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Coupled thermal, hydraulic and mechanical analysis in the near field for geological

disposal of high-level radioactive waste

Masakazu Chijimatsu* , Wataru Taniguchi*

ABSTRACT

Geological disposal of high-level radioactive waste (HLW) in Japan is based on a multibarrier
system composed of engineered and natural barriers. The engineered barriers are composed of
vitrified waste confined within a canister, overpack and buffer material. Highly compacted
bentonite clay is considered one of the most promising candidate buffer material mainly because
of its low hydraulic conductivity and high adsorption capacity of radionuclides. In a repository
for HLW , complex thermal, hydraulic and mechanical (T-H-M) phenomena will take place,
involving the interactive processes between radioactive decay heat from the vitrified waste,
infiltration of ground water and stress generation due to the earth pressure, the thermal loading
and the swelling pressure of the buffer material. In order to evaluate the performance of the
buffer material, the coupled T-H-M behaviors within the compacted bentonite have to be
modelled. Before establishing a fully coupled T-H-M model, the mechanism of each single
phenomenon or partially coupled phenomena should be identified and modelled physically and
numerically. Under the unsaturated condition, the water movement within the buffer material has
often been expressed as a simple diffusion model with the constant apparent water diffusivity.
However, the water movement in the low permeable and unsaturated porous medium has been
known as a transfer process in both vapor and liquid phases. Therefore, it is necessary to
incorporate the two-phase contribution into the physical model. In this study, the water

diffusivity of compacted bentonite is obtained as a function of water content and temperature.

* Tokai Works, Waste Management and Fuel Cycle Research Center,

Waste Isolation Research Division, Barrier Performance Group
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The proposed water movement model is constructed by applying the Philip & de Vries’ model
and Darcy’s law. While the water retention curve is measured by the thermocouple psychrometer,
van Genuchten model is applied as the water retention curve because the smooth derivative of the
water potential with respect to water content is necessary. The parameters of the van Genuchten
model are obtained from the back analysis of infiltration test. The water movement due to
thermal gradient and the swelling process are also considered. The parameters related to these
phenomena are obtained from the laboratory tests by back analysis. The validation of T-H-M
model for buffer material is carried out by comparing with the results of BIG-BEN experiment.

The coupled T-H-M processes in the near field are simulated with fully coupled model. The
material of buffer is bentonite-sand mixture and dry density is 1.6 g/cm’. From the results, the
following conclusions are obtained.

(1) The maximum temperature in the buffer obtained by coupled analysis is compared with
that obtained by thermal analysis. Two cases is considered as initial water content in the
buffer. One is 7%, which correspond to natural water content, and the other is 17%, which is
correspond to optimized water content by the in-situ compaction. In both cases, maximum
temperature in the buffer that is obtained by coupled analysis is lower than that obtained by
thermal analysis.

(2) Re-saturation time of buffer is strongly dependent on the water pressure in the rock mass.
However, it is not dependent on the permeability of rock mass if the intrinsic permeability
of rock mass is in the 10™ - 10" m” range.

(3) In the case that the intrinsic permeability of rock mass is approximately 10"°m? the initial
water content in the buffer does not exert influence on the re-saturation time of buffer.

(4) Two dimensional T-H-M analysis in consideration of pore pressure decreasing in the rock
mass due to the excavation of drift is carried out. As a result, re-saturation time of buffer is in

the 10 - 30 years range if the initial water pressure head is 1000m.
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AL FLIEB DA 3/ 2 [X] coreceererrrersssssssecsssessssossscscssascss 09
HIRABCEDRRB DIERREIEL, ceecrererrrscttestctttctsosrescnans 100
BNFEROHEITA VB EH AL cerecrrctscessttscttsstscsttcasces 101
BN OFRER (BFIVOKENE 4.0m) sooevreeecerrosatsocsttcsanacene 102
RS SLBIREIE DA DIE A KFITLAL, v vvvvvvrrrrererssseseeseneeees 104
SoTHUEEHIE OERNOESKE [cm] D (GBEIESE)  oovreeees 105
BN R DOEBANDENIKIALEL, crcccccerrctcttctattttiinncnees 106
IR DIRBETEIL, (Case01-1) +resveseerencnenasssesssenersenssssanns 108
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BRI % OBEHM PN D EKILSIA (Case01-1)  reeerveerreccecenaes 113
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F—r3—r%y 7 EBE DREM DEKEIREEIS(L, coceereererstnsescacinss 118
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BI1E RUsHIC

B LAV B O MBS BT A REATEBRDO=T 7 1 — IV FTIE, BEHE
o Dilgk, BDERDOATLNY) TADHTKDOBA, HTKDEA L 5EHEH
OBEEDRELE, FAEEROMELILL EOBRRPHEICEET I ENFHEENS,
B1-H I BEEAEBRII=T 74—V FICBWTRETLEEZ ONLERBSEDOE
SERH%ERT SOLKH %, BKIDHERBARZFMT AL, =774 -V IFRE
DAL DB AP CEELFRED—DOTH 5,

[ mBw

EWICE B
LR

“mE AR
c&3
HEBE

R

TR L BBAROTIE
( K BE |‘ .15573-?5#2]
BRAKIC KL DEE

M1-1 EEHRAKOBZK

K-S HERBERFESPICTA-0101F, TTEAOBSICELLE A =X %
HONITELENH L, Z0720, REMARY M4 FORE#SEE, BEFE, BE
BEHSICET AR BEERBREERIN TV S, T/, K BHEREFTVORED
EEICEATBEY, EEELHEH% [DECOVALEX] OHFT, ThIETICRAELAETIV
VT ORET ML ERKL TW5 (JingL. etal, 1996) o & 512, FiLA DO IK-IE
HERBRSICEB LA-EERERMPFZ L LT, [VALUCLAY| 2RI iz,
[VALUCLAY| 7a¥z 7 MzBWwT, 7z2—X 1 TRETOERYHED T —F X —
ADEBHERENTH, 72— X2 TEAR LM TADE-K-ISHERE TV OHEGE
PWEBINTWVD,
—F, BERBRTHEON-BRAEDY, EERPTRILZDL ) 2ERAR ZEY
CEBHTELOPHERTHILIBZEELRILTHE, ZO0:0D121, EEBTRIND
PEHECOERBARICET 772 PBTLIEIFTARTHS, EGRIIBITS
EHEARITENE TR, ATz —F YDSTRIPAPROJECTICBIF ANy 77 AT A
} (PuschR., etal., 1985) , “~N)V¥— EIVRER THOBACCHUSIRAER (Neerdael,B.,
etal., 1992) , H1F ¥ DURLTH/Ny 77 /32 7+ AR (B. Kjartanson, etal., 1993) ,
A4 AD T Y LAY IV THOFEBEXEAER (ENRESA, 1998) $TEMRINTnD, I,
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EATIEayZ2)— P CEBELAATERANICE T 2B EH KRR (Sato,S., etal.,
1991) , ERRMEREBRICB W THLITE - BRAWHRER (Fujita, T, etal,, 1998) #°E
BEINTBYERBRRICETS7— 5 ORENfTbhTna,

BE, BREHOMBEL T, BREY 17 VEAREEHE (Japan Nuclear Cycle
Development Institute, JNC) TiiE1-10 3IBEEOKLIRIFINTBY, Thookd
WZBIL THEA4 DERFEHARSER SN TN S,

*1-1 FREH OEGTE

4 HE REE

A P+ A }Kunigel V1 425" W1 1.80g/cm’
A ¥ P+ 4 FKunigelOT-9607 225" MOT-9607 1.65g/cm’
T A BREM 224 W1 L HARE =73 1.60g/cm’

KR TIE, BIKIDTTERET NV ZRH, BEMICET2EEZRBROBITHEEZIT 4
LB, ETFNLEDONRT AV ZEBRERPOERITHICEE L, /2, BHEE
ERROBEREBEON-YHREEADT—F L LT=7 74 =)V F O#-KERBETE E
L, BRI EERBTOREB L REMERRICBWTIHONT—F LBITLOR
BEERLY. S5IHEEEFVE LU RTHMNHRETIVERWCREMN T
¥ COBHE (FEKEH) ORMELTERL. BEMOBFEKEME2FMET LI LIZA
INY) TEBRO=T 74—V IFREZBET L LTEELEXTHSH, §TTOR
SIXREOREYER L 2 WKEBITIC X 55FME2AETH 7> (Andrews, RW., etal.,
1986 : Bj/14F - HREIRRE XM, 1992) o L722- T, BREOEBZZEREL THEK
BEZRHETHIILRIEELBEHTHLILELOLND,
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F2E BKISHEREFINOZERATEL

BIICHWSETN (TA4RIEH, 1995) X, KL ICX o THES N #-KIGH
K I — F (Ohnishi,Y. etal, 1985) |2, A2t k5B E (Philip, JR. and de
Vries,D.A, 1957) , imBEA B X 5 K538 (de Vries, D.A and Afgan,N.H. 1975) , &
BICEIBRELEE LB RET NV ChH D, PREMMTPOMEERR % FMT 570
WEBLAEHBIZE L TREL-UI*TRLTW S,

21 HADHYEVRK
RADHNEGVRIBLUTIZRTEY TH S,

[%C ijkt (e + uy k) -F w8ij - B 8;(T - T,) + x &ij pu(h -2) ]J_ +pbi=0 (2-1)
ZIT, CpidtERE~ Y v 7 ATHS, T/, y ITEHN/IT A—5 T, faNHE
BTy=1, FEMEHTy=0%5%, pld W TKOEE, p it TOERE, bl
71, 8370ty A—FN¥, n IBEE, FIBEGHCESTIRETH 5, kA
8T X =513, BT v, BET, 2KEITHD, 7o, IMIBAETH D,

BHREEIZL o TEL IR 2%k 5 L E0RET, $HHEEGAOHE, XX
I s,

B=(3A+2pu)a, (2-2)
ZIT, aliEHORBERRETHS. A, pid7 XOEHT, XAP,LKE 5,

vE

=T (2v) (2-3)
. E
k=G =t (2-4)

ZCT, EWYYTE, v BETY I HTHS,

C-HRIZBNT, FIFIHEENZRIE, F2HEIPESHERTEH, HIHIT
AOHEPERTHE, FS4HIAWCHOFERICLVETLH KEOH) , 5 5HIINE
MENERITHTD %0

BEEIEREICE) KGRT v vy OBMCECRET L 0L L, KA TEH

T 5,
[}
v
f 36 doe

&

7 (6)) =pglay | = pglw (6)) - w (6o)l = pig (2-5)
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ZIT, gRENMBETH 5,
2.2 HTKROER

WTAROEGERIIUTICRTEY TH 2,

2
EnDog (hi- 2+ (-5) B b) worT),

= Sr ~ = r 0 .
Pion S, p1 g Pp 3 ”'aw 3 -p1 S 5 4 pn Sﬂr ,

Z I T, DWRKRGIHRE, 03BFEEKRE, vidEHKE (KFEFT v L) |, kit
EHEEBE, HIFMM/87 X — 5 THRMEKTE0, FEMEBTE1THD, widk
DEHERE, p 3 AHRBORTKOFEE, pl3 TKOEE, gldEHMEE, Dt
MR L KRG BEICEIT 55, nXEBE, SIIEME, BlikoEMRER,
BriZ KOH#BRFEHTH 5,

CORIIBNT, FI1HIAERBHLRTE, £2HIBRABHL*RIH, £3
HAREAERIZL 2K BEHERTH, $4HIKBEOLEIZ X 5 MBHTEOEELIL
ERTH, HS5HIBNEOEMERTEH, $6HEISILEOBREILERTE, £7
HdmERLIC X 2 HBRGEOEELILERIEHTH 5,

23 IxNLX—R7ERI
IANVF—OREHILTICRTEY TH S,

(pC )m + nSrplelVlT KrmT i+ L {D (h i~ Z!)}

& Vo (1 &i_. .}
+nSTﬂ gDBa (hl Z,;)‘*'(l g) 7Y, h,x"'DTT,z

+%“an§U”+%”%-0

i (2-7)

ZIT, VIiFBTRDOWE, LIZEVAERD: ) OXREKOER, D, I3KERIHER K

Thb,
(pC), IKEBRMF IO R BFORBT, XRTKT 2,

(pcv)m =n Sr pl Cvl + (I - n) p: Cv: (2‘8)

ZT, C,l3kDk#, C, IiEHORKTHS,
K, umtﬁ%f?#&&%%wﬁhﬁﬁﬁf KA TKE %,

-
A
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KTm=nS,K"+(l 'n) KTJ (2’9)
ZIT, Ky 3KDBIZEBRE, K, TEHOBMZERETH S,

CNRIIBNT, FLEIBELZLICEZ2NPIANF—OLLrFETH, £2HIT
BRICEZAMIANVF—DOELERTEH, F3IHIMMZEICLINPIANF—D
P ERTHE, F4EIKBERIHBETEILICE IABI I VF—OE{L3HETH,
ESIHIIMBAENETICEI AWM AN F—DOLL T TIH, &6 HIEHOETILIC
Lo TELATMEHNRABIANVE—-DELzRTEHTDH 5,
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BIE BAHERBRORBRIR

3.1

RERROEN

3.1.1 HEEH

RESRICER LA EOTHRITER20.0XEH 2200mmTH 5, E1REE 7
AEZE3- 1R TRABREBNICHIENEL BERII 25 L) I EHTE LEtxR k%
BT %0 TEDREBICRINLEEKOTICRBREE LR T, RBREBOTHEL
LHFAKICEBKERBE S, FEDEKEIEBL 2%, HAKLTIOBL,
2mm3 OUCATA AL, ENFIOEKETHEL, KSoHMBEZIERTE. R
ERIBE X, 25, 40, 60CTH %,

3.12 /XS A—4

ZEREBRL D BONTKG AR D SKFLEBBRBEOEERXSEBELN TV S
($hARM, 1996) o BEATICH 72K ILEERED [em’/s) D EERIZGE- )R D@EY T
bb, EFERY P4 bk SBENE, KEKBIUBRKRAO-HTRE TS
EXH 5N TEY (PhilipJ.R.and de Vries, D.A. , 1957, ¥, 1991) , K5 HiEL
IRHD, IR ERIC & 5 ILBUREWD,, & BWKKIC & B IEERED, DL LTERL,
BHEIZBOWTEL NG DRD/IT A —FRE3INIRTLINDTHD, 72, &
MHEOBAEEBEKM] S E3-1IIRT (BBRITH, 1997) o K32l XFRECS
WTE LN KSHBURMOERES L UG-DRIC L VEHE S 5 KiBREDOKSHL
BARE A R

a1 (6 -0, a0
Do= Do Do~ G416, - 6) * 526 - 5 3-1)
ZZT, 0XEEEKEem /cm’], 6s IIBMAEREKETH S,

SEMER U 722K -5 E R E 7 VIR EERIRE 7 K0 SR & REEFIK S
H (S KE—EOEHKEBER) 2OEIELTVS, MK ICIZvan
Genuchten!Z X 2B E 7NV # & L7> (van Genuchten, M., 1980) . &KEFILIZ L
HLEHBHES, BLUTHKGTERE C0) XX TERI NS,

S, = 99 ‘; = {1 +|ay)™ (@ >0) (32)
m=1-1 (0<m <1, n >1) (3-3)
ce )-a{} -a(n-1)(6-6,) Sm(1- S, m)" (3-4)

T IT, Os I IBMERREKE, orIB/IBEKETH S,
S ITIE, ASHBUREEEME U TKEBITZERL, EMoks oAt e

FFERRYS—HT 5 &) ISRk ERE L 72,
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AR QﬂTLET
COMPACTED
~ BENTONITE
CELL - SPECIMEN
AV
25mm
WATER INLET
POROUS METAL FILTER
X3-1 REABREE
£3-1 EMBOKRSILBHRHOREOED L UEEEAE
X A" 7} FKunigel V1 A” 7}+4 FKunigelOT-9607 HMBREM
a, 1.76 X 10*T=3.04 X 107 3.68X10°T-2.08 X107 2.99X10%T23.74X 10
a, -1.48 X 107T4+2.98 X 10 -3.58X10°T=2.19 X107 -1.50X10%T%+1.49 X 107
b, -3.68 %10 -1.00X10° -2.49X10?
b, 5.22X10°T+2.68 X 10" 0.41 5.59X10"T+3.93X 10"
6, 0.333 0.389 0.403
K 4.00Xx10™ 2.00X107% 4.00X107%
T ; mE[C]

3.13 BirET N

H3-3ICBEREBROBEITICH W BT TV RS, BT ZRTE# e s v
TEML, HEB L FLmOBERIIAEKE L, THRIEIKFECTEEE L, £7-,
ISHBLUVBROBEIIZEST, KBBEFTOAL L, XV A bOMEAEKIIIX
0.5%¢ L, THIZHIETA2EMEORTF vy VERXMEEE L TEH 27,

