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Quantitative Assessment of Consequences of Natural Events
for the Performance of Waste Disposal Isolation System

- On Consequences of Natural Events in Groundwater Scenario -
Hiroo Ohkubo™

Abstract

This year, first, on seismicity and faulting, uplift and erosion, climate change and
human activity (intrusion) scenarios, while effects of those scenarios were primarily
evaluated in reference cases last year, variant cases with another kind of patterns- of
models and parameters compared to reference cases, have been studied and set, and
their effects have been analyzed and evaluated.

Secondly,‘referring to the results of the above discussions, a preliminary study was
made to evaluate the complex effect caused by combining natural events such as
volcanism, seismicity and faulting, uplift and erosion and climate change, where
discussions have been made on which combined scenario was more important and how

to set the analysis framework.

This work was performed by Mitsubishi Research Institute, Inc. under contract with
Japan Nuclear Cycle Development Institute.

INC Liaison : R&D Coordination Group, Geological Isolation Research Project

* Mitsubishi Research Institute, Inc.
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Wi, D KILEBOET S TRED 2V “R2E” TR, BRO
KUFEBOETAAEEODH ZFHAEAD “Bb LWEE OAR| CUIER)
WALET 5. |
(B0 X 57%) AAOIRIIER A ILICHBHZRBXIUBERELS,
FEMESHICEY v /B0 50— EORKEN RT3,

© RSB~/ B Y OHH 5 10km BN HACIIET 5. |
v V< BARLSHEEER L2V, ZOREIT, EBS OREESECELATER
Bicbieb LBAEEVTIZIERITHLNS HI2 UA— MESHIIZESCLO
THB,

WaBmoBEIL, HEESD LAIEBEEB TH S,

v e BADEERLGBCHODLNEETIT | TEINRD, BEBLLTHRD

L5 bOBEBELBND,

- BERKGEMICEABELY 20CEAT S,

- (TSR L Y) BT ARNKESCE pH OBEAKIRKE (SRLP #i Tk
THEE) cERT 5,

- BASGETORGHREELRL, 4., v/ EEAPOL Y U ABREDH
M kv, BEAAMITA Z A4 MEBER L, 10°FRITEEH SO 50% 551
FA4 METB, EVWIRFHOBEET I, BEMOA T4 MEL L TR,
TBRELEHFRBEIBEMORER S LR CEZESTLI LD EHET DR,
SEAEIZ L OBRFETR L ETHICEoERB ETE, AATZEAL FDAT
A b LB (5 2 i1 F ., Pytte, 198269 ; Pusch, 1993%%); Huang et al., 1993 ; Velde,
1995€7) A FUEAHEEOREVRARKE DD EBEERL TS, Ebitvd
HEH T KOG R{EFERICH L THBEOHBP LAEBELERY, £
T, A4 MERETEV LV S BB — ROV T YRR B,

B 4-1 LEMEAZFEDLRWALEH TV ABEHE S —A0EERZTT,

e, R 41 TiE, SO OBREShI3E(RERRT 572D O MESHNOTE &
TIGER =— FTONRF A —FEEFT,

422 FrEHR
X 4-2(1) IZid, AHBEr— 202 TOKANEZEBEREN T2 EBRERMRETFT,
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Wi DD, H4-202) K. BEHTOAL T4 MEBREL RV — R DO 2REEMH
BEATRTN, AEOERITIILAERY,

Voicanism Scenario

(indirect impacts only)

E 4-1 XUESLFTVAEERr—2 /By —XCEREARL) OBEREE
%41 KINEEBLFIFAOr—~X (EREARL)BEREOCER

&&= Ay — A

AQq NC BmEM S > 50% 73
494 hk*

EORRBRER b O AR R 110,000 £E%%
EICES % 3 LI ET 5 A BB _
AChemisiry FRHP —» SRLP | FF B&KE NC
EiLORBER 110,000 4 254k 0 B AR R A
L | AOYE-W v, & 74:8) E{LoBK
ECET MM B FICET>HHE
AD, FRHP —» SRLP | BC = RyFe—F r—AREE
EORBERA 110,000 £ AQp = B2 BETOREEL
EloBA vi i) AChemistry = #t F AR {EFE DLk
B ET 5HH e I AD, = BEH O EREHEREOE

NC =R_R2Fev—0Fr—AREMEELRAL

* TOFEEFr—AL LT,
RlLy—RA] BERE.
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10* 10° 10° 107
‘Time after Container Failure (yrs}

B 4-2(1) KILTFEEBSHVAEAF—RAEREARL)BHERBR
(AFAMERES—R) 2R ERE R (BEREED Sy Tr—Y)

107 g

Time after Container Failure (yrs)

K 4-2(2) KUEBTTIAEB S —RA(BREARL)EFERR
(ATAMER Ly —R) &R ERG (REREEY v —Y)
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(ASEHEBEREIZ 1 FEEO) KUBETOERRD DI DIERE TIX,
AHEr —AOBRBERUBIZ, THELEZIBY ., AV Fv—Ir—ZX0FERFR
LECTHD, THIXET Se-7T98, 20% Cs-135 FBRBRBFELFELRFET
HD,

KBS X 5 EAMAEBIC LY. 11 FEBIC, Cs-135 DREER 100 #E
<HEMmT B (K 2-2(1), B 4-2(1) 2R) . Ra-226 L Pb-210 DBRBEFER L F <
—&&—xmm&rwtpk%<EMer50%ﬂ9ﬂ:®ﬁﬁﬁ4%ﬁﬁ@
WntioTBY, TOMOKRAEKEOZ ORERUMBIL, "V Fv—7 7
— XLV RERIZT FERL TS,

Cs-135 RREHEMLTWB DIk, SRLP REBOM TKIZH L., BEH. BE
DOVTHhORBRERLPRYVIELRoTVWBEZEICKDE, TTRRESLTY
7= Cs-135 ﬁﬁﬁﬁicm%én, BT LV EH S5, RIS, Ra-226 OFEE
DRELEMOBHIIT, SRLPRED b & T Ra ORME O & 5 TOHEME
BHEKELETTHI LI LB, Pb-210 ik, FRHP & SRLP & THMRRE., oBERK
HEBIELAYELLREVIC b P2 LT, BEENEMLTHS DX, Pb-210
BRGENLEPRVENT F o 7 AEHHLTYWD Ra-226 ODREFELENLLTH
., Po-210 DMBEHHMBIT, KEL<HNMLTWVE A, Ra2260FN LYV TRH Y.
ThoOMBEBERVyFv—r r—RALFHELTWS, ZHiX SRLP IR TIX.
Ra DBE~OSEMBAES Pb LD /AXT WA, FREPIKEB TP LV RENALT
bB, o T, KIUES, /7 vBARLI> TEARBAZLE LRI, FHo
EWVHO Ra-226 XV, FEMOEV Pb-210 D FHBBITHIC, J VR BELEN
5o

KM OB EERORBEREERBYMICY 7 b T5BEHIT, 77F=FF
FMOHEERE (Cm, Am, Pu) OEMER, SRIPRETCHMT S L85, (108
EHUBO) BHOLRERCE, RvFv—7 Fr—ZXFk. 4ntl RFOZE
(Np-237 L 2 DREHE) PREBHHKEXIET D,

B0 105ER T, XHEF—ROE—7REBRIF, 12X10°EH D (Cs-135
XEREHE) B 6X10%mSvly TH D, Zhik, RvrFv—r r—RAORHREIK
BIAYr—77BBFEON 0FETHE, TOROEY—Z7HERIT, Th-229 KXE
SRR 107 % D 3X10°mSviy Th B,

-14-



43 BREANRHZFT—ZR

KILWEE T U A EAR S — 2 (MRI, 1997/1998) V6D ORah b RE Sh i L
DYATAOUEBIIEBEZELATREEOHHNF - LLT, BREAD T —
ABEB AL LTHER TV, BHIFEOHEN (MR, 1998) CY THRLE
i, REOBEKIE., v/ ~EOoBAOKRE VY NLEBHETOM. BAFEH—K
W — 1 2H — (L EH (THM-C) RE %215 5, AEEE, HEE (MR, 1998)
AW EERBEAESTFVICESE ., HREFEHELZITI, EL, SIREAT
HEVTIAREBERELZVEWVWIEHFICE o T, HEF— R T bl ERT
5,

431 BEREAHES—XORE

EMRBEACL->TEERBZ &N D T-HM-C REORFEHNELTET SRA

B —ZEERFR (MR 1998) @ cES&, RFESF—XEZUTOXSTESR
T3,

c MLBEASE 10 FERK, E—MERBEAEEFIFEESICEZSIEEL
.

s BImOEBERABEAL. 1EFERICELT S,

- BIRRASE (BER Sy 5 —P) »b 100m LRACEAT S, S OEE
ﬁf%ﬂk%wwﬁ\ﬂﬁ%ﬁﬁmﬁm%ﬁnﬁﬁﬁwxﬁmﬁwtwﬁ
NFAEZEATHELD ZLERVWEZZON, - T, ALEN,DL 100m T
WA OARE~OFEHOKEFMFELOBERRZND,

C BIREARLSE (BEW Sy r—) K52 s ROPBIRETE S (B
HOBENODOEFIX100FHUNOH T IOCKRETHD. )

C REE (BES Ay 7F—9) LARFOMOBETOMT RKEEILX. Sk
BA®R I1FRIC24H4T (100 5i0) EmMI 3,

C BEFOMTAMLSEE. 2IREAL 500 €M<, B4ID FRHP #1TF A b
v v DEBEEZTE SRLP HAKCE/RTZ, ZhAhd 500 FEICEW
FRHP REBIZE 3,

(BREH EEFEDEETAE) BED Ay r—VHhOMTRIERET, FIRE
A& 1000 £[#1 ¢ FRHP 3885 & SRLP KRB E T3, 0%, 1000 £%
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\ B0 FRHP RIBIZ & 5, SRLP RIEQHMAEMLT 5 0, BETOK
2—E FRHPRIEIC R 5 & SRLPRIB O A SEEH O AM~P - < D LHEHK
THELLERBRTHENDLTH D,
COBREAVFUIARE L, K 42 RRTATA—FBELEREL,
MESHNOTE-TIGER = — KR &AW CHET 5,

5 4-2 KIUFEBLFIAEHr—AEREASHY GHEICBTD
NRGA=FRHDEED

=F 74—V F Ty —T 44— F
- _
157 mao | EBS? |waxs | BEREEC | s | moss
¥ & K,D, | ",y | FAY— |, A—
BRE i
s BC BC - BC BC
0-10°& 001y | @rEp) | BC | as7myn) | erap) | BC
10° #£.100001 ££ 1m®/yr SRHP BC 1570m/yr SRHP BC
100001 ££-100500 £ BC SRHP BC BC SRHP BC
100500 ££-101000 £ BC SRHP BC BC BC BC
101000 ££-107 &£ BC BC BC BC BC BC
BC: Ry Fw—y y—ALFA—DE
432 FHEHR

