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The following study was done with the aim of systemizing the technology on the investigation and
analysis of deep underground geological environment in relation to the radioactive waste disposal.

(1) The study on the research and development (R&D) subjects which turned to the practical

investigation and analysis of deep underground geological environment.

(2) The study on the advanced technical basis of the investigation and analysis of deep

underground geological environment.

It continued in the former year and got the following results.

Concerning (1), the concrete investigation, measurements, numerical analyses and chemical
analyses were enforced about the following items and extracted some subjects with the viewpoint of
radioactive waste disposal. More over, the way to make the co-operative program among each field of the
following D, @ and @ were discussed.

(D The subjects extracted with the viewpoint of the repository design and engineering technology.
@ The subject extracted with the viewpoint of the safety assessment.
(@ The subjects extracted with the viewpoint of the geological environment.

The joint research subjects among each field of D, @), @ were also discussed.

Concerning (2), the evaluation of the results and a way to the practical use were discussed on the
R&D activities. The R&D activities of the study group concerning (2) are related to the fundamental and
elemental technology. It was discussed if these results could be taken into the practical investigation
programs which characterize the geological environment and engineering technology in the Tono
Geoscience Center, the Japan Atomic Energy Agency (JAEA).

The Study group also discussed and gave the comment on the 2nd stage (the shaft construction
stage) of the MIU (Mizunami Underground Research Laboratory) research program in the JAEA.

Keywords: Deep Underground, Geological Environment, Geological Disposal, Underground Research
Laboratory, Safety Assessment
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M1 = mudstone, S1 = sandstone,
CG1 = conglomerate,
(G2 = coarse sandstone,

FS1 = sandstone, and FS1 = sandstone.

(2) AENFA—BDEFHEHBAEI - VT HEDER

H10 FHHR b 3mHi i ds i) DIk, OF 7, AE /NT A —Z OFHIFERZ X 1. 1. 1812777,
I OBMRE, TOIT o T E A O ZHhHEAERERIC 1T D A /3T A —X OX@E) % 5F 2 Tt L
720

FT, 7T EHIAIRHIIT AE OFREITRONT, 1 XUTHREIBRIC 2o TRA LI 5, =
DEIGINTREF LD D HOD, OTHRIUTEA LR, 2T, 3 FHRHIRHIC
DT CIE AE FEAEFOHENN, &K AE O EE, miEOIK T & W TS IR 2RI AE /3T X —4
DEALDHEGRTE D73, EERO TEVSHDEF L TWDDR0ND, 40T, 5 FHEH
BRI AE ARSI — 2 230z, BRSO LUV %, miEIHEO UL R LT D,
TIUTEBRICD D DIE 1IN B — 7 L, BEEOERITHDLZ EER L TND, £22DZ
EIFOTHENZPUIER L TWD Z Db bnnd, 6 XUTF, T XUTHRHIERIC/2 5 L, AR
FEAEDOIH, EEE AE O, mEASIRZEMN (KRBIR) 7o 0O EEEICE 7= O
EEBZDIND, EOROIHIZBNTULIROT BN —ED LIV EHERF L TND 2 b T
DO DEME DRBENIEAE LT Z E3bdnd, LLEDZ LD, AE DF/3T A —& OB A
DISHIALENEE R L ZTND Z EWHED D BT,
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1.1.2.6 FPRIAERIRHAZESRZE % AU - RIEEIAZT
(1) FEAFTOE

BRRIRIZ K DEBIMAEESE: OEM) % W28 AOBRIEN] > R 2 L— 3 V&7, XU T
TEHI DA BBE T DI TIRIESCBA DR AR AR U, F TSR A FHIRE R & b5 =
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Lizv R ab—va Va7V, Bt EREOSEYE L 2L, Zhbn—
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YRR D IR 2 ET D,

@ IS TR ORI AE DO RRIMER AR T 579, K 1. 119 OEITRT 7 e — 3 LE
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(ZHH 9~ 28000 2 A LT,
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stress-specified boundary