3.1.4 BITER

K3-41Z 13 B DEHKEOEEE & FMEHETICL Y RE S A ENRERE %
Rt o &#F Dvan GenuchtenlZ & 5 A ETNVIZBITAE/IFT A —%0s, Or, a, n
138320 L H 1 otze F2, H3-5~3-TIZEHBOKS DA DI R & EHE
DHE®TFR T, FRFN, @I2iEE25T, O)IZEEHT, ©ITRENOTHHE T
Hb, EEBTIE, BEFEL 25 ILREEEFIEL LoTBY, BAKBREIZD
EAELELFHL TS, FREIBVWTEMEEYIZIZBHTETEY, T,
FORBICFE ENLAEMASFEIFEIEE FNITEREREI RV,
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Water diffusivity fcm?s]
o

o
&

| i 1 ¥ T

o Measured (25°C)
O Measured i40°c
A Measured (60°C
Function§25°C§

-~ = - Function(40°C
--------- Function(60°C

(a)

0.1

1 )
0.2 0.3

Volumetric water content {cm3%cm3)

N

k74 FKunigelV1

0.4

T T T T i

o Measured(25°C)
o Measured 40°C;
A Measured(60°C

0.4

104 ¥ Function(25°C |
& — == «Function(40°C
«E enananene FUNCLiION(60°C
9,
2
Z10°% —
=
k<]
ko)
«Q
=10°% | B
-7 1 1 1 L 1 1 I
10 0 0.1 0.2 0.3
Volumetric water content [cm®/cm?
() X2 b+F A4 FKunigelOT-9607
1073 T T T T T T T
o Measured §25°Cg
o Measured (40°C
a Measured (60°C)
4 Function 525"0
= 107 - == = Function (40°C
% mewmees FUNCtion (59°C)
9
F
% 10°
2
o
o)
2 108+ Oo goo° _
a o
o
-7 ! 1 1 1 1 1 I
10 0 0.1 0.2 0.3
Volumetric water content [cm¥%cm?]
)7 1 BiReH
M3-2 XY MFA FOKGILELRE

0.4
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#32 BMEOVGEFNIZBITAIG A— 5Dl

A" /M4 PKunigelV1 | A"7M4FKunigelOT-9607 MR EH
s [-] 0.333 0.389 0.403
or [-] 0.000 0.000 0.000
a[1/cm) 6.0X10° 1.5X10* 8.0X10°

n [-] 2.5 1.8 1.6

No Flux

10mm
No Flux
< 20mm >
P=0

X3-3 EEAFEOBITETIVE
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-107
= . ]
51 R o,
3 F .om ]
§-109] ]
a =N
3-104]
= 3 E

£ O Measured (25°C) 3
-10° [ s Measured (40°C) 7
0O Measured (60°C)
- van Genuchten model ]

S 10 M e s s s v neran S| NP -
0 0.1 0.2 0.3 0.4 0.5

Volumetric water content [cm3cm?]

(@ “X¥ F7F 4 PFKunigelV1

Water Potential [cm]

o Measured (25°C)
A Measured (40°C)
o Measured (60°C)
van Genuchten model

A Aalium 8 ABAANS 8 BRAmiM § SAMEMML 3 LRyt 8 LI

_1027lllllIIIIIIII]LILIIIIIII
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(b) > b+ 4 FKunigelOT-9607

T ]
@ :
= ]
[] E!
° 3
a 3
o] ]
8
s O Measured (25°C) 3
3 A Measured (40°C) i
-10 O Measured (60°C) 3
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_102 P S S S W S WA WU S S WY TSI NV T
0 0.1 0.2 0.3 0.4 0.5

Volumetric water content {cm¥cmd]
7 1 REM

[3-4 ~X¥ A b OKDE#E



JNC TN8400 99-014

0.40 T T r
@  Bhrs{Measured)
0.35 - A 16nrs(Measured) |
W 24hrs(Measured)
O 48hrs(Measured)
0.30 - A T2hsMeasured) |
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7]

Volumetric water content {cm®/cm?)
o o
N %
=} S
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o
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10 15 20
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(c)iEE60T

3-5 EFRRLEREE DLE (X M+ A FKunigelVl)
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PATRER & ElME & DB (N> I+ 4 }KunigelOT-9607)
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32 REARTICH 3K BHDOEI
321 #iE

—RICIEEARIC L KT BEICET S RED, (BERRASILSERE) OF
fiiix, KBEHEREFL G5 2L TORBOKPFIHEIRY—12 b2 Lt L
KAHNEDHEBENEL 720, HETEEV, 22T, (2-6) XKOEFVEH
W2 T2 ) T2k ), DOEREBITICEETA L L L, EEMEL
L T3 ABRK BEKID-BEN* AV CiTh b M- BEAR TOKS B ERE 24+ B
Who 7, FABREMICET 2ERERICDO WV TitBorgessond 12 & ) EH 5
N mERART DRI BEEEBRER L H\V'72 (Boérgesson, L., etal, 1994) o

322 KBzt

ABREBEOBMEL M3-8I1IR T, HEREDOTHEIZEES0.0XE £100.0mmTH 5,
28, BorgessonH NDEERIZBIT 2 HEREDOK & XIFEAES0.0X B X50.0mmTH %, -
EMRICBWTRREBO LK, TREFEORETCEEL, —E0EREGRTO
bLTHBREERL, RBREBEI2EIOLZ -TEY, MICFTEEANSH &
VTmEDRERELE HEL, —EREEEZ@ICTTASENER L LV CHR
BADEKRETHEZHET 5. EHEIZBITIREBEr — XIUTOEYTH 5,

#33 HEBRI—X
A' 7M1 MKunigelV1 A* 7 M FKunigelOT-9607 MBREM
EmiREE[TC) 25 40 30
T imiREE[T] 45 60 60
A4 Klem] 10 10 5
M EKE[%] ||6.0 | 9.7 | 12.8 | 14.9 16.5 9.2

323 NTA—2%

AT 72 KRG IEBARE S £ UK AR 13328 & U342 7T T
bHho T, BEMHOBYMIIRIADEYTH 2, B IIEAk o [%DEE
ELTWE (&HAKIZD, 1999) .

®3-4 BEMEDNTA—%

A*7M4}KunigelV1 | A" 7} MKunigelOT-9607 TSR EH

5.58X10" 4.44X10"
+6.17X10%w + +1.38X10% +

o R g B 34 0.050w + 0.503

AZHE Wim/K] -5.28X10%w? @ +6.14X10%w?
-9.67X10% -1.69X10%w?®
323+4.18 @ 426+4.18 0 341+418@

He#k (k/kg/K] 100 + @ 100 + @ 100 +
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Q2-6)R\Z BT HIREDECKD YRR D SRR D & 5 kg L 120
T-T,

Tg )

T, D IFEHELLDRHOM, T, 3 EERE, o XEEICHT5ERTHS

DERE*RALETINTIA—FITANT—ETH 5,

Dy =Dy, exp (ar (3-5)

324 BETFI

B3-9IZIRE WECT DK T BB EERDOBITICHVIBITE T VERT . @I~
b7 1 b KunigelV1 35 X U'Kunigel OT-9607 % i\ 7= EERDO BT IZFHV72€ )V, (b)
B A WRAEMEFRCEROBITICAWEFVTH S, BT RITHEGHE
TIWVTERL, EEREAREKE Lz, BICBHALTE, EHEBIUTHREZNEDR
FECTEES L, fEIIRE L, I, IDHOHEIZZESET, Sk Epgir &
L7

325 MMER

B3-1012 X b+ 4 b Kunigel V1D & D E KIS i DEERE & IBHTE O %
Y. AERFEMIIGEEHME CTH S, I TH (BERE) »ro0olEBEEEZEDLT,
@I EAH6.0%, ®) W EKLIT%, C©IXMEAEKLI2.8%, @)W S
KH149%Dr —ATH B, BSHRUIBITE 1T XA—FITRTCEALTHY, #3-5
WZRTARY A FKunigelVIOE % V72, & KIS Sy — 2T, #
R ICHARBREROKSBEHIRKREERL Lo TS, LIL, #0047 —
ARTITYERB R HFHRTE, H3-11121FXY P F 1 1 KunigelOT-9607 DG4 D
HRERT . ABREF X400 TH D, H3-12IC3 7 M1 BB EMOBAOKEZ
Yo AERBERIIOGEFI TH D, MH & DITIIFITHEREERBE L~ LTV 5,

EME AR RCER LB OBRRESINGS)RICB T 55,57 X — 5 OfF
1XFK3-508 Y THh 5,

£35 ZHEMEHOG-HRICBITE T XA—-F

A"7MA{KunigelV1 | A° VM4 MKunigelOT-9607 | TBEEH

D, [em’sC] 2.0x10* 1.0X10” 7.0X10*
T, [C] - 10.0 .
ar[-] 0.0 0.1 0.0
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[ [ ]
Lo Low
y
%0 e AIR LAYER n 52
-L/ 3 -
P_zo
100 %0
Y4l compacTeD § =
~~ BENTONITE — on
! SPECIMEN } 18
| | A
™~ COPPER PLATE — THERMOCOUPLE
JE ||I - =
High [Figh 1 T HERMOSTAT WITH
CIRCULATION SYSTEM

@KSEHER NV OEERNER YV
(3-8 FAEREE (KID-BEN) [Unit : mm]

[

All boundary : No flux

Top and bottom bounday

: Constant temperature
Vertical side

: Adiabatic condition

100mm r %

50min

y y
————— —————

25mm 25mm
(a)KunigelV13# &£ U'Kunigel OT-9607  (b)J{RME &4
K3-9 REXNET OXKIBEIEEROEITICH BT 7V
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8.0
7.5
7.0
6.5
6.0
5.5
5.0
4.5
4.0

Water Content [%)]

12.0
11.5
11.0
10.5
10.0

—

Water Content [%
© © o
o o o

o
o

Initial (Measured)
96hrs (Measured)
Initial (Estimated)
96hrs (Estimated)

|

20 40 60 80 100
Distance [mm]
b) M EKE=6.0%
[ I I I
L o Initial (Measured) —

96hrs (Measured)
Initial (Estimated)
96hrs (Estimated)

40 60
Distance [mm]

80 100

b)) WEEKE=9.7%

3-10 &KILDH DOEERME L EITEDOLE (> T4 FKunigelV1)
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15.0 | I I T

14.5 @ Initial (Measured) _
: m  96hrs (Measured)

140 F|----- Initial (Estimated) .

96hrs (Estimated)

13.5

Water Content [%]
@
o

12.5
12.0 [ i
115 - u
11.0 1 | | !
-0 20 40 60 80 100
Distance [mm]
() #MHEKIE=12.8%

17.0 7 | T T |

L e Initial (Measured) -
16.5 B  96hrs (Measured)
160 -|----- initial (Estimated) -

96hrs (Estimated)

| | |
13'00 20 40 60 80 100

Distance [mm]

(d WHEKE=149%

X3-10 &KILDADEERME & BATEOLE (N> P+ 4 FKunigelVl, HX)



JNC TN8400 99-014

25.0

20.0

15.0

10.0

Water content [%)]

5.0

0.0

| ® 400hrs (Measured) | |
400hrs (Estimated)

0 20 40 60 80

Distance [mm]

100

K3-11 SKESMHOEERME L BITEOLE (N> F+4  KunigelOT-9607)

20.0 :

| 1 I

-t

o

o
I

10.0

Water content [%]

o
o
l

96hrs (Measured)
96hrs (Estimated) 'Y
240hrs (Estimated) ‘

| | |

0 10 20 30 40
Distance [mm]

50

K3-12 SRS HDOERME & BITHEOLE (7 1 BiREH)
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3.3 EMRBROBH
3.3.1 HBR4

NY ML VOBEIEHEUNET2EBOBEY ”3-13107 T, MREDTEIL
E%20.0X % £200mmTH %, ERBOMHEKILITE-6DEY TH B,

£3-6 BHEOMBMEKL
A’/ IKunigelV1 | A77M4MKunigelOT-9607 | 7{BFiRAH
M EKE 9.0% 16.0% 6.0%

332 /X5 X—4
FEMT IR VKRG BRI S & UG SR IER3-28 X URI3-4IZRTHIDT
Hb, T, BHEOBHEERE, K7V HEL TRIENCETEY A, &
PRI EKEOBEKE LT3,

®3-7T EMRDONRTA—F

A" 7} MKunigelV1 | A" 7M1 }KunigelOT-9607 | 7R iR&HF

sEERE(MPa] | 1140.0 - 55.640 254.9 - 8.854w 58.74-1.870
K7V [} 0.3 0.3 0.3
w; SIKE [%]

333 BiETNL

BAICIXBREBETCHW S OEFELEFLV (H3-3) 2HW:, KEBEHERE
BB L CREBERREFAFICAEB LU LEOERIITEKE L, THRIZTAKE
THEEE Lo T2, KICHOERBTEL L, NEMNEREGLLTRLERS
4 FEREL L,

3.3.4 MHIER
HABHBICBOTHEESRE L L S CHREREICERAT A2 T
BEEEH L EET S, BEBHDEIZNY P F 4 P OBENEEIC X 2 HE%IC
JOVBEELRILTLIFLL 2% (FEFIZH, 1984) ,
L7zdo T, BEEHICFESTIBEEN, BEERCH2RBEERLLAR
THELENB LEZS,

n' =Fm | (3-6)
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REDELZ A, REFFHBRWICROLZLIZAETH 20T, = ZTliE3-13
WRTRBREECHRONLENOBBEONIDOF -7 hoFr ROBLI L E LT,

B43-14~[3-171213 XY + F 4 FKunigelVIDB A DBITRHR TR T HWIEHHREIZ
EXKEOEEL L, B3TIIRTREA VS, H3-4ICItREOEE S ICBIT A
KGRT Vv VOREREALERT, LAIIMAETER, $2bbBEE»L 08
METHb, AL VREREE DHIS0REH CHRAKLEDKGEF Vv VDOHE
AOIZR o TWB I DTN 5, BE-15ICREREDOEE S ICBIIZBHOBERE
L2 RT, AN OILAPHEREREIMERATAIBEONICE LwEEL, =
DISTIEPRBEIST DMEIZ—FT 5 L ) IZFDE ZRD 72, K3-1512F5%0.1600 B
DERTH 5B, K3-14 L K3-15% k<5 L BECHORERIRIZTKGRF 2 v v
DEALRR E =B L TWB I EWbHh b, ThiE, R5HRIFERTEHICKkGEF >
Y NVOEALENBEEIILRAEV)ETFLEHENDTH S, F3-161213E& K
HOBBEELE R, SAEF—EL 2 ) HRABNIEIMI 2 HERIZASEF ~
R NUHF—FEILRD, TROLEBEEOREN R LIBMIZERTREVWI E5h
Nb, Thit, H3-4DKGEHEBICBVWTREESKE (BAKESKEIZS
FTHMBDONE EATY) HEND, KGRTF Yy VOENFTIEREVEESAETN
YRMFAMIBEMERoTWAEIEICEALTWS, £/, K3-15, 3-162 &5 &
AN OZMBICB VTR IEB L UBEAEKEDESERLZ o TWDE I EFGH
5o H3-171 23R MBICBIT2EREFEDOTILERT . IHICBVWCIIBEEICE
WBEPBEICLAZBECEEMETL, RMNEIIZOZOEEIKEL ZoTw
o BRENELICENEBFIEEICLI VEEMMETLNE, BOBEICLIVEE
PET LTV OEESEd oTWS, LT, HWERETSKILOBEKE
LTWa74®, RRNICEEIY—IZELT, b0l oTwns, ZZ
T, AEBIZBVWTREL-BRAKOICHZEEICHE L, FlERLOEBEZTR -
720 E3-1812, BEICHOEME LB/ REOUELRT, ERTIIBHELD X
REFGREHPOBEL TVEY, BITERTIEIIRICE<BREICTOFEITE
NfgERELZ -T2,

3-19~3-211213, HWHERKZ—FE LEBEDONH, ki, EREEORE
LR RT. BHREEY —EE LIBEE, BRNICHABOEZREEN Y —I2d &
70, EREBLIURHOBERIHBACAR T—E L Lo/, BHAKEELS ¥
e —ARL—FBELIr—AZhETEL, EREKRELELRoTVRH0D, &
KIEDEIZZFNIFEREL B2 TRV, Thid, SHREREZTESOHE
BELTWRWOTHELEZIOND, BERAROERETBER(ERTAI2IZ
REFEIEESOBRBIIL TENMEERT A EPLETH S, 72, BEAR
BROHAGCHROKGTEZIBLIUEELLEHET LI LOLEE 2T AL
Bbhs,