B 4-3(1) 13, RFEr—ACBT 5L TOETERRHEREORERONER
BThBH, vFe—2rr—RYRRMOTF I AT EHES—20HE L
R, O (A BEHESR 10 FER) OXERSERESHMEIX, Cs-135 & Se-79
ThB. |

B—BREAYFVAOHBREALBTINGEY AT AORAORNIE, £
CTOBRHESBO RS 7 HRBEHENTHS, Zhid, v/ vORVIEREE
%fé%#¢®§ﬁﬁ¢®%ﬁ&%%ﬂﬁmxoféféﬁﬁﬁMKxa%@f
B, cOFEAFIT., SFELCERTSED, MR, FECBEOEIRESH,
MR KERDRESHRRERESERVLOL TS, bbBA, EHiE (X
BEE) BREAS—ATR, BERERBREMLIBESL, TOKR. &
REFGHPABESRLTIZ LIRS THAL D,

2 4-3(2)i%. ERBEAE 1500 EMICB I A EERBEFFHEE (Cs-135, 8e-79,
Ra-226, Pu-239) OBEFHERETH S, |EMHELEREOSVAREITL-T

WAL MECEEEALT, 4BE: PRERSKRE 100 FITEML TN S,
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1.E-056

1.E-06
1.E-07
1.E-08
1.E-09
1.E<10
1.E-11
1E12
- 1.E-13
1.E-14
1.E-16
1.E-16
1.E-17
1.E-i8
1.E-i9

msviyr)

Dose

1.E-20 = HE 1
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07

Timne {yrs)
K 4-3(1) B—HREALFIAC BT EEEED o7 —Inb0

1.E-05

A R B R (R AN, 05 B B SR O

—o— Se-79
—B— 783
Nb-g4
—%— Te-89
—3%— Pd-107
—b— 8n-126
—— Cs-135
—— Th-232
—— U-236
- - Pu-240
- Th-229
233
= Np-237
- Am-241
—— Pu-241
-~ Cm-245
—— Pi-210
—— Ra-226
—— Th-230
e U234
—— U238
—— Pu-242
~#— Cm-246
—o0— AG-227
—t— Pa-231
—— J-235
—_— Pu-239
—o— AM-243
—2—Total

1.E-06

1.E-07

1.E-08

Dose {mSwv/yr)

1.E-09

1.E-10 +

99500

100000

i

100500

Time (yrs)

1010060

101500

K 4-32) BE—HREAVTIAEBToE&REE~OETRRFEEKREL
TORBE(REEH R —1)
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Cs-135 Tk, BEEREMEANOME L » KEVIREH 500 FREEL HHE I F
T 5, Cs DEMEIE, FRHP, SRLP & bR L2 D T, BLOBERIX, SRLP K&
TOBEM L BE~D CsODHEFEOEBETICELZLDOTH D, S00FEE L, &
Lo TAKIZMNEO FRIPRBICEZ LHEESh D, C-1350RBRIT, F
CEREATOEOF~MEFTT 5, Cs-135 OREBERHREATMOEI D KE W
DX, EEMCIXE HIC 500 £/ SRLPRERBEVTVEZ L, RT, Cs-135D
MHZEEER - oHFACEMLTHwAZ E (B4-3(1) 28) KL%,

Se-79 ik, BEEFEREAMNOEES K ETTISIKRE-oTW S, INC BD
Fe— g R—R (JNC,1998) WD [Tk B &, Se DEMET, EAWME L DTHET
BET+38,. ZORRIT, SESRET CiX. Se DBRE~OSEFHEOBTICX
> THFEEND,

Ra-226 L Pu-239 OEHBEAEL ., BREA L EOROLSFEONBEAIC X
52T, KELHEMLTWS, Ra-226 Tik, T OEIX. FREPRIRIZH L. SRLP
RETOBBREE~DONERERETTHILICL-THERIEIN D, Pu-239
oV TiE, (BEBEE~OELHONZV/MAIWVHO Pu R RAK) HEHEO
HMiZ, INC BOBEMET — & <—X (INC, 1998) (D i &5 &, FRHP RIRIC
% L. SRLPREOH TATO Pu OBRMESFNISHTBMT LI LIS,

TITHEEBETREAR, E-EREAOKRNOREEORESE, THLHWVD
BEANCE-TCEDLBZETHE, b LEAERBARLSBASHE 10°FRIZE
5L, MESHBHED 100 FRMIC L > T, MEEE 107 mSvy 25 10°
mSviy \CHMT 5L EZ bR BH, COMEIX. LOBRAER 0 FFERICET 51
VFe =T T —ADE— I BRERLEA LS HVOREZITH D,
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5. ME-HBEFUL

51 WABEHERFHEOEL

BATH, £ OMB T, K 0REO, FEHL2IOPDLEFBNLRLOE
TOWBRRZTONS, RVTVAOBENREEEERRERICTEMT 5D
REHBOMEBLASEMNBLOMREZRHATHIZILLALETH L HRWITE,
UTOXSRBEBMEENDIRETD D,

O (BrHEHE) FEESHLBELT NF 0RFAD &L Zhick o TRE

Eha3_VbFA MEEHORENEHLEER

@ BEHNOZBRAR—HFHCHAELBLLOITHEEZRBETERT V&

ek

® BE2EOFKRENKENIIERTI LI ZREOHEM (F 2,

Davies and Archambeau, 1997®) |

LM»AL, H2 VR—FOBRNT, BIBICX > TEBSBAOWshs L 5Rv T
4 (FFdE, 85T+ 4) BRBEVWTWSZLIcEET 5,

MBS <. SHEMOREERLE. MEBKDLS 2T nY OB L
pT%iBnéﬁ\:ﬂ%ﬁﬁ%kﬁ%i%h&wmﬁ‘::ﬁﬁﬁ%b&wo
HTARILZOENEZbEL LEZMOBBH v X 3, MBEKCIDEAR
HEIVLIRIVEHN oA 20 ER, RRETEBELZY,

52 BESYr—XERE

521 FiEEH

(1) BEAF—2LZBr—X

MEEE CORMMNE, B - WERAH VAT AOMEBKEXBBES
AR REEER SR B - LBH LI THE, BV OBD T —R %

R
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M 5-1 HE MBI FITEEI—R /B —-ROHEEE
Hi 82 : MRI, 1998G2

(1-1) ZE#EHH&— RS,

HEA 28, (MR, 1998) @42 1 DHOEH I/ — Rk, NFEEDEK
BELEERD > k& RBH I —ATHE, —HOBRHERICL->Th, £
S RFHCEBKEORENRERENDETEHS 5B, NFEBEOBEKEDCE£ERN
BB, BENRRBERRAS R L b SOEMBE LERDD LE LD,

(1-2) EBIr—2R8,

7 —RS,it, EHr— XS BV, EDZ (EHBEEEK) LBEHHOX
FWBORBRETIHEATHS, IHOREREBE LAKIC, EDZIZLAR
PERTAIORTHRELRMBERPRET DI OO LEET D. EDZIEHZRE
AOBTERELTE L, BEMBEDZFIEDVRAATN (BHTB) LEX
bha (FFEEHRSESE 3.3.2HE (MR, 1998) 2 2R) . ZhbOEMKITETS0
ERTRETHIBOLEZD,

EDZ RIC® D ADEEH o U CHEEEO0.5Sm. ZRFO02EZFETD L., EEH
OHNYOEBREE 1.6g/em’®id, P l2gem® ITIETT B LMEREEND, 7 =271V
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1Oy A FPOBECEEE UTHBEAEEZHE LALRER (B 21T, Kozaki et
al., 199603 ; Saito etal., 1997¢%) L v, fHEMEEIX. 1.2FENT 5, AR,
REKESDER ﬁﬁﬁkﬁéhtﬁﬁﬁ@%%ﬂ@”ﬁ#ﬁ BEEICLY.

1.37 i m+ 5,

) FEr—RAOFEER
%ﬁ#—z&,&hﬁ#5$ﬁ+ﬁF%%$ﬁﬁﬁAth

52.2 MESHNOTE-TIGER §E~—2X
ATECORMBRLTIC INCBRE ORERICESE, HEK - WE Y A oEs
BTRUTOBERTS.,
s BROMBEBALSESEICSAAEELRESIL. FFREROERELT
HD,
BMSBORE I, BEEETHY., FRHP 1T KBROHT 1000m 28055
PIET 5,
ERRHME - BIBESHS. LoGHE% 10 TF%, Bb, ALADELRR
OO THEBIIEETHIEOLEET S,
FOERILL-> T, AnFELEDLTH S0m (B LI 10m) DEIBHEH
6%%&m35&&6%§ﬁ%ﬁméhhFF&%E%%E%K¥%KE®
BbOLT B, |
BROWBEHESPANBLERT I LFE LR,
bHEA BEBEPL SmDEIAHRHBERNRET S & LIBEERREZ,
EETHE, FEC FF CONBORE (NEIEEMEL) #. AHHEM5 10m
DEZATRETHELTHEDRNWES D,
HES—A TR, NFBE~OBREHORIIBE L2V, £k, MRET L —
FF 7 P RABUBTZMOT A FTEEILEBEOEAEOBE REL
(Davies and Archambeau, 1997) @ (X, BAOKBRHLRERBOLLSFIIH LT
BB LEZAC W, #-T, BEOSEKE, Bib, REYTIZ, FHELED
HTARIEZEDOE/LIE, MESHNOTE-TIGER SHES/ —ATHIHME -WHiEL TV A
ERTFr—R/EGTr—ATERZDLOLET D,
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ﬁor,ibﬁmﬁmﬁwﬁﬁﬁtmot%%ﬂTK&®§<@ﬁ%%&ﬁ&
WHDETH (R5-18) .

%51 ME-WELFIAOr —AERECER

A — R o AT — 2
AQg - NC S NC
2k BRRE RS I (b O B 2R B 5

AN | L (A

EiicE§ 3 HI/M _ ELET 5 M

AChemistry NC (FRHP) |rr@E%E BCx0.5*
L OB R _ EORMBEE R 100,000 £
R AP E= - E{boBRK K 52 BY
Eikic ET 5 5 ' i IC E % H R
AD, NC BC = RyFv—7r—AREHE
EL O BRI R - © AQg - BERBECORBEL
EROER AChemistry = Hi F A& {b3 D 2 4L
ERLCET o 00 FRHP - B@JeH pH ¥kt F A

AD, = EEHOEREMEROE R
NC = RyF=—2r—2AREEELHELT

* TOE®AF—AL LT, [BCXO0.1
r—R| ZRE

53 FEHSRE

BR AR DR ERA B 2 00 Y —ABEENS T L ICHRSREY,
BI1OY A3, BEEEN Ay r—Uhb3lsme R SNBET 9 TH S,
b5 120V —RiT, HLVKEAER S Rz F A b5 B SR O B8 HiRc
FETIRHEEEPLObOTH B, T b ORIEREL, HIFBCBTL
HiF, FHEBLRAEOEMBEICKRBShE b0 EBET S, |
(1j 50m & — R

®5-2(1) ik, @ CORMERBCHT22RERBHEETT.