21m

150m 26m
®1.1.19 4Aa—NILETFILEEYEZ—FETIL

(2) BIHERPIUGHAER & DR

ZUDIZ, B Z—FF M L AMTHERICOWT, K 1.1.2012 (a) E B IO b) #uh
BADST  PEIEEIE = LR, 91 _UF, 2 ST SIS T OBER U
ISTIDOERB LG, IEIEPFEERIC IO TV INBERID A LEhd 5, T OB CIEBIEIIC X
HRAVEBL TN D, 3 RUTFIBIRHCIIISIET B L O NBZDR A ORI IERT 5, 4
RUTHRAIBRAIZ 70 B & ISP > DB IALE A E AT LIRS,  EAUTEES TRV
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BN LV ERER T L RAET D L OB, OB AT A INBZI I OB RE DI R
LTHY, SR Z TONEE AR S o2 b Z L bbb, 3K 5 XUFHE
HIRH Z T SR R REI L & DITERIRIR A~ AT L, BEmEEHIZIB\W TS IAME T L7ziEsk (W
DA DB SV TCND, £z, AEERIZIA - CHEAHIELD R & 7oy MBI
AL, BRPERL TOETIMEZ LN TN D, 6 XTI T B ChdsEm I c 1) H Rz
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DDHN, TORBIINS 72 b0 THD, MHTICE 0 LILED X 9 72t Ol NERR X OV
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WIZ, FNTREROZL M EMHERT 5, FTRADRIUI DN TIE, HI0 FHIBUIIBWTHRT &
—T LEICE DB SRR D B (K 1.1.21) ST 5, BHEERTIE, 3~
FHRH IO BT TREFTED R TH Y, 6 N FHRYIEBFSI /2 % & BRI A DTN K
SE L b, BEEIEORZNE HIZBIO LTWAR, e (X1.1.20) Aoh e B —%
L7z @ 2R LTS 2 ENbND, 7080 L TE, HI0 3R b 3Sm#tuic i 228k
5 (M1.1.22), KFUTIFATRESEE (FEM) 2 W e O T 2R OFE R o T
TR L ThH D, FRERERD &, 3 NUTHEIRHIISEF N E—2 2% 7%, HEHIOET
(P TIRA IR T LTS, TR RO 5 5 FEM OEATE, I HZLOMEAIFIEZ T D H D
D, B— T KD L2 ORI L UMK PR 172 EDNERHFER & 00> Tinvd, — 7,
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BRI, 45 AR 78T A —X OEREIRICIE SN T, FRANC X 0 550072 AR 3T A — X OxE)
EFRATIC K D S ORI T 53T A—2 oZaEh L 2l L (K 1. 1.23), IS8 k%
SEXTELEZToT, £7 (@) O AEBAERE N ORI, MR DR
(RS T AE BT D &V D EHERZRED Y 135 5720, Wi & bInIERICE-THINL, i
BB DOISINE T > TR T 5 &V S a0 Hiiz, IRIC (b) OISR & 2RIz o
T, ISSIDERT 5 B CLERRREIO0P T D CEMEANEEEIC /2 D) T2, HiJE AE 23 sk
T DL DT DD, EESIEEICE D & 2SRRI D720, B AR 2SR S, fEERAIC
EHER AN T2 LW O BIRAVRE T2, £ (0) Omifl &y MAZLODFARER 1 ElZDu
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1.1.2.7 ERONFE—KBZMEREHCER LI-FHEFEDOEE

Mg I HEKRZIT 9 &, FKIC K DA KL O T K DRIBUEZARIC X o THUNMIE
W CEMPIE TH D Biot € ?) BRATHEEBMON TN, HEGEFICHSWTIE,
ZOBGEFAL CIFREOMEEZHET 2R AN RINTWDS (K 1.1.24), T72bb,
Z OWUINERIR OFEANLTE A R ICBLIN T2 2 & T, BEICRIT 5 EB L 7B AR O
i« IBIRB L O OB KUEEZHET 2D TH D,

1.1.24 GEKHEREFICEH T 5B/ MNERDREE

ARFGETIE, ZOBEMIZ Z>THOND T —FITK LT, 1.1.3.6 T2 MDS A A
—V U FREERHENT S5 LTk o T, ERITHIT & 72 S KRR I O K BRI D HEE
DIHRHT, YA AT — Wb Dl OKBME#ETT L E#BET D FIEEZ AR T
HZEEEMNET D,

(1) FEKICEK BEARDEN & FBREILBURE

BiotBFmix, ZILEBREZERT D7 L—LH00 (B# : skeletond Kidhd) &, %
DD ZER 2 Z N ZENR DI D EARE LT, TNODOEDEHEEHLHAL L5 &
TLHLLDTHD, T7b6, ffl LI a8z 2RI, WM o 8IS C
TAEAMERRL T & BUKOZEEN N A2 0, S L RERENET 5299 ZOBGHICHES
&, SilinBV0E, AT D EKGBRRRC IR SR AT D A T = X A E SRR T
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BAGE > DENZuk 35 &, NewtonDIEENERNZ L > TRANESLND,
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(1.1.1)

p,  BHILEBEOLKEE, p,  REOEE, p : RIKEH, 5 BIEM

—J5, Darcy WIEA N, BBEERL K WIKOWEL b5 &, HEEHREDOE KA
[BA/RVASN
Lo _KP_, KOU (1.1.2)
o pex Uryar
SO x, EREID DR L B OERELE KR TET 2 L RTE B,

6[p W”+¢0fau)

i __ 0 (1.1.3)
ot Ox
Qg:—é{p@q (1. 1. 4)
ot Oox ot

¢ MIBE p  BROBE. p,  KAOHE

X (1. 13RI DR DIEMNR E TR OIELRE F, 2 I TERT L &b, BuhNEZE
W95 &, RAERD,

¢

(1.1.5)

ap _
el ot o oxot

— 7, BROEE LR OEEDORER p=(1-9)p, 2 (1.1.4) IZRALT, fUhEEZE
9oL, RA&2HED,
5¢

+(1- ¢)——=—( - (1.1.6)

Z 2T, R OEMEIL, ISNBXOWMEREOZR{LEIC L VR TRI N,

1
—dp, = p,do, +p, dp (I.1.7)
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ﬂgs  FIFDEHESE, IBgf CRRDEfEE
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b, XA LHOIWRATEE, KAEES,
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L+ (- gy Do | 2
p | oxot
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*7, /J‘fiq*ﬁ@%%&(ﬁ?ﬁﬁwﬁ@%%fgﬁﬁéJﬁEr X, WRIRD Darcy WE LR OFH
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OBENH D DT, ZOX AR (1 1. 10)ITIRA LT t 1Tk L THES T2 EREANRELND,

(I.1.11)

6_p__ 1 82u_ 1 &*w
ox B, ox’ 9B, o’

