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Coupled Thermal-Hydro-Mechanical Experiment at Kamaishi Mine

Yoshiji Moro *
Tran Duc Phi Oanh *
Kiyoshi Amemiya **

Abstract

In the case of geological disposal of high level radioactive wastes, a coupled phenomenon involving thermal (T),
hydrological (H), and mechanical (M) processes occurs in the buffer materials and surrounding rocks. This coupled
phenomenon implies hydromechanical (HM) processes by heat dispersion, thermomechanical (TM) processes by
ground water seepage, and thermohydrological (TH) processes by swelling of buffer materials and deformation of
surrounding rocks.

In order to understand the deep geological condition in fractured crystalline rock, PNC initiated the in-situ experiments
in the Kamaishi Mine, where early Cretaceons granodiorite hosts the experiments.

The coupled thermo-hydro-mechanical (T-H-M) experiment in situ has been planned as a task of Kamaishi in-situ
experiments in orderto establish the coupled T-H-M conceptual models and to build up confidenceto the mathematical
models and computer codes. The program of T-H-M experiment is divided into five phases; Excavation of Driits,
Measurement of Rock Properties, Excavation of Test Pit, Setting up of Bentonite, and T-H-M test. Last year, the
excavation of drifts was opened by blasting method, 14 boreholes was opened, measurements equipments was settled,
the test pit excavated by large boring bit and measurements of rock mass movement was done.

This year we carried out the compaction of bentonite into the test pit and insatallation of sensors in the bentonite in order

to monitor the oupled phenomenon involving therm-hydro-mechanical processes and report the results.

Work performed by HAZAMA Corporation under contact with Power Reactor and Nuclear Fuel Development
Corporation (PNC).

PNC Liaison ; Hirohisa Ishikawa, Waste Technology Development Division, Geological Isolation Technology Section
*: Technical Research Institute of HAZAMA Corporation

*#*: Nuclear Power Department of HAZAMA Corporation
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SAMPLE ¥ - 2 GhEE PRI R

NAME [l A BF58E (MPa) | ARTZSEE(mm) | ABTSEEE(MPa) | & A BFZEAE (mm)
050-1-1 2.79 1.030 1.80 1.967
050-1-2 2.55 1.360 1.85 1.976
050-2-1 3.25 1.069 2.84 1.799
050-2-2 3.52 1.572 2.68 - 2.807
050-3-1 3.72 1.271 3.22 2.421
050-3-2 3.72 1.112 3.18 2.086
$50-1-1 0.95 0.563 0.72 0.902
$50-1-2 0.92 0.554 0.74 1.206
§60-2-1 1.49 0.527 1.23 1.240
§50-2-2 1.58 0.647 1.24 1.226
$50-3-1 2.37 0.658 1.73 1.433
$50-3-2 2.14 0.519 1.47 1.662
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6.3.2 HRER

(1) FlRelER

Y470 2—F - OUERBICHET 2 FREABRERO—EEE 67107 T,
T, C52F v /=L PST-55F v v N— LK AREEREFhFh
E6-15LE 6-161CRT . 9. 22COREBEEHAT. BREIH10%OEBIIDNVT, 471
A—
—RWERRTHE L EHR LIz BKELETFIHNRT Iy IV EDBRIZON
TiX, SkEIBL BB bk, FIANRFY Y v VOMIEIPEL B,
Fix, BEELYA 2702 M) v 7 BEERBRARBLERZRLTWS,

® 67 YA INA-4—ORUEHERICEHT S FHARER-K

C-52% > TIF 4 2 ii— PST-554 > FIF v 15—
aBXKE (%) |BE Bk #4704 by 7 Bk #4470 M)y TH
EHEE ]| (C) [ D1(£V) | Pitan | D1(xV) | Pitar) | D1(xV) | Pi(bar) | D1{xV) | Pitban
10.4
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230 | 43.0 | -573 | 21.5 | -45.7 | 845 | i AER
47.0 | 45,5 | -60.7 | 33.5 | -71.3 | 645 | TR N
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84.5 25.0 333 | 230 489 | 255 19.5 -26.0 14.0 29.8
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8.2 IER
8.2.1 HHHER
(1) R
BALZ-SRE (BEBRR17Y) KBWT, H1UTE1 RELERML, 8116 7 —AORBERR
ER L2, K 8GIEE ONEIR MmN, Re2THEREEZRT,

