Failed canister. COMP23

References:

Section number

| SR-Site Fuel and canister process report, TR-10-46

[16.2.1.1

Return to List Found records |

Figure 5-1. Print-out from the SR-Site FEP catalogue to illustrate the basic information available for each

SR-Site FEF.
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3 = Eckarfjarden DZ, 4 = Forsmark DZ)

Tectonic lens at Forsmark
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= Area inferred to be affected radioactive nudear
M by higher ductile strain waste
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Figure 4-6. Tectonic lens ar Forsmark and areas affected by strong ductile deformation
in the area close fo Forsmark (Figure 1-5 in the Site description Forsmark).
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[ Local model area ot | 20071062 1 Local model area bk
[ Local model area, stage 2.2 3| ocal model area, stage 2.2
[ Regional model area [ Regional model area
[ Rock domain boundary [ Rock domain boundary
Il Granite, fine- to medium-grained 1 Aplitic granite, medium-grained granite and felsic volcanic rock,
[ Granite, granodiorite and tonalite, metamaorphic, fine- to medium-grained metamorphic and, in part, albitsed
1 Granite, metamorphic, veined to migmatitic [ Granite to granodiorite, metamorphic, medium-grained
=1 Granitoid, metamorphic I Tonalite and granodiorite, metamorphic
1 Aplitic granite, medium-grained granite and felsic volcanic rock, I Diorite, quartz diorite, gabbro and ulframafic rock, metamorphic
metamorphic and, in part, albifised I Felsic to intermediate volcanic rock, metamorphic and, in part, albitised

3 Granite to granodiorite, metamorphic, medium-grained

I Tonalite and granodiorite, metamorphic

Bl Diorite, quartz diorite, gabbro and ultramafic rock, metamorphic

[ Felsic to intermediate volcanic rock, metamorphic and, in part, albitised
a [ Sedimentary rock, metamorphic, veined to migmatitic b

Figure 4-7. Rock domains included in the two dimensional models at the ground surface. a) Model inside
the regional model area. b) Model inside the local model area (darker colours). The different colours
represent the dominant rock type in each domain (Figure 5-24 in the Site description Forsmark).
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Conceptual fracture dormain model

Start of channel
310 (NW) east of nuclear 130 (SE)

reactors 1-2 FRMO2 (RFMOZRFME4S )

=
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Hydrogeological DFN model (connected open fractures)
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100 m L_z A
mes (RFMO34 and RFMM:‘\L FFMO1 (RFMO29) A
Horizontal stress model
310 (NW) Partial stress neleased Strass releasad 130 (SE)

Figure 4-19. Comparison of fracture domain, hvdrogeological DFN and maximum horvizontal stress models
along a NW-SE profile in the north-western part of the candidate volime (Figure 11-21 in the Site description
Forsmark).
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Cladding tube Spent nuclear fuel

El

Fuel pellet of Copper canister with Crystalline Underground portion of
uranium dioxide ductile iron insert bedrack final repository

Bentonite clay Surface portion of final repository

Figure 3-2. The KBS-3 concept for storage of spent nuclear fuel.
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= Ventilation
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Central area

Deposition area 2
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Figure 5-3. General repository lavout showing the location of the underground functional areas (Access,
Central and Deposition areas) and the surface facilities.
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Figure 5-8. Lefi: The reference design with a corvesion resistant outer copper shell and a load-bearing
insert of nodular cast iron. Right: Cross section of insert designs of the BWR and PWR types.
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(b) HEMEAS
it OREEH O FBERRFHMHEZ LT O#E Y IZ5- 2 T\ D,
BB 2 MPa £ D K&
1M ETOFEEREA A LA 42 T EIUTKTT D FBARMEED 1012 m/s &8
2N &
FRHTIC & VIR STz F v = A Z OFIWT AL LL L O BT WTRE 2 0°CLL T & U 100°CLL
EoEHETERBRNT L
FEHEN 1,950~2,050 kg/m3 OHFPHICH H = &
R LI EEM T OFE 'Y v A FEAERDN T5~90 wt% ThH D Z &

WGy FLICERIE L T2 AR e @ O 21 1-10 12787,

Reference geometry MNominal dimensions given as design premises:
of installed buffer:

MNominal thickness/height from canister surface 1.5 m

Pellets - ——

Width of pellet filled gap 60 mm
Accepted varation 25-110 mm - I -

Diameter of hole within 1,070 mm b

W g9°9 Jybiay [ejoL

|
. [
ring shaped plocks | 0 ||
|
" ags B I B
Centre line deposition hole : Nominal thickness from canister surface 35 cm
and blocks il
S -

_[ Mominal thickness/height from canister surface 0.5 m

Figure 3-11. Reference geometry of the installed buffer, see the Buffer production report, Figure 3-3.

1-10 Ao FLICERE L 7o SRR 2R R E A T AR

LGS FLA~DFEEAM QR E L, ERIC—oD 7 a7  FDO 62D k7T a7,
EHIEFY=AXDEIZ 3 DOT a7 #ZETDHLIICTR-TWND, Trv 7 LaHED
FRfiE~_L v FTHD S,
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(0) WA HLEHLO R LT
T2 AV BT D YA O R LM ORGHRHZIZUL T O®@Y) Th 5,
IS 0.1 MPa & 0 K& < @BRREAD 100 m/s KW /hSn
BLG3 FLIZRRTE U T2 AR OIS K 2 TS BRSO L A EHIRT 2 2 &,
BEM ORI, F¥=AZDBRICOBRNIEERE S ZEERN L
EWICOIEVEOR LM & LTONY TP T 2BE LR ThD Z &

WAy ETIE &V FL EER OIS B UM DO FEARRR G 2 X 1-11 (12T,
Tuawvr ., XLy b, Kl THE (bottom bed) ZIEAKT HHDE LMIZEARKEICTEBW
TEVyEV S A MEHEED 50~60%& 72> T\ 5,

—

1———_Block filled volume . ——

Pellet filed volume

i B i e s ' G i ey ok ' it i s iy ks ' et i s ‘i, s i ey ok o i, ]
e e e e = e e e g e g g
e e A T T e T e e e A e e
HEUURY B —-q_-..;-d__—....-__;[ A e e D T E

Figure 5-15. Reference geometry of the installed backfill in a schematic tunnel showing vertical (left) and
horizontal cross sections (revised from the Backfill production report).