EREEHBT, PHBRALD 100 FERE TRV F - F—ALEAKRTH
Do NFv—r A0 Z0HELEKIE, TOoHMBOXTELTEOEER
Se-79 & Cs-135 Th D, MBEDHN LTS ICEREOERIK. BREOEMEIC L
D, ETOEEOHRHEBREERR LV Fe— r—R B LTCLYY BHMAIET 7
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M5 (E2-2(1) &E5-2(1) 28) .
RyFe—Fr—RA KR, Rr— AT, HHEORHkiCMEZ., BEAY
OHEFAEZEO Y -7 REEXP 2E (RTENEPPTEH LHFR) EMT
Ho Ry —ATiE, FRHP RETOREBEE~ODERREPILBEORE VWFEH
OBEMBERESRERERY (Tc-99, Sn-126) OV — 7 HHENALMTHE L L (18
100 2L E) ML TWS, ik, FFEBROEMILY, BE~OFERED
REQE—DOHRHAMEZE~DEENHERHNZHEDREVENWI I LEZEBRLTY
5, 4 DORLRDZBAERIINOCET IR EBHOE ODRAMNGKESALET 7
Fo FRBEHARIIEOZEDL, BIBREFIPLHLITOR, RV TFv—T Fr—
AXV B 2M ECBRERNEMT IR, 2HBEBTA Y —RERICEDE
BBV, |

kL5l HE -BWIBVTIVAERI—RFE (50m F—R) TR, A
IR TOY— 7 BEETI0S5FTERDOCs-1350HMIC X > THXE IS 1.65
X10%mSvly Th D, “hik, FRHPRVFv— 2 r—ZADY— 7 BREFOH 2%
DETHB, 20O — 7 HHEIX, 6X1054F% O Th-22912 & 5 2X10°mSv/y
LHEEINS,

107 g
L

108

10

q0-10 L.

A
=11
10 E

Dose, mSviyr

1032

1018

19714 L i

X 5-2(1) BEB-BIEFUAEASr —2AFHEFZR (50m) :
EHRERMBR (BEREEY Avr—)
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(2) 10mr—2=A

TOEHr— A TEREFLVHEILLSHHASR 10° SR ICANE (BED
F—P) bbb 10m OMAKEET D, B 5-2(2) TR, £ T DMK HERE
OHEBRBEFORFHBERENTVS,

AKr—AOBRBERHEE, WEBFSBRELET S ICFRE T FREP ~rF <
— 2 —REALHOTHB, LSEPD 10m OEEHEECAEHEICET DB
BRABRENIER, £TOEBOBRHEARBAVF -7 F—RHTH
RYBRHBA~T PERD (F2-2(1) 5202 &8B) . £, FFREERERE
B IEY., BITERAEL 25, KEEZEO Y - HEFORERL A+
HriY. R FF BOHRTORAERERIVAERD, ERRRERF
5%, Se-79, Sn-126, Cs-135, Pb-210, Ra-226, Th-229, Th-230, Np-237
©hb, FRHP REBEBIT2REREE~OFERBOKBHREVWHENELRRO
FfrfkiX, FF EXER 0nm KEHEShihtEor— /7 BEEOHEMNAEFTICKR
W, TOZEE, ERHOERNEVE —OREEE L OBRNETRELONT
bAEMIZIIH TIES.

B 5-2(3) 1, WiBRALSEH,D 50m, ImBRCETEF—ATOREEEL
BLELOTHD, 50m ¥y —RATiL, BoHERAFEE 10°FHIC Cs-135 & Th-229
DHEBEILI VRV Fv—I r—ADE =708 20 1.65X10F mSv/y I2/2 2T
WEDIK L. AUEACEBRETS 10mr —A Tk, AU Fv—20 =20
F—7 O 20 fFICHEMT 5, E0ERHEFEZEIL, Se-79, Sn-126, Cs-135, Pb-210,
Ra-226, Th-229, Th-230, Np-237 T 5,
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T T LA B e e Y =TT TrTT ¥ T T T T

TTT

131

107

108

LN TUL P 11

10°9

LEREL

1610

1011

Dose, mSv/yr

T

4p-12

1012

T ST REPEEFEENRY ol B ; ]
104 108 106 107
Time after Container Failure {yrs)

B 5-2(2) #E-BELTVALEr—AEHEER (1om) : &5 B i
(BEEEEY vr—)

T ™ T TTT7T

Y ¥ Y

107 ot il FEPPEN

TTT!

104 108 108 107
Time after Container Failure {yrs)

m Elo

B 5-2(3) MR -BTBFVAEKI—2 EEr—2EHEE (50m/10m)
DHEB - &REE, £ FP RUOTI7F=FRIB 0L &=
(BHBEEY v —)
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6. BE-RBBEVFTUF
BAFBICIXREMHIE L EEHIEORFAH D . —BROZFIEDOTIR & FTIC
RT3 (#l&2iE, Hashimoto, 1991) &,
FHALE, AAFEORERIERTES 0.5~1m& 2> T2 (Shimizu et
al.,1992) @9, Z OEBHMO RSB EERAH DL 5T, LUHTEL (FERFE
B 1~2m) . EBHCTES (FEFEH0.1~05m) B>TWD,

6.1 WMGEREFHOEL

AAREBT2ERELOBRER (REOBEEHEERELTS) LRERL OMIC,
HAEBBRAB ERTWVWS (Yoshikawa, 1974%%; Ohmori, 1978/198529¢7) , —H |
BEEPRERCHETI L, EERBIRERFELDI DL TS,

K FU AT, ALGBRXEFOBMFRLBETS EBET D, XU F UV AF
BT, BROBREROFHECFEEESDLZERTY A MEET —FORE
D, —EDOEREZHVS, BRAOERERCRECEERICESE, 0.1(~
D) mmly EWIEEBETS, ZOMEIE. RWHREICH TITE5RBHREHE
EOBTHS, |

AEEr—ZOBMOEDIC, BREEOLSE TIIEE 1000m, £, #H
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WRARHZERESZATOEAIE. MOLSBEE (SKI, 1996) G TiX, “F.
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P REITAIHTOEBRABOBE (Glover, 19647 ; Domenico and Schwartz,
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1. Introduction

Tt is important to evaluate effects of natural events (igneous, seismic, and fault activities,
etc.) on HLW disposal system performance in groundwater scenarios (radionuclides are
mobilized by groundwater and transferred in strata), because rare events make the scenarios
diversified and uncertain. _

This research project aims at developing groundwater scenarios that take into account these
natural events and studying methods to quantitatively evaluate HLW disposal system
performance based on the scenarios.

Rare natural events such as igneous, seismic, and fault activities affect HLW disposal
system performance in groundwater sceparios by making the scenarios diversified and
uncertain. In this research project, eﬁ'ects of natural events on groundwater scenarlos will be
evaluated. First, imaginary boundary wﬂl be assumed between a region in whlch natural
events occur and the fields that dictate transfer of radionuclides in strata. Next, a number of
effects of natural events will be replaced by the changes of boundary conditions (hydrological,
mechanical, thermal, and chemical parameters.) Effects of natural events will then be
evaluated by analyzing trapsfer of radionuclides under the changes of these boundary
conditions, for the assessment of impacts on the performance of waste disposal isolation
system.

In this research "process system models (PSM)" is employed to anafyze scenarios (see
Fig.1-1). For past years, the research titled by [Study of Quantitative Assessment Methods of
Events with an Extremely Low Frequency of Occurrence Concerning Performance of Waste
Disposal Isolation System { I )~(VI)J(MRI, 1993~-1998)*"~®2 has been made as shown in
Table 1-1.

This year, first, in order to make an quantification of consequence of natural events in the
groundwater scenario, based on the results obtained previously, on éeismicity and faulting,
uplift and erosion, climate change and human intrusion scenarios, variant cases, in which the
" model and parameters are varied to treat another kind of patterns compared to those discussed
previously (called reference case) , will be studied and set, and their effects will be studied
and evaluated. Secondly, referring to the results of the above discussions, a preliminary study
will be made to evaluate the complex effect caused by combining the natural phenomena such as
volcanism, seismicity and faulting, uplift and erosion and climate change. These results will

be reflected on INC's H-12 report.



Step A
Audit and Screen FEP

!
I :

Step B Step C
ldentify EFEPs Construet PSM
(Scenario Generation) (Reference Case)
Steps
A~E _ v
Step D

Examine Quantification
(Models end Parameters)

| I

Step G

List Variant Cases

Define Reference Cases

Sensitivity Analysis

Step B (Step G}
Quantitative Analysis

i

Step H

Define and Anzlyze
Combined Scenario

Fig.1-1 Process System Model analysis diagram of scenarios for INC’s H12 report

Table 1-1 Research schedule

faulting
research item volcanism and
seismicity

uplift and | elimate human
erosion change intrusion

audit and screening FEPs™ in the

groundwater scenario 6ompleted completed | completed | completed | completed

B identification of EFEP™ and investigation

into relevant phenomena et completed | completed | completed | completed | completed

study on the concepinal modei™ .
C concerning transfer of effects of natural completed | completed | completed | completed | completed
phenomena :

D examining mathematical models and

oters to quantify conceptual models completed | completed | completed | completed | completed

defining a basic framework (reference

. d t ompleted
case) for consequence analysis completed | completed | complete completed | complete

F setting and evaluation of analysis

framework on reference case completed | completed completed | completed | completed

study, setting and evaluation of analysis

framework on variant case with another . s . -
G kind of consequence patterns compared completed | this year | this year | this year | this year

to reference case

H setting and evaluation of analysis

. thi rtl inued next year
framework on the combined case his vear (partly cont ¢ )

_ *1: an abbreviation of Features, Events and Processes

*2 : External FEP defined as FEP that may occur between natural events and the imaginary boundary
*3 : models describing interrelations among EFEP chains, FEP chains and transfer of EFEP effects
through FEP chains



2. Background to Calculation of Variant Cases

2.1 Background for calculation

The MENTOR code for near-field performance assessment has been previously
described in the study of Reference Case for the volcanism, faulting and seismicity, uplift
and erosion, climate change and human intrusion scenarios (MRI, 1997/1998)@12),

The first step after defining, analyzing and discussing on reference case for each
scenario in this research is to discuss variant cases as another patterens compared to
reference cases. Through this step, a range of impact on nuclide migration caused by
each scenario can be quantified.

The second step is to discuss a scenario combining each scenario with another one
(see Fig.1-1). This is a scenario that combines the processes and scenario-initiating
events that would impact on a repository complexly. Thus, impacts arising from
seismicity/fanlting, climate change and possibly uplift and erosion should be combined
together into a complex time-evolution profile.

Thus, scenario study was performed based on the analysis by using not only
MENTOR code in preliminary study but also MESHNOTE-TIGER computation code
(Robinson et al., 1992GY; Robinson and Brown, 1998%%); Humm and Robinson, 1998119)
as the similar assessment framework (on arrangement of data and definition of scenario
calculation case) to consider the time-variant environmental conditions and make an
efficient contribution to JNC's H-12 final report. Therefore, first, benchmark case (a
standard case for all the scenario calculation cases) and the reference and variant cases
defined for natural events (volcanism, faulting and seismicity, uplift and erosion) were
re-calculated. Then, a combined scenario was constructed by combining climat¢ change
with uplift and erosion to be analyzed and compared to each re-calculation case.