R LIDERM 112 2L 1D 2R LA T A L, BRI ELN D,

(1.1.12)
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pb6u+pf3w 1, Ljou, 100 (1.1.13)
or? o’ \ B e, Jox* 4B, ox
2 2 2 2
o‘u now 1 0wu 1 o°w_ndo (1.1.14)
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ZC, BHROSHEIZK L TEOENMIIM/NCh S 720, (1. 1.1) A 1.2) 1Tk
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faﬁ:lgﬁ (1.1.15)
ox p ox
W=—5@1 (1.1.16)
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S p_xdp
MZ m~& P

Z OHERITKERBEOMTIC L < Ao s EAEE R TH D 97, LT,
Biot P EGR 2PV KA, HAKIZE T 2 5 OMUNENL & 2R A L7 RENE, MBRITEO
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ENEIZE ST, ABRICBT 2B LEKREEHET I ENRETHDL EEZ DN
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(1. 1.18)

(2) Triggering front &/KEEYLEER

HEAREBRIC L > T, ABOSHT CHM/INEE AT 203, 2 OFRAFEBITRHE &b
IZHER LTV, OO EE T Triggering Front & FEIAL, fU/NERRE DORF 22 [ 45
iz, TITIE, IO Triggering Front DORFHEIAYZRZEAL & /KBAYEHER & OBIEMEIC >
WTIRR %,

Biot AR 2P VT Lo T, WEBHRIZ I 1T 5 BIBKE p OEIEA (L 1. 19) 12 & » TR
b,

P_9\p 9, (1.1.19)
or ox,| "ox

D, : KEIHEOT U VILES, X, EKEA—HUMNEERER AAOERAY ML

q

KB O OE, = ORI M Biot I RV P ) It L, AT %
LT %, BESFHEAROEAICE, WD X H iz s,

f?=DM> (1. 1. 20)

ot
A (1. 1.20) 1%, KEEILECRDNEAKIENTHEAFETH 2 £ &2 - L TWb, Shapiro? &%
Triggering Front 2 a DEKE L TIRET S Z L1k v (20) 2fEx, kA &5,

a @
= cor 2 — 1) (r — —_— 1.1.21
p(r.t)= pe . exp{(z )r—a) ZD} ( )

rEKENSHMUMEERBAME S OER o - AEE
Shapiro® H1%, EEEASHEDO S &TH (1.1.21) 2L L, KD BSUNHER T4
F CORFZE FREE & KEEVEECR & OBSEME A2 B,

r =A4nDt (1.1.22)
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X, 7AV DT 2y =N OHE T THAKRER A FH L, 1km ORIz T 3,200
B OWNHFEE 2B L, SRS 2 5l L7 B KR OFE A2 iR L7z, Evan & WX
ﬂ;%mmﬁﬁfﬁbmkmfmwﬁﬁﬁ_,Eémm,%5wm@ﬁl_bt5Mﬁm
[ DU INEE A B L, 7 DO BE KR OER - R A HEE LT,

—7J7, Snoke b "WIIMUNEER DOKEITM S (SH) & P D Polarity, MK OEHHILRE
EORIOIBIFILRIZHES X, KEMEIZ L > THAELZBHOEM EBERZEFE LT,
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Mg b. (0 ZFWT, BB KELBRFEMEO M EZED 2 ENARETH D,

4) BBE~DER
ABENICIBNTIE, BRPEEFET 2720, BUGERICBWTIEAISNDG 7 T U MF
D Qu(D1E, KAD X S ICHBRTEASNDMELZ BT 22L& TROBND,

QRM(t):NZ(fB(b)Ql(t|bo =b)) (1.1.77)

T, N:EAALERAET L8RP, 1,0 - E)\?Lké&#ﬁ“é%ﬂa)ﬁﬁ 53 AT Ol =37
f“l%"é%tf&)é L7edo T, BBRNICBITLF8H by ZET 272DIT1E, AL L AE
T HRAOHNESANNEL D, WEDOTD, £T®%””¢m7§\lﬁ*f&bé&ﬁiﬁﬁ?é
&, FHRLANE b W RANUC L > THEAREZREHT 52 L8 TE 2,

QRM(t) = NZ(fB(b)Ql(t | bo = bM)) (1.1.78)

KL LN ZHAWDIZHTZY, BEARE N & RENE b, NLE L 722, LUTICRZR
B PHBAEAZBSRBRIC L > TELN AL DA U EN L E T D FIEICOWTIRET
Do

SR ET 54 FCIE 8% < OFKRBRDITHOI T D, i Liuk
DT KARE %W®Kﬁ_iﬁmi%@éﬂé%®&%z%hq@m%@Kk%ﬁKﬁN
DORBBERD Lo IkdD b TWDY,

N =35.0+4.33log(K) (1.1.79)
Fo, VWOFUVRBRICBWTHE LY —OIERINRN T A ERET AL, VOA L ME L &F
RERH K DBIFRIE, (1. 1.59) DBRTRD D Z L RA[RETH D,

Lu L (1. 1. 80)

" 1200007HL 7
Pk, &(1.1.79), (1.1.80) kv, WA M BEAKERET S,
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—J5, BRI ONWTIE, —RICRHEOE KR EHBEND O, F VT ERERE L
T RHOFE KR 3 FHNHES Z RO TS, £ T, EAREEZR(L1.79),
(1. 1. 80) N HIRE LI BRAB TR 5 2 Lic kY, H—RREOFEEKMREERHL,
E DI ED 3 TN B WHE LR BZEE R 5,