Mominal tunnel floor

Upper part of
depasition hole

Pellets
Blocks

Part where buffer
is installed

Figure 5-16. Reference gaometry of the backfill in the upper part of the deposition hole.
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2. REURLHE PR 7 nt X L2 DR
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KRB D728 | W35 850 OEHEIG J10H T AKE MBI 2 ATREMEA B 5, MK UELE)
DR F 7 iR BIE L7222 ki, B HED» BB HEO BRI W TR 51
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v OREkO AR
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1.34 AT v/ 4: N7 aEADHY HF

SR-Site FHMIZ I T, o8 AT AN ORRFIIEETHAT 5 7 1 A Z KA HE
fE L7 ECWRIET S Z L, BAFMOEATHD L LTWD, BaiHlio By L, 44
B AT DIEODPDO VAT MERERITE S I, BB R ORMEITZ < DORFERH
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2507 B AMOFERIL, A SN AHEEROFR Y NU—27 TRENDHDT,
FEERND 22D VAT MILREFED T CERT 2MERDH D, AT LEREHRH D
FEE T, MERCER M OSNHE 21T 2 RERIKFE OB R G4 L TiRbi 2,

SR-Site 7 ¥ =2 MIBITHEEA R T ZAOREFRIIRFATREN, SESER
BEfH] 7 L — MBI 2 7 m 2 20N E BRI E TN 2,

SR-Site 71 x#@EEIT, KBS-3 UNIEIC L HMNGO R AMEICEEN G 5 & 4
ESIIREL, F v =A% BEHM, HOR LY, BZER0bb05 7 mt 2% CEF L
TbDTH D,

T AREEOHIL, 7 r AT 5B E . SR-Site DTSN T
HENCH Y | D T DI BERREFE TXE T2 LI2H D,

Tk ZAWEEOL I —OO AT, ZEFHEICK T 5K T ' RO F T ERE
L. BHENTZEHENFECBWTREEEZ EO XS ITERL TWAINERT 2 ETH
Do

FESNTET_XTOT et L, F7 v 7 b— Mo TFE LTV,
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— 5| FA STk

LR O 7 v ARV O BRI O, FTu AREETLEFE LI NI T BT AR
NS TENEND [Fut 2% (Process table) | BERENSD (K 1-12), i
X AT LOMKBERFIC—DDORMERIND, FETIE, vt x%, ToE=El
LEETMIY BV LTWED, 207 at AOWNIFIZEIT 5 i B2 R 5E1 72 5
B S T b,
Table 7-2. Process table for the fuel and canister interior describing how fuel processes and processes occurring in the canister interior are handled for intact
canisters and in the special cases of failed canisters (italicised text). Green fields denote pr that are neglected or irrelevant for the period of interest.
Red fields denote processes that are quantified by modelling in the safety assessment. Orange fields denote processes that are neglected subject to a specified

condition. Motives for the adopted handling are given in the Fuel and canister process report. An overview of all modelling activities, with references to sections
in this main report where the results are discussed, is given in Section 7.5. Much of this information is also given in the last column in the table.

Intact canister FEP chart item Failed canister Reference to sections in this report
intact can (see (if relevant) and other notes
Section 8.5)

F1. Radioactive decay In thermal calculation, see Section 10.3.4,

in nuclide transport calculations

Decay, heat
generation.

Section 13.4.1.
F2. Radiation attenuation/heat Decay, heat In thermal calculation, see Section 10.3.4.
generafion generation.
F3. induced fission (criticality) Neglected since there will be insufficient - Neglected since the probability is See further Section 13.3.
amounts of moderator inside the canister ‘negligibly small if credit is taken for the:

|prior to failure. burn-up of the fuel.

F4. Heat transport Heat conduction. In thermal calculation, see Section 10.3.4.

F5. Water and gas transport in Not relevant. -
canister cavity, boiling/condensation

‘See the Radionuclide transport report.

F6. Mechanical cladding failure Not relevant. -

F7. Structural evolution of fuel Not relevant. - Negligible for the fuel types and bumup

matrix relevant for SR-Site.

F8. Advection and diffusion Not relevant. - Refers to diffusion and advection in the
canister interior, see Chapter 13
See also process F17.

F9. Residual gas radiolysisfacid since i of - Nat relevant. See the Fuel and canister process

formation ‘corrodants are produced. report, Section 252

X 1-12 BELE Xy =R XN T 2 7 e RAE£O—H, 22X =AXDr—A L
BELEZZF—RACBWTREO 7o 2 Xy = AXNEO T 2% 8D X ) ICED K
IDITONTEIR LTV D, FEIEIR, ML &7 X BARIR R IC B W CHEBIGR O
Tak R &R, REERIL, ZEFMOET U UL BRI e A EIRT,
Al U EE, BESRMEO FTEE SN T e A 2R, BREERF Yy = AX DS
1 A EICIE, WO OBEATEH I TWD,

WSy DIEBEOFTRAE A S EET A L, £ 9 Le® T VB OEIFER, A EE
MOBEZRTT=oic, ZFEO FHEET VU] (AMF) Z2/E L T\d, —2i3H)
B OWME 2N I 2 IH]EITBE L. b 5 — 213K AOK 1 LK SR BE L T
W5, AMF Ti&, 7 /UUEEEZ AL B 2R FBIZ T, BT RN D DT —Z b ik
REBREHBIZT, TN & ZOMIFBRIZIE S BT MERAT — % OFHliZ R > 7 A
TRLTWS, T—2HEECBNT, B@EZ 525N T —Z T HAT, 7 AER
EEORSNZETMUERT TRLTWD,

4 1-13 13, HRHIL BRI L AL5y S5 PR O 1 iR 2 I 3 1 % Rl E 7 i
X279,
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SR-Site (23T, KBS-3 537D D — IR L EFKREIL, SR-Site 712 ¥ =2 ~® 100
TR K SFHIHIR 2RI D0 | $8Y v = 2 X NOBEHFERE 2 2 RICmlET 5 2 &
ThHhoHLLTVD, Yy =2AZBPHEGLIESLEIIE. “REEHEEIC L > THFr =22 M
O OBREBIHABIESE N5, FHMHEIRAEICHZY | REEEBEE VD 2 SDORIEN
OO TEEIZR>TWND,

ZDAT v 7 TIE KBS-3 JU3IEIC K D0 Dk~ 7o R BRERE D X 3L b T %,
THNAZINT - B A MCBT D550 RMEBZFHET 2BR2IZ, ZORT v 7T
ITONT-LREMRED XA TTIT, Bix fe 2 lRE, KABEREIRIE & T b O KL%
LT, BAFHmOMER & K3 Thit T b,

W5y Y D% AR O T2 OB I EEEIT, BURBR 2B (SSM) 2SHE L7 X7 %
WThD, ZORETIE, PAHBEOREEEMCKT2EMY A71F, K& AZICEHE
NI N—TOREMEATH 1062 B2 20V bDET 5] EHELTND,

- LERERE

WGy 5 D22 M RO E BAICEME L, R 24772 5 720l Thalk) & TEiE) &
WD FEZERERE A AL S DRERREERIZ LV E S HEFFT 20 &V ) RIZHOWT RV RIS
LR T2 MEN DD, £ D LIAEREESR ORFIE & AL o AT ORI R8I O BEAF I3
KZEicky, Ml L BIEIZBT 2 2 BOWBAN R LML FFETE D, JAUTHEEL
T T 20E) &3, BANITL D SR ER N Z B HF ST kG L ER STV D,

- ERREREFRIE

LMD ERFHI AT 72 5 721TiE, ZRPERE 2 IE 7T 8E £ 72 13 5HE FT6E 7 & B
EEDLN, ZLOBERNY THREOETETONREE LU,

WA A PERT D &0 O BEM ORZEHEEDRAIE, BEOMRTIE, BEM O L5
WIABES K o TREEM T OMAED DI E 15T 5 &\ ) VRSN TN D, Lo T,
BEM OBAMEEIL. 29 L-ZeiEsd & ORE £ CRAT AT 2B I L
cBTH D, EEM OAEEIL, EEM O LR SRR 2 LRI & S il T
Wo, L7Do T, REMREIRITE & 13, Z2AE %2 & &AIHHIEC & 2 0E rlHe £ 72 13 5H