[3-21, 3-221243X>¥ FF 1 P KunigelOT-96078 & N A BEEMDIZED, B
BIS T DEERE L BNTE & DB ERT, BITIIHERET S KEOBKE LTE
BLTWw3, /2, EEIINY P+ 4 FKunigelOT-9607/ZBIL Tk 3@, ¥ AR
SHIZELTIZSAIERL TV 5, ERERIE, FETLICRLIERHERLTY
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5. BT AWREMDHE R, BRENLZEDIRL-TWE, SADFEEICIE, £
BROKSR, BELHOERBERIZZor—AZBLTERLY. REShIFO
EIZR3BDBEYTHD, INOLDOFDMEIL, BB LBEISH OEHEERME L BT
BET—HTHLICEAEESN TS, SEHDORKBRDES, XV F+ 4 FKunigelVl
DEER, RERABERICEEEIRELEELL2oTWS, LiL, RV ML
} KunigelOT-9607, # A BEEM DBEX, BEEOHEIZBRLMLELTWS,
SEBWBITEFVIZKGTRF Y Yy VOBLEFEREOREICTS LTS
EEZTVBRETFNTHA20, BEHEORERTIIEAECAOBERITIZKE L
KELTWSE, Thabb, SEOFETIX, )XY FF A FKunigelV1IZH~N, XV
b+ 4 FKunigelOT-96078 & 07 4 BIREM DFEDABEEI R0, LK%
BORD, BHEORALIHL, EFIETHE TORMIZE 25T 5%,

#38 KBMEIIBVWTRIEENFE
A" 7} MKunigelV1 | A" 7M1 }KunigelOT-9607 | TR iR &4
Fl& 0.160 ~ 0.120 0.050

Air Outlet
Pressure Cell

20 mm

RS
> Filter
A

X Water Inlet
X3-13 BEHEHERABREE

7
T 1A

A — 0

-50000
-100000 f
-150000 g™

-200000

Water potential head [cm]

200 400 600 800 1000
Time[hour]

X3-14 K5RT ¥ ¥ v VORREL GEEREZEIL, <X P+ 4 FKunigelV1)

-250000 Lo—— Lo 1o
0
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4.0
3.5
3.0
2.5
2.0
1.5

Stress [MPa]

1.0
0.5
0.0

20.0

Water content {%]

X3-16
1.820

Dry density [g cm™]

1.780 |

1.770

0 50

SRR RN REERE EREE

:

;lLlAAIl

i

—e— 0.05cm
—a—0.55¢cm

—a—1.05cm |

—o0—1.55¢cm
—2— 1.95¢cm

0 200 400

600

800

Time[hour]

M3-15 BEMAOROREREL GEEREEL, ~X¥ F+ A FKunigelV1)

1000

I

!

L ]

-

—e—0.05¢cm

—a—0.55cm
—a&— 1.05¢cm
—o0—1.55cm

[

i

—4— 1.95¢cm

| I

400

600

800

Time [hour]

1000

SR OREREIL GEEREZEIL, N> bF 4 bKunigelV1)

»

'P

ol |

RS

—4&—0.55¢cm
—a— 1.05¢m

con e by o b b e b o

N

—0— 1.55cm

—e—0.05cm |

—a— 1.95¢cm [

P TR

100

Time [hour]

[3-17 EBREEOZREL GEMEKEL, <>+ 4 HKunigelVl)

150 200 250 300 350 400
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TY T TUTTTTTY

—o— Measured j
/ Estimated .-

Pressure [MPa]

O bbb e ow ok
n o v o v o o

1 el

200 400 600 800 1000
Time [hour]

X3-18 BAERS DEERRRER & BITHEROLE
(GEMEREZEIL, N> F+ A4 FKunigelV1)

o
o
O

4'0:"'!"'!"'!"'!"'%
35 EF?F—“ = =
3.0 L
& 2.5 o
= -
w 2.0 F ]
[72] H P
o - .
o 1.5 F —e—0.05cm |3
i —4—0.55cm |
1.0 ; i1 —a— 1.05cm [
i | —0—1.95¢cm | |
0.5 : i —2—1.55cm g4
Oogl N l A N R B
0] 200 400 600 800 1000
Time[hour]
X3-19 FRE M ADORT OFEREL EHERE—E, N~ FF 4 FKunigelV1)
20.0 ,
18.0 o ]
<
= 16.0
c
5]
c
8 14.0 :
% —e—0.05cm | |
=z 120 —a—0.55cm |-
—&—1.05cm §
—o—1.55cm | |
10.0 —&—1.85cm |-
8.0 ) MU BT N [ P
0 200 400 600 800 1000
Time [hour]

4320 S/KRHOEREIL (EERE—E, N~ P+ 4 FKunigelV1)
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1.805 ; S——
1.800 £ 5
& ]
§ 1.795 ]
= L ]
2 1.790 1
[72] - 4
c o 4
S 1.785 [ .
s C —e—0.05cm H
1.780 | —a&—0.55cm
E —a— 1.05cm H
F —0— 1.55cm |
1.775 . | —a—1.95cm F
1.770 C ..i....i........i...,...‘I.LLLL.A..
0 50 100 150 200 250 300 350 400
Time [hour]

[(3-21 FCIRTEOZEREL (EERE—F, X~ M+ 4 FKunigelVi)
1.0 e T T SN
03'/ : ]

S

S 0.6 Hp

o 17y

3 H

% 0.4 : = g

o ——o— Measured(No.1)

o —= -Measured(No.2)
0.2 — & -Measured(No.3) []

Estimated 1
00 Liveeivees I . e ]
0 300 600 900 1200 1500 1800
Time(hour)

3-22 BELTOEEBRFER EBITEROLE (X ++ 4 FKunigelOT-9607)

Pressure [MP3g]

X3-23 BEEHOERERLBITEREOLE (71 BREM)

0.6

0.5

©
»

o
w

o
I\

o©
—

0.0

A

‘e 5 - H 1

w ,g‘. = o —o— Measured(No.1) ] 1

o i —aA -Measured(No.2) {7

v — @ - Measured(No.3) {

- - @ - - Measured(No.4) { ]

yooeed ; —a- - Measured(No.5)

s Estimated
Cov v l ‘‘‘‘‘ :L.LJL P v ST | warvrsrrt

0 300 600 900 1200 1500 1800

Time [hour]
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FAE P-K-ISHER T F IV ORIIARIT
4.1 MERBHEBROBRH
411 BE

AT BT 5K BE T KB BB HER T BTk E
TRATA5E, RO (41) RITRTEHICEEAGTETH 5,

90 9d(,. 06
‘§'g£%§) (41)
L»L, SEEHTAETFTVOTA DRQNKIIEDKETH S0, XRXITRT &
NS ILER I AT EE (000y) 2T LT, KOAERDM Y IZEHFERTK
SBETARNETHAVS,
36 _3[,, 30 3y
ot ﬂ”eaw ox (4-2)
L72hoT, SEEHTLEFLVTIRIAGELEOEHKBEOBMEE L TR HEH
BRI E L e o T B, 72, FIBTHRNRA L I IZ, BITIERT 5 k5084
Bz, KEEHTTCORBRERIZIVEOSALLDOTHE, L L, EBRIAKESN
I DBOWKESBEHICI»DLELONS, HHEROBEES, KAKIASET
5D, BHNFIETHENOKSELEZDVRFELINEVWKEZERERTLZ L IEH
Kz, SEIOEFNVIEIROBESEANKETHL-0ZDL)I 2BEVEDERETA
CENTUEETH B, FHTHKSEBREIIRAEAT CORMICL VEHRI N,
bDTHBE7:0, EBIZZDEL I REEHICL 2R EEES S EFER L DHEETE
HCTEL00HRELTBAULENDSL, #2C, ZITRARERELIIBEVEHIZES
FEABR (MERMEARR) 2EML, SERIOEFVIZLABITTERTIETH 2 25k
EE%%&ELK:O
412 MMESBHR
41 BEABREBOBEL TS, @IEIAKENIC L 2EHERABRERE, 0)NE
BHAREETH S, HEAKOKEZ I IEIETHER/FEAE L FHEICEE20mm
XEE20mmTdH b, RERICHEH L AHAKIIY M4 PEEHE (XY FFA
KunigelV1) TEEEEI1.8gcm’Th b, 72, IMERBRAERE INES120.8MPak
L7 H4IZKEERERRE MERERARKR L THONWHIARADOKFTIHOL
BERT. METAZLIZLNKGBEVEL 2oT0nAI b b,
4.1.3 ABPHRDEEMN

FRATICIZE 3 ETRESNAAY M H A+ BASPEOKGILER IS & USRIk
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SRR E AV, BITEFVIIE32LRILTH B, EFVOTHEE KEEE
T B i208MPaTHEE L L, MHOBRIIAREARE L, KREBFEEML 72, K4-3
CEAME L BITE L OB E TR T, @IEKKENIZL 2EHE, OIINEDICL3E
HTH2, BITDMETAZLICE Y KRGOBBINEL ZoTHBY, $7-, EiflfEL
bEVW—KERLTWS, Thbb, XEFMILY, BEHCI2BEESH2ER

TEHHbDEEZLNS,
Water inlet
AR OUTLET
COMPACTED
BENTONITE
CELL\.F SN _SPECIMEN
X7 1
=N )
25mm
Y

@KRKREH I & 5&HE

Volmetric water content [cm%cm?

Volmetric water content [cm3/cm?

X|4-2

M4-1 RERBREKE

L

Compressor
Tank
Tefion filter
Parous metal filter
OIES I & 28

© o
) W
T

o
b

e

H
™

4

T T T

T ™

>

o om

8hrs (0.0MPa) | 4
16hrs (0.0MPa) |
24hrs (0.0MPa) |
8hrs (0.8MPa)
16hrs (0.8MPa) |..]

2ahrs (0.8MPa) | 1

Distance from phreatic surface [mm)

(2)SBEM A 5 24 12

Cpom» e

48hrs (0.0MPa)
72hrs (0.0MPa)

96hrs (0.0MPa) J-- i e

48hrs (0.8MPa)
72hrs (0.8MPa)
96hrs (0.8MPa)

AKERE & IMERE L2 X 2 RG5O

5

Distance from phreatic surface [mm]

(b)48EFH 2> 5 96ER 12
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Volumetric water content [cm¥cm?]

Volumetric water content [cm%/cm?]

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

0.40

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0.00

8hrs(Measured)
16hrs(Measured) §
24hrs(Measured)
48hrs(Measured)
72hrs(Measured) —
96hrs(Measured)
Estimated

opbom»e

5 10 15 20
Distance from phreatic surface [mm]

@QARERHE

A
[ J

T T I

P=0.8MPa

8hrs(Measured)

16hrs(Measured)
24hrs(Measured)
48hrs(Measured)
72hrs(Measured)
96hrs(Measured) n
Estimated

opompe

1 1

5 10 15 20
Distance from phreatic surface [mm]

OIMERE

X4-3 IR & KHME L DK
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4.2 REMAREER DRI

421 #E

ZITR, FIETHREINT-YHEMELHCEEHKRISER (Sato,S., etal.,, 1991)
D EITRV, REBRTHLNREH BORESHIRR, KIFHAEILRRE
DWTIENT R EBIRE 2 T2V, B KIEHERETF VO ERT 5,

422 RIvEG

BITETNORMEZ L4427, BT 2 RIS CER L7 BITICHW
FREZRAY V2 5H45125R7 T, REMITABREMTH Y, MYPZBEEEIL
Légiem’, MFIEKIII16.6%TH S, BITIE, ©— & —dul @i LB FrE
ELTITE ). MIHREIZ13.9CTH Y, FH#iIK4-4DHeat source & F\ 7257 A ¥ —
XA OE—ICRBATHLDOE T D, BEMNOEKITEKILICY -2 EEDOKE
FTEETAHILICLVEARBELER TS, BEOEREMA L L TLERS L UKS
PREEEREL, AFITEEREERL L, BEREREBTRA Ty 72BNV T,
EUORET— 5 RV, BEE, BAKE, BIUBREEERICBIT 5 H(5ER
BUIP T O % Fv/z,

REE ;0.8 kW
EAKE ; 0.05 MPa
BUEERE; 1.0 WmK

423 INTA—RDEL

BEMEDINT A= F IOV TIERANITRTEE AV S, BEM OKRFIEBARE,
Ko EetE g, BEARKSIEERES L UBREERKE LT, fMificRZEI N
fExHW5,

F4-1 BRIV A-5—8&

NG RA—F avyy)-h R & L RN I A (A 5B
BRI (MPa) 2.50%10* #£3-7 2.00X10° 8.20X10* | 8.30X%10?

A A 0.167 0.300 0.300 0.300 0.450
B [gem’] 2.30 1.87 7.80 1.60 1.00X10°3

EAEAE [m) 1.00X10% | 4.00Xx10%”° | 1.00x10® | 250x10" | 3.30%x10%

W [(k/kg/K] 0.75 #*3-4 0.46 0.84 1.00

AR I (W/nV/K] 1.88 34 53.0 0.255 0.0729

SBRRM (/K] 1.00X10°% | 1.00X10° | 1.64%x10° 1.00x10°% | 3.60x10°
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424 BHRERBSIUER

H4-6\- R EH P DORES M, K471 EHMFOEKILSH DIRBFEILOBITREHR
XRY . HEEEIBRENFOC—-y—HLLDEHTH S, ThbE, x=0cmAtF—/3—
Ry ZIZBL-ZSEHATH Y, x=30cmPFEKILBITCHE, £/, BEide—%—
DOBLERIZBITAEETH D, Ha8iZiie— 7 — B &IC BT 58 HH O EEE
BT ABERHORRELOBITERE TR T,

X4-6 L& DIRBEITHRFNGS r HREE I CIIBM L ICABICERALTWEZ L
Woahbd, FLT, FOHRBENLARBRLNLERYD, BREFLEoTWE, B
474 YNGR 1 HE TREMIZEKILABemOfHE £ T—HICEAEMET LT
BIENGHD, Ha46icLBEZDBATHORELRIZTIZ PRV, FLT, EK
W& DEAILAITIIEKLIZELICEL RoTWS, ==,y ZHOMBMIZL S
K OBENIEKRILAOKGTREICHRT/PNEWVD, 1 ERBEET TRAICEKRLIE
INE L oTWB, FLT, MEAB L UFEAREES 3IERICKTTHIXIZIZEE L
oTwb, EFERICBWTIX, ==y 71 55emDIHEE Tid, k2L S
KOBENZ XL D ERLIZMEAL DANELL2oTHY, FRUBZREICZE V&KX
ML VEL o TWV5E, M48L NEMEIZL VB S NABBEEIZF0.4MPaTH o 72,
BEEIXRERFIREA900H £  TIXABICHINL TB Y, F0RIBEL BRI
oTwhb, 47, 48X N KOBEINHZKETIREERIRELTWED, &l
SADVEEC LD EBEEORER L LI EISD D,

H49iz1r A%, 57 B8 L U207 BBEOBREM T OREDS A OERME & BT
BROBAYRT, 72, H4101255 BB L U207 BEOREM FOEKESTHD
ERE L BTERORBZRT, MEIZR46, 47LFLTHB, T/, H411121
BEMPOZBUHEIIB T IBEEOEREL L BT L 2BEEOERELOK
BERT, K4e12i2 888tk nBESMOERER LBITER TR T, K4120()
1357 BB OERRER, 0)IE5 r BEOBITERTH 5, (0317 AEDBEITERT
Hb, F/-H4131357 A1, 205 BREOESKESTHETH S, (a), D)ITEFNETIEL
3 2WEICBITA5y AROERERT, 357y AROBITHERTH 5, T20),
@ FNFNELRZ 2HEICBITS207r BEOERERT, (0)i3204 AERDBITE
BThb, a9k D1, 5, 20r BEOETIZBWT, BEARIIMBITE, EEREL
LITIZFE LIC R o TWB, HIZOWTIE, 15 ARIIBITEITEREL L W—B %2R
LTW5BD, 57 AZIIEITEIIEREICHER2 CRESVWEEZRLTWS, ZOE
HE LT, BREGORENEZONS, SHOBITTIE, ERBLUTIHORE
ERMIEEEYE V. 7, BEICSOWVWTY, EHEIZRLEED 1 AOATH
A, FOEEEAEICEEEE LTEZTWS, H4RICBWTRESHDSY B
BOERERLBINEREYRTASL L, EFLVORFIZIBVWTIRBESHFOERIZR
(T, BREIZOWTIE, BRAOERI D LWDIlTES RIS HE T
LVDT, BHEE ORBUIEE L VA, BITICBWTIIEREGEED LI ICRET
BHD L) ERERBITOEMICIIEEE 2oTL %,