The initial values for key parameters in benchmark case (see Fig. 2-1) to be used in

the scenario calculations were taken from INC data sources (JNC, 1998)11,



2.2 Description of Benchmark Case (Re-calculation of Base Case)

2.2.1 Calculation Case

The “benchmark case” (Fig.2-1) assumes that present-day conditions at a repository
site remain unchanged into the future (time-independent parameters). A 100-m pathway
of rock, either granitic or sedimentary in character, is assumed between the EBS and a
major water-bearing, sub-vertical fracture zone. The ambient groundwater is assumed to

be fresh water with moderately high pH and reducing character (FRHP).

Skin

Fresh - oxidising |
ok

Canlhir

Fig.2-1 Conceptual diagram for benchmark case

For the benchmark case and all subsequent scenario case calculations, simulation is
conducted for a single waste package.
The assumed depth of a repository is 1000 meters for a repository in granitic rock.
With respect to groundwater chemistry, three other types of “scenario” groundwaters
are also listed here.
(a) fresh water with moderately high pH and oxidizing character (FOHP) assumed to
represent shallow surface meteoric waters
(b) saline water with moderately high pH and reducing character (SRHP) assumed to
represent groundwaters at near-coastal sites influenced by sea water
(c) saline water with moderately low pH and reducing character (SRLP) assumed to
represent magmatic waters.
The calculation result is tepresented as the dose contribution to a farmer /

agricultural-worker biosphere.



2.2.2 Calculation Resulis

(1)FRHP Case

Fig.2-2(1) presents the total dose curve for all radionuclides for the benchmark
case.The primary contributors to the total dose include Se-79 at early time, Cs-135 and
Zr-93 in intermediate time, and Th-229 (and other members of the 4n+1 actinide series)
at long time.

Because Se-79 is not sorbed in the buffer and is only slightly sorbed in the host rock,
it dominates the total dose for the first 10,000 years. The low solubility of Se imposes
a restraint for further increase in Sej79’s release at later times. After 10,000 years, the
total dose is dominated by Cs-135, a nuclide that has a greater inventory and is soluble,
but is more strongly sorbed in both buffer and host rock than Se. The dose of Cs-135
peaks at 280,000 years, giving the peak dose at this time of 5x10® mSv/yr/canister. As
a consequence of depletion of Cs-135, the total dose curve falls after 280,000 years with
the fall-off of Cs-135 release.

Peak dose then increases again at 1.4 x 10° years due to the release of Th-229. It
should be noted that between 1.2 x 10° years and 1.4 x 10° years, the total dose is
dominated by Zr-93, a nuclide with high initial inventory, moderate solubility, and high

sorption coefficient.
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Fig.2-2(1) Benchmark case FRHP results: total dose (dose from a single waste package)

Being the last radionuclide in 4n+1 decay series and Th having the same sorption
coefficient as U and Np by the rock, Th-229’s activity as it exits into the biosphere is
essentially the same as its parent and grandparent nuclides: U-233 and Np-237. Th-
229 has the highest dose conversion factor from "Bg/yr" to "mSv/yr"(JNC, 1998)1D
among the three nuclides. Hence, Th-229 dominates the total dose between 10° years to
107 years. Following the 4n+1 series, nuclides from 4n+2 decay series make relatively
insignificant contributions to the total aose, as can be seen from Fig.2-2(1). Nuclides
from the 4n and 4n+3 series contribute even lower amounts to the total dose calculation.

In the first 10° years the maximum peak dose for the benchmark case is 6 x 10~°
mSv/yr/canister occurring at about 300,000 years dominated by Cs-135. A similar

peak dose rate is calculated to occur at 107 years from Th-229.



(2)SRHP Case

The benchmark case for SRHP groundwater assumes the same time-invariant
(constant future) conditions as described for the FRHP benchmark case. The sole
difference is that the assumed deep groundwater has a higher salinity than FRHP. This
might, for example, represent near-coastal sites in which deep groundwater is affected
by secawater. The total, integrated dose rate curve is shown in Fig.2-2(2).

The total dose rate curve is initially dominated by Cs-135 rather than Se-79. At
intermediate time after re-pository closure (10° to 10° years), Se-79 and then Zr-93 are
the dominant contributors to dose rate. At times greater than 10° years, Th-229, as
well as Np-237 and U-233, are expected to be the major contributors to dose rate.

In summary for the SRHP benchmark case, in the first 10° years the maximum peak
dose is 3 x 10® mSv/yr/canister occurring at about 90,000 years dominated by Cs-135.
A second peak dose rate of 2 x 10~ mSv/yr/canister is calculated to occur at 107 years
attributable to Th-229.

Fig.2-2(3) compares the dose rate curves for the FRHP and SRHP benchmark cases.
The most significant difference is earlier, more rapid release of Cs-135 for the SRHP
case. This is because Cs sorption on both the buffer and the host rock is lower under
SRHP conditions than under FRHP conditions. Combined these factors, a peak dose
rate for the SRHP benchmark calculation case is 5 times higher than the peak dose rate

for the FRHP calculation case.
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3. Impacted FEPs of the Repository Process System Model

For the groundwater scenario category, the three critical near-field FEPs that may be
impacted are:
+ Hydrology in the host rock
— change in hydraulic head driving groundwater fiow (change in surface
topography/ regional hydrology effect)
—change in rock permeability controlling flow (rock fracturing/ mechanical
effects)
—change in flow due to heating (deep-seated intrusion of magma chamber/
regional hydrological-thermal effect)
Groundwater chemistry in the host rock and buffer
— migration of saline water interface driven by changes in recharge (density-
driven flow/ recharge-hydrology effect)
—influx of oxidizing groundwater (penetration of surface waters/regional
hydrology effect)
— elevated temperatures displacing mineral-water equilibria (deep-seated
intrusion of magma chambex/ regional thermal-metamorphic effect)
—influx and mixing of magmatic water (deep-seated intrusion of magma
chamber/ regional hydrological-metasomatic effect)
Physicochemical properties of buffer
— pore structure changes as a function of salinity (chemical effects)
— erosional mass-loss of buffer material (rock fracturing/mechanical stress
effects)
— mineralogical alteration of the buffer (deep-seated intrusion of magma
chamber/ thermal-chemical effects). |
Why these three FEPs were selected is based on the 1L(influence level)} values(MRI,
1994)®) assigned by expert judgement (MRI, 1998) *?), These impacted FEPs and their
influence on other FEPs are shown in Fig.3-1, as a simplified process influence diagram
(PID) developed by JNC for the near-field. This year, the results of discussions on
thermally driven flow in hydrology and metamorphic change / metasomatic change in
groundwater chemistry are reported since they were not mentioned in previous report

(MRI, 1998) 22},
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4. Volicanism Scenario

A volcanic island arc, such as Japan, is formed by the convergence of two tectonic
plates. The distribution of volcanic centers is strongly controlled by the geometry of
subducting tectonic plates. The recent (Quaternary), active volcanic front in Japan is
80 to 150 km vertically above the Wadati-Benioff seismic zone that defines such
subducting plates. Landward of the volcanic front, toward the Asian continent, recent
volcanism is more widely distributed and of reduced volume compared to the actual
volcanic front. A variety of physical and chemical indicators and calculatibns suggest
that impacts of volcanism are limited to within 10 to 15 km of volcanic centers.
Location of a reﬁository within or near the boundary of this terrain would be required to

treat volcanism as a credible scenario for repository performance assessment.

4.1 Changes in Repository Boundary Conditions

The intrusion of a deep-seated magma chamber and development of an overlying
strato-volcano is selected as the magmatic event.

Previous studies of thermal-chemical-hydrological effects arising from intrusion of
magma chambers have been conducted (e.g., C'athles, 19774); Norton and Knight,
1977¢%).  To further elucidate the spatial and temporal extent of thermal-chemical-
hydrological effects, a series of coupled thermal-hydrological sensitivity calculations
were made (see section 1.1.9 in MRI, 1998¢1) of a magmatic intrusion using the
TOUGH2 code (Pruess, 1987) 29,

No direct intersection of sub-surface magma with the repository is envisioned. Such
an event would constitute an isolation failure scenario that lies outside the scope of
‘these calculations. Formation of a broad collapse caldera is also not considered, in
part because such centers are not typical of current volcanism in Japan. A dike

intrusion near a repository, however, will be considered as a variant case.
4.2 No Dike [ntrusion Case
4.2.1 Calculation Case
Based on the results of previous analysis and discussions with JNC, the re-calculation

case for the volcanism scenario without dike intrusion includes the following

assumptions and constraints:
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* The repository is sited within (or at the boundary of) the so-called “suspect-
terrain” of Japan where future volcanism is possible, rather than in the “secure-
terrain” where future volcanism is impossible.

* A stratovolcano, typical of Japanese island-arc volcanoes (e.g. Mount Fuji), is
formed. _

. The magma chamber maintains a constant heat flow over the entire period of the
simulation.

* The repository is located 10-km from the volcanic center.

* Direct magmatic intrusion of the repository does not occur. This assumption is
based on H-12 guidelines to avoid isolation failure scenarios in which the
isolation functions of the EBS are directly compromised.

* The repository host rock is either crystalline or a sedimentary rock formation.,

* There is a 10,000 year period after magma intrusion until the effeé’-c; of the
intrusion impact the repository. " These impacts include:

— permanent increase in temperature by 20°C above ambient, and
— permanent change to a low pH saline condition (like a SRLP groundwater
(magmatic brine)).

. The sustained elevated temperature in the repository, plus the increase in
dissolved potassium in the magmatic brine, is conservatively assumed to cause
the outer part of the buffer to progressively illitize until the outer half of the
buffer is illitized at 10° years. The illitized portion of the buffer is assumed to
retain the same porosity and diffusion coefficients as the unaltered buffer, but to
posses no sorption capability toward any radioelement conservatively. It is
acknowledged that kinetics of illitization of smectite (e.g., Pytte,1982C%; Pusch,
1993@9; Huang et al, 1993®); Velde, 199567) remain highly uncertain.
Furthermore, only broad constraints can be defined for future chemical -
composition of a magmatic groundwater. Hence a variant case in which no
illitization occurs is also examined.

Fig.4-1 shows a schematic diagram of re-calculation case for volcanism scenario with
no dike intrusion. Changes in parameters for MESHNOTE-TIGER code caused by these

assumptions are summarized in Table 4-1.
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Fig.4-1 Schematic diagram of reference case and variant cases

for volcanism scenario (with no dike intrusion)

Table 4-1 Summary table for re-defined case for volcanism scenario

Reference Case Reference Case
Outer 50%
AQe NC Buffer converts to illite*
Initiation Time for Change Initiation Time for Change 110,000 yrs
Progressive
Type of Change Type of Change | (outside inwards)
complete at 10° yrs
Rate of Change Rate of Change Instantaneous
A Chemistry FRHP —» SRLP | Far-field Path Length NC
Initiation Time for Change 110,000 yis Initiation Time for Change
Type of Change Permanent Type of Change
Rate of Change | Instantaneous Rate of Change
A Dy FRHEHP —» SRLP | BC = Benchmark case values.
Initiation Time for Change 110,000 vrs A Qg = Change in flow rate in intact rock.
Type of Change Permanent A Chemistry = Change in chemistry of
groundwater.
Rate of Change | Instantaneous | ADp= Change in pore diffusion coefficient
of buffer.