ERRE/R B TH D,
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EAHIRZ R T SN DRER RN TR S BONFET D, BB T 28 5205k
fRZ, % v =2 2D 8 b BRI D> TIRERW, DFEDFr =R X204
RAEBOTORNENER ThHo IR LRV EWVWIHETH D, 29 LIZIREBEEEREDE
BERIEMELACS, 2L OFEMMEEEZRETED, 29 LIEEL L TR, Lt
(TREER O v — 7RI 2 e, FRBERERE & HERF 9~ 2 ORI 22 Fr itk & AR A 12 -
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EDOBTENA EEHZFE N ORI TE M EI NEHETLH2HDTH D,

- LR, FERR. EMEORE
LEFHICRSL O~ O ZERAE, £ OE L AT, TEHRETUENRbLDILT 5
VENDH D,

LAEMRBEDRETTELZMENL T 2L LTI, ROBDORH %,
‘KBS-3 M35 K Dy ORGSR L 70 D 2 DD TR RkRE . Rl & B AL,
-KBS-3 L3 15IC & D /L5555 0 R HIRZASE 2 B9 2 B 2RO PR,

RZAMRBIZE L TEAL TWAERICONWTIL, UTICEEDHN TN D,

ek RE(safety function) & 1%, Z 1T K o T O R EHE N 2 2V F 53 5]
SNOEREITH D,
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GO SR O E FTRE F 72 LG MR TR FEECTh D,
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72370 BIINS T D L EMREDHERF S LD L 07, EEMNZRIRETH D,
EHEREIL, KEMOFMAZBIT 2 D TH LN, REDINFEZITH & 5 L EHKAERR
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Safety functions related to containment
Canister

Can2. Withstand isostatic load Can3. Withstand shear load
Load < 45 MPa

Buffer

Buff6. Limit pressure on canister and rock
a) Swelling pressure <15 MPa
b} Temperature = -4°C

Buff3. Damp rock shear
Density < 2,050 kg/m®

Deposition tunnel backfill

Geosphere

R4. Provide favourable thermal conditions
a) Temperature > -4°C (avoid buffer freezing)
b) Temperature = 0°C (validity of can shear analysis)

R3. Provide mechanically stable conditions

a) GW pressure; limited
b) Shear movements at deposition holes < 0.05m
¢) Shear velocity at deposition holes < 1 m/s

Fignre 8-2. Safety functions (bold), safety fimction indicators and safety fimction indicator criteria related
to containment. When quantitative criteria cannot be given, terms like “high”, “low™ and “limited " are
used to indicate favourable values of the safety function indicators. The colour coding shows how the
Jfunctions contribute to the canister safety functions Canl (red), Can2 (green) and Can3 (blue).

1-14  FREECENE 2 Z2MiE (KT, e, KORelEiRmhE, R,
fkfa, FRIZLENZENF v = XX OREMEEE~T 5T 5 A HKEE . JR= Canl JBREANV T
FDIE SN0 LV KREW) ; fik= Can2 MBIIMATEIIK S DM (45 MPa 7)) ; =

Can3 (S5WrA M XT3 2 IHE)
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Safety functions related to retardation
Fuel — matrix and structural parts
F1. Contain radionuclides F2. Precipitation F3. Avoid criticality

a) Fuel matrix conversion rate; low Elemental solubilities; low Reactivity; ker < 0.95
b) Metal corrosion rate; low

Canister

Cand. Provide transport resistance Can5. Avoid fuel criticality

a) laway; large a) Favourable geometry

b) hage: large b) Favourable material composition

Buffer
Buff1. Limit advective transport* Buff4. Resist transformation®* Buff5. Prevent canister sinking*
a) Hydraulic conductivity < 10°2 m/s Temperature < 100°C Swelling pressure = 0.2 MPa
b) Swelling pressure > 1 MPa
iy >1, 9 Ka; high Swelling pressure; low

Deposition tunnel backfill

BF2. Limit advective transport BF3. Sorb radionuclides
a) Hydraulic conductivity < 10 m/s K high

b) Swelling pressure > 0.1 MPa

c) Temperature > -2°C

Geosphere
R1. Provide chemically favourable conditions R2. Provide favourable hydrologic and transport
a) Reducing conditions®; Eh limited conditions
b) Salinity*; TDS limited a) Transport resistancein fractures, F; high
¢} lonic strength™ Zq[M'] = 4 mM charge equiv. b) Equivalent flow rate in buffer/rock interface, Quy; low™
d) Concentrations*of K'and Fe; limited €) Kg, De; high
&) pH* pH < 11 d) Colloid concentration; low

Figure 8-3. Safety functions (bold), safety function indicators and safety fimction indicator criteria related
to retardation. When quantitative criteria cannot be given, terms lite “high”, “low” and “limited” are used
to indicate favourable values of the safety fimction indicators. Safety functions marked with an asterisk (*)

apply also to containment, see Figure 8-2.
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Figure 8-4. The SR-Site FEP chart, covering facters of relevamee for contaimment. Colowr mﬁng-
Etare factors, Taviables, Processes, menonimaieaions. solid lines: Fflusmces thar ahvays ocour.
{te mcreaze readability).
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— I MEZFBTHRE LTV D,

ATy NTF—2EEFEL LT, BRI ERIEEIEO—E L LT, [SR-Site 7—#
WEE~OT —Z 4G ICBT 2 FIEFEEZFER L. WE & A EELZHERT O22DDOT
TL— Mo TREMEELER L TV D, ZOFIEFL, 7—20 MeHE) & MEM
Tl ODZoDa—HEHRE LTS, #ifi#E (suppliers) (7 —# 24 25F—4T

V. 1% (customer) (%, SR-Site Z2FH i % EHiZFH 4 &> [SR-Site F— 24 T
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TOEMRIEEIZLY, T—FREFEOE Y v a VEICT —Z AR A BERIITIT> T D,

FERFE I, b FIEEICRE, ZOEH L SR-Can O LN KB E 2R LT |
T, Uk arOPELITH,

T A REET — LN OEGRE/IE, b0 ® s va UBREFICELND, £
NEZT THFEE X, ERFIEEIE, #2527 — % &2 b OZEB) K ORI
(2B 5 CEA AT D,

(LRDOAT v FE, ATENRYIRSNDEER D D)

%2, SR-Site F— LD —H LB ENSEEHE . T —vHEBROBEOT ZPELIC
DNWTEHLAE Y, ZOBE, ARCHRBRINDBOT, [F—FHEEERAS S &
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2 BNARUTRE S D,
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DY 24TV, SR-Site 4Rl THW 2 HELET — 2 38IR$ 5,

Stage A 1. Modelling in SR-Site

The customer defines the

requested delivery of the

subject area data. 2. Experience from SR-Can

Stage B 3. Supplier input on use of

The supplier delivers data in SR-Site and SR-Can

qualified dataupon

going through a data

qualification process 4. Sources of information and

on a standard outline documentation of data
qualification

5. Conditions for which data
are supplied

6. Conceptual uncertainty

1. Spatial and temporal
variability of data

8. Spatial and temporal
variability

9. Correlations

10. Result of supplier's data

qualification
Stage C 11. Judgements by the
The SR-Site team SR-Site team

judge the delivery
and recommend data
for use in SR-Site.