RIZBEH P OKSBERRICOVWTHET 5, HM4-10L D EREE OB TIE,
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57 ARICBW TREBITOF BEIB VRS, 207 AR TIRIZIZ—HK LTV, EE
EIZBWTIHREATERLERE E6gem’ iz BT 2 BRfMEKE LV AE 2
EERLTV 5, ThHIREBEENOREICEIBEETICEELTVW2 L2 5152,
T T C ORBRFEFICRFRTE TRV, F4-13% )@ SEo ekt f
THBLTA DL, F—r5—%y 7 QIBERRNEI O EB G2 DOV T i IR 1.6g/cm’ |2
BIIAERBAEKEL VB 2o TV RS ERIFTITIZIZERII—HKLTWE LE
Zohd, LPL, BIETELZMEBIBONATE Y, BEMER THICBVWIDE
BRIE L BITMEDHBIIHMR TV 2\, BIFTI, +—/N—%y 2 ORIBELRG OB EH
TN, EE, THOREM OFFEKRKELOBTEIEIKE 2T S, ZhiZH
S120REFHCEL B L ETHOAFBRED ERABKEL, 72, KOFEAIFEFHA
POHIZEBDDERDNE, EERBEIZBVTD, F— 13—y 720 LOBREHOE
KRIERBNELZoTBY, BLER*FEHTETWV 3,

X4-11IBEIOT OBRRELOKBRELBITHEO LK TH 5, EBRTIR, FHEM
BIZBWTHETBHOEICECER NS, BITEIX, EBOQ)DOEHS (-1.0m) X
HOERGIZHNNERBEL o TWELY, 2OMOESTOMEIRIZIZFLETHY, HIE
fEizLIEs o2& R o2V, -25m2 5 -4.5mib S OBITEITERBEORKE (3)
BIUT@GELIBIZFRILMEE 2-oTB ), BERIERNORKEIFRTETVS L
ZzbNh5b,

DEEY, ERELETOERIDLILNDOREREFLVEEAVLIILIZE) D3
REIERAR2BETEZ LT ho 7,

‘E _ v Heattransfer e

! Boundary conditions

All boundary
: Zero normal displacement, No flux

&

&
Temperature is fixed atthe observed value n each step

— . Waterinjection tube

»
' Top and Bottom
: Heat transfer

Heat transfer coefficient = 1.0W/m2/K

Buffer

Ovemack =[5 Vertical side

RN L : Constant temperature
| | [ Gy
Heat source -=§ A Water injection pressure = 0.05MPa

(Glassbeads)

.. Man-made rock

: Heat output = 0.8kW
{Concreie)

Glass beads—»|:

Initial conditions

Temperature : 13.9°C

fo o R
\‘\

Water content of buffer : 15.6%

Heat transfer 7

H4-4 FETETNVOBRER
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Temperature [TC ]

Water content [% ]

s | Nitial —O— 2months —a&~—— 20months
—O— 1day —e— 5months —&— 2years
—2— 10days —&— 7months —&— 3vears
~{3}— 1month —@— lyear —{}— 4years
20 >
<=Qﬂ=£}=£‘;CﬁH)._ﬂ_ho_o_o_o.o.omr
1 0 1 | I — [ L 1 L 1 I 1 1 1 1 ‘ 1 1 A 1 1 A L e i I 1 L 1 1
0 5 10 15 20 25 30
Distance [cm]
X4-6 FREH T ORES M OBERFEL
Initial —o0— 2months —«&—— 20months
—0— 1day —e— 5months —&— 2years
—— 10days —a&—— 7months —+@— 3years
—{1+— 1month —m— lyear —{J}— 4years
30
25 A Ll
5 1 1 1 L l 1 1 L i l i 1 1 1 I 1 1 1 1 l 1. 1 L L [ 1 1 L 1
0 5 10 15 20 25 30

Distance [cm]
47 REHH O EKILTA OEREL
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Stress [MPa]

Temperature [°C]

0.5

0.4

0.3

- / -
I 1 1 Il 1 1 | I T S & 1 L 1 1 1 i) s (! i o i . i do 1 1 ]
300 600 900 1200 1500

X4-8 BEIGHORERELEL

Elapsed time [day]

6 5 [ T T T 1 T T T T l T T T T T L T T T T I T T T T ]
i ~—0— 1month(Estimated) i

60 —n—5months(Estimated)
—{}—20months(Estimated)
—e@— 1month(Measured) i
—a— 5Smonths(Measured) [

(ST S e oy WSO SO —@— 20months(Measured)

50 e N

45 Lo

Lt 1 1 I | 1 l I I i l 1 Il 1 i I 1 L1 L

5 10

15 20

25

Distance [cm]
49 HRIEM P OIRES M OERE & BATED LK
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Water content [ %]

3 0 T Ll T T T ] T 1] T T Ll ¥ T T T T T T T Ll L) T T
25
20
15
L —o— 5months(Estimated) ]
3 —r— 20months(Estimated) ]
10 i { —@— 5months(Measured) J§ ]
R - —ae— 20months(Measured) J
5 r 1 1 1 1 1 i1 1 l 1 L 1 1 ' 1 1 AL 1 I 1 Il i 1 i ! 1 1 1 |
0 5 10 15 20 25 30
Distance [cm]
4-10 R D EKIT AR OERME & BITED HLEL

T
H—-u ) GL-1.0m

() GL-25m

(3) GL-3.0m

(4) GL-35m

5) GL-4.5m

4-11

——— -4.5(Measured) — @ --4.5(Estimated)
-3.5(Measured) — & --3.5(Estimated)
-3.0(Measured) — m --3.0(Estimated)
-2.5(Measured) — o --2.5(Estimated)
-1.0(Measured) — w --1.0(Estimated)

05 ——

0.4 [

0.3

0.2 [

Stress [MPa}

0.1

de

300 400
Elapsed time [day]

0 100 200

BEH B OBEIS S OERE & BT EO L E

.
500

600
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(a) REBEER (557A8%) (b) #RER (55 Aig)

(c) MR (1 »RH)

H4-12  BESA (T) OEEBRIER L BIFERO LE
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25
20

25

30

i
j

30

| J g

(a) REER (b) RRER (c) BIFER
54 A% 54 R 545 Bk
BFE 1 (No.1~6) BFE 1 (No.7~12)

25

v ﬁﬁiﬁ\? / |
« 15 <25 -

(d) ERER (e) REBER (f) BITER
204 B 204 B#%& 204R%
BfE 1 (No.1~6) BFE 1 (No.7~12)

M4-13 BEMOSKEWE COERESH (%) OREBRFERLBITHEROLE
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BS®E —T7 7« —I)V NERBIT (AR & ERBEFOLR)
51 MiSEFNVICLIHE

5.1.1 MRWEMS
(1) BHRETN
AT 3N FRE PV TITR ) o BNEFVEEZRS-1ICRT, RETFTVOBITHRIR
LS ILBRE AR O EFVICBIT HES2ICRTERTH 5, I XAELE, +—
Ny 7, BEMOESZFNFN2em, 19cm, 70mTH 5, &REHIZT 1R
&% (30wt%, 1.6gem’) & L7z, F7:, FIROSMEE TOEREIZI000mE L7z,

1 5a@E k&
g =N =i\ 99
/ / R&7 £y 3
=] | $ |
¢ 3)
22 19 70 7 R
100000 A
[cm]

X5-1 BirETNVE

ats
&
7
L2 iR
# \ A
N\ &l 8
PEEIEL; =
A
mitan | QIS
|«
.h'iz@jtﬁi 8 v
220
4102-| I
1110 [mm}
2500
K52 fRITHRIE
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(2) MARMIEES & UMRBRMG, WAeH
BTCRACYEEIRRS-10E) Th D, BEHOBRWERIRRICHZ LD I8
KIEOBBELTH R (5-1) , (52) AP SESNLBEERWMWK), H#k
KV/kg/K]iZE5-3D & 5 12% %, |

- . ._341+4.18
tt.t:‘ ¢ '-—ifﬁiliﬁ_gl (5-1)
BAZEE 1) 2 4.44x1071+1.38x1020 +6.14x103w2-1.69x10"4w3 (5-2)

ZZT, wlidKkit[®ITH 5,

T, BREFORLMEESFEICEL TIIEIETHEINTEYHW, BET
EEBBITE BT A6, ERENCIRRIZLZATBEIKE(HETILEL
Loz, MEARICXZKSBEICE L TIXEIECREEINELSEIZ S
A=FRIT A4 =% Thol, H5-4123.28 CTEM L - ERRROMEIT TD, DENE
BT —ADRKREEMEL DLBEEYRT, SKESHIZRRFKEZLIBZDLOT
HbH, HHIIEEZXOCTEELLZTHILODOE#HZFEDHLT, T4 5Ex=50mm® &
PREZICTEHELZ LKA TH S, MELD, D 27.0X10°m*/sTE L7zb D
PROEMELRS—BELTVEIEFGHh b, TLERELTHEASBE L AE
{TpoTWh,

FRITHUE O MBREIZ45CT L Lz, Thid, BEROBEZ15CE L, EEHFREIC
3C/100mD mBEAR = 5 2 72356 OB SIS (RE1000m) DEEICHYLT 5,
HS ABLKRIZIZRBBOBEELE 5 2, EFVOSNEAE % I EECESEEL L,
KEMEMGE LT, BEBRAOEBKEIZ00MPa (KREHY) CTEHEME L. £
BROABIIIRKTI0.0MPaREEDKE (BKEMY) MEHT 2 LEZ 5N,
RECTIIBEBDIOBREM~OH T ROBEI L 2V — 2 (BEMILVEL S —R)
FRETAILELDPEETHDL LEZ LML D, ABAOEBKEIZO.OMPat L7z,
$7:, BEMRNIIMHAOESKIIHYETEKkGRTF Iy VvEE 272,

25 1.5 —
r C ]
X 3
2 I / 210 ]
"-'-31.5 N . i :x’_. / E
g ; / 3 : /
b i - 4
§ 1.01 / L / ]
— L © 0.5 -~
« [ r 1
- L .
005 =% ~"90 15 20 25 % 5 70 15 20 25
Water content [%] Water content [%)]
(a)BA{REER (b)tzk
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£S5-1 BITICHW-DEE—E

e i IR | Aoy | R | B
SIREE [gom’) 2.80 7.80 1.60 2.70
EAE&E [m)] 1.0X10™ 1.0X10%° | 4.0x10%® |1.0X10"
He# (K/kg/K] 0.96 0.46 (5-1) & 0.84
FREE (Wm/K]) 1.2 53.0 (5-2) X 2.9
25 LA L L L R L R L L | T T
~—O—— Estimated (D =1.0E-8cm?/s/°C)
2 || —2— Estimated (D;=3.5E-8cmP/s/°C) a
—{}— Estimated (Dy-T.OE-acm’/sPC)
T —O— Estimated (D, =1.4E-7cm’/s/°C)
‘.E 15 | —9— Estimated (D,=2.10E-7cn?/s/°C) .
L —@— Measured (4days)
8
® 10 | |
[
2
5 F _
0 v rl I N SN SN S U [N N SO S W S SN T S
0 10 20 30 40 50
Distance [mm]
X5-4 D, DR%Dr— ADBITEREOLE
700 MR AR BRI
600
N
500 \\
% 400 —
5_ i :
3
5 300
8
= 200
0 j i i T Lo
0.1 1 10 100 1000

Elapsed time [year]
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(3) 77 XE{LEDORMIEE
FRTTHERT 207 ABMLORREOBBELERSSITRY, BITTIX, &
7ABLEICHE T 2 BERICBEMERU Y ORKEEE X /2,

5.1.2 MRFER

(1) FVTFroRuBR AV EEE

ZCTIRES-SISRTRAGFEEZ R, BITEER L, BEHEHODYEKILE L
TiX7%, 17%D 25— A% EiL7. Thik, FNhFRFABREMOBREAK,
FALEREORLIC BT 5 Bl aKICHST 5, BITIZEEKIICBL T, Su@ir,
RIEBT B L UBRKERBITE R L, ERREITEIEERBITFOREE TR 27
BI5-6iZ i3 A& K tw, 797%, B5-71010,2517%D 7 — ADIERETRT . (a)7A%iR
FEDORERENL, OPBREHAOEKLOBRREEILTH S, LAIDXIZ@)TIZETET
ViEm» b DR, OTIREMN ORI LDOE#TH L, +4bb, @TIiE
X=41cmD AR EM O LERONE L 2 5,
BEICELTIIELLDEKRED T — AR NEVWRELZ-TEY, &AEFD
HRTIX0,H7%D T — A DFEHADREIREIZH203C, 0,2517%D 7 — X Tiii
163 C Lo TV5E, THIX, BITEFTLVIHS NIRRT LI RO DTHS7-D8H3
RIEEMNAEEZEL 2V TH D, RBITEEEBT BT L, EHE508KkED
7= 2 b BB HARERBITO A PREFRNORBREIMEL RoTW5B, BT
BB ORBR DO ERNFTOER S EEORBLE(LIIFE UER 2R L TWABA,
0.1\ LW, bbb, BREM OIEIA S 10cmiZE DERS D EKEAHE I L
DIz AP OEBBIT DO PBEIMBL 2o TETWE, D%, BB CIIEE
MONBFREARICE Z2KSBEICL VA L D EAEIEL RoTWBIZHED
OFIRBEIIBBITE VKL 2o T3, 72, MHIEKEINEIVI—ZADHA,
R & EHBITOBREENAEZ L 2o TV5E, BEMHIIEKLEIMENE S BR(ZHEE )
NSV, BEMHAORBREIIEL 25, EEBT 2 ERTS L, BEHEHONMH
EEKLET LAGEEIVNSI (2D, BEHONEIZEKIEARE I L Rz ERAH
K& b, COMEFICELTIL, BREMONBOEKLIHEMT 5 HFHFHEIKE
K bbb Bbh, FOFKEE, MHESKLOBYMEL AV CTERL-RBITOER
BONBREEENEL YV ERBITCTEONEOEFINEL RB0EEZLNS,
¥/, BEMSEMTARMICELTIE, EL08KEDr—2d, EREROE
SDEDVIERER 2-oTwE, ZhiE, EEBRNOEES, BEOCEEBIZLYBE
HHRBIOEKEIET T 5720 ThH 5,

RETIE, BEMAORBREISHIOCUTELRS L) ICREAEL, 0, MT%D ) — R
TIYS, 0,7517%Dr —ATid1RE L, BEZTRo7
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—0— X=250cm(Uncouple) —&— X=250cm(Couple)
~—z—- X=111cm(Uncouple) —a—— X=111cm(Couple)
— 3} X=76cm(Uncouple) —i— X=76cm(Couple)
—<— X=41cm(Uncouple) —&— X=41cm(Couple)
—— X=0cm(Uncouple) ~—¥— X=0cm(Couple)
300 r T T l!llu! B 3 rrm!'—'.—:—rrrml T'T;...n-
L i S e L S ]
T 200 fr .
2 C i ]
9 }- -
g 1s50F
@ C
a L
£ i
2 100
50
ol vl vvd vl v vd vd
10°  10* 10° 102 10" 10° 10" 10® 10°
Elapsed time [year]
()iRFE DERE(L
—0O— X=68.5cm(Uncouple) —e@— X=68.5cm(Couple)
——— X=61.0cm(Uncouple) —a— X=61.0cm(Couple)
—{— X=37.5cm(Uncouple) ——g@— X=37.5¢cm(Couple)
- X=12.3cruuUncouple) —e—— X=12.5cm{Couple)
—— X=0.5cm(Uncouple) —y— X=0.5cm(Couple)
30 AL S N e - T ———I—__
25
c N
jol X
S 15F -
o N
§ L
= L
z 10
I
0 bad cvvnd vvnd vl v vl i
10°  10* 10® 10% 10" 10° 10" 10® 10°
Elapsed time [year]
bR EH A OEKREDOBERFEL
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—O— X=250cm(Uncouple) —@— X=250cm(Couple)
—— X=111cm(Uncouple) —a— X=111cm(Couple)
{3 X=76cm(Uncouple) —— X=76cm(Couple)
—— X=41cm(Uncoupie) —— X=41cm(Couple)
—— X=0cm(Uncouple) —¥— X=0cm(Couple)
300 —rrrrrrm—r—rrr
-
250
o 200
oL L
£ :
§ 150 -_ ...............................
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Q L
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S 100 Eoeee
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Elapsed time [year]
(2)iRfE D RERFEAL
——O— X=68.5cm(Uncouple) —@— X=68.5cm(Couple)
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—sz2— X=0.5cm(Uncouple) —y— X=0.5cm(Couple)
30— AL AR " ’ ’ ™ — -'f
25 E ............... ................ ................. { .ﬂ.,_.—_&ﬁw'—,‘amn——jl
T 207 R = e S——
-— r E
g T ]
15 e O S, —
3 E :
o ! ]
© - ]
; 10 E ............... ]
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(2) 2/50FE#RBERVEEE IHBEKEIFT%D I — X)