B 1.1.38 1ZNA VA MEE T RBRIBEOBEKREZR LD TH D, X(1.1.78)
(1.1.79), (1.1.80) XV, FEAE @ (1) 2R, ZOKHEMELOMEE AT, BlGORNR
Al 5 ECEEREAZORKE(ER LB A2 155,

0 5 10 15 20 25 30
LT UfE

B1.1.38 LIF UiEEEHRBEORERE

1.1.3.4 BWEIATLEICEET RIS

PR LI BB VRO 242 ST 2 72018, JRALE T30 L 7= kB 5 21oxt L ¢,
AIRNTET VO %17 > 72, FEALERBRCIE, PAERE RO FE2 LR X 0 kS
TS A Z R L U CRIIEAR K OB A2 EliE Lz, RBRICBIT 1A E
£ LL5IWCRT, £, 770 MO, Bk e A > F&EFHAL, kA2 |
X w/c=4,8 THEAZIT- T,

X 1.1.39, K 1.1.401%, ZHZh w/c=4, 8 IZBW\ T, FFAUB L OEEA L — 2D
JEAE R & AT RS R A R L b O THh D, KLY, Kl fRpTRs R X I & IR
WELFHELTEY, REFTALOBEISHENRENTZbDOLEEZ BND,

®1.1.5 BIHERBREH

KAV MBS L EiEmEI% | EAX S [MPa] | RENEEKRSK [Hz)
4 EEEA 2 0.5+0.3 5
FBAUEA 4 0.5 0
8 BEEA 6 0.5+0.3 5
FREEA 7 0.5 0
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SEAE [L/min]

0 50 100 150 200 250
B¥fE [min]

X1.1.39 BERBRHBER (R) LHAFER HR) DI w/c=4

10

g

5
£ 5
=
™ B
< 4 S
ol

2 [ FM

0

0 50 100 150 200 250
EFfE [min]

X1.1.40 BERBRHBER (R) EHRFHER IR DOLLE w/c=8

1.1.3.5 #iEL S aL—> 3 vk dmEEALRRDRE
BGEREZ B LTZMFHC LY, R TRELZZ 7 U FOREMEE T VO Y%
FRAEST D Z LN TETZ, 2T, ZOETAEZRHNT, tGEITS Ule fi i AfER
EPET D HEERT, FIRITXLLTO®EY Th 5.
O BEEDON VA ALY, BEARY - EHBRIEZHET D,
QUEANRT A= LV, 7T NFREEE LT H/37 A—Z Th D BT MEL )
[ A HEREE B A D E T D,
@OFONTNRTA—FERE L2777 PREBRET VIIARAL TV Ialb—va v
ZATH LT, MEAOHOBORRE(LESD, L0 EAMEROMRED RN
e LTRD 3HODfEERD D,
[ A2 MREAE]
BIIEASNTE AV NOKRE
[EAZhE]
BN 720 OFH A v MEAR
[k P R i ]
BSMES AT E £ TR X7 HiPH
Al vIalb—Taro—fFlE LT, EAEZEE L BT, kiE/eKke A MlA



ERRLIcr — 2 &2Rd, &

KICl, 2% £ CICEEADS

2 b— g U —RIZBWT,
A ENTE D,
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1.1.6 12, ELIFEALED/NT A= ZRd, BAL R
BlAtZE T A—F L L THBEEORE AL MEARZROIZHLOEK 1. 1. 4112, EA
BHRZRDIZH D&M 1. 1. 42, FAKMELRFEFZRDTZHDOEM 1.1.43 1IR3 T, ZAbD
GaDOTHEGRLTHDL, ZNHDKED, SEOT

KA FEEH w/e=2, 4 B EETH D &V DR

F£1.1.6 3IaL—2avIcBWTEELEIEARRE
gzuE | EAFE FEAED RENE BR
[um] [MPa] [HZ]

80 B}EEA 0.5£0.3 5
BRROEA 0.5 0
B meEn|
150
2O |
] S w
,L'ﬁ 90 |
z FaEE N W
N 60 [
*
P30
s . 7 7D
8 4 2 1 08
w/ckt

1.1.41 w/cEfat A2 MEAEDERZ

—— BHEEA
- O #EEA

0.3

0.6

0.4

FEAZIE [kg/min]

0

0.2

1.1.42 w/c&EAEDE R
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0.5[Lu]
150 A EMo3u f 4 ]
O mmoaa fo
120 “1 7] 0.5[Lu]

7N 031 I
% 0.1]Lu]

o
(=]

BKERREE [m?]

(%]
(=]

8 4 2 1 0.8
w/ckt

(=]

B1.1.43 w/c&BKMERREFEDEERF

1.1.3.6 2 ORFK—ILBEKRERIZ & 2 EBOKEBHMEEEDFH L VFHEFE L T DRET

INFEFTICBRTELELOIRT I I TF v —— U U T EMEEENOHRMCEH T L7290
(20, YUEEL SO KEFFEICRE S BT KB B OB BLERAIRERD, ZD
&9 RYLE R A O KPR - REBRICIE, SEOBEMMZR 3 WotiE K ERE & G
THIENTEDL I v AR—NVEKRBEAARE Bbhb,

BIEE Cl2 7 a AR — Vi KBRS a0 & FLRE O K BRRRE D 22/ AT 2 HEE T 5 7201
WL OO FIEDIRE SN TE T, LM LARND, T T s+ K17
PERRE K LV HEEDHNEHEEL LT T A2 HOWRWIRY, 3224 72 B ks R 245
D2 EBRIES RN E WO BIESADNE SN TN D, E£, B — AT LTI,
KHBBDIRIZED U 2 KT BRESNDTD, KT/ —ZlE LW 95 Ze KA
2 B 2 HUT 7K O AT I 1 30m P AT,