12. Data recommended for
use in SR=-3ite modelling

Stage D Stage E

A data qualification meeting is held ¢—| Inthe process of finalising the Data
where the final data delivery to report, it is reviewed according to
SR-Site is formally decided upon. standard procedures.

Figure 2-3. Stages of writing and reviewing the Data report. The standard outline of a subject area iz
shown in the yellow boxes.
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Figure 2-3 X V)
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DNT, FERORE EANBERME. NBEFEOREZHRT AP K > TRE o8
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EARNEEDOER LTI LR OFNENOFEHEICHOWTiEm L. EARMZERNT D%
DFHl AT v 7. M OZEFHEDO LD AT~ TGk T 5 RHEEMEIZ DWW T O Z b
STHEfmE LTV 5,

IR Tl — R EARREEDORBORE L | EARNEEORBTICI T D LeMt L
LRRERE, FEARRYZE DFFATIZ I TRl L 72 RHESRIEIC SOV T OB 2 BB 2,

o MRAY AR FEAINASTE ORIl O FEE
SR-Site (81T 2 HARLEIL, —RICKROF\EZ/ZELHDE LTND,
WO IEEDRHIIE, S OMHI, LG O, W5 A EROFEICER L, i
AT T 5,
RWIANIC A 2561213, BB ORHEITOKITINIEOINT SAE O ETRER T 2 £ & 72 5,

WGy AT BZET DB L ORI AR, 1%, KB, (LZROKHEBICEIT A%
WZHOWTIE, LFO X HICELL TV A,

B 72 S TE ORI BE B IREI O R BRI L 72 M RIRE LA CTHY ¥y =2 F
RRAEAS . A5y FLOOBEIR COIRE & — 7 (3EAHEUNITAE L 5, £ 0%, IRIEKESFR
G BTHEMTIH, BEDONNy 7 7T 00 REE (74 VA~V 7 TEK 1100) 12H
2o T IFR 2 IAERTF LT <, K R 4TI 5 TR EE ORI
T2, 0OCUUTIZARD Z &7y,
FIFEEYRENZ SV TR, IHIRHS . BRI YUE O RN IR B A 42 U % & ARE
T 5, 7220, 2 OREEKA U KERAR) 22 B CHE L7aRIE L 72 D L1521z v, —#b
DRR ST A5y FLOBER Tlx, I OIRE EH ORI L > TEORIBER S (RFR—1
V7)) BEULAREERS D, REIICRDGGICIE. IR COEBORBILL
EWTH D, WG E D FHERZL BT 2 REREHE O FAEITHEBR T E i
W, EDE DI REGORARICLF ¥y =AML R2NE IS GH LA T U &k
A2,

AKEZARTE I SV TR, 50 -ERR - BEH TP N B Z 5, WaYHEMD R L
b EARMER DK TRIFNT 2 % TICET DT, LD HANDEETIC L > ThR ) e b
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BN, T A INVAZI T TOERBEETEETFEN OB THEORM & 2D LFHME L T\ 5,
RHIMICRA 56113, EORBIRMZINB RO ELZIT 5,

EZERIPENZ SV TR, I —FFAOAE) (transient) OFRENTRESND, A5
G CiIAD b BeFE A, A HOR LM, BREMICE £ 2 WEw I BRI X
STHESINDIEN, WHGOERKMVZNIC L > THRLAENTEWEDORIEHEH 5,
OB, M OWEEH TIXP - <D LEETDRIFITIIS LT b D &2 D708,
RHIRNC R D56 LRI OZ ix, SNSRI DB 22T 5,

SRR E ORI T I 1T D etk & e RE

AR BOMATIZ LV | S FATE 6,000 HETDOKRZIIT. Fv =A%, (BEM.,

SYUEMD R LA, RS & BRI 22 REN . AR EDOHIM TITH Lok < HEFF S
oL L2, &L TWD,

SR-Site Z Rl D AR ZE DFRITIC &> TR O ZBREEEDORFRIZ OV T FIZ

WL OO EZ R,

v

525

W5y 55 O PSR EIR 0 9 BT LAM: (Z4afiE Rla GER I oW IR 1-14 LU
B 1-15 (XTI figure8-2 & 8-3) #Z&M)) MiEm I, AL ELZE U TR
SIFIMERF S D, KRN EIE T 2 BRI, B RFTEI D — R G IRE £ C
B HIAEND ATREVEIZHERR T E RS, T DOIFTERIR RAC X B e B MET 5 2 83/
X,

FEARWEEZB U T, REROWGANEIZBIT DA AL, EEMOa a1 NMb
B B (e —a ) OFREZHERT 27O ERFMNETH D, 4 mM BT
2t (charge equivalent) LA L& 72%, A3 ALALE DR % TIiE Z O ARtz PEFR T & 72
Vo DL RS IR bRV & e DR ERZELTEY . BTHERORREH,
KOG, B DI GO F a2 KRS @R T 2B, fdk (=K1 4D
WK, dilute water) &9 52 L2k Y, BEMORE (tun—Yay) BEC
L EME LT,

TR R OV v = 2R X ICHEREEE 52 DILFWEORE (R1d) 1220 T :
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- Db AKRFEA A RE (HS) 13, BEORE XD S< 25 LiIFZ b,
- KFERE (H2) X, 0.1 M RiICHERFSND L BZ DD, WO ERICE
EN DB EITBPE R L THRAET 2KHRIT, I THRELTLE S0, EH T
TEATHEIND EEZ NS, WEELHNEZ 256, AR LTCHEDIT, BETE
RE L7z 2 flighA A (Fe(D)) ERJET 2D EBZBNDI0, WALWRED EHITE 2
(2,
TEMERL S m Tk R ENRE  (equivalent flow rate) (Z2&#%HE R2b) XKV, /K
P 2T 7 /IR T 2 BEED AT L BEAHERE I AU, 6,000 HFTDF ¥ =%
ZALED 95 B 5,000 T, 15K FTRERZL (water bearing fractures) & 2875 L 72\,
G INCE & AZET H AT T OKREZITFMMRBNHE 3 D TIRWMETH 5,
KRGy DILGY AL DN T, AN E N DR F TR T 28R Ry N —7 04
BATHEHT (integrated transport resistance) (ZZ4#fE R2a) 13 <. AlCBIT 58
RORFICADIL LD Lo T D, L L AW LR E AR Z 2856 (7
YT ATFBATIRGIN & DIRITALS | BITEROMOKR bRV AA—k 2 A L&
O L ER Tl SEDRFFREI N Z L2 5%,
HROKE (R3a) (X, 8K 5MPa DA —4—Th oM, A VK TEDLDNTHEITIT
EE DR B D, KIS R BT, T AKEIFKKRDESITKFE LB D &
LN, BT ML LT EARRAE TIE 26MPa 2 % 5 Z L 1E72u,
Wy FLIZ BN T Sem 8 2 2 5 OFKIANL (R3b) OFAITMD TENTH D, Z DO
HIE. Lol CRBUSHUR N R AE T D MERPMENZ &, W= U 7 23 5 BTt
HBANG —EOBEERZ & > T D Z &l x Oy FLNLTE %2 RE T DB
HELF T WD LTk