RETIIRSSISRTRBBE L YSIER S /- EE BB ER L7, T2,
REHOMADEKILIZTIRE L7z T CIRBEARICL 2K BEICET 2445
D, DHEBEHABIOUTIIRT 4 5 —ADD, DE* FAVETE T o7 &38I
BYWIHEENAD 35— X 2DMETH 5,

=21 :D=35X10°m?*/vC (& — 22 X0.5)
=22 Dp=7.0%X10%m?/s'C

=23 D;=1.4X10"em?/sC (4 —2Z 2 X2.0)
=24 :D,=2.1X107em?/sC (4 — R 2 X3.0)

72, ¥y=AR5L LT, BERPLOBTKOBBIEENr — 2% ERH L, Thb
L7 — A5 TRBBEHABOATKIBEIL TS, ¥—RX5i128175D, 133 %
TRIEEN72ME (D,=7.0X10%m?*/sC) %AV 7z,

KI5-8~5-121F 7 — A BT 2T ESER L FERBIT LB L2 b DERT, (a)
B DRERFEIL, OFREMADOEKLDERETH D, FLFIDOXIZ(a) TIZEIT
EFNVEED O D, O)TRREMOLEEISDOHEETHL, T4bb, @TR
X=41cm D HAREM OLEmOMBE L %5,

F=A19H4 TTOEKLOERELEHNRD L, DOBEIFEKEL 2SO0
TREMOAMIPLZCEEFVHFREL Lo TVIHTFS D5, 72, DDOEIFK
S RBIONEKEFRNELLZFEPEL 2o T3, T4bb, SEMISOH
FVEVTVBHHPE  ZoTWn2, BEICOVWTRTAS L, DOEINAEL
ZBIONTREMAORBREIIE L 2o T3, FOVThIOHEKLOR
Ptk % BV CTEha L 72IEE OB DE L D IS hoTWwd, ¥— R 5084,
205 OKOEEVEN - DRBEAEIC L D AEIZB W TIZREM R DK HHE
POANMUICBE L TV22, BRENTHoBEIETHHOEALIZEoTWS, =
Dy —ADAREIRESBEBITL VB o TWVDE, RS2IE I, — R IBITHEHE
MADESRE ERDEKRKEBLTENLDE U ZRT . H5-1312120.5E 0
CAEBETORE T —RIBI D ERMOSH 2 RT, $/2, Hs5-14121%, &5 — A
BV TR BEMARNFEN BRI BII2 8R0S T2 RT,

#®5-2 REMAORMNEKIL & BEIRE

BAEKLE | WM | BREEE | R

, (%] [year] €1 [year]
FEE B BT 7.0 — 113.2 4
r—21 5.0 1 101.4 1
r—22 35 1 103.4 1
r—23 2.6 3 104.0 1
r—24 2.0 4 103.4 1
r—25 2.8 10 113.4 3
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—O— X=250cm(Uncoupie) —@— X=250cm(Couple)
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EDHATFIMETH S (Chijimatsu,M. etal, 1996b) o
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¢ 20.0m
850m : 40cm
o DDA KBHE BE, KEEE =
i MHPBE12.3C
@ KBH6-1 (GL-1.2m)
JBI1 QKBH62 (GL2.0m)  HHTI> |
H
%
iwi |20.0m
mg
1 OKBH6-3 (GL4.7m) '
BT4\ BT3
Y Y Bt
—Z- . MHAEKEE =15%
RERBE100CO 0116 4 (GL6.2m)
@ KBH6-5 (GL-7.8m)
-

wE, KEBEE

X5-22 BIFETFNVOBAX

F5-4 BITICHW YHE—%

Yy tfE k—%—, & AT Gl

¥ [g/em®) 7.80 2.04 2.75
&4 &8 [m’) 1.0X10™ 2.0X10% 1.98X10™

H2: [KI/kg/K] 0.46 (5-3) & 0.833

ZARER [W/m/K] 53.0 (5-4) X 2.71
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o
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L
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Water content[%)]

(15-24 &KL & BZEEROBEE (0T-9607)
524 HEROLEA

[45-25 " HAERVTE QR FHEK (Chijimatsu,M. etal, 1996a) % 7R¥ ., EBEMADE
HANZK5-25(27R9 3 WTHE (Sugita,Y.etal, 1997) TEME L7z, BATZEFFEFT LT
EHLTHBY, BITEORKEZTR ) EM%E I 2 TIZODDAKE & Lz, ¥/, Hi
AIZ B L T2 FIF#RO-DDADIE R B2\ SR #EFLKBHOPI DBl 55 % B & & L 72,
X5-221213, HBHREDOMNEDRL TS,
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a7 A8 . .15 -14 413 42 A1 -10 9 ¥ 7 8
' AR =4 Pl )
N —=> 754 Pa : ‘{ y i/
Fracture3 ' 5 (7 9
% /’/NEEB%BHS A\l&.. : %% =
< /y TeaPtt ., v e 7—7 <Z-10
Fﬂcmf!e2/ j/ 7’/{’// 'D Wt KBMH/4 /”/A—r
//’fL/ v/ // ba BBS KBH3¢,('~‘ f::/ =,
ARV s vl
}/\ W 2% 2 iy /( { XL A= 2
Fracture? | T 1w L AT T exse 25T
NN 2T LA ,
D \ Lol
.\\ 1Y A “
| % NP
N
\\:\% < I \% < / @ Borehole 15
\ )/>\/\‘ 5\7’7 ’,\/?/ Piezometer with Thermometer
= I\ / "
INSZ
\\—~ ) 1 : 17
X5-25 HAERSUEFEE
5.25 MBRITER

(15-26~5-291Z 13 HNBABRGE L DV 1 VB OBRE I ¥ — % R” T, H5-261388HT O
F—2R1, E527 3BT Dr— 2 2, K5-2813MITOr — X 3, K5-2913EEL B
TOHRTHL, REMOEHNEIEL RAIZONTEREDENYIKREL ZoTW
%o K530 IBREMADREDRERENEZ R, ABITOBRLT BT EHL, 77—
22, $hbb, BEMOBRYHEL L T EKLOBOHEL H Wb OAERME
ERDBO—HERLTVD, T/, ERBTOKR D EIMEISEWEE 2>TW5,
BB DT — R 2 DR EERBITOBERE LS EETITBWTERBNOKERD
FREF/NSSoTBY, ThIIFELETEONLERLELTH S, [5-31121F
AHFLKBH6IZ BT 5 iR EORERELOERE L BITHEOLEZ ~"T, EBATYH,
BEMNEFERRICRBIOr — X 2 BLPERBINOBERFEUBE L ENEL 2o T
By, 51T, Y= A2 L HEEBITOBERL D EERBIROFVEINSI 2o
TWb, ERFENTHELNIBREMAOF.LE SIIBIT 2 EKESHOERELIZR
520 £ 312> TW5b, BREM O — 7 —QIEFIIHEKIE L VEL, EBAD
e KEL L DVEL 2o TV A, ,

PEXY, SEIOHRERD L HIZRHAROBEFEE L LTERL-FEBROBZESTY,
JEER OB TIRESFEZEFML L L T25613, BEHORYHEL LTI
EXKLOBDEEZRH VL DOFRS BLEHEL—FHT S easbholn
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[5-26 HEAT OERE S NI BE ST
(r—2x1, &REHOEKKA0.0%)

527 BT OREE S N B
(r—22, BEHOEKLI15.0%)
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(5-28 ZHBITOERBS N-EESH
(r—2 3, BEHOEKLD23.6%)

X5-29 ERBITOZEREONIBESMA
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FOHE 771 KERBRIT (REHOBRKESEORME)
6.1 MBEFNIC & IR
6.1.1 BRI G

(1) BREFN

mﬁ%?)v‘i%ilﬁﬁ'@m‘,\f:[zzw-l517_]—?';'4)@tlﬂtf&)Z)o ﬂﬁﬁ%liy HT A
BHLEE, F— 3=y o, BEHE L UERTH D, BEH 7 (BESH (Gows,
1.6g/cm’) T3 5,

(2) BRRMEE S L UM MS, BRE N

BTV DHEICEL THESAFH LR LD D E AW, 7, BITEROM
WIRBEIZ45T L L7z THhiL, HEREDOBEYI1SCT L L, EEFMIZIT,/100mDE
BERAERZ 5 2 256 OB R (FE1000m) DEEICHEST 5, FF ABLE
IR BORERELL 52, EFNVONIEBLAHRETCEEE Lz, BITIZEE
HOEKLNT%, 17%D 2 r — AL TERL, RHEICHELTIRSESAHEFEL
CENENFS-SDOREBFFEL S, 1212 L7,

(3) BiFr—=X

BT o — A & R6-1ITTRT . AT IIREM OWE Ak, BEARKSILEELKD,,
BEBRNOENKEBBIUEKELZ /ST A—F ELTERK L. ERADEHKEIZH
LCROECEETAr — A e EBT 25— A2 R L7, BBOEHKEICEL
Tit, BBASDFEEAI00mBELEZ LN TWAELD (BIHIFE - BREEREE
M, 1992) , COBAOEKEREY (1000m) L AKEHY (0m) D27 — A% EH
L72o ERORSBREA1000mBE THIE, AINY 7IERTAKEIZZOMm
BEOBMICHEETA2bDLEZLNS, T/, EEHTE5 —AICHL TidEBROEKYE
ENTA—FE LTS, ERADOHTAIENL, BEF—FO5HICETLE, £
COERTIRARENIEBHICRL T EFERINATEY, —HOFE=LHEREICH
Wik, BRI FHBAOHN I EETH A LHIBEIATWS, Thbb,
ERNOHTKESEIZ, BRADHKASTEN2EREERE LU, HTFEBAOIK
N EEN L LILEERE CEAIZEFTVEERTWS, LA L, BEOF—%iCk
5L, DREDEROBTERIZEBITHERNZEKREIZ, AREESERS LUEIL
BB IO THA10"~10'm/sH —F—FBELZEZONTWVWAS, £2T, ZITik
COERSEICEROBEAEBEZ10°~10" M O&HHEICREL THRITEEBL .
it,%&@$<ﬂw%A%ﬁ L CHEBOEEEBEHN10"m® (BROXERNE
KEEICHLE T B) Or—XBRE L. BRADEHNKEFLET 54— A DRI,
RHE 7 wwﬂﬂ%ﬁ%@@mﬁfl%at ERAOREEMARSEEE L TIXE
6-11SRT D% FVvi7: (Watanabe K., 1991) o
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#z6-1 B r—2R
TR D, E8ESKE EREAERE B — 2
DA K W, [%] fem®/(s- C)] P, [m] K [m’]

1000.0 (Fix) Case 7-0-1-0
1.0E-13 Case 7-0-1-1
1.0E-14 Case 7-0-1-2
1.0E-15 Case 7-0-1-3

1000.0 (Variable)

1.0E-16 Case 7-0-1-4

1.0E-17 Case 7-0-1-5

oo 1.0E-20 Case 7-0-1-6
' 0.0 (Fix) Case 7-0-2-0
1.0E-13 Case 7-0-2-1

1.0B-14 Case 7-0-2-2

1.0E-15 Case 7-0-2-3

0.0 (Variable)

1.0E-16 Case 7-0-2-4

1.0E-17 Case 7-0-2-5

1.0E-20 Case 7-0-2-6

7.0

1000.0 (Fix) Case 7-1-1-0
1.0E-13 Case 7-1-1-1
1.0E-14 Case 7-1-1-2
1.0E-15 Case 7-1-1-3

1000.0 (Variable)
1.0E-16 Case 7-1-1-4
1.0E-17 Case 7-1-1-5
1.0E-20 Case 7-1-1-6
1.0E-8
0.0 (Fix) Case 7-1-2-0
1.0E-13 Case 7-1-2-1
1.0E-14 Case 7-1-2-2
1.0E-15 Case 7-1-2-3
0.0 (Variable)
1.0E-16 Case 7-1-2-4
1.0E-17 Case 7-1-2-5
1.0E-20 Case 7-1-2-6

-71—
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#®6-1 MHr—2 (k&)
TRAE D, HRESKE EREAEAE AT — X
MHEK LW, [%) fem?/(s- C)) P, [m] K [m?]

1000.0 (Fix) Case 7-2-1-0
1.0E-13 Case 7-2-1-1
1.0E-14 Case 7-2-1-2
1.0E-15 Case 7-2-1-3

1000.0 (Variable)

: 1.0E-16 Case 7-2-1-4
1.0E-17 Case 7-2-1-5
1.0E-20 Case 7-2-1-6

7.0E-8
0.0 (Fix) Case 7-2-2-0
1.0E-13 Case 7-2-2-1
1.0E-14 Case 7-2-2-2
1.0E-15 Case 7-2-2-3
0.0 (Variable)
1.0E-16 Case 7-2-2-4
1.0E-17 Case 7-2-2-5
1.0E-20 Case 7-2-2-6
7.0

1000.0 (Fix) Case 7-3-1-0
1.0E-13 Case 7-3-1-1
1.0E-14 Case 7-3-1-2
1.0E-15 Case 7-3-1-3

1000.0 (Variable)
1.0E-16 Case 7-3-1-4
1.0E-17 Case 7-3-1-5
1.0E-20 Case 7-3-1-6
2.0E-7
0.0 (Fix) Case 7-3-2-0
1.0E-13 Case 7-3-2-1
1.0E-14 Case 7-3-2-2
1.0E-15 Case 7-3-2-3
0.0 (Variable)
1.0E-16 Case 7-3-2-4
1.0E-17 Case 7-3-2-5
1.0E-20 Case 7-3-2-6
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K6-1 MITr—R (Hx)

RE D, ERENKR | EREAEEE | .,
NP EK o, %) [em®/(s-C)] P, [m] K [m)

1000.0 (Fix) Case 17-0-1-0
1.0E-13 Case 17-0-1-1
1.0E-14 Case 17-0-1-2
1.0E-15 Case 17-0-1-3

1000.0 (Variable)

1.0E-16 Case 17-0-1-4

1.0E-17 Case 17-0-1-5

0.0 1.0E-20 Case 17-0-1-6
' 0.0 (Fix) Case 17-0-2-0
1.0E-13 Case 17-0-2-1

1.0E-14 Case 17-0-2-2

1.0E-15 Case 17-0-2-3

0.0 (Variable)
1.0E-16 Case 17-0-2-4
1.0E-17 Case 17-0-2-5
1.0E-20 Case 17-0-2-6

17.0

1000.0 (Fix) Case 17-1-1-0
1.0E-13 Case 17-1-1-1
1.0E-14 Case 17-1-1-2
1.0E-15 Case 17-1-1-3

1000.0 (Variable)
1.0E-16 Case 17-1-1-4
1.0E-17 Case 17-1-1-5
1.0E-20 Case 17-1-1-6
1.0E-8
0.0 (Fix) Case 17-1-2-0
1.0E-13 Case 17-1-2-1
1.0E-14 Case 17-1-2-2
1.0E-15 Case 17-1-2-3

0.0 (Variable)
1.0E-16 Case 17-1-2-4
1.0E-17 Case 17-1-2-5
1.0E-20 Case 17-1-2-6
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#6-1 BT —R (H%E)
AR A1 D; aRESKE HREEERE AT 5 — R
MFEKto, %] [em?/(s* C)] P, [m] K [m?]