IO ORBERERE X, AFRICBNTIE, 7 aAR—VEKRBRERENS, SRt
REERERGE & Z2IENE AR L <, REEZREMEOKEFHIHE £ T /L % & BRI
TOHEERTIARE LTc, £72, ZOZYMR b N ER M2 B LR K OB ERIC
Lo THGEELZ Y,

() AA=DU0F&

EEOKBEFEZ R T 2720 0BG O 9 6, FLEAKERRIT, HEEoR—Y 7
LEEETDHZLICE VA= T TOR T KOE 2 EEICBRITE 571-, K
PREFME O ZE I 72 K3 0 SO K B2y 2l e A R 3 5 DIZiE L Tl v, &R
kL LT a AR—ViEKRBRRH 5,

7 m AR—/LKRER (X 1.1.44) ([ZIZEKRALED R E S 1 ROBHILEZ W5, &
BR O U B IZ BT, HEKRFLIS K OBIFLOFLANIC IR K S T — & [FBRUKE G 2 5
L, =V 7 HNZELIDFEAKXE (pumped interval) F 7= X 8L X [H] (observation
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interval) 1231 T <, FRKMICEBWTHTEORMETHEAZITY, BHHIKHEIZHBWTK
JEDORRRFEAL 2 BLAIT 5 2 L2 L o THEAM OKIAIEEE (BRI ERE - 1E
FIKBADHEB OWIRE % T 5 EH) % i3 5, 78RBS CIRE T 2 FIEICHB VT,
BFRFLUIZIB DT HKEORFE (L EZ BT 2D LT 5,
IKEEIEECR OB E I H T2 > TlE, 7 1 AR—/ViEKRERIZ X > TEH S T2 K E DRI
{EDOFEREN S5 DD FERKEE S —7 LB L D 54 T h—T b~y F T
S, FOV YT UTRA L POFHELARYENLRD D,

O pumped interval
(source point)

@ observation interval
(observation point)

I conductive flow path

.....

! target polygon

== fluid flow

X1.1.44 4 ORXRH=—)LEKRER

7 1 AR — b g KR 0O B AR o0 B E I B A BREE S R & 7 2 BLSE o MR ) 22 ]
(geographical subspace) (ZET 5T B/ MNEERTERIND, I T, KEFHFREENR
L2 D Ko kAR ZE ] (hydraulic subspace) & WY 9 Bl oD AR A CELE S OB E %
RETHZILE2EZ2D,

LWt RERERRTEE (Multidimensional Scaling : MDS) 145 — & PICIEIET % 7 — & i
AN T 2 2 L2 BNE LT, T—2ROIFFEEL & O OIS TH 2 HERET
I B LR ICZEM L TORT — 2 DRLEZ RO L HIETH D, TROBELENRKRENIZ
ET—Z R TOMRBEN/NE 2D LW BRz T — 2 OZRREZ RO LD TH S

(Kruskal ®FFEER), 7ok, 0L X0ZHEBEO - L 24 E (configuration) & IES,

K 117 I FTEH UoKEIEBR L b LAk LK RIERE TSI TH D, ZhitEk
TCREEZBEAT 52 210k, K1.1.45 1R K 5 ZKB PR 22 B2 35 1 2 8RS 0
MEEZRDD ZLNTE D,
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x1.1.7T KEZHIEEEITII

Al A2 A3 A4 A5 A6 A7 Bl B2 B3 B4 B5 B6 B7

A2 44

A3 158 44

A4 794 417 158

A5 1096 794 417 158

A6 1514 1096 794 417 44

A7 2069 1514 1096 794 158 44

Bl 2069 1514 1514 1096 1514 2069 2069

B2 1514 1514 1096 794 1096 1514 2069 44

B3 1514 1096 575 302 575 1096 1514 158 44

B4 1096 794 302 575 302 794 1096 794 417 158

B5 15614 1096 575 302 575 1096 1514 1096 794 417 158
B6 2069 1514 1096 794 1096 1514 1514 1514 1096 794 417 44
B7 2069 2069 1514 1096 1514 1514 2069 2069 1514 1096 794 158 44

© data point

(source & observation)

----- : target polygon
i obstacle points
(equally spaced )

B1.1.45 KEZHHE

KRB PRI ZE I BV TR OE LWMEED 2 S OKIEIEBERITHE L kb, 22
T, KEPEAHEZERINICY IS EHRE L L&, ZoABRREOFICE > To,
THENIZE T 2 thiF D X 5 2EEY LS MRERE RO, £2TC, KM1.1.46 IZR-T K9
(ZBL A D HIPR AT B & KBS E O BMRIZESWT, 2 b OS2 P 22 [ 12
HEETDLIZEE2EXD, TITUTOZ EERET D,

O ZO2ODZEMICENDIMEEFICTT D Z ENTE D, MR ITORMTFN) 72 BHEEN

REE & 70 2 B HO 22 [#] (geometric hyperspace) IRV TREED FHELE 21T 9,

Q@ ZFhZhOZER TOBINRZFEALTTEDLLARORMEIL, S FHEZZM % Ly ME

e bh,

PR ERICB W TUIZATROE LD ENF— & 725 X 5 ICHLET 5,
IRELEHEZE [ 5> S MIBRAGZE M D [F]— f~ D7 R VT2 BT Z2 RIZ 35\ C 2]
HIFRBIME AR50,