RAHUER O R L
o GOEMO R LA LT BEARNEEOINT L& TOr —RIZBWN T, MR L
MOBEREL, TREMILEICEP (BFD) 32 ETHaicmu,

TRE
FAKGRES 10712 m/s Kiii T v (Buffla) . 72 OAEED 1IMPa 2L ETH S (Bufflb)

2, BRBATHIRER & 2%,
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AR IHE SN D, (Buff2)
FREH IS 1T DIRE EIR (DNESF) Z U C. &M OfMEsE (transformation) ([H]
WX D, (Buffd)

Y =RAH

RN T L LTOF v =2 X O&%E (Z2HRE Canl) (22T, FERIZEEOMENT
FERTIT, FREM DITE DL S22 7REETHDIRY . bem EOHFR Y = 11T
100 FHEMTHRRATHHEIVEELMERE LRV, L LEEMORE (mr—Ya))
WEZ Y EOMGBBIGRM L 2o T2 WAL T, IR =1 0) BEIIREL R
5, BEMORRE (Tr—Tay) BEI D54 TOERMBITICE Y, 100 THEOFE
IR A KD 5 ETlT, FAEE & LTI 1 BOF ¥ = A X THEAICER L 72k E 5
AT DREREH TN D,

Xy = 22 OHEAIHW RIS 2 28871 (Z2fRE Can2) (2O T, ERERRMENT T
Pl U 72 MBS i OB IR, & ¥ = A ¥ OFRER1$E (design premise) Toh 5 45 MPa
FVIELS 2 L WIHREREGTZ, 2OZLIE, ¥y =AXORLEEPHR SN Z &
EEWT D,

X v = A X OB EICITZ 5 &V I RESICHOW T, A DB ENC KA L% v =2
B REAR DFEA % TE BHNTIRIT LTz, FEE & F ¥ = A X OMi#F IO\ CEBI 2 E % B
WCEHE L7256 6,000 KD % v = 2 Z FEEEH TOF v = 2 Z R OFE LRSI, 100
JTHEOFHIHIR Of& TR AT 0.08 Th D,

FEARAYZEVE DFFATIZ I3\ TRl U 7 AN FE44E
U ARSI T 2 M ED 8 D AHEEMEIT R D 2 FHIT, BRIGERT 2% v =X

SRR D D2 FIH & BT T 5 F ¥ = A X BHRIR D 2 FHD 2 SO N—TFT5
HIhsE LT,
ZNENOFRHIZOWT, UTIRT, d. EAWEEDT 2B % 2 T, Higkd sy
HIGERT2F v =AM (Z2HEE Can2) ITRD L FHIIPHRTE L L LTS,

O BEICERNT 2% v =2 ZHHBRIHRD L FEHD 7V —7 (ZatkiE Canl BiE)

- KA 7 vz @ U R OK i E)
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< KA A Z VAR U KO RS (salinity)

- HUFOKFEE), RO N, T KOESBEIC Lo TRED, BEMORAE (=
n—a ), REOMIL, EEM OWHEBOBEOBBAREETH L Z &I
HHEEZT D,

-« KEIY A 7%l U T i bR

- BHANTICBT DX Y = A X OB, ZOFMEIE. QLIS TREEM 2303
DIRE SN2 IUTHAE Lo, HUFKEE) & B bR E IR F 3 5,

@ BIETICERET D F v = A X ERISRD L FHO 7V —7 (Z24RRE Can3 BiH)
CALAYFLE AR D BT CTIRBIMIENL” &R S DR O MRS A
- BIR OB O MIFEFE LR AR & 72 5 RSN O FREE

- CIRBTWTAERLIC X D RRE v = A X~ DR

RBIZ, ARREEBEOIESRMIL, DV LOKMO#YIRL (=K —2R) LifnL T

VW% (compatible) & D7, HIEKIERLNY 72 b EFAFIL TW D S DO DOWFTNTHIK)

SNDHLELTWD, ZRODHIFIDLRNIAHEEERH Y . BIZFIZE LI L D1, HARR
EBINTET D ARMEFEMEL 7o o T D, TV LOKIIDO IR — A F - (THERIRRR(L N T
Y ETERTC L DLUNDIRNMENEZLND LW FEENL S, YR AHEEEND D
ZLiThRBELTNS,
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1.3.8 A7 v 7 8: TV FEE

SR-Site TlL, s AT LN EDIPREBOREFEEDO RV AL MIBWT, £
DEBEDONE ZRD T T T2 FVARBEFR LTI L] ICHY, <RIV D
HYFVADONRENEETDEVT IV AOE Yy hEROHT Z LICE o TZOEREZN D,
ELTW5,

7o, BORRRLARERT SSM X, BLHI SSMFS 2008:21 [EZ¥'E K ONF-1- F1BEFEM D 4Ly
DLV BI T 2 HUR 2 2R O BRI K O— kel ) o—fkBhdricisn e, TFHE Y
Fi. EHEORN TV A, RRVTFT VA © 3 OV T VA 4BET L2 F+H
KLTnd,

INBEEE 2T, SR-Site T T UAREDTZDDOLUTDE AT v T b5 hikx
BAFE L T 5,

1. FEFVFDOES
EAREED 2 2ONNY T o b (VKNS S AR — 2 & MERIERE(L T8
IZEESL B D) ITHEASWETFE LTIV FEZERZL TS,

2. ZAEMREDBIE R FERDIFHI IS W BT T U A DskiE

AR A U B 2T oA, B F Y 4] (additional scenarios)
TR VMR Fao TV D, v U AOREFEETIL, KBS-3 Wikic L b4
DHDOEBIZBNTCLEENE 72 bl Th 2 ZeiieEz I nTnd, £/,
LRREDZ S MEHE L TVDA, HAIEEL T D), Fv =2 ¥ ORI
T5 LT U & LIREM ORIEICT 52TV A EMARDELIMLERH D E LTINS,
Fr=2AZ0 IFALIAD] BBINIERDD 3 FEOZLHE (OEENY 7 oRl:, @
HuR s A~ OMHE, @SIWIBENC X 2 A ~OIiitE) ZEH L, 225 3
DD T VA EZRELTND, £, BEMICOVWT S, EEHHM O 3 FHOMER L
RHE (OB, Quils, OMER) 237 U4 L LTRHLTND

3. fkD A\BIEE BB+ 22U A4
4. TOMO “FEHRIF VA" ol
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FERDO NHOITAICEE T 2TV A 2o F U A (Fl2IE Y THEEICD
WCHET 7ozt Enicb D) 2, T oBERICHor ST U FDORRIC
o THN=ERTWRWEAIZ, BEIRC THRAANT,