1000.0 (Fix) Case 17-2-1-0
1.0E-13 Case 17-2-1-1
1.0E-14 Case 17-2-1-2
1.0E-15 Case 17-2-1-3

1000.0 (Variable) -
1.0E-16 Case 17-2-1-4
1.0E-17 Case 17-2-1-5
1.0E-20 Case 17-2-1-6
7.0E-8
0.0 (Fix) Case 17-2-2-0
1.0E-13 Case 17-2-2-1
1.0E-14 Case 17-2-2-2
1.0E-15 Case 17-2-2-3
0.0 (Variable)
1.0E-16 Case 17-2-2-4
1.0E-17 Case 17-2-2-5
1.0E-20 Case 17-2-2-6
17.0

1000.0 (Fix) Case 17-3-1-0
1.0E-13 Case 17-3-1-1
1.0E-14 Case 17-3-1-2
1.0E-15 Case 17-3-1-3

1000.0 (Variable)
1.0E-16 Case 17-3-1-4
1.0E-17 Case 17-3-1-5
1.0E-20 Case 17-3-1-6
2.0E-7
0.0 (Fix) Case 17-3-2-0
1.0E-13 Case 17-3-2-1
1.0E-14 Case 17-3-22
1.0E-15 Case 17-3-2-3
0.0 (Variable)
1.0E-16 Case 17-3-2-4
1.0E-17 Case 17-3-2-5
1.0E-20 Case 17-3-2-6
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S I i
10°] 08
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51m§ —z 0.6 S
s | B
3 10 _Q4§
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1620 lo2 <
1ol i S R R
0.0 0.2 0.4 0.6 0.8 1.0°
Saturation ratio
Xe6-1 BEOTEINEERFHE
6.1.2 BRMER

(1) 250OR#“BEBVAEE FIHIEKEFT%D T —X)

K6-2\2 R EH DM &K HT.0%, BEAEKIIEBAEDA%0.0cm7yC, Ei
DA ESKEPAH1000m TEIBDZE KA REL D 7 7 — A DREM DEKHELOER
BLERT. HWHEIEEMOBRLNBMOF —/5—r3y 7 IZBELTWAEHTTH %,
Lo kKErEEE LSS, BLUEAESEEHI10°~10"m*L LI2BEIRE2TH
CEB LR o720 ZOBE, BEMIEAIC22DIZET HHHE (BEKEH) 34
METH D, BAEEEENI0PM’ DT — ADABFEKEEFEL 2oTBY, T0%
BHETH B, H6-3IZITMBENKEHOMD T — ADFERERT . WIS
8% D FEE S KEEAT1000m DI & I HREEKEE TR 2o TEBY, ZOBELE
BHEBENIOPMDr — ADAMD r — A HREEABERIEL ZoTns, £L
T, sy — 2 & OEZMBESKEA1000mDEFIZHARBRICKE S B> TWwa,
HEKBEIIEROKEFZESE LSS, BLUBEEEEEH10°~10"m?E L7z
BEIHISE, BEEBENI0"M’ DT — XA THI0005ETH %, _

X6-4, 6-5IZIXF LA — R BT B EBOBEIEL TV EETOESKEADE
BE(LE R, ERNOENKEZEE LTy —ATIIERAOENKEIILHAR—E
Lo TWaY, ZOMOENKEIEET 2 —ATREAKEIINHEL VET
LTW2, EROEEESBEINEL ZBIZONTEAKEFIHEL /NS 23S
HEAEL o THED, HICEEEEEN10"m*Or — R XED 22 D/ HhDOH
b #1000mE 2o Td, EX Y, BEOBKMEICL Y ERNDENKEADER
K XL T 2 A%, BESBENO~10"mMBETHNIE, REMOREEH IS
BOBKEICHBINLWERL 2oz, ZOBE, BREMNOREZSHIIHEELZSR
ANMERIZEROVPENKETHL LWV 5,

[6-6, 6-7\2i3EBDOFYEHKEA1000mPD T — A DDDENZ & 5 EKILDFE
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RHELORBE R T, H6-62ERDENKEFBEDHE (EROENKENED
L, BAEBEX10°~10"m*OBEIRULERTHS) , H6T17HROELESR
EH10°m’ DA TH S, DOEIKE 25 I2ONTHREH I L D SKEA/N
B RBEENREL B o TVEOFEBKEMEEL, LoTWwb, EROEHKE
PEET, DH%0.0cm”s/ CORHFBEKERISRDELH4ETHL, —H, DL
TEHNRRCRZEEINE (7.0X10°%m¥YyC) 2BW7B41%, EROFEHKEM
EE DB & A BEKREHSE, BAEEEI 10" m DIGEIWINETH S, B
6-8, 6-9IITERDMIESIKEHOMD & — A DDDEIC X &KL DREREELD
EEzRL TS, H6-80ERDOEHNKENBEDEE, K69 ERDOEEEBE
PI0°M*OFETH S, ZOHAIXENKEI1000mDBE I, DOEEIKE
(o TWa, EROEHKEHIEET, DA%0.0cm’s/C DD B H104E,
DA37.0X10°cm”s/ C DFHEHHIBOE & ik o 72, EROEEZBEH10Pm*OEEIE
DT X BEid %, ETHEEKREMIZI000E L % o7,

[16-10, 6-11ICIZERDOEKEDENIC X 2 BEHHNEOBREOEEE(LOLE L
RY o REMADESKEF1000mDOEGEEDMOEFE D, BROEAEEAEH10"m?
Dr—ADHMPEHRRESRENTL Z2oTWn5, K6-2, 6-312hd LDy’ —
A D HRER DBEEKFE IRV -D, BREHHNOBREDMEEEL 2oTWE,
T/, ERADEHKEHI000mDBE DHAIOMDIGE I EFEAREE G720
BREMARAORSHIREDEL 2o TWVDE, K6-12~6-151213DDIEVIC & 2 B EH AR
DIREDERELDENEIRT, DAKEL LRI EEKEITH L VETT 254
BIUEOHEPR Lo TV A ORBREDHEIIAEL k5, I, BBAOH
HEAKEFIRES VIZERICREM 08N E 2 57:0, REREOHEIINSL 25,
B16-16, 6-17I12\3RREH OFERS ORE DREEEL % R, K6-162EDEKD
BWIZLHHE, R6-17aROMBIENKEL LUDDEVICI2HEBETH S, 4
HRESIZEL TIETDTr —RICBW TR T 2 ODDEBIC L 2REDE
X722y,

B16-18121%, FE/KREICBL CTEROEAEZEBED/NTA—F X ¥ 71—k Elf
L7RERETRT, OB, DI37.0X10°%mYsCE L7z, 72, BEROBEAEEBEIL
10°m* 510 m*E L7zo 10°m* A 510" m* T CIIHEEKEMII—ETh Y, EROHE
EEBEOEE IRV, BAEBREX 10" UT OEEIEEEEBEDORI I,
BEKERIIRL 22T, HICEROIMHIEAKEN NS VHEIZFOEEY K
S RTBHERE B o7, F6-19121%, ERDMEAESKEA0.0mDB 4 DIRE D
BELETRT. ARICIEBBITO/KELTLTWS, BEFOBRICIZEEN ORyE
RS KEOBEOEEHVTWS, BEROEKEI/NEIWVIIE, BEARERIEL
ZAOBRBREIIEC RS, LL, EROEAEZAEF0"m’TH ), BFEKE:
BASI0005ELL L& R o 72y — A TOREREIIRBITOFKR L DINEL 25,
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Water content [%]

Case 7-0-1-0 : P=Fix, Case 7-0-1-1

Water content [%]

30 T T T
[ | —e— Case 7-0-1-0 ]
25 [-| —a— Case 7-0-1-1 OO
i | —&— Case 7-0-1-2 ]
- | —e— Case 7-0-1-3 .
20 | —o0— Case 7-0-1-4 ]
L | —a— Case 7-0-1-5 ’ i
L —O0— Case 7-0-1-6 73 ]
15 [ '
Case 7-0-1-0 ~ 7-0-1-5
10 | : /' 7+ Case 7-0-1-6 1
. C ¢ e 4
5
oL 5 i
10* 10 102 10 10° 10’ 10° 10°

Elapsed time [year]

K62 RREMORE (-1 -1 vrfl) DEKELDIEREEAL
(0=7.0%, D#=0.0cm’s/C, Pm~1000m)

13_2

Case 7-0-1-4 | K=10"m?, Case 7-0-1-5 ; K=10""m?, Case 7-0-1-6 ; K=10"m?

: K=10"m?, Case 7-0-1-2 : K=10"*m?, Case 7-0-1-3 ; K=10""m?

30 T T ; ]
[ | —e— Case 7-0-2-0 Hi ]
o5 [| —*— Case 7-0-2-1 ; TN ]
| —m— Case 7-0-2-2 (ﬂ' - i
- | —e— Case 7-0-2-3 ‘ Il
[ | —o— Case 7-0-2-4 o £

20 | —&~— Case 7-0-2-5 x
- | —o— Case 7-0-2-6 ’ F ]
r A ]| é ]
1 5 - 0 -
I Case 7-0-2-0 ~ 7-0-2-4 #gﬁéj }
10 | ;{ s '
- LEeOTT ]
- - C 0T Case 7-0-2+6 ]
5 ]
0 P [ N
10*  10® 102 10" 10° 10' 107 10°

Elapsed time [year]

X6-3 FREHORE (F-n"-n" i) OEKIEDIEEZEL
(0=7.0%, D=0.0cm’/s/C, Pm=0m)

Case 7-0-2-0 ; P=Fix, Case 7-0-2-1 : K=10""m’, Case 7-0-2-2 : K=10""m? Case 7-0-2-3 | K=10""m’
Case 7-0-2-4 ; K=10""m?, Casé 7-0-2-5 : K=10""m?, Case 7-0-2-6 : K=10"m’

_gnl
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1.2.10° [
1.0-10°
E.8.0.10?
®
£
v 6.0-10° | i
é " | —e— case 7-0-1-0
D4 0.102 —] —a&— Case 7-0-1-1
o - § —&— Case 7-0-1-2
[ 1 —e— Case 7-0-1-3
] —O— Case 7-0-1-4
20110 | " Case 7015
" | —O0— Case7-0-1-6 |
0.0-10° - "
1 0-7 1 0-5 1 0'3 1 0-1 1 01 1 03

Elapsed time [year]
H6-4 EHRADOEEMIZHET 2EHH5 O ETIKEOEREL
(0=7.0%, Dm=~0.0cm’s/C, Pm~1000m)

Case 7-0-1-0 ; P=Fix, Case 7-0-1-1 ; K=10""m?, Case 7-0-1-2 : K=10""m? Case 7-0-1-3 ; K=10"m?
Case 7-0-1-4 ; K=10"°m? Case 7-0-1-5 : K=10""m? Case 7-0-1-6 : K=10"m?

5.0-10'

0.0-10°1=
r N H
—\ N
— - . 1 Er
T 5.0-10
g L
S -1.0-10%
I - ]
0 : e =¥
5 _1.5.102 ] —e— Case 7-0-2-0
a - | —&— Case 7-0-2-1
o [ | —m— Case 7-0-2-2
Q- _20-10°| —e— Case 7-0-2-3
L 1 —o— Case 7-0-2-4
- | —A— Case 7-0-2-5
B 2 —
2.510°1 —5— case 7-0-2-6
-3.0-10° '

107 10° 10° 10" 10’ 10°
Elapsed time [year]
6-5 FHRADKREMIZET S5 DESKEOEREL
(w=7.0%, D=0.0cm’s/C, P~Om)
Case 7-0-2-0 : P=Fix, Case 7-0-2-1 : K=10""m?, Case 7-0-2-2 : K=10"“m?, Case 7-0-2-3 : K=10""m’
Case 7-0-2-4 . K=10""m?, Case 7-0-2-5 . K=10""m? Case 7-0-2-6 : K=10""m’
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30 [

l
1
njlll

25 _ —@— Case 7-0-1-0
- | —&— Case 7-1-1-0

11

—_ - | —&— Case 7-2-1-0 .
R 20 [ —e— case7-3-1-0
E L -
o [ :
& 15 ,
o : .
S - ]
= 10} :
5 | —% 3
- e
0 L it

10*  10° 107 10"  10° 10 1 10°
Elapsed time [year]
X6-6 @M OB (H-n"-r"228) OEKRLEOREZEL
(@=7.0%, P=1000m, P=Fix)
Case 7-0-1-0 : D=0.0X 10°%m”s/’C, Case 7-1-1-0 : D=1.0X 10" °cm”s/'C
Case 7-2-1-0 : D=7.0X 10 °cm”s/"C, Case 7-3-1-0 . D;=2.0X10"cm”s/"C

30 .

25 _ —e— Case 7-0-1-6 =

r | —&— Case 7-1-1-6 i

— r | —®— Case 7-2-1-6 i

X 20 | —e— Case7-3-1-6 -

E | -

2 I ]
8 1 5 N H

t r ]

8 / -

© - - ]

= 10 y, ;
i J

T T T
i1l

010“‘ 108 102 10" 10° 10 18 10°
Elapsed time [year]
6-7 RBEHOAB (-n"-nyrfll) OEKIEOBEREL
(0=7.0%, P=1000m, K=10"m’)
Case 7-0-1-6 . D=0.0X10°cm”s/C, Case 7-1-1-6 : D;=1.0X 10 cm’/s/C

Case 7-2-1-6 : D=7.0X10%cm%s/C, Case 7-3-1-6 : D;=2.6X 10" cm’/s/'C

- —=79—



JNC TN8400 99-014

30 [ ; -
o5 [| —®— Case 7-0-2-0 .

[ | —&— Case 7-1-2-0 :

—_ r | —®— Case 7-2-2-0 ]
X, 20 { —e— Case7-3-2-0 -
5 I ]
S 15| ]
(8] B p 4
B X : i
£ 10} 1 :
C i = 155% b ]

r S S i i

0 i i il iidiiiil i L]

10*  10® 10% 10" 10° 10" 10 10°
Elapsed time [year]
K6-8 MREMOWE (4-n"-n"yrfl) DEKEOEEEZEL
(0=7.0%, P=0m, P=Fix)
Case 7-0-2-0 : D;=0.0X 10%m?’s/C, Case 7-1-0-0 : D;=1.0X10%cm’s/C
Case 7-2-2-0 | D;=7.0X10°cm”s/C, Case 7-3-0-0 : D;=2.0X 10"cm”s/C

30 T i
o5 [| —e— Case7-026 ]
—A— Case 7-1-2-6 )
— r | —®— Case 7-2-2-6 ]
X 20 —| —e— Case 7-3-2-6 .
rd L , ]
2 [ j
5 15
| — r R -
@ Fo .
© Fo ]
= 10
ST T
0 SRR HER R BNt IR h o R AT ERRHH]

10*  10° 10% 10" 10° 10" 16? 10°
Elapsed time [year]
K69 MREM OPIE (F-n"-n vrfll) DEKEDOFERELE(L
(w=7.0%, P=0m, K=10"m’)
Case 7-0-2-6 . D=0.0 X 10°cm”%s/"C, Case 7-1-2-6 : D=1.0X10®cm%s/C
Case 7-2-2-6 . D;=7.0X10°cm%s/C, Case 7-3-2-6 . D=2.0X10cm’s/"C
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110 !
100 i
r RN
C ,/:5¢ m""\
— 90 F y N
9 - \ﬂ--{jﬂ:
© 80 |
=2 r ;
© C iy A
@ 70 F ...i..| —e@— Case 7-0-1-0 | *
= C ) —&— Case 7-0-1-1 §
2 ¥ / —m— Case 7-0-1-2 |
60 - : —e— Case 7-0-1-3 | 1
- J:( —0— Case 7-0-1-4 | q
50 [ ——— Case 7-0-1-5 H
. Bt —{3— Case 7-0-1-6 [
B : RS R H :::::: H \\:E
40 i Litiiil i dggiiil o ioiiijii fiiiii H
10 10° 102 10" 10° 10 10? 10°

[X6-10

Elapsed time [year]
REMOAE G- -n" ) OREOFEREL
(0=7.0%, Dm=0.0cm’s/’C, P=1000m)

Case 7-0-1-0 ; P=Fix, Case 7-0-1-1 : K=10"m?, Case 7-0-1-2 : K=10"m?, Case 7-0-1-3  K=10""m’

Case 7-0-1-4 ; K=10"°m?, Case 7-0-1-5 ; K=10""m?, Case 7-0-1-6 . K=10"m’

110 5
100 |
. 90
S %
® 80 f /
=1 C
- /
Q 70 ¢ —e— Case7-0-2-0 |} ]
£ - f —a&— Case 7-0-2-1 § |
;9 - —&— Case 7-0-2-2 [ i
60 - —&— Case 7-0-2-3
- ( —O0— Case 7-0-2-4 |
. L —+~— Case 7-0-2-5
50 ¢ P —0O— Case 7-0-2-6 § |
40 - EH R HH :
10  10® 102 10 10° 10 102

X6-11

Elapsed time [year]
BEMORE (F-n-n 9o H) ORBEORERE(L
(w=7.0%, D=0.0cm’s/'C, Pz=0m)

Case 7-0-2-0 © P=Fix, Case 7-0-2-1 ; K=10"m? Case 7-0-2-2 ; K=10"'m’?, Case 7-0-2-3 : K=10""m’

Case 7-0-2-4 . K=10"%m?, Case 7-0-2-5 ; K=10""m?, Case 7-0-2-6 : K=10""m’
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110 )
100 49%3__
: /—-ﬁ‘zgt:¥\
_. 90 [ \¥
O L H / *\
. 3 i /
® 80 : /
= L
@ C
g 70
£ - /
':C_) I /, ; :
60 —e— Case 7-0-1-0
L P —a— Case 7-1-1-0
50 L .| —=— Case 7-2-1-0
C /:” —&— Case 7-3-1-0
40 & HH Piiiiil o fidiiil i iti i ;

10*  10°® 1072 10" 10° 10' 10° 10°
Elapsed time [year]
X6-12 BREHMORNE (-0 -n"vrfl) OREORFZEL
(w=7.0%, P=~1000m, P=Fix)
Case 7-0-1-0 : D;=0.0X 10°cm/s/C, Case 7-1-1-0 : D;=1.0X 10" cm”s/C
Case 7-2-1-0 : D=7.0X10°cm%s/'C, Case 7-3-1-0 : D;=2.0X107cm’/s/'C