NC = No change from benchmark case value.
* “No illitization” is defined as a variant case, -

422 Caiculation Results
Fig.4-2(1) presents the total dose curve for all radionuclides for the volcanism
scenario. Fig.4-2(2) compares the volcanism variant case (no illitization of the buffer)

with the variant case (illitization of the buffer). There is no diffeence between these

two total dose curves.
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Up to the time of the volcanism impacts (approximately 110,000 years after
repository closure), the dose-rate curves for the volcanism scenario are identical to
those calculated for the benchmark case, as expected. At this early time first Se-79
and then Cs-135 are the main contributors to dose.

At 110,000 years, the combined impacts of volcanism cause more than an
approximately 100-fold increase in the dose-rate of Cs-135 (Compare Figs.2-2(1) and
4-2(1). Even greater increases in dose-rates of Ra-226 and Pb-210 are observed
compared to the benchmark case. Se-79 shows a more modest 4-fold increase at this
time, and the dose-rate curves of most of the rest of the radionuclides are displaced to
earlier times than the benchmark case. -

Cs-135 increases so greatly because of the much lower sorption of cesium by both the
buffer and rock for SRLP grouﬂdwater. ‘Pre\'riously sorbed 63—135 ié ra;ﬁidly de-;sdrbed '
and released for migration. Likewise, the reason for the significant increase in dose-
rates of Ra-226 is the significant decrease in solubility and sorption of Ra by the rock
under SRLP conditions. The dose-rate for Pb-210 increases despite no changes in
solubility or sorption between FRHP and SRLP conditions. This is because Pb-210 is
a decay daughter of Ra-226 that is experiencing a much higher flux out of the repository
system. Note that the dose-rate curve for Pb-210, although greatly increased, is below
that of Ra-226, whereas their positions are reversed for the benchmark case. This is
because the sorption coefficient for Ra by the rock is lower than Pb for SRLP conditions,
but higher for FRHP conditions. Thus, after volcanism/ magmatic intrusion imposes
saline conditions, the short-lived Pb-210 is being relatively more retarded in transport
than is its longer-lived parent Ra-226.

The shift in dose-rate curves of most radionuclides to earlier times is explained by the
increases..in solubilities of actinide parents (Cm, Am, Pu) under SRLP conditions. At
~longer times (> 10° years), the 4n+1 nuclides (Np-237 and daughters) dominate the dose
release-rate, as in the benchmark case. ‘

In the first 10° years, the volcanism scenario leads to a maximum peak dose of about
6 x 10® mSv/yr/canister, occurring at 1.2x10° years (dominated by Cs-135 release).
This is about a factor of 10 higher than the peak dose of the benchmark case for the
equivalent period. A second peak dose rate of 3x10~° mSv/yr/canister occurs at about

107 years and is controlied by Th-229.
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4.3 Dike Intrusion Case

Analysis of impacts on repository performance arising from reference volcanism
scenario included identification of a “dike intrusion variant” (MRI, 1997 / 1998)(21(Z2) |
From the beginning of the intrusion to the cooking of magma body, the surrounding
rock will experience thermal, hydrological, mechanical, and chemical (T-H-M-C)
perturbations, as analyzed by MRI (1998) ®?, This year, the “dike intrusion”
conceptual model evaluated by MRI (1998) % is the basis for this set of performance
assessment calculations. But the prohibition against defining an isolation failure

scenario for dike intrusion goes further in constraining the calculation case.

4.3.1 Calculation Case for Dike Intrusion

Based on the bounding results from MRI (1998) @2 regarding temporal and spatial
changes in T-H-M-C conditions arising from dike intrusions, the following calculation
case is defined:

* A single dike intrusion event is considered to occur in a crystalline rock 100,000
years after repository closure.

* A 1-m wide dike is injected and solidifies within a one year;

* The dike intrudes 100-m upstream from the repository (waste package). This
distance is believed to be large enough to ass-ul_-e that local flow in the repository
region is not re-directed because of the impermeable nature of the dike, thus
maintaining the assumed ambient horizontal flow to a fracture-zone located 100-

- m downstream of the repository. |

* The thermal impact from the dike intrusion on the repository (waste package) is
negligible (<10°C rise above ambient temperature for less than 100 years).
Groundwater flow velocity in the host rock between the repository (\ﬁaste
package) and the fracture-zone increases by two orders of magnitude (100-fold) .
for one year after the intrusion. |

* Groundwater chemistry in the host rock changes from an initial fresh, reducing,
high-pH (FRHP) water to a magmatically influenced saline, reducing low-pH
(SRLP) brine for 500 years after the dike intrusion. This is then shifted back to
FRHP after 500 years.
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Groundwater chemistry in the waste package (buffer and waste container)
changes from FRHP to SRLP conditions for 1000 years after the dike intrusion.
Conditions are then shifted back to FRHP after this 1000-year interval. The
longer interval of SRLP conditions reflects the slow diffusion of SRLP water out

from the buffer once the water in the rock is restored to FRHP conditions.

For this dike intrusion scenario, changes in parameters are set as summarized in Table
4-2 to be used in MESHNOTE-TIGER code.

Table 4-2 Summary of parameter change in the dike intrusion scenario calculation

Near-Field Far-Field
Time Periods | Mixing Cell EBSaIﬁ"’D’ Other th:::re Host Other
Flow Rate Solubilities Parameters Velociyty Rock Ky | Parameters
105 BC BC BC BC
0-10%yrs (0.01m*yr) | (FRHP) BC | a57msyr) | grEP) | BC
10%- 3
100001yrs 1m*/yr SRHP BC 1570m/yr SRHP BC
100001-
100500yrs BC SRHP BC BC SRHP BC
100500~
101000yrs BC SRHP BC BC BC BC
101000~
107yrs BC BC BC BC BC BC

BC : Benchmark case values

4.3.2 Calcuiation Results

Fig.4-3(1) presents the calculated dose rates for all key radionuclides for this variant
case. As with calculation cases for other scenarios, including the benchmark case, the
key dose-contributing nuclides at early time (up to 100,000 years after repository
closure} are Cs-135 and Se-79,

The initial response of the repository system at the onset of the single-dike intrusion
scenario is a spiked increase in release of all radionuclides. This is attributable to
increase in flow rate arising from the rapid dynamic pressurization of pore fluid in rock
adjoining the hot slab of magma. This pressure pulse rapidly dissipated, hence, the flow
rate returns rapidly to ambient value assuming that there has been no permanent
hydraulic fracturing of the rock. Of course, with a continuous (or multiple) dike-
intrusion case, the elevated pore pressure condition might be assumed to be prolonged,'
leading to a prolonged period of elevated flow rates.

Fig.4-3(2) shows the calculated dose rates for the key dose-contributing nuclides
(Cs-135, Se-79, Ra-226, Pu-239) for the 1500-year period immediately following dike
intrusion. All four nuclides show the characteristic 100-fold increase in dose rate that is
directly proportional with the elevated flow rates driven by the pulse in pore pressure

that persists for one year.
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For Cs-135, there is a sustained 500-year period in which the dose rate remains
elevated above the pre-intrusion value. Cs solubility is the same for FRHP and SRLP
waters, hence the change is solely attributable to the decrease in Cs sorption by buffer
and host rock under SRLP conditions. Note that at 500 years, when the groundwater in
the host rock is assumed to return to the initial FRHP conditions, the calculated dose
rates for Cs-135 decrease back toward their pre-intrusion values. The dose rates for Cs-
135 remain higher than tfle pre-intrusion values because of the SRLP conditions that are
assumed to persist in the buffer for another 500 years and the fact that the release-rate
curve for Cs-135 is still increasing during this time (see Fig.4-3(1)).

Fdr Se-79, the calculated dose rate returns rapidly to near its value prior to the dike
intrusion. The squbilit& for Se is assumed to only slightly decrease with increasing
salinity in the JNC data base (JNC,1998)!) and this effect is compensated by the
decrease in sorption of Se by the rock under more saline conditions.

The dose rates for the release of Ra-226 and Pu-239 also show a marked iﬁcrease due
to the dike intrusion event and subsequent changes in repository conditions. For Ra-226,
this changes arises from a decrease in sorption coefficient on crystalline rock under
SRLP conditions compared to FRHP conditions. With respect to Pu-239, the increase in
its release rate (as well as other Pu isotopes that contribute significantly less to dose
rate) is attributable to the increase in Pu solubility by about 3.5 orders of magnitude in
SRLP water compared to FRHP water, based on JNC’s reference solubility data base
(JNC,1998) @b,

Note that the absolute impact of the single-dike intrusion is a function of when it
occurs. If the dike intrusion occurs at 10 after repository closure, the assumed 100-fold
increase in flow rate would lead to an increase in calculated dose rate from 107 mSv/yr
to a value of 10® mSv/yr. This latter value.is no greater than the peak dose rate that

occurs for the benchmark case at 300,000 years after repository closure .
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5. Seismicity and Faulting Scenario

9.1 Reference and Variant Cases _

Faults at a variety of scales, and ranging from active to inactive, are found over much
of Japan. The location of active faults with respect to an actual repository site would
need to be considered in order to refine the key assumptions for this scenario on a
credible basis. Variant assumptions should eventually be examined, such as

@ faulting (especially under extension) leading to opening of fractures in the near-
field that promote a progressive extrusion and erosion of the bentonite buffer

@ the potential for transitory super-lithostatic pressurization of pore water within
the buffer duve to seismicity should be assigned a high priority

@ increase in flow rate attributable to permanent changes in bulk rock permeability
(e.g., Davies and Archambeau, 1997%),

Note; however, that the discusion in H12 report has excluded consideration of fault-
induced disruption of the EBS (so-called isolation failure scenarios).

Relatively small and probably short-lived changes in temperature are possible to the
effects of processes such as seismic pumping. These are not thought to be significant
and will not be considered further. Other seismic processes which could result in
changes to the chemistry of the groundwﬁter are likely to be a considerably longer-term
procéss than any effects due to seismic pumping, but are not considered in fhese

calculations.
5.2 Calculation Case
5.2.1 Preliminary Study
(1) Reference and Variant Cases
From the discussions previously, it is apparent that there are many possible variables

and uncertainties associated with the impact of faulting and seismicity on the

performance of a repository . Some of the options are shown in Fig. 5-1.
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SEISMICITY/ FAULTING

Fig.5-1 Schematic diagram of reference case and variant cases for seismicity and

faulting scenario source : MRI, 1998¢2)

(1-1) Variant Case §,

The first variant to the reference case S, (MRI, 1998)?? is to envision a much quicker
change in permeability throughout the near-field rock. While single, instantaneous
events could comceivably create localized fractures of high permeability, the global
increase in bulk permeability of the near-field rock is considered to require at least 50

years of sustained seismic activity.