Pk NENEENC B 2 7 U A DisiE & = 08 fENTIL, (SR-Site HiEmmli T
%) #5510 A7 v TOIBME 22T OLE O —F L LTHEML TV 5,
(2D “Frpxs T VA7 1220 TIL SR-Site IZBW T4 T 5 b DIE e ho7,)

5. U FOMAE T
WELEY TV AOMEBEELHEET A0, 2 TOFT U FZ2 RN L, it L
Bz T U OIS DR ORKE 2 FEH L T\ 5,

FRROFIEIHE, SR-Site TIIUAFOTF U A Z&EEL TV 5D,

- EHFIUA
AR ZEBIAIET DT U A

BT F Y A BER R AR D FERITES )

R5y FLC ORISR DI M OOk 2 HRY & L7 TRREM BT TV 4 )
TEE DR IAT DR OBREZ BRY & Ui HREM R TV 4
PR OEEHENRAET LMBOBRE BN E Lz EEMEE YT ) 4
R L7z v = 2 X RGO RAEBEE K OB OFRE By & Loy U 4
SR ISR Lo v = A X REOREWBER OHIEORKRZ B E Lz U F
Hh s IS AL IR L 72 % v = 2 X BIBO R AR OFEREZ B E LizvF U 4

c NUTHEREDHIREZ AR & L, BUBRRERT T U A

< FERO NBTEENCBERT 5 U A

E 11ICING YT UAREDHROBE 2R,
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F 1-1 vFVABEORRE, SOOI TEES TV AORERr — AT 2552/ L
TW5, REDOEVIZINLEENSDBEBZ TR LT\ D,

Table 11-1 Result of scenario selection. Green cells denote conditions for the base case of the
main scenario, red cells denote deviations from those conditions.

Main scenario/Reference evolution
MName Initial state EBS Initial state Site Process handling Handling of external conditions

Additional scenarios based on potential loss of safety functions (“less probable” or “residual” based on outcome of analysis)
Name Initial state EBS Initial state Site Process handling Handling of external conditions

Buffer advecfion.

Buifer freezing.

Buffer
transformation.

Caonsider each of above three buffer states + intact buffer when analysing the three canister scenanos below.
Canister failure
due to isostatic
load.
Canister failure
due fo shear load.
Canister failure
due to corrosion.

Hypothetical, rezsidual scenarios to illustrate barrier functions
MName Initial state EBS Initial state Site Process handling Handling of external conditions

Several cases,
covering together
the KBS-3 barriers.

Scenarios related to future human actions
MName Initial state EBS Initial state Site Process handling Handling of external conditions

Boring intrusion.

Additional intrusion
cases, e.qg. nearby
rock facility.

Unsealed
repository.
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1.39 AT o7 9:EELIZIVT U AOHN
SR-Site TiL, B|E L7 U A OMNT 2 [P UIAOBRE OfENT ] & [EEUERE J] DREHT |

DZDODAT v TN TFTHT> TV D,

(1) B CIADRE ) D AT
FEFT IV FITONTIE, ZORT v 7 TEM CIADREN OIS D TITH T, AT
v 777 THME LI A ZEIBOITRE R AT LT\ 5,

BT Y AN TIE, B E 22 BEEEDME 22 VW IRBLIZ R 5 W et & 2 BEK
IZHEH LTI Z1T > T b, SHRZ—2AOKES L, FEUT VA TOLEEL OLRIC
LD L 72> TS, ZDZ &I, WD EBIZHOWT, MARNEE L ITR DR
DU ETHMEICERTLZEEBKRT L LTS,

(2) BACIADIZ B4 2 KR TE R D 22 R HERE O AT

B UIA O IZ B DR M DL BHEEEIC O\ T, REMBREIBE b B X P ST 1R
MBI TV A, BEEMERE ST 4, HEEMREE T V4] © 3 2O 4%
T LT\ D, FREM ST U A OMTORERNG, F¥ =AF « F U T ORI ~Of%E
MEAEDEFICE L TULTFE2R LTV 5,

BEM B T U A3, RITRT 3O —ZAn % ¥x =% « F U A ~MeHET 5
1) FHmEIE 28 U7z b D855 FL TR AL L TV D 5ok
i) FEA— ZE & O TEE S B &
(FEART —ATIE, By eZET D8RR S LB KERBOMIZEAHBEBGR D
% & DT DEN 7 /U X o TREDNE 2 2055 FLOE % fi#HT L . 6000

KOIGELD 5 5 10 HHEDOHIFIT 0.6 » FTA, 100 SEEDOHIHI T 19 » Fricisu
TGN T 5 L LT D)

itl) FHEHIFEONTNORRIZENTH, ENTHOLSGFLICIBN T S BIEMFI
AL L7V (FRTEAS I HB5 28 722 00)

PBEMERE ST U AT, BRI F IV AD—o LB LTS, LER-TIDTF U F

X, SR-Site ITBITFTDHFv=AH « T U A BESI R0,
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(KRR 23 B 9~ 2 4ok & 72 5 -4 C ORI TR IE & CIET 572901,

WD FAOKHNTEE U CpAlAL L2 IR iR A K 14CIR TS0 ERH Y, =

D& RIRNEENRN T 5 2 SI3ERENTHDL ELTWD,)
FBREMEE T VAT, BRIV TV ADO—D R LTS, LER->TZOY U A
IZ. SR-Site (BT DX ¥ =AH « ¥ F U A IUsfFEE N0,

BIZIFEEY BT A D 30%03A T4 MET D724 100°C Dl S
23 100 AL Lo MRRE T 5 Z L i3B 2 by, 70 pH11 BLEDE T L
71V #FAKIZ K D AR E R O LB IR FOMEE AT AERETH I LK
DZEDL D BREL KT T AL MEMAZFEMREST S Z E3FHE, L LT D,)

(3) PALIADIZBIE S % & v = X ¥ DR HERE DFFAT

AT v 7 8 THIE LM LIAD DL EFEREICEE T 5 3 HOF vy =4 « 7 U A
ONTENLH, ERE, MRS E, UHERICK2F vy = A BEICORB VT
AT 21T > T D,

XY =RFDERE
FARMEBOFTMIZB N T, BRICERT 2% ¥ = A X MHIRICE LT, E#H i TRt
FMEDRERAL L TV BHEITOH, S HICIEE b REWBRNMLGILIZ TREL TV D5EE
IZBWTORITHENRFAET H E LT,

CITHEHRICBET 5 EHR LY, BRICERT DX v = AXMHEORAEIC L > THELRER
& LTHIE L. ZNENICBEE T 2R AR OV TR 21T > T D,

RN LS
W BERE 35 1T 2 8 oD fie/ R
Gy FL D HEBRAR U
FREM K OO R LM IZB T 2R Al

7 a2 OEASHE
R D JEE £
HERE 2 U SRR OIEHEIT JBEO R WEEEHMIZE L)
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R B S IV REEM 2 O AL A R AT
- K i
TR Ot K R