110 [
100 F 2ol
- LA TN \f\\ ]
C By :
. 90 i
%) . H H
© 80} /
2 C :
o X
8 70t , .
3 - ;
e i :
60 [ —e— Case 7-0-1-6
r —A— Case 7-1-1-6 h
50 L —&— Case 7-2-1-6 ]
g —e— Case 7-3-1-6 4
40 L IR Doiiinil b oiiiiil oiofiibmlobobiiii i

10*  10® 102 10" 10° 10’ 102 10°
Elapsed time [year]
X6-13 #FEHORB GF-n"-nvrfl) OIREOREZEL
(0=7.0%, P~1000m, K=10"m’)
Case 7-0-1-6 : D;=0.0X 10°cm”s/C, Case 7-1-1-6 . D;=1.0X 10”°cm®/s/C
Case 7-2-1-6 . D=7.0X10°cm”s/C, Case 7-3-1-6 . D;=2.0X10"cm’/s/C
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110 )
100 F
—. 90
O -
o, -
® 80}
= [
E L
“é_ 70
CHE :
60 —ae— Case 7-0-2-0 q
- J —a— Case 7-1-2-0 1
50 F —#— Case 7-2-2-0 |
RS <ot —e— Case 7-3-2-0 b N
40 C j poaiiipit o jirigit  § o §it |

10*  10°® 102 10" 10° 10’ 10? 10°
Elapsed time [year]
6-14 BEMORME (-1 -1 vrfl) OREDOREREL
(0=7.0%, P=0m, P=Fix)
Case 7-0-2-0 : D=0.0X 10°m”s/°C, Case 7-1-2-0 : D;=1.0X 10*cm?s/C
Case 7-2-2-0 . D=7.0X10%m”s/"C, Case 7-3-2-0 : D;=2.0X 107cm’/s'C

120 —
110 /;/*
: H :’=—/" Y
100 [ /’
— r 7
2 90 f /
o s ¥
& 80 ¢f /
S -
Sl N
'2 70 C 1 :
60 C ./ —ae— Case 7-0-2-6
r —a&—— Case 7-1-2-6
50 C ,J —@— Case 7-2-2-6
S LT —e— Case 7-3-2-6
40F L il il g i L
10* 10 1072 10" 10° 10 102 10°

Elapsed time [year]
M6-15 BEMORE F-n-n"yrfl) ORBEDERLEL
(0=7.0%, P=0m, K=10"m’)
Case 7-0-2-6 : D,;=0.0X 10°%m?s/"C, Case 7-1-2-6 . D;=1.0X10"cm’/s/C
Case 7-2-2-6 © D=7.0X 10"cm?s/C, Case 7-3-2-6 . D;=2.0X107cm’s/C
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75 ; T
- . ,L‘.D\R
70 | —e— Case 7-0-1-0
-| —&— Case 7-0-1-1 {: j \
| —®— Case 7-0-1-2 |: s {
— 65 [| —e— Case7-0-1-3 f
O | —O— Case7-0-1-4 / -
£ -| —a— Case 7-0-1-5 | 1
g 60 { —0— Case7-0-1-6 L
§ :---ll . i : i®
g 55 o :
5 - }j g?q_
|_ b
50 |
/ L%ttj
45 | o B
a0 & —o
10 10° 102 10" 10 10" 10*°  10°

Elapsed time [year]

6-16 MREHM ONE (CEiM) DREDOEEE
(0~7.0%, D#=0.0cm”s/C, P~1000m)

Case 7-0-1-0 . P=Fix, Case 7-0-1-1 : K=10""m? Case 7-0-1-2 : K=10"m? Case 7-0-1-3 ; K=10""m’
Case 7-0-1-4 ; K=10"°m?, Case 7-0-1-5 : K=10""m?, Case 7-0-1-6 : K=10"m*

75 T T
C . ,K'S'K'}}YK
70 H —e— Case7-0-1-0
r| —a—— Case 7-0-2-0 ; \é
{ —=— Case 7-1-1-0 / {
— 65 | —e— Case 7-1-2-0 ;
o [| —O— Case 7-2-1-0 Y h
— r{ —&— Case 7-2-2-0
® 60 H —O— Case 7-3-1-0 :
_,g E —o— Case 7-3-2-0 | i
o L A i
é 55 - / ¢ '1=é
S ol F b
50 r 74
i ,.—*-/ hﬁ@% _
45 | o :
& H
40 _—4 -3 . -2 -1 0 1 }I2 -3
10 10 10 10 10 10 10 10
Elapsed time [year]
(6-17 *EEHMOIE (EH8E) OmBEDREREL
(0=7.0%)
Case 7-0-1-0 ; D=0.0X 10°%m?”s/C,P=1000m, Case 7-0-2-0 . D;=0.0 X 10°cm”s/'C, P=0m
Case 7-1-1-0 ; D=1.0X 10*cm”%s/C,P=1000m, Case 7-1-2-0 : D;=1.0X 10°cm”s/C,P=0m
Case 7-2-1-0 . D~7.0X10°cm’s/C,P=1000m, Case 7-2-2-0 . D;=7.0X 10"cm?s/"C, P=0m
Case 7-3-1-0 : D=2.0X10"cm?s/'C,P=1000m, Case 7-3-2-0 : D,=2.0X 10" cm’/s/’C, P=0m
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Temperature [°C]

Resaturation time [year]
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100 11 Illlll' 1L 1Lt 1 L L bLNgl 11 tjeaes L1 it 1! 1 EiLnt 11 1ty Lt 1 1itlf

10" 10% 10" 10™ 10" 10" 10" 10" 107
Intrinsic permeability of rock [m?]

X6-18 SR DEHREZBE & BEKERE O BE&
(@=7.0%, D=0.0cm%s/C)

120 T 5
Uncouple Poii TN
110 | —°— K=10"m? e, N
—A— K=10—14m2 3
100 | — o K=10"°m? i AN
—_————— K=10—16m2 ' :: \
90 | —*— K=10"m2 ... K \
—a— K=10"m?2 : %\ E
80 | — ™ K=10"m?}.__// ‘ \\= ]
—_——— K=10—20m2 AL
70 | —— K=102'm2 /5 Ll
[ 74 AN
60 it ; : :
: / | Ol
50 | e R

10*  10® 102 10" 10° 10' 102 10°
Elapsed time [year]
X6-19 #EEHOAME (H-n"-n"v1fl) DIREOFEEE(L
(wgm=7.0%, D;=0.0cm’s/’C, P=1000m)
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17-0-1-6

—e@— Case 17-0-1-0
—a&— Case 17-0-1-1
—#— Case 17-0-1-2
—~—o— Case 17-0-1-3 §
—O— Case 17-0-1-4
—~— Case 17-0-1-5 |
[| —O— Case 17-0-1-6 |

0 LoL L3 LEHE Lo 1 LIl 11

Water content [%)]
o

—
o
‘lll‘l]ll|

i i | i
10*  10°® 102 10 10° 10 10° 10°
Elapsed time [year]
X6-20 REHM OWE (F-n"-n"vrfll) OEKEOEREEL
(0=17.0%, D=0.0cm”s/C, P=1000m)
Case 17-0-1-0 : P=Fix, Case 17-0-1-1 : K=10"m? Case 17-0-1-2 : K=10"‘m?, Case 17-0-1-3 : K=10""m?
Case 17-0-1-4 ;. K=10"°m?, Case 17-0-1-5 : K=10""m?, Case 17-0-1-6 . K=10""m?
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T 1T 77
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Case 17:020 ~ 17-025

—— Case 17-0-2-0
—&— Case 17-0-2-1
—#— Case 17-0-2-2
—&— Case 17-0-2-3

Water content [%]
o
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Illllllllllll

—O— Case 17-0-2-4
3 —&~N— Case 17-0-2-5
—{3— Case 17-0-2-6
0 i i i

10  10° 107 10 10° 10’ 10? 10°
Elapsed time [year]
621 BEMOWE (F-n"-n"v7@) DEKIEDOEREEL
(@=17.0%, Dm=0.0cm’s/C, Ps=0m)
Case 17-0-2-0 ; P=Fix, Case 17-0-2-1 : K=10"’m?, Case 17-0-2-2 | K=10""m?, Case 17-0-2-3 ; K=10""m’
Case 17-0-2-4 ; K=10"°m?, Case 17-0-2-5 : K=10""m?, Case 17-0-2-6 : K=10"m’
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Elapsed time [year]
6-22 EBADBREMIET 5H 5 OEHKEOLEREL
(©=17.0%, D=0.0cm’s/C, P=1000m)
Case 17-0-1-0 : P=Fix, Case 17-0-1-1 : K=10""m? Case 17-0-1-2 : K=10"m? Case 17-0-1-3 : K=10""m?
Case 17-0-1-4 : K=10""m?, Case 17-0-1-5 : K=10""m?, Case 17-0-1-6 : K=10"m?
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-1.0-10%°] —e— Case 17-0-2-3
- ;| —O— Case 17-0-2-4
02'___ —— Case 17-0-2-5
-1.241 - || —&— Case 17-0-2-6 l : :
] o R R R T R S R R E T TR R I R T ‘ 13 |ul | 1||n|
-1.4+10?
107 10° 10° 10" 10

Elapsed time [year]
(1623 E/AOREM IHET 25 ORI KEDOEREL
(0=17.0%, D=0.0cm’s/C, P=0m)
Case 17-0-2-0 : P=Fix, Case 17-0-2-1 : K=10""m? Case 17-0-2-2 : K=10""m? Case 17-0-2-3 : K=10""m’
Case 17-0-2-4 . K=10"°m?, Case 17-0-2-5 ; K=10""m?, Case 17-0-2-6 : K=10""m’
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30

LN B M |

\

20

T
\:\
X

15

Water content [%]
/

.

i ”\ S |
10 F : N\ /

| | —e— Case 17-0-1-0 \k

[ | —&— Case 17-1-1-0 N /
5 - —m— Case 17-2-1-0

[ | —e— Case 17-3-1-0
o Liiiiai il o

10  10° 107 10" 10° 10’ 10 10°
Elapsed time [year]
B6-24 REMOWE (F-n"-n"vrfll) OEKILOFEEE(L
(0=17.0%, P~1000m, P=Fix)
Case 17-0-1-0 : D;=0.0X 10%m”s/'C, Case 17-1-1-0 : D=1.0X 10" °cm?s/'C
Case 17-2-1-0 . D=7.0X10°cm’s/'C, Case 17-3-1-0 ; D=2.0X10"cm’s/C

30 TTTIT T T T T T T TTTT TTTT

T T T 7

s S LIS T,

10

AN

Water content [%]

e

—e— Case 17-0-16 11 "¢
—&A— Case 17-1-1-6 ‘ N /
—m— Case 17-2-16 || !
—«&— Case 17-3-1-6

|Ill|lll||lll|
A

I AT B I A1 B A HE R i iiii iiiiii
° 10 102 10" 10° 10’ 10? 10°
Elapsed time [year]
{625 BEMORE (-1 -1 vrfl) OEKLOEEEZEL
(@0m=17.0%, P=1000m, K=10""m’)
Case 17-0-1-6 : D;=0.0X10°cm”s/C, Case 17-1-1-6 : D;=1.0X 10" °cm’s/'C
Case 17-2-1-6 : D=7.0X10%cm%s/C, Case 17-3-1-6 : D,=2.0X10"cm’s/'C

Y
o
A
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30 C T 1Y
25 |
® 20 |
= i
2 I =
s 15
o C
§ L
m 10 :__ H MRS i
=2 | —e— Case 17-0-2-0
| | —&— Case 17-1-2-0
5 || —®— Case 17-2-2-0
[ | —e— Case 17-3-2-0
o Liiiiiii iiiiifi {06l R R

10*  10® 102 10" 10° 10’ 10° 10°
Elapsed time [year]
X626 FEREHMORHE G-n"-n" ) OEKLOEELEL
(0=17.0%, P~0m, P=Fix)
Case 17-0-2-0 . D=0.0 X 10°cm”s/C, Case 17-1-2-0 : D,=1.0X 10" cm”s/'C
Case 17-2-2-0 | D=7.0X10°cm%s/C, Case 17-3-2-0 ; D;=2.0X 107cm’/s/C

30
25 |
X 20 [
"g L
- L o
S 15
S -
o i
2 Foid
8 o fr—— .
= 10 | —e— Case 17-0-2-6
[ | —&— Case 17-1-2-6
5 | —=— Case 17-2-2-6
[ | —e— Case 17-3-2-6
o Loiiiivil &iinil il SRR IR

10*  10® 10% 107 10° 10' 10 10°
Elapsed time [year]
X627 #BEHORE G0 - 9rfl) OEKREOEEZEAL
(@=17.0%, P=0m, K=10"m’
Case 17-0-2-6 . D=0.0X 10°%cm”s/C, Case 17-1-2-6 : D;=1.0X 10" °cm’s/"C
Case 17-2-2-6 . D;=7.0X10%cm”s/C, Case 17-3-2-6 . D,;=2.0X107cm’s/C
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110 -
100 | . :
‘E ‘%:%iy i 1
. 90 P !
(3 X 7/ 1
Q
= : '4/
S 80F .
T;G - )
S C N
‘E’- 70 ¢ —@— Case 17-0-1-0 <
o i —=— Case 17-0-1-1 it
= 60 L t —m&— Case 17-0-1-2 L
C —&— Case 17-0-1-3 ]
r —O— Case 17-0-1-4
50 + ‘_ —— Case 17-0-1-5 N
- ot —1— Case 17-0-1-6 ol
40 L iiii Gl i iiiinilioiiiiiiil i
10*  10°® 102 10 10° 10 10°

Elapsed time [year]
X628 REHORE (-n"-n"v2E) DEREOREEL
(0=17.0%, D=0.0cm’s/C, P=~1000m)
Case 17-0-1-0 : P=Fix, Case 17-0-1-1 ; K=10"m? Case 17-0-1-2 : K=10"‘m’, Case 17-0-1-3 : K=10""m’
Case 17-0-1-4 ; K=10""m’, Case 17-0-1-5 : K=10""m?, Case 17-0-1-6 : K=10"m’

1 1 0 | ll ! T |
100 L
- /::4’2}"291% ]
— 90 A |
e - /
) - £
3 80 - £ t
E L
[¢}] B 3
S 70 ¢ —e— Case 17-0-20 | 1
o : f —a— Case 17-0-2-1 L
= 60 [ —@— Case 17-0-2-2 E
C —&— Case 17-0-2-3 1 1
- —O— Case 17-0-2-4
50 5 —— Case 17-0-2-5 T
C f —{1— Case 17-0-2-6
40 C MLorriiiil bl R
107 10° 102 107 10° 10 10?