(1-2) Variant Case 8,

Variant S, is identical to variant S,, with the addition of fault-induced impacts on
both on the EDZ (excava_tion damage zone) and the buffer. It is postulated that the
seismic event is sufficient to cause further fracturing of the EDZ, as well as the initially
intact rock. The opening of new fractures apertures in the EDZ, in turn, is believed to
permit enhanced extrusion of the buffer into the EDZ (see section 3.3.2 in MRI,19982%),
All three events are expected to occur within the same 50 year interval.

Based on the distance (0.5 m) and porosity (20%) envisioned for buffer extrusion into the

-21-



EDZ, an initial buffer at 1.6g/cm® dry density is predicted to be reduced to a density of about
1.2g/cm®. Based on measurements of diffusion coefficient with density for Kunigel V1
bentonite (e.g., Kozaki et al., 1996(%); Saito et al., 1997%%), an increase by a factor of 1.2:is
expected. Likewise, porosity for the remaining lower-density buffer within the same

dimensions of the emplacement drift is recalculated to be increased by a factor of 1.37.

(2) Calculation Results on Variant Cases
The preliminary calculation results on variant cases S; and S, are presentied in

Appendix A of this main report.

5.2.2 Calculation Case for MESHNOTE-TIGER Code

Based on the above results and discussions with JNC, the following assumptions are
made regarding the seismicity/ faulting re-calculation case:

- The dominant effects from future fault activity on repository characteristics is on
shortening of the far-field pathway.

The repository host rock is in crystalline rock at a depth of 1000 m with FRHP
groundwater.

A significant seismic/faulting event is postulated to occur 100,000 years after
repository closure, or 99,000 years after loss of containment.

- The event activates (or reactivates) a major-water bearing fracture that is only 50
meters (10-m as a variant case) from the repository, effectively cutting the far-
field path-length in half.

- Direct intersection of the repository by a future faulting event is not considered..

Of course this assumed location of this faulting event 50-m from the repository is
arbitrary. Development (or reactivation) of a fault in the far field could be equally
well postulated to occur 10-m from the repository.

No extrusion of buffer into the near-field rock is assumed for this calculation case.
Extreme changes in rock permeability speculated for other sites in extensional plate
tectonic regimes (e.g., Davies and Archambeau, 1997®) are unlikely to be relevant to a
repository site in the broadly compressional regime of Japan. Accordingly, no change
in rock permeability, hence flow rate, and accompanied groundwater chemistry, is
assumed for the seismicity/ faulting reference case and variant case using

MESHNOTE-TIGER code.
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Thus, no enhanced mixing of deeper waters along the new, more permeable fault is
assumed (see Table 5-1).

Table 5-1 Summary table for re-defined case for seismicity and faulting scenario '

Reference Case ' Reference Case

AQy NC Buffer NC
Initiation Time for Change Initiation Time for Change

Type of Change Type of Change

Rate of Change Rate of Change
A Chemistry ' NC (FRHP) | Far-field Path Length BCx0.5%
Initiation Time for Change Initiation Time for Change 100,000 yrs

Type of Change Type of Change Permanent

Rate of Change Rate of Change Instantaneous
ADy NC BC = Benchmark case values.
Initiation Time for Change AQp = Change in flow rate in intact rock.

Type of Change AChemistry = Change in chemistry of groundwater

Rate of Change FRHP = Fresh, reducing high pH groundwater

AD; = Change in pore diffusion coefficient

- of buffer.
~ NC = No change from benchmark case value.
*¥ "BCX0.1" is defined as a variant case.

5.3 Calculation Resulis

Note that the calculated dose rates after the faulting event include two sources. The
primary source arises from continued release from the single waste package. The
secondary source is composed of those radionuclides existing in the portion of rock
between the new and the original faults at the time of the formation of the new fault.
These radionuclides are assumed to continue to migrate to the original fault, where they

are then conducted to the same biosphere as for the new fault.

(1) 50m Case

Fig. 5-2(1) presents the total dose curve for ali radionuclides for the seismicity and
faulting scenario. It can be seen from this figure that the total dose curve follows that
in the benchmark case from beginning up to 10° years. As in the benchmark case
during this period, the primary contributors to dose are Se-79 and Cs-135. Soon after
the faulting event at 10° years, the dose rates for all nuclides are displaced to earlier
times compared to the benchmark case (contrast Figs.2-2(1) and 5-2(1)) due to the
shortening of the pathway.
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In addition to occurring at earlier time, the peak dose rates for most radionuclides are
also about a factor of 2 (or less) higher in this case compared to the benchmark case.
Certain long-lived, solubility-limited fission products (Tc-99, Sn-126) that have
relatively high sorption coefficients for the crystalline rock under FRHP conditions
show a much more pronounced increase (a factor of about 100) in peak release rate in
this case. This is attributable to the fact that shortening the far-field pathlength will
have the greatest relative impact on single-isotope radionuclides having high sorption
on the rock. The actinides and decay daughters having multiple isotopes with different
half-lives arising from four different decay chains also show an order of 2 (or more)
higher dose rate for a long time after faulting occurrence ,although unchanged in peak
dose rate compared to the benchmark case. A

In summary, in the first 10° years the maximum peak dose is 1.65 x 1078
m8v/yr/canister occurring at about 105,000 years, dominated by Cs-135. This is about
a factor of 2 higher than the peak dose rate for the FRHP benchmark case. A second
peak dose rate of 2 x 10~® mSv/yr/canister is calculated to occur at 6 x 10° years, and is

attributable to Th-229.

104 105 wf 107
Time after Container Failure (yrs)

Fig.5-2(1) Seismic and fauiting reference case (50m) results:

total dose (dose from a single waste package)
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(2) 10m Case

In this variant case the new fault occurs at a distance of only 10-m from the
repository (waste package) 10° years after repository closure. Fig.5-2(2) shows the
total dose rate integrated for all radionuclides.

The dose rate behavior for this variant case is the same as the FRHP benchmark case
up to the time of the faulting event at 10° years. Asa .consequence of forming a fault
pathway to the biospbere only 10-m from the repository, the dose rate curves for all
radionuclides are moved to much earlier times compared to the benchmark case
(contrast Figs.2-2(1) and 5-2(2)). The shorter far-field pathway also leads to far-less
attenuation of peak dose rates for radionuclides because of shorter transit time, hence
less radioactive decay during far-field migration. Key dose-contributing radionucliides
include Se-79, Sn-126, Cs-135, Pb-210, Ra-226, Th-229, Th-230, and Np-237. The
isotopes of radioelements with relatively large sorption coefficients on the crystalline
rock under FRHP conditions show extremely large increases in peak dose rates when the
far-field path length is shortened to 10 m. This is especially true for radioelements
with a single isotope having a relatively short half-life.

Fig.5-2(3) compare the calculated dose rates for scenarios in which a fault occurs at
50-m and at 10-m from the repository. In the 50-m case, a fault occurring 50-m from
the repository 10° year after repository closure leads to a peak dose rate of 1.65 x 1078
mSv/yr/canister that is a factor of about 2 higher than the benchmark case, arising from
Cs-135 and Th-229. For the variant case of a fault occurring at the same time but only
10 m from the repository, however, the peak dose rate is about 20 times higher than the
benchmark case. For this variant case, the key radionuclides contributing to dose

include Se-79, Sn-126, Cs-135, Pb-210, Ra-226, Th-229, Th-230, and Np-237.
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6. Uplift and Erosion Scenario

In the Japanese island arc, both uplift zones and subsidence zones occur and generally
run parallel to the elongation of the arc (e.g. Hashimoto, 1991¢).-

Since the Quaternary period, the Japanese islands have been subjected to substantial
uplift rates that average between 0.5 and 1 mm/year (Shimizu et al, 1993)®%. Most of
the variation appears to be related to topography, with higher rates in mountainous areas
(averaging 1 to 2 mm/year) and lower rates in lowland areas (averaging 0.1 to 0.5

mm/year).

6.1 Changes in Repository Boundary Conditions

A relationship has been found between Quaternary uplift rates (based on present
elevations), and denudation rates in Japan (Yoshikawa, 197449.  Ohmori, 1978/
1985(26)(_2’)). Once denudation rates reach those of uplift, steady-state conditions are
assumed to prevail.

It is assumed for this scenario that a repository would be located on the lowland area
of Japan. For these scenario calculations, constant rates of uplift are used due to the
uncertainties associated with the prediction of future uplift rates and lack of site-
specific data. Based on Quaternary and recent uplift rates for Japan, a value of 0.1(~1)
mm/year is selected. This value is a range of a representative average rate that may
apply to a wide range.

For the purpose of this case, it is assumed that a repository in crystalline rock starts at
a depth of 1000 m, whilst a repository in sedimentary rock starts at a depth of 500 m.
It is not necessary to examine_ the complete exhumation of the repository in this study.
Furthermore, when the repository is within 10 m of the surface, human intrusion (e.g.,
water extraction, resource exploration) becomes perhaps a more credible scenario to be
considered.

Uplift and erosion will eventually cause the repository to rise up into a near-surface
zone of dilute, oxidizing waters (Langmuir, 1997)%. The depth at which such waters
may reach the near-field is uncertain, because this will depend on fluctuating local

hydraulic conditions.
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6.2 Calculation Case

6.2.1 Preliminary Study
(1) Reference and Variant Cases
The conceptual model for uplift and erosion is shown in Fig.6-1.

UPLIFT AND PARTIAL EROSION

pRETEL I T
He Eﬁ:ﬁﬁ%gi?:.{_ﬁ. o

il

bl

Schematic diagram of reference and variant cases for uplift and

source : MRI, 199812

Fig.6-1

erosion scenario

(1-1) Variant Case U,
Variant case U, is identical to the reference case U, (MRI,1998)*”, except that a

100-fold increase in rock permeability (hence, a cumulative 1000-fold increase in Darcy

flow rate) is considered.

(1-2) Variant Case U,
This variant case is also identical to the reference case Uy, but the timing of intrusion

of oxic waters is at 100,000 years after repository closure. This might correspond to a

much greater depth of penetration of oxic water compared to the first two cases.
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(2) Calculation Results on Variant Cases
The preliminary calculation results on variant cases U; and U, are presented in

Appendix B of this main report.

6.2.2 Calculation Case for MESHNOTE-TIGER Code
Based on the above reéults and discussions with JNC, the re-calculation case for the
uplift and erosion scénario includes the following assumptions and constraints:

+ A HLW repository is assumed to be located at an initial depth of 1000-m depth
for crystalline rock with FRHP groundwater.

- The net uplift rate (erosion rate .equal to uplift rate) of 0.1 mm/year (the
repository will approach to within 100 meters of the surface.at 9x 106-years and
will reach the surface at 107 years).

* When the repository is ascending the last 100-m towards the surface, the release
pathway is vertical toward the surface rather than horizontal to a 100-m distant
fault zone (the same “biosphere” is assumed for discharge, however).