-WRFR DR D I REME

SAEBIRAT:
HU R KRB D BRAVIZ D 72 23 B KR D e
MR OKAARR (BRSSO b)) DZABIT D72 73 % oK A

FRROERICHOW TG LR R, MFERSE, BEM L OO R L ORI EIZ LD
HEREA~DOZBI NS BMATE 0L L, ZRU LD RO AT v 7 OEIEREHT)
EITDRNE LTS, —F, BREMOBREKME L 252 TORN GEREMBIRS TV A
D 3 FEDEM) LRI K D F ¥ = A ZEEITMRD D AN HEFNEA TR L7z R, R
BEOBEMREEZBIZD I ENTERLLE LTS,

1-18 I IMEEM B > T U BT, T = AXFRV T VA MeEI 5L L3
FEFOBHM: (Initial advection : 2HIMIZIB W TEFEAFE A, SR-Site erosion model :
FEARRAEE & RIFLE ORISR F A, No advection : BRI FEA L7z (JEBES:
) & 3FEHOAKIET )V (BHE S LGHKERBOBSS AR, AR, ML L
T2ZNZd DEN 7 V) IZESWT, BILAIEET D00 FLOFIE L AR F v =2
DY A RO TFERZ R L TWD,

FA4AB DFN &7 /b & AR B CRAT L 2B RO G g% THLDEREAY 7 v
M EEFRL, ZORMETIE 100 FEMOHIM THRIAT 2% v = 2 2 513 0.12 L LT
WD, WDAT v 7 TS 2 ST HEREOBAT L EFMIT EICZ oY 7 v MZES
WTEELTWD, 72, BRI U AT 100 TEOFHEFICB W TR TE 212
Mo FEAEHEROKRW T A Thhr LTV,
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Hydrogeological Mean number of Mean number of
DFN model advectice positions failed canisters

(at 105 yrs) at 106 yrs

Initial advection (6000) 6000 0.055) 1.2

Uncorrelatedﬂ’: SR-Site erosion model (1.2) 280 0.004) 0.65
L_ No advection (0) 0 (0) 0

— Initial advection (6000) 6000 (0.013) 0.18

Semicorrelated —— SR-Site erosion model (0.6) 19 (0) 0.12
L No advection (0) 0 (0) 0

Initial advection (6000) 6000 0.043) 0.86

Fully correlated SR-Site erosion model (1.2) 19 0.005) 0.57
No advection (0) 0 (0) 0

Figure 12-18. Mean number of advective deposition positions and mean number of failed canisters for the
caleulation cases identified as relevant for the corvosion scenario.

1-18 RIS & DM LDV E R T U AICEET 257 — X233 5
R F v = A X OVEH (A UREICIZE) & TFoEaE Y 7 b))

- MBS EICER T 5 % v =2 ¥ ORHE

¥y = XA ZBEICEN D 3 HOREM B TV ADOH T, Bk Ld 2 208
B OV TIIIZEE DMK < 72 5 7o O MR T i B IZ L D RGO ATRErE IR & L, 5D
IRERTE R DBz LD THZ & LT 5,

FEARIEEBORMNT TlX, 74 VAT « A MTBWTIBIED 4.5 MPa O Hig )i
WEITINZ THAK T 18 MPa OFEEMIAMIZ K 2 E ) LOKITHA 7 2B\ ThcK 26 MPa
DKKIZE DM E OKKROEEI1E 2920 m) 2325 Z EI2E V| HKT 43.5 MPa O ik
P E 2 ¥ ¥y = AZ N2 H 2 & &R DN, THUTEREHMTED 45 MPa K0 {Rn & LT
Wb,
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BN TV A OHTIZIB N T, KIRETAFHFEIZLY, 74 VA3V THEUG DR
ROKKES 1L 83670m &\ ) FERIC/ 5 2 & F o, v 2OKBILIRTO 14 TR0 Saalian
KRORKRIEZ T 3400m 12722 L LTEY, ZNENDOLEICRE T H2FKEIX 32 &
30MPa t72% L LTW5,

Fio. BEMICLABBEEIXE T v A hORKIFREABOHEIZEBNT, &K
T 15 MPa (23T 5 AIREMED & U OKIRDMFIE LR W6 DI 5512361 % ##/KE 4.5 MPa
EERET DL X v = A X T DR AROHZA A EIL 49.56 MPa (ZET 2 AIREMEN H 5
ELTWD, LML, EEOREEM OELE &KL 2EENTE LADER
ELV/NSL 72D 8, BIOA UV — FORHEMZEEL 90 MPa L 0 /N S WETIEE
I, REMENFAET S AEENED 45 MPa £ COMEIIK LTI Y OMERH D
LTV,

bz & Xy, MM EIC L DF v = AR TV F3ERF U A & BT
LTS,

- HMIMEICL DX v = A RHE

¥y = AXBGEICEN D 3 HEOBEEM BTV AOHR T, BIREIEE 2D 2 DD
BAZOWTIXEIWNC L 51 L DGO FTREMEIZME WV & L, 185D 22\ RE O 2% LI D
M TR E LTV D,

BRI B OFRNTIZF O CTRREHRNT T O N RITITH0 SR & 0 Bl 7 — 2 D
fERT D2 TH v = A X 10cm OFIWIZ K> TA LD EICH 2 D & LTz,

R F U ANCBET 2 RHEEMEIC BT D 21T o 7o RS R, EEZR D RBURHIEIC LV
B ORI DT T R NS L. KA SR L 2 889 2 mTREMEIC S 72 8 2 5
RO BFEAIRIRIT OV T 100 FEEDFEMHIFEIZ IV T % T 2 [3] 0D KB IR 73[R — [k g
THRATDAEMEEZHEE L, EOEED I L DMIRT D % v = 2 2 A gk
B HEEM A B2 DT & Lz, L LTWD,

FREOBI T U ARHTREFRIC LY | B LD F v = A X AR T U AL AR
DR F U FCHEEND E L, RO AT v 7 Th HEHEBIT & BB O T
FEIToTVD,

S

I
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(4) FEILRES) DFEHT

ZOAT v T T, EMEICR T DB R OBAT L REFTAOET b, =T 7«
—/L R R OHIEIC 81T 5 B HEERERATET MIZ OV TRIR L, ZORICERIZERT 2
Xy = AL TV A LT EICER T 5 % v = XA RS T U T O 2170, S
DIZFER YT U A DT &2 FE i L T D,

(2) HEHERROBAT LR HICT 2270
119 (ZB N T=T 7 4 —/b FICE T 2 BT it & B1T7, #IBIC 51 5 s
17, VBB DRMERBOET ML - Tr A ERL TN,

Hydro analysis

Imre;c:ry,\_ |
IRF and (_39

\ ———\ B Qit poir;)
Canister defect ) )
and delay time Near-ﬂeldfk) Far-field flow _1__

/i\

- Biosphere @;e specific
Fuel an?d\ transport model *\_biosphere data
—»( metal co nv@— _+_ S

rates

— o o _

— Near-field Far-field

\ > transport model '§ transport model '§ LDF values Dose
SO|UbI|I1f5/— i3 y i
| —_—