Case 17-0-2-0 ; P=Fix, Case 17-0-2-1 : K=10"m? Case 17

Elapsed time [year]
X629 REMORNM (F-n"-n"vrf) DIRBEDERZEAL
(0z=17.0%, D=0.0cm’/s/'C, P=0m)

Case 17-0-2-4 ; K=10"°m?, Case 17-0-2-5 ; K=10""m?, Case 17-0-2-6 : K=10"m’

10°

.0-2-2 ; K=10"m?, Case 17-0-2-3 ; K=10"m?
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110
100 |
5 90 + / ‘ ; F
) r : _
© gof il'e \
= ‘
o -
8 70 ¢ :
E -
'53 : i HE HH ! :
60 G : A | —e— Case 17-0-1-0
- Dy i —a— Case 17-1-1-0
50 —{ ciniiii| —8— Case 17-2-1-0 :
[ . 1| —e—Case17-3-1-0 .
40 Ciiiiifl iiiii 4P iGT TR T Hiih

ury
o
w

10*  10® 102 10" 10° 10’ 10
Elapsed time [year]
X6-30 FREHOAME (-n"-n vl QIR DOFREL
(0=17.0%, P=1000m, P=Fix)
Case 17-0-1-0 : D=0.0X10°ecm%s/C, Case 17-1-1-0 ; D,=1.0X 10*cm”s/C
Case 17-2-1-0 : D;=7.0X10%cm”s/C, Case 17-3-1-0 : D;=2.0X 10"em’s/C

110 |
100 ISRt
—. 90 F I
O C
e, L
g 80 |
o) C
8 70 ¢
£ C
Fa_) : i H - A H HE e i
60 - | —e— Case 17-0-1-6
- | —&— Case 17-1-1-6
50 F | —®— Case 17-2-1-6
C | —e— Case 17-3-1-6
40 C R e e R R R PLbL i il

10*  10® 10% 10" 10° 10’ 10 10°
Elapsed time [year]
6-31 BEHMORB (G-n" -1 v OIREOREERZEAL
(w=17.0%, P=1000m, K=10"m’
Case 17-0-1-6 . D=0.0X 10%m”s/"C, Case 17-1-1-6 : D=1.0X 10°cm’/s/'C
Case 17-2-1-6 : D=7.0X10%m%s/"C, Case 17-3-1-6 : D=2.0X10"em’/s/'C
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10 ¢ T ™
r !—
100 |
: /:41‘\
- Lo ¥
— 90 : L Y4
(0] B /‘
5 80 |- p
© r
8 70 F
E C
60 R : | —e&— Case 17-0-2-0
/ 1| —a— Case 17-1-2-0
| —m— Case 17-2-2-0
—e— Case 17-3-2-0 \
DD i oiiiiieopoipibimd I il

10 10° 10' 10° 10°
Elapsed time [year]
X6-32 RREHM OB (F-n"-n"vrfll) DIREDREFZEL
(w=17.0%, P~0m, P=Fix)
Case 17-0-2-0 . D=0.0X 10°cm’/s/"C, Case 17-1-2-0 : D=1.0X 10" °cm”s/C
Case 17-2-2-0 . D=7.0X10°cm¥s/C, Case 17-3-2-0 : D;=2.0X107cm’/s/'C

110 N ' rrrm
100 | :
_ 90 [
9 r ]
o T
= 80 r
© C
2 70 b
€ C
ﬁ) : Teas i i il H HE
60 - ~+i| —@— Case 17-0-2-6
C '] —a&— Case 17-1-2-6
50 [ | —=— Case 17-2-2-6
C il —e&— Case 17-3-2-6
40 L fiiiibil o f tiiiaiil i i jiiiiil iiii i
10* 10" 10° 10 10? 10°

Elapsed time [year]
[6-33 BEH OB (F-n"-n yrfll) DREOEREL
(0=17.0%, P=0m, K=10"m’)
Case 17-0-2-6 : D=0.0X 10°m%s/C, Case 17-1-2-6 : D;=1.0X10"cm’s/C
Case 17-2-2-6 : D=7.0X10%cm”s/"C, Case 17-3-2-6 : D;=2.0X107cm’s/C
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90 i ; E IIIEEII LR Illll;! L3
- | —e— Case 17-0-1-0
80 | —&— Case 17-0-1-1 e
| | —&— Case 17-0-1-2 ;]/ ras|
— —&— Case 17-0-1-3
%) - | —O— Case 17-0-1-4 / \
= 70 [ | —n— Case 17-0-1-5 // {
S | —o— case 17-0-1-6 ) [
= r 3
E ol A ;
% 60 / .:
[ i y
- - /
[ /)
50 = T
i Pes 4 L-'E]\ 4
ng N
40 L
10° 1073 102 10 10° 10' 102 10°

Elapsed time [year]

6-34 ®EHONE (BHBAE) DREOEREL
(0=17.0%, D=0.0cm’s/’C, P=1000m)
Case 17-0-1-0 : P=Fix, Case 17-0-1-1 : K=10"m?, Case 17-0-1-2 : K=10"'m?, Case 17-0-1-3 : K=10""m’
Case 17-0-1-4 ; K=10"m?, Case 17-0-1-5 : K=10""m?, Case 17-0-1-6 : K=10""m’

0 T T
—— Case 17-0-1-0
—a— Case 17-0-2-0 i
80 | —m— Case 17-1-1-0 z’/ X
—e— Case 17-1-2-0 A
%) [ | —o— Case 17-2-10 S x
e L | —A— Case 17-2-2-0 P §
o 70 [-| —0— Case 17-3-1-0 ! '
3 [ | —©— Case 17-3-2-0 &
< I /
2 ol / :
E 60 7
(5} i A 3 1
- / -
i J/ ]
50 r 4
40 [ ; i i - 1 i 2i il \
10*  10® 1072 107 10 10 10 10
Elapsed time [year]
XK6-35 MREMONE (CEEEE) DOREOEREL
(w=17.0%)
Case 17-0-1-0 : D=0.0X 10°cm%s/C, P=1000m, Case 17-0-2-0 : D;=0.0X 10°cm”/s/ C,P=0m
Case 17-1-1-0 : D=1.0X 10" cm”s/"C,P=1000m, Case 17-1-2-0 : D;=1.0X 10 °cm”s/'C, P=0m

Case 17-2-1-0 ©
Case 17-3-1-0 .

D=7.0X10°cm’s/'C,P=1000m, Case 17-2-2-0
D~2.0X10"cm?s/C,P=1000m, Case 17-3-2-0

: D=7.0X10%cm’s/'C, P=0m
. D=2.0X10"cm”s/'C, P=0m
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6.13 x&¥

DEDRHBEREZILOBEUTOLIIZR S,
- BROBAZBEFI0 M BEDSRE, REN OMYPEKILSEEARERICES X

s %gailj‘ é < %ﬁo)ﬂzﬁ*ﬁiﬁiﬁw k & %o Ej]ﬂ(ﬁﬁO“' 1000n 0)1’%%,
BEKERIZH3~80E L 2 5,
- BEKBERIIEROEAKBEICKESEZEEZZTEY, BROEAEVEEES

ETIOP~10"m* DEHE T3 F DEREICHE L ZIT 2V,

- REARICE 2K BHEZE L2 WESICHRER TS Z LIC L ) EEKEERM
BRE RS, B RPHAREROENKEIVNEVITEKRELS 2B, EHKE
AS1000mD I 2 TH 505, omDBEIIBIMEE R S,

-ERICARMD R, BROEKEVEEROBEEEAKE LREE L 22541,
ERICHREEKERIZESICE 25, 72, BEMOMARAEICD FEK
BEEIIKFEL T %, ZOEELBEEKEMIIEBNOENKEICRDKELE
B2 %), TOEGIEROBKENIKEVESICHRILIZKELS LD, &8
NDOENKEFBVHEIIEROEKEIBVIEESOBEEKERHD 2 HFEETH
%, EHKEIBENSEIIHEEKEEHS500~1000ERELE 252 LHFHESN
%,
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6.2 ZRTEMIHFETIVERBVLERER
6.2.1 RBFOE/M

HEHICBWTHBETVERWT=7 74—V FOERBIT 2TV, BEHOE
TEKRERIZICE L TR R 2ITE o720 ST, IV EBNLEFVERN
=7 74—V FOEEIE L CEEXITE .

6.2.2 BITEH

(1) BR4RtiE(E

BATICHAW - PHEEIIR620DE ) TH 5, BEHIZT 1 BREM (Bowtn) , &
ORELHEINRY M A MREM (RUVMFAPEBM (FABBLUXY) DREM,
XY b F A4 MRAEEISWMR) & L7z, BEM OMEMRE (MPa), HE K/kg/K]1B LT
BUZERBWM/KNIEIRR D L ) ICEKELOBEE LTS 272 (BKIED, 1999) o

BRI E=8434-3.7440 (6-1)

& - c=34.1+4.18w g
i g TV (6-2)

BAZEE 1 ) = 4.44x10°1+1.38x1020 +6.14x10-302-1.69x10-4 w3 (6-3)

BEM OKRSILERE, AHENASFEES L VREARIZE 5KkTBEICET 55
HMizonTid, FEIEBETRESINLOEHW,

BORE LM OAREMEEREICE L TRERDOBIZERET 5, }Xv M1 FMREMD
KFRFyIrN (F2vay) BEVEVOHA FOSERIEKET L LEZOR
B, Gkl EG-HRIRTECE)OF M FOEELETERLL2EKE
(w_ [%], Normalized water content) TEH T % LK7H KT > ¥ v hylPaltw,, DN

mon mon

BRiX(6-5RTEES BHAIZD, 1996) o

wman = w/ Rmon (6‘4)
v =pg [ (-1.37X10°T+1.23 X 10%
X exp(-9.5%X10%(w, R,,)) +3.5X10°(@,,, R,,,.)"""] (6-5)

ZZT, olddKE%], R, 3ECEYTFAS MEEREL], TRIBEEPC, p3KOE
FElglem’], gldEHNMEE[cm/s’]TH 5,

2zT, (6-4) , (6-5) XEAV, XV A MEAEISWMBDEDOE LD
raviEkoMEYEHT A, #L T, vanGenuchten!Z & 2 BE TV (van
Genuchten, M., 1980) #&H L, BOE LM OREHKSFEHEEZREL, FET
NV HBOR L OFREMEKRE % RET 5o van GenuchteniZ & 5 & HRIEAES,
B L URBENEKBREOIRANTEREI NS,
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Se g :‘;’ ={l+lay)™  (@>0) (6-6)
m-l-}l— (0<m <1, n >1) (6-7)
k= &= 52[1-(1- s, Mm)"? (6-8)

ZIT, QIIBRREKE, 0s IIBMEREKRE, or IRNFKE, kIIHLBERFE,
kIBFEKRE, aB X UnERETFVDING A — 5 Thb, £/3T7 A—FIZUTO
LI IZRRE L 72

0s =0.333, O6r=0.000, a=1.5X10"l/cm], n =3.0 (6-9)
H6-36121% (6-4) , (6-5) REFHBVWEBHINIRY M4 MEEMHOH 7V 3
> &van Genuchten!Z & 2 B#E 7V (VGmodel) & V5N AEMESESEY T
To F72, BORLMOBYHICEE L CiX, BEMELELIOZFEHL, BBORE
MREFEICEL Tid, 63712 R"TdDEHWS, (Watanabe XK., 1991)

#6-2 BITICHW - PHEE—E

Wit fE nAEfbE Ay BREM BORLLHE B
R 5L [MPa) 8.2X10* 2.0X10° (6-1) X 3.0 3.7X10*
R7 YV U [4) 0.3 0.3 0.3 0.4 0.25
IR ERE [g/em’] 2.80 7.80 1.90 2.10 2.67
EA EBE [m’] 1.0X10%°  1.0X10® 4.0X10®° 6.0X10"° 1.0X10"
2k [k/kg/K] 0.96 0.46 (6-2) X (62) R 1.0
#AZEE [W/m /K] 1.2 53.0 (63) X (63) R 2.8
BB RRE (VK] 1.0X10°  1.64X10° 1.0X10°® 1.0X10° 1.0X10°

10° g e 1.0 1* ——r—r———r—r—+——rr—r—rr1 1.0
E o o  Estimation value 1]
o VG model (Suction) 1] 05 A
105 | Q.. —— - 0.8 10 0.8
A o /T n 3 \ b1
3 P @ 3 i )
— F o l' 4 9: —_ r \\ E E
E 10¢ oo g 0.6 < E 10t 06 <
2, £ oo ’ 1Y% @ o 3 B d o
- : c U i’ 1
§ | ool B 5§ f 3
© 3 ! ] 3 ° 10°L 0.4 3
a 'TE G - T 42
F ’ =8 g
Fla=e-- Relative permeability] X ] 5 L 1 5
107 | P 0.2 10 0.2
10 M RPN .,f;',“ sl A N 0.0 100 e A s N . 0.0
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 00 02 s ‘2'4 ; °":, 08 10
Volumetric water content aturation ratio
—— : »; '.u \a »,
[6-36 DR LM O ERFE [6-37 HROTBMRERNE
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¢

Temperature is fixed

A

at 15°C
om—
-
%\N\—/Qt
8
:§
3
2
E=
3
< Rock mass
=)
3
Determination from x| S
the thermal and ysis N\ _Backfiling_
'r
7
1000m \ Buffer 2
roae 3
2]
Ove k ol T
1350 : | Jverpacx 3
19 ] Vitdfied waste
* Fol
220H
410 —-I i
1110
200m 2500
Determination from
thethermal anaysis {mm]
R R=TR

-1200m—

Temperature is fixed
at 51°C

£J6-38

BFEF L oBsN
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(2) BHRET IV
AT ILB R A ROV CHRFE TV 2 HOERT 2. T7VOBSEEE
6-38I2R" T 72, MAILABDO X v ¥ 2K EK6-39IZ7RF o FITE 7 IVITAGIREE
#1000m& L, BEAOEBREEICEHLTREIEFVICBVWTEHNB L UHEOEL
Heaiakite LTHBINEERL, BREMNORERENSI0CTUTIIRZS L)
IERET S, ThbLbLEFINVEBOEICEL TIXBABITILRET %,
(3) MRS UERES
MG LTIk, EEORE®15SCLE L, EEAMIZZIC./100mDiRES
x5 %7, BYEREHIIOVTIE, ﬂ@i@’ﬁ:lst EFNVEEZSICORERE
EREL, AIEIZWRERE L,
KEHMBILM L LTI, BEHOMPEEKIEIT.0%, BEE L#HOTHEKILIZ
10.0% & L7 72, BBICEHLTIIR6INDE I BT —AERET %o

®6-3 BT — R
Case0l-1|Case(01l-2 Case02 Case03-1 | Case03-2
HEREICHTKED D
- ABAKEKRRBIZBANT
*}?;f%m B E0.0MPa f‘;if;ﬁ;ﬁz WAYLES X RS
’ = OEH R TRV, HE
5 1% I BEZEMK & Loy
%ﬁ@ -15 -20 -15 -15 -20
. . 00X . .0OX
B AR [mZ] 1.0X10 1.0X10 1.0X10 1.0X10 1.0X10

(4) EEGORHMIEN

KN THERT 2 BERORREORRELZK6-40127R T, it RirELE
#504E L LBEORBREICHYT B, REEI, 77 ABEUEICHLET 2 FERI
BT ARBYU -V DRBEY S 27,

400

' E
350 ~— :
N
N
300 \
g 250 \
3 N\
.8- 200 \
8 150
T
100 \
\
50
o —
0.1 1 10 100 1000

Elapsed time [year]

B6-40 # J ABE{LiEDO R E DEREL

—100—
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6.2.3 EFFER

(1) BROEBR

BRERIE, H64lIRTHAEBITHAS A Vv ChHRBILA, ARBEB

CESHKE, B)EEAELICBELTOBEIATH S, AOW)26MNIIEHTA VL
DRET, ()IZEFEEF.L, QEIBREHOAMES, @)REHORREES, @it
BES ONEIERS, 5), (6)IXBBRAT, ThLEFNEEHHEIZ2550cm, 1.0mDIE
BOBEOEFTHL, £/, MITEFVONEROETH S, (8)~10)I3HKIFHD
FLBRET, @EF ==y Z2DOTE, 934 —s3—2%y 7D LER, (10)i3ED
BELH L OBEREBTH 5, BII2WVTIE, (@) bR EEHHAL, OFEDREL
MHAMOETH 5,

(Lyp

(k)

(3)(4)

Output Line

4

Determination from the thermal anal ysis
[mm]

(A)IRE B & UEHAKE B)YEKHE
6-41 BITEROHANTIA VvBLIUHNIA

—101—
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(2) BBEHKBER
K6-4212 B 7 IV DHIE%4.0mE Lz & 3D, EHASEDREOBEREEILERT,
BIgZ4.0me L72RE, BEMORBOSQOEEREIIHITCTLE R, Lo
T, BEBITICBITE2EFNVOEREIIAOMETEI L E L, TDL ZDREERE
—AR 47 ) OEFERKIIHSOM L 2 5,

140

_‘,./ZIP‘—--“"
I L —"'"—‘P— (1). \
L LT H
120 \
- / . \
e r A ;
5100 ¢ 81 S
3 / (2) A N
] ey N
€ a0 iy i (B)(9 L) N
§ Ve 3 /§::~:;Ei\\§
71 3 N
L F/ ///%:::‘G \EES\
60 A ; Z SRR
I (OISl ~
L ran ,
H Y + H '1
40 i i i H
0.001 0.01 0.1 1 10 100 1000

Elapsed time [year]

X6-42 BT ORHER (7)) OHIE4.0m)

(3) ERBFHER

H6-431Z 13 b EEE 2 8E L7247 — A (case03-1, Case03-2) DS
BEEIZEOES T 1 ¥ EOEHKBEORELE(LY RT . ()idcase03-1, )iE
Case03-2TH b, ERDOFAEDEVICIVAEETERAEL ELRoTnS,
Case03-1DFAEKENAE VD, KERTEIIKRES ZoTWw5, K6-44IC
IR SSEIKB L -BEE COBEBRNOENKEFTHFZRT . Case03-1DK
Hicase03-212RT, EHETIKE (LKHHEICE > TKEMET L TV A1+
birb, H6-4512 IXEEELSEORNT A ¥ EOEHKEEZRT, (@A E
BOKESM, ®), (©, FFNFNLSHEIE, 104, 10058 LRATO
KESHKTH A, U ERIZcase02B & Ucase03-21BITAEBHNIIEFVES
o TWVBED, FOMOr —ARBEVENTH S, LoERElzEE L7 —
ZICELTIE, SAEOEVIES (case03-1) IS HDOBRNOIEIZIZIZH
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