BB 4.75mm T, B3I 4~11% T, B3 89~95% LT L A X¥EHD TV, MG
1ABUTIC ko T b, BERHUIZ4~-5BETH S,

82 N bF A PORERE

BARE Dy (mm) 4,75
SEIRE Dg, (mm) 0.52~0.80
SEHREE D, (mm) 0.14~0.28
P D;, (mm) 0.70~1.00
BEREU, 3.6~5.0

e (2~4.75mm) (%) 4~11
w5 (0.425~2mm) (%) 56~67
4 (0.075~0.425mm) (%) |38.6~21.9
5 (0.075mmEHEE) (%) 1.4~0.1
HMArg ComiEBE) (%) §8.9~96.2
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w=Mw/Ms X100 (%)
Mw: &KE (g) . Ms: LANTER (KFER) ()

OEREE p t (MMNARLLIOLOBRREVER)
1BLE-) ORBRARLBOELESVESHPLEET 5.
o t=M/V {t#m®) or (gfom®)
M BRAR (t) . V= (¥ PFERXBOLEFYES)

QEBRTE p ¢ (BUERYEL Y OLOEEREOER)
BHEEptLEakEwrbEET 5,
pa=p/ (1+w/100) (tm®) E7:i2 (glem®)
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=7L. Gs: I FoOEE (LE) =2.65L75,

G Sr (FROBEMERICHT KO 5® 5 HE)
Sr=GsXw./e (%)

=83 WEHRBRER (201)

BNo.| &xkik BEEE EREE MBRl | faFE | EE | ESRE
w (%) | p¢ (alem3) | o4 (g/om3) e |Sr (%) | (cm) (cm)
1 15.8 2.01 1.74 0.523 79.0 12.35 12.35
2 15.6 1.82 1.57 0.688 60.1 11.71 24.06
3 15.7 1.95 1.68 0.577 721 9.55 33.61
4 15.6 1.88 1.63 0.626 66.1 10.40 44.01
5 15.7 1.93 1.67 0.587 -70.9 10.10 54.11
6 15.4 1.84 1.60 0.656 62.2 10.10 64.21
7 14.7 1.92 1.68 0.677 67.5 9.70 73.91
8 14.6 1.93 1.68 0.577 67.0 9.70 83.61
9 14.7 1.88 1.64 0.6186 63.3 10.00 93.61
10 14.4 1.85 1.61 0.646 59.1 9.50 103.11
11 14.7 1.85 1.61 0.646 60.3 10.60 113.71
12 14.4 1.92 1.68 0.577 66.1 9.80 123.51
13 14.3 1.90 1.66 0.596 63.5 10.10 133.61
14 14.5 1.89 1.65 0.808 63.4 10.10 143.71
15 14.5 1.90 1.66 0.596 64.4 10.10 153.81
16 14.8 1.89 1.64 0.616 63.7 10.10 163.91
17 15.3 1.91 1.66 0.596 68.0 9.90 173.81
18 i5.6 1.91 1.66 0.596 69.3 9.80 183.61
19 15.6 1.90 1.64 0.616 67.1 9.90 193.51
20 158 1.89 1.63 0.626 66.9 9.90 203.41
21 15.8 1.87 1.62 0.636 65.9 10.20 213.61
22 i6.1 1.96 1.69 0.568 75.1 9.70 223.31
23 - 15.8 1.85 1.60 0.656 63.8 10.30 233.61
24 156.9 1.90 1.64 0.616 68.4 9.80 243.51
25 15.8 1.88 1.62 0.636 65.9 10.00 253.51
26 16.0 1.89 1.63 0.626 67.8 10.00 263.51
27 15.1 1.91 1.66 0.596 67.1 9.90 273.41
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+:83 WEOHABRER (202)