CORED L LI, B—ICERE L SO B ZEM L CORBEARET D I ENTE,
KBRS ZE [ 0> D HIBRAY ZE I~ T 2 Z &3 TE 5, (X 1.1.47)

®
@
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ZEAEED T b MO fR 7 ik L U CifRBERIRE] (inverse distance weight
interpolation: IDW) 225 2 &AW TE D, ZOIEEL, HEENE E TORBEOWELD p
T (I p2 DESHWLND) X0 TET—XICEAFITT 25 (EAORME 1 &
T5) bOThDH, WHEREHHHEIEICEWNT, HAEEOME X filE Z7& ) IZRAUT LY
R D,

Z(x) :ilwiZ(xi) (1. 1.8D)

T, Z&)IEREGFEOT =2 THY, nIIGFT X0 TH D, £ wIEMRETH
v, W TEKEND,

w,=—1 (1.1.82)

BL, IME & x, LOMD2—2 U v FEHEECTH 5, WHREEH 3w Zalii 5k <
HY, HEMETERMEDPEONTWDIELEICE, B HEEE) FTOEEFELIMRD,

© data point

@ data point
(hydraulic subspace) P

{ | target polygon
" (hydraulic subspace)

.....

{ | target polygon

it obstacle points
(hydraulic subspace)

obstacle points

@ data point

_ (geographic space)
| target polygon
""" (geographic space)

1.1.46 fEIFHIHFERK 1.1.47 #EMZERICHEE SR8

HIERE)ZE N3 D REE OB E IO REKEORELBER T2 Ex 605, L
NoT, BEHOEESMKNIBNTEEDRWERIIKALZRELTND I LD, 72
B, ZMNOBEZRBTHICEL TV OPDFREREZLNDLN, HlzET A% —F
KOFRFETIEX 1. 1.48 D XL 5 fERE2E 5,

measuring raster
e R R S e
7,

(a) density measurement (b) expression of path image
X1.1.48 FAHEOEBEELAA—DUTHR



JAEA-Research 2007-060

(2) BIERBRIZK DA A—D VT FEDREE

BRREIC &7z > T, FIKEPANE S G R EENICER % e 0riE - Fadf T 5 e85
KB % flE X W KB E AR ST T LAV, 7 a AR — VB KRR A R L7 2 oIk
R A BRERER BN 21T 0o IRICHITRER ZIZ, BBELIEHECLV A A=V
7L, KEMEMEEET VLT D2 EICE > TRIEORYYE - A% BEE L7z,

rock: k=1.0*107 [m/s], S¢=1.0*10-3 [m-]

g

50m “Hom! 50m

B1.1.49 HERBRETIL

BTN O FIAIZLL T O@Y Th o,

O TR ORE « X 1. 1.49 \TR T 89 R E AR E L, 7 v AR — Kk
AEE L7 FLE 46 m OB 723K FLIs L OBLIIAL 2 AKCFEEREC 10mBfiL 2 XK 5 IChdE S
5o HAXER I OBHIEKMEIZOWTE L 6TmBE T 1HH7-0 7 EFE LTV 5D,

@ JKPEHVE RS OFRE - BKIE ONLE - ERHA D570 2 B O KBEHEREE £ 7 v & 1Rk
T5H, 2L X, BAKBOBKEEE 10%cm/s & L, BABLUSMIOWTITHEKREE
% 10%cm/s &35, 728, WIFEREIC O W CIHTEISE O EMHIC KX /el BEr 5
ZHbDEBEZBENAD, AEIL10em/s & —EEZ 525,

@ 7uAFR—NHEBKRBROT I 2 b— 3 > Bk L7 KB WE RS T LIS LT 2k
TCHE T A IREFRIER BT 2175 Z LIk v, 7o RR—Lid/kiBR (EfRETK
RER) 2 2 b— bT D BERSM L UCiE, MTsEIR o _E Rl A B AR L L,
FEAWNEIC 80m DEKIHAE 52 5, TN EEFMNTT 5 2 L1 &0 FEBNAFT O KD
VIR R ET D, 20RO L E, HEARKBIZE W T 10em?®/s OEFEZ A%
e LThHX 5 Z & TIEEFMITEIT O, 7ok, HEAKITEAKRILIZE T D 7 >OEFKXH
MHIERAT 9,

BAEFEROFER 4K 1.1.50, X 1.1.51, X 1.1.52, X 1.1.53 2R 7, ZNbHDRNIZE
WTCIE, Ly ab—y g VITHWEKE-ERETT L, PRI OB RGO T
IREAPEHCR 2 FRIC L U7 KB PRUARE, I B REERRIVE I & 2 BT PR AR T 5
NIeA A=V TREREZZNZENLR L Th D,

F9, K1.1.501%, KFERGEKER EEICAET 260000 THICMET 26 DETO
TODETICONWTHIR LD THD, £7, TNOLOMEICOWTERT DL, 7O
DOWTHNOMAEICBN T HKBMERETT L EICCEABICL » THEE SN DB E
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9 LOWEHEN/NEL 2o TNDH I NN d, T7hbb, 2 GO KEFE 2R EEREN /NS
TEERLTWD, Fio, KEME#EET VA AV TR ERET DL, WTh
HEFEE CKBEMERGEZHRL WD EEZbND, &Y, |ELEFEICEST
FKEOALE Z B EIC BB TE 2 2 & P HEES U7z,