» Dilute, oxic meteoric watef (FOHP) can penetrate in 2 localized manner along
fracture zones to a uniform depth of about 10-m below the surface (e.g.,
Langmuir, 1997!%); Nagra, 1990@%),

* During the last 100-m of uplift to the surface, the outer 10-m portion of the far-

- field rock furthest away from EBS will become oxidized (FOHP conditions).
Successive 10-m portion of far-field rock become oxidizing as a consequence. of
continued uplift and erosion.

* When the repository is within 10 meters of the surface, calculations are
terminated because inadvertent human intrusion becomes a more credible release
scenario for consideration.

Based on the above discussions, changes in parameters due to this scenario are set as

suinmarized in Table 6-1.
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Table 6-1 Summary table for re-defined case for uplift and erosion scenario

Reference Case (a=0.1) *!

AQg NC
Initiation Time for Change
Type of Change
Rate of Change
A Chemistry FRHP — FOHP
Initiation Time for Change (9/a) X 10° yrs
Type of Change Permanent change

progressively toward EBS
at the rate of a mm/yr until

(9.9/a) X 10°yrs

Rate of Change Instantaneous
ADp NC**
Initiation Time for Change
Type of Change
Rate of Change
Buffer NC
Initiation Time for Change
Type of Change
Rate of Change
Far-field Path Length Gradually reduced to 10 m
due to erosion
Initiation Time for Change (9/a) X 10° yrs
Type of Change Permanent change

progressively toward EBS

at the rate of a mm/yr until
(9.9/a) X 10° yrs

Rate of Change Instantaneous

BC = Benchmark case values.

A Qg = Change in flow réte in intact rock.

A Chemistry = Change in chemistry of groundwater.

AD, = Change in pore difﬁlsion coefficient of buffer.

NC = No change from benchmark case value.

*1 "Uplift rate (=erosion rate) 1mm/y (that is, a=1)" is defined as a variant case.

*2 D,(Se) = BCx0.17; D,(Cs) = BCxﬁ; D,(Tc¢) = BCx0.17; Dy(Np) = BCx0.1;
D,(U) = BCx0.065 for FOHP conditions stérting at (9/a) X 10° years. All other

radioelement D, values are unchanged from BC.
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6.3 Calculation Results

(1) Uplift Rate (= Erosion Rate) 0.1lmm/y Case

Fig.6-2(1) shows the total dose rate curve integrated over all radionuclides. The
dose rate curves are identical to those for the FRHP benchmark case up to 9 x 106 years,
as expected.

Note that after 9 x 10° years, the inventories of some radionuclides have decayed to
insignificance (e.g., Se-79, Tc-99), while other radionuclides have migrated out of the
repository {e.g., Cs-135). The dominate contributors to dose can be expected to be
parent actinides (e.g., Np-237, U-233, Th-229) and actinide decay-daughters (e.g., Pa-
231, Ra-226).

For certain redox-sensitive radioelements (U, Np, Pu), the progressive advancement
of an oxidizing zone through the far-field rock leads to a lower sorption coefficient on
crystalline rock (INC,1998)1, Thus, when the near-surface oxidizing front initially
encroaches upon the 100-m far-field path length, there is an immediate increase in
release rates of U, Np, and Pu radionuclides (see Fig.6-2(1)). This reflects rapid
initial release of sorbed U, Np and Pu nuclides from the outer, oxidized 10-m .portion of
the far-field rock. A related consequence of initial rapid de-sorption and release of
these redox-sensitive parent nuclides is that the dose rates for redox-insensitive
daughter nuclides (e.g., Pb-210, Ra-226, Th-229, Th-230) initially decrease as the
oxidizing zone impinges upon the far field.

The second impact of uplift and erosion is that the far-field path length slowly
decreases at a rate equal to the uplift rate of 0.1 mm/yr. This slow shortening of the
far-field path 1éngth causes a general increase in the dose rate curves for radiohuclides
over time (see Fig.6-2(1)). This increasing frend is modified by a number of factors
such as half-life, the dose-rate trends of parent nuclides, and the relative sorption
behavior of parent and daughter nuclides.

Overall, the uplift and erosion scenario leads to a maximum peak dose of about 2 x
10°® mSv/yr/canister, occurring at 9.9 x 10° years and dominated by Np-237, Th-229,
and U-233. This is about a factor of 3 higher than the peak dose of the benchmark case

for the equivalent period.
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(2) Uplift Rate (= Erosion Rate) 1mm/y Case

Fig.6-2(2) shows the total dose rate curve calculated for the case of uplift rate (=
erosion rate) 1mm/y as a conservative case’.

The dose-rates for all ;‘adionuclides are identical to the benchmark case up to 900,000
years, as expected, with Se-79 and Cs-135 being the dominant contributor to dose.

After 900,000 years, the dose-rates for Np-237 and Te-99 increase significantly,
becoming the dominant contributors to dose. This is initially attributable to the much
lower sorption of these radioelements by the rock under oxidizing (FOHP) conditions.
The sorption' of Pu, U, and Se by the rock also decreases significantly under FOHP
conditions, leading to noticeable increases in their dose rates. Indeed, the sorption by
the rock of Np and U is so much lower than Th (which is redox insensitive), that the
dose contributions of Np-237 and U-233 actually exceed that of Th-229, which is the
inverse of the benchmark case.

The impact of having progressively more. of the far-field rock under higher flow,
oxidizing conditions is that the dose rate curves for all radionuclides move to earlier
times than for the benchmark case. The effecﬁveness of the far field to delay
radionuclide transport is progressively compromised as the répository rises to the
surface, leading to effectively "shorter” and “faster” pathways from the repository to
the biosphere. Thus, the peak dose rates, dominated byTc-99 and Np-237, become
increasingly larger. _

At 10% years, the EBS become oxidizing. At this timestep, the impacts of oxidizing
cbnditions on buffer sorption and radioelement solubilities becomes apparent. There is a
100-fold increase in the dose rate for .Np-2.37 at this time, driven by a much higher
solubility and lower buffer sorption under FOHP conditions. There is an even greater
increase in U-233 because of similar changes in solubility and buffer sorption in FOHP

groundwater. The dose curve for Th-229, a decay daughter from Np-237 and U-233 also

* * This is the case (with no use of the time-weighted average method and with assuming EBS is also
oxidized) where AQy also changes to "BC X 5" according to the same pattern as Achemistry in

Table 6-1.
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increases, but remains below that of its precursors because of its higher sorption
coefficient on rock and buffer under oxidizing conditions.

Other actinide decay chains involving U isotopes and their daughters also show a
pronounced increase in peak dose at this interval. This is because of the pronounced
increase in U solubility and decrease in U sorption by buffer as the EBS becomes
oxidizing.

Under oxidizing FOHP conditions, the solubility for Tc also increases signiﬁcanﬂy
and the buffer sorption decreases. The dose curve for Tc-99 does shows a spike at this
last interval, but not as significant an increase as for Np-237 and daughters. The reason
for this is that the Tc-99 inventory is essentially  depleted at this time, through a
combination of radioactive decay and earlier release. The EBS is essentially an “empty
house” for Tc-99 at this time.

Overall, this variant case leads to a maximum peak dose of about 2x107°
mSv/yr/canister, occurring at 1.01x10° years (dominated by Np-237, U-233, Th-229 and
~Tc-99 release). This is about three orders of magnitude higher than the peak dose of the

benchmark case for the equivalent period.
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7. Climate/Combined Scenario

The most assured “natural-phenomena” scenario for a HLW repository site located
anywhere in Japan is that of future climate change. Determination of changes in
boundary conditions arising from climate change over the next several million years can
be guided by these remarkably regular and periodic changes in past climate, even

though exact mechanisms for climate change are still debated.

7.1 Changes in Repository Boundary Conditions

The past 3 million years of geological time encompass the Quaternary, which is
characterized by alternating glacial and interglacial periods. These cycles are
characterized by a 90,000 year glacial period of increasing severity, followed abruptly
by an interglacial period of about 10,000 years duration. The present interglacial period
(the last 11,000 years) is called the Holocene.

Global climate cycles may affect the performance of a HLW repository in a number of
ways:

direct formation of glaciers, with possible attendant changes in mechanical
and hydrological boundary conditions at the land surface glaciers (King-
Clayton et al., 1997)(2),
eustatic sea level changes that may raise or lower present day sea level,

- change in temperature, with resulting permafrost formation (McEwen and
deMarsily,1991)3%, and

» changes in annual precipitation (hence recharge) rates.

Unless a HL'W repository in Japan were to be located in or at the border of highlands
or mountains, the associated impacts on a repository arising from mountain-style
glaciation can be readily dismissed.

Furthermore, for a repository situated at great depth (= 500 meters), the remaining
impacts are certainly mitigated and delayed, and may even be obviated.

Therefore, impacfs arising from climate change are most likely to be of consequence
only if a climate change scenario is combined with an erosion and uplift scenario.
This combination of likely or inevitable natural phenomena has been termed “Central
Scenario” in other repository programs (SKI, 1996)G%,

One impact on repository performance from the combination of uplift/erosion with

climate change is cyclic changes in near-field groundwater arising from sub-surface
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migration of a sea-water/ fresh-water mixing layer, driven by changes in sea level
(Glover, 1964¢"); Domenico and Schwartz, 1998®)). Sea levels are currently at their
maximum historical values. Future return to glacial conditions should cause | a
corresponding drop in seaz levels, and migration of the mixing layer seaward. Thus,
this impact of cyclic migration of a saline/fresh water mixing layer across a repository
can only be expected if a proposed repository is placed at a coastal site with low relief
and the present-day groundwaters at the repository depth are saline.

The depth of the saline-fresh water interface is a function of several site-specific
parameters, including hydraulic conductivity of the rock, the rate of fresh water
discharge per unit length of coastline, the thickness of the geological formation
(Domenico and Schwartz, 1998)®. For the illustrative purposes of this scenario study,

a value of 500-m depth for a saline-fresh interface is selected as representative.
7.2 Calculation Case
7.2.1 Preliminary Study

(1) Reference and Variant Cases

Fig.7-1 shows a schematic diagram of possible consequences arising from climate change.

CLIMATE CHANGE —n

Fig.7-1 Schematic diagram of reference case for climate change scenario

source : MRI, 199802
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If climate change were combined with other scenario events (notably uplift and

erosion), then a greater perturbation on the near-field might be anticipated.

(2) Calculation Results on Variant Cases

Variant cases of climate change scenario, compared to reference case C, discussed
previously(MRI,1998?%), should be considered as potentially inevitable natural
phenomenon to be combined with any other scenarios. Therefore, calculation results

were described later as base case of combined scenario.

7.2.2 Calculation Case for MESHNOTE-TIGER Code

The impacts in climate change scenario are to be added to the impacts attributable to
uplift and erosion (discussed in chapter 6) for a combined scenario. Therefore, based
on the discussions with JNC, the calculation case for the combined scenario considers
the following:

+ The initial repository is located at a low-relief coastal site in crystalline rock at
a depth of 1000 meters.