BNo.| &xk BEEE B MiBRLL | Mg | EE | ESHRE
w (%) | p, (g/cm3) e o (glcm3) e Sr (%) (em) (cm)
28 14.1 1.94 1.70 0.559 | 63.1 7.70 281.11
29 14.1 1.90 1.67 0.587 | 60.1 8.00 289.11
30 13.9 1.97 1.73 0.532 | 69.3 7.70 | 296.81
31 14.1 1.97 1.73 0.532 | 70.3 6.20 | 303.01
32 14.1 1.85 1.62 0.636 | 58.8 10.10 | 313.11
33 14.6 1.82 1.59 0.667 | 58.0 10.20 | 323.31
34 15.0 1.92 1.67 0.587 | 67.7 9.70 333.01
35 15.7 1.86 1.61 0.646 | 64.4 | 10.00 | 343.01
36 15.8 1.88 1.62 0.636 | 65.9 9.90 352.91
37 15.9 1.88 1.62 0636 | 66.3 | 10.10 | 363.01
38 15.1 1.93 1.68 0.577 | 69.3 | 10.10 | 373.11.
39 14.7 1.91 1.67 0.587 | 66.4 10.20 { 383.31
40 13.8 1.82 1.60 0.656 | 55.7 9.80 { 393.11
41 13.7 1.83 1.61 0.646 | 56.2 9.60 | 40271
42 141 1.97 1.72 0.541 69.1 9.90 | 412.61
43 15.8 1.96 1.69 0.568 | 73.7 10.00 | 422.61
44 16.4 1.97 1.69 0.568 | 76.5 10.00 | 432.61
45 15.1 1.97 1.71 0.550 | 72.8 | 10.00 | 442.61
46 11.3 1.86 1.66 0596 | 50.2 | 0.596 | 453.31
F8-4 BEF—2OFHE
HHE FiE LR ERREE
axit (%) 15.03 | 13.30~16.40 0.80
BEHEE (gem®) 1.900 | 1.815~2.011 0.046
EREE (glm®) 1.645 | 1.570~1.740 0.041
HRRIL 0.604 | 0.523~0.688 0.03¢9
g (%) 66.16 | 55.73~79.05 5.09




8.22 &wKkE

E 87ic¥y PEEMLOBEAFMICBIIZERKOBERT . EBOMEOEKRILIE 11.3~
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8.23 W

E8-10, E811ic¥y MNEE L D OB ICBIT 2 BEEE, ERFEEORLERT. BREETE
p =1.81~2.01g/cm® OFERICEILL . YL 1.90g/cm®, FREEZE 0.048g/cm® T 3o

Fie, BIREE Tl p (=1.57~1.74g/cm® O ICELT 2. FIHEIZ 1.65g/cm®, FREERE &
0.041g/em® Ic 2 o TV 2o BB p o=1.6~1.7g/om® I LT ETRE L TRV (p 4<1.6g/cm®
i2/8 No.2 & No.33C, p ¢>1.7g/em®iER8 No.1. No.30. No.31, No.42. No.45) ¥dH2% L D0,
KEBA p o=1.6~1.7glcm® OEERICH 5, 7o, TIMEE p ,=1.65g/cm® L2 D, BEYEL IZIZF
LTtdhd, .

BEEOTHE (B1~10 OH) BIULEHE (F31~/8 45 O) TRERMEFLFITHHELT
BRTEOTLENAEV, T, 1BUL Y ORELERIAE (., HEDK I 2EEOH—ED
REEAHEEE L { hoTWB EEL bRb,

E8-12, H8-13kERBEOES LR, SkLOEHE L 7— s RO E R, EREREIITEHE
B 1.6~1.7g/cm® ICiZ IR AA L TVAFRELZVF -2 b 55, TR1.6g/em* U T T2 7—
¥ CEEDZ 4%, LB A1.7g/em? Cii6 7 ¥ T2E0H10%E DTS,

TR 1.6g/cmRHO 2 F— F BT, BNo2 DT —F (p =1.57g/cm®) TRETHMORRET
¥y FEBEOMM&IC L 2 BRBAIBEESERRE L EL 5058 No.1 LE No.2 DHETIRTIE
T p g=1.T4g/cm?, 1.57g/cm® T4 OWEHEI X 2BREFHE L BAFEOTRYEND D LEX 5N
5, MEXTFEHTSE p =1.66g/cm*iZ% 5,

Kiz. & No.33 DEIBEE (p 4=1.59g/cn®) b TPLELEETRELTHo TV, Jhid,
g 1 L i THRAIEEAEOBNIZE230TH S, Tbh, BEBTICAL LRE LKL
EHWT, FrEORBREELBI-00OBRARLALEYES 2 ER L7225 BIANE LSRG
A A W T )RR E L, FOEE. HESNEEFERINS hobbkEI LMD,