WK 1. 1511, &KE OERIDMEA B CHKL— B 2 #8552 b o, SAET
BKFL— BRI 28BS T 2 DD 2 DIZONWTHE L= D Th D, il DKIREH
EIZDONT S, BKE THERS S D2BNSM OB/ NS o TnD Z LB TX
Do AA—T U TFERICBE L T RAF 0B CKBMEMIELZHELL TWDH EE 2 bd,
IhED, BELILIFECL > CGEKEOBERAEZBEIEICHBLTE 5 2 L BARGEES LT,

4 1.1.521%, ZARBEBFATIEEFAET 200, BEFAELTXTFRICRET L2600
2ODIZOWNWTHIELIZH D THhH D, T b OKEFEHMEIZOWNT S, BKE CEE IS
BLLEE D LOBEEEN /NS 2o TN Z EBHERTED, A AV T ERERD L,
BHEOBKBEHTHET MK L THEWEE CKEMERBEZ HBETE 5 2 &Enbh
Do

B 1. 1.53 1%, 7FAKFLIs K OB & BKE DS B Z L WA OGS RZ R~ L2
DThHDH, ZDOEI T —ATIE, BKELEDLH FAROZEEDIfELRBIERE LTHE
LT Wiz, BUIFE R KU S 4 BT 5 DI TREECTH 5, Ll
NG, KRERDE, EEKENBIRERICE 2 /NS e B2 b KB LI AE RS O
NTWND L LB, EEKEOMNEPFFETEDLA AV U ITRENEOND Z & DR
Iz,

LLEDFERENS, BB LI FIEICL > TEEOKIEMERHEEZ B EICHBITX 52 &0
AL, 2024 - ARG b D EE X 5,
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LEWETIL

1.1.50 BKBHIKFELZETIL
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Q) BIGEERIZK A A—D VT FEDREE

ARFEOFERMEZMFET D 72012, HFHEETT P ORMERMGINHHIFLLTZ 2 KOR—Y
YT ERNTYH AT YA ZNVT 0 AR — Vi KRR T o 1o, ARHUS OB A Hid
SleE AEN DR SN D, 1. 1. 54 [XFHAERYL) DIRE 25~35mIZFKE LTz 7T DD
KBNXBOREZ R LIS D TH S, FRURER OBECR T A—/LT L EBIZEIZ LY
ARENRT K O 2GR U 72T OFFE DR STV 5, eds, TEKKMH - 81X fH
& T ORI ITEHEAR L TUVRuy,

X 1. 1. 55 1K s - BRSO K BRLHIAR E & RO A A —Y U TR EZ R LT 5D,
CZAUTRGEEIC W CEEAKE & 720 9 2 ME— DO HEREE CTh DI OfrE % & < i
BLTWD, ZOZENLRBEFENBGICEWTEWEMYEZ O Z LR S,

e geometrical hyperspace geographical space
Al

exploration adit Lim
ﬁ D
. -1+
) 25 SN
Al
-26- T
i1 -27 hydraulic subspace
-284
A2 20- A2 Al
A3 B2 30 T BI
=213 Of;;
B3 i -
H test interval & -32 A3 B4 B3
data point -33
------ S ; 1 test interval &
______ i target polygon \@B4 -34- ? data point data point
e===a fracture zone =355] i3 target polygon === fracture zone
T 4 T

X 1.1.54 RIGREBROME B 1.1.55 JMIGEERRICHT 2 FEDERAER

PLE, AEFZETIEZ a2 AR—L B /KRERIC ;5E%@m@m EREEOH LW %
RE LT, APETBRAFOBEEZ S Sbd —HOKET — & 005 SR R EETE & i
PRBERR L 2 O COKBRE O R A 2 HEET 2 b O TH Y, EITHREI B L O
KB A SRS 2 A E el TKOWIE SREEICHIE T 5 2 L2 BME LT 5,

KFEDZYPE « WA RRZET D 72012, @B /K8 FEES 25 SR 70 7K PR HUET RS
EFETFNEN OMMER L, Bl I 2L —var&2iTolmd A, #ELEFEICEST
FFEOKBEMEEE L@ FICHBETEDZENHHALE, £72, ZOFEOTE TOEH
MEAERRGET 72012, BlGT —Z OMPICEH L= & 24, @@EKE LR 5 5 HEMEE
EEL—ET DA AT TRERE 2 T2,
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ZOHEOREE, ORWEERENZETOHETETHL L, QX7 FLN—2
DHEETHE T I D728, AEHEHE DAZFET &> TER SN D BB B 2 HEET 2 DI
FARITHDZ &, QUIIET VENLEL L2 & (W T RIFEED 7Z20Y), @3 kot
~DOILERPR G ThHZ L, OO THGRFIETHLILRETHD,

ARITOA A=V ZHER LKBEE L OBBEM T, @ZERMMRIEOEELR L 2@ L
TZHEEREEE D)k, @3 IRITZEM~DILIR, 217> TWFHETH D,

4) 3RFTA A= T Fik

2 U R EAERRIE R KON RERERI VAL 3 RotITRbG L2 BUAFRIETH D720, Zh
FTITHEE L CE L FHEE 3RIEAEIET A2 Z LIRS TH S, T7hbb, ¥ 1.1.56 127
T & 9T, HIEAYZER B K OVKEREMZEM 2 3 IRoeT IV NEECTRET 5 Z itk - T,
[FRED FINEIC X > CTKEHERHED 3 IKTTA A —V %255 2 ENARETH D,