Migrat_ion
—#{ and material data
for backfill

e

Migration
and material data
for bentonite

%

/i\

i

/ M;gratiz)m
Ground_water and material data
Qemlstry for rock

Figure 13-12. Models and data for the consequence calculations.
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XY = AEPOOEMMMNE =T 7 ¢ — v NIZBIT BT

X ¥ = AZNE D OEFEAU, $REM & QWL TLOE OB B UAIZ 31T 2 B %
OBATICEE T 57 r A2 ET UL L TS, TRHOFT, JESERE, SRER (—
EDEBIEEIHRE) | BBLOWBRE, ¥v 7 - A X0 M) OB (B & LTET v
fbsind) . BEPEERE OS5 L (ol O TRE MR X 2 OWMRTEER) . M2
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Figure 13-13. The near field and detail of its model representation as compartments B1-B6, C1-C3, D and
E in the model COMP23. The transport paths QI, Q2 and Q3 to a fracture intersecting the deposition hole,
to the excavation damaged zone, and to a fracture intersecting the deposition tunnel, respectively, are also
shown. (Potentially a minor EDZ around the deposition hole could exist, but as shown in the Underground
construction report such a zone would have very low — if any — connected hydraulic conductivity and is
thus not included in the model.) The differentiation of compartments shown in this figure is relevant for a
pinhole failure in the canister. All other analyvsed failure modes require less differentiated representations of
the near field.
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Figure 13-6. Conceptual illustration of the Radionuclide model for the biosphere. Boxes represent compari-
ments, thick arrows fluxes, and dotied arrows concentration compuiations for non-human biota (these are
not included in the mass balance). The model represenis one object which contains an aquatic (righi) and a
terrestrial part (left) with a common lower regolith and atmosphere. The source flux (1 Bg/v) is represented
by a red arrow (1). The radionuclide transport is mediated by different major processes, indicated with
dark blue arrows for water (2), light blue for gas (3), black for sedimentation/resuspension (4), dark brown
for terrestrialisation (5), and green for biological uptake/decomposition (6). Import from and export to
surrounding objects in the landscape is represented by arrows marked “exchange”. A detailed explanation
can be found in /Andersson 2010/ and deseriptions of the compartmenis are given in Table 13-1.
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Figure 13-3. Major dependencies and spatial/temporal dimensions of models used in the biosphere
assessment (grev). Climate scenarios and discharge points provide information, in temporal and spatial
ternis (but no radionuclide-specific information), that is used in the Landscape development model. The
Radionuclide model provides temporally and spatially resolved radionuclide information. The maximum
unit release dose (LDF) over all objects and time steps is a factor with no temporal or spatial dimension,
used in the SR-Site calculation chain (see Section 13.4) to calculate doses to humans by multiplication with
the source term (which has a temporal, but no spatial dimension). For doses to non-human biota (NHB),
the source is directly used in the calculations of effects.
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Figure 13-16. Far-field annual effective dose for a deterministic calculation of the central corrosion case.
The legends are sorted according to descending peak annual effective dose over one million vears (given in
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Figure 13-18. Far-field mean annual effective dose for the same case as in Figure 13-17. The legends are
sorted according fo descending peak mean annual effective dose over one million vears (given in brackets
in usSv).
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Figure 13-21. Overview of calculation cases for the corrosion scenario.
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Figure 5-10. Summary of far-field mean annual effective dose for all probabilistic calculations performed
for the corrosion scenario. The peak doses are given in parentheses in uSv. In the legend, ‘Correlated’,

‘Uncorrelated’ and ‘Semicorrelated’ refer to three variants of the hydrogeological inodel used in SR-Site.
The three ‘initial advection’ cases put upper bounds on the possible consequences of buffer erosion.
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Figure 13-47. Far-field annual effective dose for a probabilistic calculation postulating failure of one
canister due to rock shear at 100,000 years.
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Figure 13-48. Probabilistically calculated consequences of shear failure, for the period between 1,000 vears
and one million vears. The legends are sorted according fo descending peak mean annual effective dose over
one million years (given in brackets in uSv).
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Figure 13-69. Risk curves, expressed as annual individual visk. Several alternatives for the corrosion
scenario are shown, and two for the shear load scenario. The bounding, dashed curve is the sum of the
curve for the shear load failure followed by advective conditions (dark green) and the curve for the variant
of the corrosion scenario yielding the highest risk (brown). The risk associated with the main scenario is
subsumed under the corrosion scenario as it is equal to the semi-corvelated case (blue).
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Table 14-1. Human actions that may impact repository safety.

Category Action

Thermal impact T1: Build heat store”
T2: Build heat pump system™
T3: Extract geothermal energy (geothermics)”
T4: Build plant that generates heating/cooling on the surface above the repository

Hydrological impact H1: Construct well
H2: Build dam

H3: Change the course or extent of surface water bodies (streams, lakes, sea) and their
connections with other surface water bodies

H4: Build hydropower plant”

HS5: Build drainage system

H6&: Build infiltration system

H7: Build irrigation system”

H8: Change conditions for groundwater recharge by changes in land use

Mechanical impact M1: Drill in the rock”
M2: Build rock cavern, tunnel, shaft, etc*
M3: Excavate open-cast mine or quarry”
M4: Construct dump or landfill
MS5: Bomb or blast on the surface above the repository
Me6: Subsurface bomb or blast”

Chemical impact C1: Store/dispose hazardous waste in the rock”
C2: Construct sanitary landfill (refuse tip)
C3: Acidify air, soil and bedrock
C4: Sterilise soll
C5: Cause accident resulting in chemical contamination

" Includes or may include drilling and/or construction of rock cavern.
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Figure 14-6. Sensitivity cases relating fo BAT for the corrosion scenario. Cases with 2.5 and 10 cm copper
thickness are shown as are two cases where the rejection criteria for deposition holes are eased and
omitted, respectively. The crosses denote mean values and the bars denote the variability over the several
realisations of the hydrogeological DFN models.
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Table 14-4. Selected references for some natural analogue studies with relevance for the KBS-3V

safety assessment. This list is not exhaustive. Large and interesting overviews of analogue
studies are given in /Miller et al. 2000/ and /Ruiz Lépez et al. 2004/.

Spent nuclear fuel, transport and retardation in the geosphere,
method development and model testing

Oklo, Gabon Gauthier-Lafaye et al. 2000
Cigar Lake, Canada Cramer and Smellie 1994
Pogos de Caldas, Brazil Chapman et al. 1993
Palmottu, Finland Blomagvist et al. 2000
Koongarra (Alligator Rivers), Australia Duerden et al. 1992
Nevada Test Site, USA Kersting et al. 1999

Copper canister

Keweenaw Peninsula, USA Johnson and Francis 1980
Hyrkkdld, Finland Marcos et al. 1999
Littleham Cove, UK Milodowski et al. 2002
Kronan cannon, Sweden Hallberg et al. 1988
Lightning plates, Sweden Hallberg et al. 1984
Buffer and backfill
Deep wells in sedimentary basins Velde and Vasseur 1992
Kinnekulle, Sweden Pusch et al. 1998
Wyaming, USA Smellie 2001
Almeria, Spain Villar et al. 2006
Dunarobba, Italy Valentini et al. 1997
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