HERBRIC B 2 ERFEOYEMEORERSEONSER I RAT AN TTRMEL LI ERE
LBEL TS, —F. S OEEE ek, Bk, BEk, BES) tRLSE2HRP
LEREEE LIS KRELLAAPELLY,

0L EEOSTBERO TRALSHENORELHERETIOREETH LB LRMELEL
SEH ISR, IRET L2V 00, HHOBEROHRRE - M EOBS,rb45 LEEIRER (.
THREZFEETLEWEEILbRD,

2 8-14, E8-15 IF LB IC B 2 ERFEOFEN LMD 1 PIER T WEIZE No.37 BT
GEmEEste v, WEAEIRES-16 12 Lo, |

ACWiE Tid. EREEMN p ,=1.61~1.64g/cm? £ Z{LIESHBIR/D S V4%, BDITETH p =1.59
~1.67g/cm®i2ZEL, €y FEEEHEOFERFRELDSAE (2T,

CREEMARERRRE L VEED LIc{ W EItini T, ¥y FEEORR ({EES) R8BS
BEORE CHEREETONCEINE LRI IDLEEILND,

&7 ¥y OEHHEIL 1.62g/cm® T, BBO VLRI X 5 EHEREELERALTHS,

Bt EhEL LERFEOBE TR, H8A7RT LI, 5 2ERE (FHEOHMEYED
X 5TV, BEIHF6~8cmBENES TR, 10om ICEEL TL Y REVEREEFBA VD
OEEMIND,
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12.1  FYALUCLAY) 7o 2= b

VALUCLAY(VALidation of codes/models that describe the Unsaturated behavior of
engineered clay barriers) 70 =2 M, TR TEEHH D OE#-K- S HEEF IV
DFF. REEEICEE ¢ 2 EEEEMRTH b BEHICRETUIREBOAZTESFEL LT
ZHhF Y ABCL, AU =—F 2 SKB, BLUBRBEFOHBEIcL b, il TEED»SEE
ENEHOTH B HENLIE, TR, N, HIIIKF—LELTHH T3,

MADEIE, =77 4 =)V FORETFMICB W TEBRIBESMN &2 2 T OMETH
POE-K-IGIERRSICBE L., SREPSREINIEREFN,. F—FDL T2 — 7
— I R—RLBLUTETFNORIEFBNERE U T F—F OEEEOMRRTLERTT V.
I—FORYMERER L. HEEFMoEEEoa 2R3 25 8H %, _

Ry T FER. BEHLERUHCETZT—S0BELF-I—{LEER LI,
VALUCLAY Cid, F—# B RS ROBEEKESEI =

« Mineralogical properties (&L4p#BA%)

- Chemical properties ({L2E#EAR)

+ Geochemical properties (CEC. pH 7z & o ib{b2EsE) ,

- Geotechnical properties (WESHE. IV P X7V —RAREOMERE)

- Consolidation indices (FEf. IV, BICBEH 2 EH4)

+ Mechanical moduli (F72:{%%0)

- Thermal properties (Zh4i)

- Flow properties (HIHIZEEDH 5 1HE)

- Transport coefficients (PEHIN-HEH 3 EE)
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VALUCLAY T—4A~A—2