» The initial repository groundwater is SRHP (saline water).

= The repository is assumed to experience a uniform, net uplift rate (uplift rate
equal to erosion rate) of 0.1 mm/yr.

A relatively sharp saline-fresh water interface exists at depth, with the fresh
water overlying the saline water.

« The fluctuating position of this interface is at 400 meters below the surface
during inter-glacial (high sea level) periods and at 500 meters during glacial
maxima as sea level drops and the fresh water wedge from the land migrates
seaward.

> The saline and fresh water interface will migrate across the repository driven by
changes in sea level change once the repository has been uplifted to a depth of 500
meters below the ground surface. Migration of the interface across the
repository will stop once the repository has been uplifted to less than 400 meters

below the surface.

- It is assumed that the permeability of the host is sufficient to assure that the
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migrating interface follows the rate of sea level change with no hysteresis
(deMarsily, 1990) and that the pore water of the buffer changes salinity on a
time scéle of less than 10,000 years in response to changes in salinity of the
host rock (Wanner, 1987)%9,
The duration of each climate cycle is 100,000 years, with a 90,000-year glacial
maximum followed by a 10,000-year intef-glacial period followed by the next
cycle.

Based on the above results, changes in parameters for this case are summarized in

Table 7-1.

7.3 Calculation Results

Fig.7-2(2) presents the total dose curve for all radionuclides for the combined
scenario. Note that the dose rate curves for the combined scenario are identical to the
SRHP benchmark case up to 5 x 10° years, as expected.

The cyclic climatic impacts of the migrating saline-fresh water interface initiated at 5
-x 10° years. At this time, Ra is the only radioelement still present in the repository
system whose sorption and solubility are sensitive to changes in salinity. Ra is both
less strongly sorbed on crystalline rock and has a higher solubility under SRHP
conditions compared to FRHP conditions (JNC,1998)'". = Together, these changes lead
to dose rates for Ra-226 during SRHP conditions that are about one order of magnitude
higher than for FRHP conditions (see top in Fig.7-2(1)).' The cyclic changes in dose
rate for Ra-226 continues until 6 x 10° years, at which point the repository is assumed to
have been uplift above the zone of the fluctuating saline-fresh water interface. Note
that the sorption and solubility of Cs and Se are impacted by changes in salinity, but
Cs-135 and Se-79 are no longer present within the repository system at‘ 5 x 10° years
(see log-time plot of Fig.7-2(2)). '

After 6 x 10 years, the dose rate curves follow the tend for the FRHP benchmark case
up to 9 x 10° years. At this point, dose rate curves follow those of the uplift and
erosion reference case, as expected.

Overall, the combined scenario displays a peak dose rate of 3 x 10 mSv/yr/canister
during the first 10° years, identical to that for the SRHP benchmark case. After 10°

years, the peak dose rate is 2x10-*mSv/yr/canister, identical to that for the reference

case for uplift and erosion.
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Table 7-1 Summary tabie for calculation case for combined scenario

Calculation Case

AQg

NC

Initiation Time for Change

Type of Change

Rate of Change

A Chemistry

SRHF <> FRHP — FOHP

Initiation Time for Change

5X 108 yrs until 6 X 10° yrs; then
change to FOHP at 9 X 10%yrs

Type of Change

Cyclic*; then permanent change
to FOHP progressively toward EBS
at 0.1 mm/yr until 9.9 X 10° yrs

Rate of Change Instantaneous
ADy SRHP <> FRHP
Initiation Time for Change 5 X 10° yrs until 6 X 10° yrs
Type of Change Cyclic*
Rate of Change Instantaneous
Buffer SRHP <> FRHP
Initiation Time for Change 5 X 10° yrs until 6 X 10° yrs
Type of Change Cyclic*
Rate of Change Instantaneous

Far-field Path Length

Gradually reduced to 10 m due to
erosion

Initiation Time for Change

9 X 10%yrs

Type of Change

Permanent change progressively
toward EBS at 0.1 mm/yr until 9.9
X 10° yrs )

Rate of Change

Instantaneous

BC = Benchmark case values.

A Qg = Change in flow rate in

intact rock.

A Chemistry = Change in chemistry of groundwater.

ADj = Change in pore diffusion coefficient of buffer.

NC = No change from benchmark case value.:

r SRHP on
FRHP on
SRHP on
FRHP on
SRHP on

=
(=
1]
e
=

*Cyclic = <
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[5%10%,5.01 X 10°)
[5.01 X 105, 5.09 X 10°)
[5.09X10%, 5.1 X 10%)
[5.1X 105, 5.19 X 10%)
[5.19X 108, 5.2 X 10%)

\ then repeat on a 10° year cycle until 6 X 10 yrs.
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8. Human Intrusion Scenario
The human intrusion scenario is here defined as unintentional drilling of a water-
gxtraction well near a HLW geological repository. The well can either be a:
Direct Intrusion. The well is assumed to directly intrude through the near-field
of a repository and the engineered barrier system (EBS) , or
Indirect Intrusion. The well is assumed to intrude at location nearby the
repository.

The assumption of an indirect intrusion is made in this study.

8.1 Changes in Repository Boundary Conditions

For an indirect intrusion, the water-extraction well is envisioned to be located 10-m
away from the EBS at the edge of the near-field rock. Near-field FEPs that might be
directly affected include:

« hydrology in near-field rock, arising from both structural properties of near-field
rock (permanent increase in rock permeability from hydro-fracturing) and
temporary high hydraulic gradient

*+ chemistry of the near-field pore waters, arising from temporary up-coning of a
saline interface lying below the repository (see section 3.2.2 in MRI,1998(22))
physicochemical properties of the buffer, arising from both temporary changes in
salinity and permanent changes in permeability of near-field rock and the EDZ.

Compared to other scenarios, the human intrusion scenario closely approacheé an
instantaneous change in near-field properties. Note that possible extraction of
radionuclide-bearing waters directly into the well and impacts on both the worker and

the surface by drilling are not considered in this scenario.

8.2 Reference and Variant Cases

Fig.8-1 presents the conceptual model for near-field impacts arising from a water

extraction well scenario, where the reference case and variant cases are also shown.
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Fig.8-1 Schematic diagram of reference case and variant cases

for human intrusion scenario source : MRI,1998G%

(1) Variant Case H;
This variant case H, is essentially the same as reference case H, (MRI,1998)%?, with
the exception that the drilling intrusion is assumed to occur 2000 years in the future

(1000 years after the assumed loss of containment).

(2) Variant Case H,
Variant case H, is the same as the reference case Hy, except that a less-severe 100-
fold increase in rock permeability (hence, flow rate in the near-field rock) is considered

likely from hydro-fracturing.

8.3 Caiculation Resulis on Variant Cases

The calculation results on variant cases H, and H, are presented gn Appendix D in this
main report. The analysis using MESHNOTE-TIGER code for this scenario has not
been made since this scenario may be combined with uplift and erosion scenario as

another combined scenario (or supplementary scenario).
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9. Summary -

9.1  Results Except for Dike Entrus'i'on Case

Fig.9—l plots t.he total dose rate curves for all of the natural phenomena scenarios
(except for volcanism variant case with dike intrusion) calculated using MESHNOTE-
TIGER code in this study. It is necessary to place these results into an overall context
as follows:

(D Note that the peak dose rates for all natural phenomena scenarios assuming FRHP
groundwater are less than a factor of 3 higher than the peak dose rate for the
time-~invariant SRHP benchmark case. Thus, performance impacts- from the
calculation cases for natural phen;)mena scenarios, as défiﬂed hér;a, are within a
similar order of magnitude as impacts attributable to siting a repository in saline
as opposed to fresh water. Unless it is proposed that high saiinity should be
adopted as a site “exclusion” criterion, it would be premature to be overly
concerned With the order-of-magnitude changes in dose rates arising from these
calculation cases for natural event scenarios.

@ The most extreme impact arises from assumed formation of a new, major water-
bearing fracture 10 meters from the edge of the repository. In a sense, this
extreme scenario indicates the expected performance of a HLW repository in
Japan that would occur if safe isolation was placed solely on the EBS. This is
similar to the “robust™ scenario case examined by Nagra in their Kristallin-I
study (Nagra, 1994)24), '

@ The results point out the great importance of chemical and transport data for
relatively few radionuclides (Se-79, Cs-135, Zr-93, Np-237 and its daughters).
Future studies focused on understanding the chemical behavior of these species
under expected repository conditions would be well justified.

@ These scenario results should be contrasted with parallel INC calculations that
explore the sensitivity of data uncertainty on the benchmark case. Significant
differences in solubility data (e.g., Vuorinen et al., 1998)®*® and sorption data

(Stenhouse and Pottinger, 1995¢%9; McKinley and Scholtis, 1993¢%) occur
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between reference data from various national repository programs. Such
‘uncertainties may have a much more significant impact on calculatgd dose rates
than do these natural phenomena scenario calculation cases. Likewise
conceptual mo_del uncertainty also could engender much larger changes in
calculated dose rates than the changes observed for ;chese natural-event scenarios.
® Additional variant cases must be considered to more fully establish the
robustness of repository performance for natural phenomena scenarios. For
example, higher rates of uplift could be considered, in which impacts of the
repository rising to the surface occur well before 9 x 106 years should be
evaluated. Variants that consider adverse impacts on the buffer, particularly

enhanced buffer extrusion or erosion are needed.

9.2 Resuits on Dike Intrusion Case

In conclusion from a discussion in previous year (and this year), the iinpacts of dike
intrusion can be expected to be detrimental to the performance of a deep repository. In
particular, the high temperature of the magma may initiate a series of consecutive and '
completely coupled events. - The calculation resuits shows that about 100-fold increase
in peak dose rate compared to the .benchmark case would occur because of the
proportionality of peak dose rate to increase in flow rate driven by the pulse in pore
pressure that persists for one year resulting from quickly quenching (solidification) of
magma in a single dike intrusion discussed here. Since this result depends on the
factors such as a duration (timing and length of time) of the dike intrusion, it is
- desirable to make a more detailed analysis oﬁ these uncertain factors by using T-H-M-C
calculation code (Apted et al., to appear)® in examining the range of credible dike

intrusion scenarios.
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10. Concluding Remarks

The tasks performed this year are listed up as follows :

(1) For seismicity and faulting, uplift and erosion, climate change and human

intrusion scenarios

@
@
®

discussion and study on some patterns of consequences as variant cases
setting for each variant case and its analysis framework

consequence analysis by using the above analysis framework

(2) For a scenario combined by some natural events of volcanism, seismicity and

faulting, uplift and erosion, and climate change

@
@
&)

discussion and study on which combined scenario is more important
setting for a combined scenario and its analysis framework

preliminary consequence analysis by using the above analysis framework

The next subjects will be

@

@

making consequence analysis on nuclide migration in variant cases, and/or
(supplementary)combined scenarios of the above scenarios

making discussion and analysis on another scenario(such as deficiencies of
EBS)

making construction and analysis on coupled process modeling (such as

improved TOUGH2 code)
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