4 1.1.57 1%, 1.1.3.5 B TIHM L 725l FERR & [FER 72 515 CRBUEE D 3 IRTTDA A —
DU T EITOTRERTH D, ARERD L, WTHOHEE b3 2 /KM E#EEET L
EEREICHETETWD Z EBbnd,

waxm: [J

(c) BATFHBEL (d) HEMZERICBREESNI-REH
1.1.56 3RyTA A=V TFik
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DLO c1 DLO ®Cl DLO ®Cl
A1 @ 8 C2

) Ble FC A1 d Ble *C2
’ A2e 20 °C ae °CG s e Be S
(4 A3 Be °%  aze 30 °CY a3 4
S aAde Bie ®C a4 Bioe ®°C A0 0 ©C

A5 2

B 1.1.57 $EERIC&ZFEOELIEDIRT
(LB BT, FB: A ATV UHR)

1.1.3.7 F£&0

AHFFETIE, BIEA A B = X LAOMIAER L OREEASEORF 2175 £ L big, =
D I7IE % FEFE O B0 F 9~ 5 7230 O /K BEHVE RS O U OFEM ik 2 M L=,

9, BFEAICBO T, IBENEOMINC L > TZ 5 7 MO RENT ORMENMET L,
TEMER R B2 2 AR LT, F7o, TEAMEBIORMEN NS WIEE, HEAET) OHRIED
REWIEE, T L THEANEAOBEEN/NSWIEE, BRENTICBT 2 IRE)NEORIE K
XV, TRADLIEMEOREHMENARE VI LE2HLMNI LT, S5I2, EAMEIORM
MREVNEE, EAENORENKEVIFE, BHEAOFE AT 5 AR OB
MENRKEL D Z IOV THH LN L,

WIZ, ZOXIRBHNIZBITH7 70 NOFEAN=AL%EHHT L7201, =xL
F—RIFANCEKSL 77 7 MEREOFFE & 3 FANCKESW & - WEOFHE & 2% A
21T 9 2 & IC K » TREME 2 BRI S8 T < ST THEE R Lz, 2 OB mfiET
FHEEHWT, BEROV I 2 L—Ta v afiont 24, EEE LWz s LT
LG, T FIEOZEENREND LFRIFFZ Y 7 U FOFIE X T = X L0357
STz, 7eB, BSFEBROFERIT, FOOEA L i U CEE A CIXPIE AT &AL,
FREARROEMT 22 2R L TEY, ZHAFEIRFEAZ L > THREMEOM LIz X
S THHIEARENEML, SOICHEZE Y ORENMHIShIZHEThHE EEZLND,

—J5, 7\ AR—)ViEKRERIC X DA O KBRS OF LI TFIEZIRE LT,
ARFETBR S OS2 S Db @B OKE T — & b SR T R EEVE & 3 PRk %
Z W CTRKERHED 2 Rotd D5 WIE 3 IRLZE M2 HEET 2D THh S, 2RITB L3
I DOEAE TR % OB R X > TEORY M & N EAMZ KREE L7,

1.1.3.8 =&

1) BBREHF A 7 VBRFEHEME « “OENTIT D @ LV T BE SR L AL oy D BN RIS
FAME — HUE AL AR ER 2 RID £ & —7, fim L A"— K, JNC TN1400 99-020, 1999
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Definitions of safety assessment and the safety case

Safety assessment is the process of systematically analyzing the hazards associated

with the facility and the ability of the site and designs to provide the safety function

and technical requirements.

The safety case is an integration of the arguments and evidence that describe, quantify
and substantiate the safety and the level of confidence in the safety, of geological
disposal facility.
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Figure 1. An overview of the relationship
between the different elements of a safety case

‘ Purpose and context of the safety case

= T

Safety case at a given stage in disposal system
planning and development

Safety strategy
Siting and design Management Assessment
strategy strategy strategy
L

Assessment basis

System concept Scientific and technical Methods, models,
information and computer codes
understanding and database

=

Evidence, analyses and arguments

* Intrinsic quality of the site and design

+ Compliance with dose and risk criteria (incl. Reliability of the analyses)
+ Safetv indicators complementary to dose and/or risk

* Adequacy of the strategy to manage uncertainties and open questions

+ Strength of geological disposal as a waste management option

Iy -

Synthesis

| Key findings and statement of confidence vis-3-vis purpose and context |
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Box 5: Examples of the types evidence that can be used to support
arguments for the robustness and other favourable
characteristics of the repository and its environment when
applicable [16]

Types of argument

Examples of application

The existence of natural uranium deposits,
and other natural analogues of a repository
system or one or more of its components

Long-term stability of formation, bentonite,
used as a buffer material in many repository
designs (also the feasibility, in principle, of
geological disposal)

Thermodynamic arguments

Stability of copper. which is used as a
canister material in some designs, in deep
groundwaters

Finetic arguments

Corrosion rate of iron, which 15 a camister
material in some designs

Mass-balance arguments (showing that there
is only a limited amount of reactant so that
the extent of a detrimental reaction must be
limited)

Limited chemical alteration (illitisation) of
bentonite; the slow rate of copper corrosion

Natural isotope profiles in some argillaceous
rocks, groundwater ages and
palaechydrogeological information in general

Slow groundwater movement and long-term
stability of the geosphere

Long-term extrapolation of short-term
experiments and observations

Corrosion processes; radioactive decay

Detailed modelling studies

Slow groundwater flow and radionuclide
transport; low likelihood and consequences
of earthquakes
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