VALUCLAY

Secretariat
Table 1. VALUCLAY Database - Number of records (pg. 3/3).
Property Property (Table) Buffer Backfilt Sand EDZ Fluid Cther | Total
Group CAN | JPN | SWD | CAN | JPN [ SWD | CAN | JPN | SWD [ CAN | JPN | SWD | CAN JPN | SWD | Mat,
Minerslo | Mineralogical Composilion kY 8 13 14 66
Thermal | Lutent Eleat of Vaporization : -5 5
Speeific el Cupacity 19001 1l 2l
Thermal Conductivily - 54 54
Thermal Expunsion Coel. 1 w3 1 5
Trunspor | Apparent Diffusion 15 T 22
Diflusion ) 3 11
Moisture Dillusivity (Iso) 2588815 - 4 932
Motsture Dillusivity (T-c) 4 | 5
Muisture Diffustvity (T-u) 0
Thermal Conduativi ty (Isa) 0
Thermal Conductivity (1)
Thermal Conduetivity (T-u) | 9 22 26 2 68| 127
Thermal Difusivily ([sa) 0
“Thermal Diftusivity (T-c) ] 4/ 1 1 6
Thermul Diffusivily (T-u) I - 1
Thermal MoisL, Diff, (5¢) ¢
Thermal Moist, Difl (<) [ 17 1 18
Thermal Moist, DifE, (T-w) 28 28
. 4665
Total 1241 2124 796 157 1] ’ 53 /] ) 0 0 & 9 98 H 1 186 4.665 ..
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Secretariat
Table 1. VALUCLAY Database - Number of records (pg. 1/3).
Property Property {Tahle) Buffer Backfill Sand EDZ Fluid Other § Toial
Group CAM | JPN [SWD | CAN | JPN | SWD | CAN | JPN | SWD CAN | JPN { SWD [ CAN 1 JPN I SWD | Mat.
Chemical | Chemical Compusition 215 R 8 231
Organie Matler 1 2 ' n 3
Pore Wuler Composition A ' 44
Pore Waler Chemistry 22 R Y 24 107
Consolid | Compressibility 33 13 46
CoefFicient of consolidation RN R S ' 30
Compression Index : 1 . I
Drying Shrinkage C 24 Ay ' ) 24
Rebound Index . i 1
Shrinkage Indux | 3 1l 14
Shrinkage [iwit 10 1 27 34
Swelling Pressure 97 32 34 9 172
Flow_pro | Air Conductivily ; ]
Air Fntry Pressure ] ead ]
Itrinsic Perincability 283 283
Hydrnulic Conductivily - 104 282 25 18 9 15] 453
Local Swelling Pressure 2 R 2
Moisture Chareleristic C. 2 389 52 T 167
Relutive Permieability : g S . 0
| Forwosity Faclor 3 : ¢ : : : 3
Geochemi | Cation lixchange Capacity 2 & 48
pil 2 2 i
Surfise Arca 2 CrRARERI A | u

Constantin Onoprel



VALUCLAY

Secretariat
Table 1. VALUCI.AY Database - Number of records (pg. 2/3).
Property Property (Table) BufTer Backfill Sam EDZ Fluid Other | Total
Group CAN | JPN ] SWD | CAN ! JPN [ SwD | can ] JPN [ SWD [ CAN| IPN [ SWD | CAN | JPN | SWD | Mat.
] Ceotechn | Degree of Saturation 1 635 1 . 67
= Dry Density 13 63 16 ) 71 10
én Fluid Dyramic Viscosity H : 14 25
Free Swall 148 : : 148
Cirain Size 278 53] 8 22 } 9 370
iquid Limil 23 1 3 1 ' 2f 30
Maximum Dry Density 13 12 9 ; 1 63
Muisture Content 1 i : ' 2
Optimum Moisture Conlent 8 12 | _‘ 21
Plastic Limit 15 ! | 1 ‘ 18
Masticity Index 3 1 I i : 3 9
Porosity 1 1 : : : 2
Spesific Gravity 23| 19 2 1 ' 45
Voud Ralio 1 G5 1 : . : 67
Volumetric Moisture C. 1 63 l 67
Wt Pensity i 65 1 67| —
tlechanic | Bulk Modulus 82 82
Cuhesion 25 6 : > 3
| ' Critical State Siope of F. T . : 3
‘ Friclion Angle ] 6 ] : " ; : ; 7
Modulus of Flasticity 6] 38 : : e : 51
Poisons Ratio 25 : I ) e : 26
Shear Modulus e ; 7 YRy : B S s ; i A 0
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VALUCLAY

Table 1. VALUCLAY Database - Number of records (pg. 2/3).

Secretariat

Fluid

Property Property (Tablc) Buffer Baclkfil Sand EDZ Other | Total
Graup CAN | JPN [ SWD | CAN T JPN [ SWD | CAN [ JPN | SWD [ CAN | IPN | SWD | CAN | JPN | SWD | Mut.

Geuvlechn | Degree of Saturation 1 63 1 67
Dry Density 13 65 15 47 141
Fluid Dynamic Viscosity I 14 25
Free Swell 148 | ~ 148
Grain Size 278 53] . 8 22 )8 Y 3
Liguid Limit 23 1 3 1 | 2 30
Maximum Dry Density 13 12 9 1 63
Muisture Content l l 2
Oplimum Muoistere Content 8 2 l 21
Plastic Limit ! I8
Plasticity Index - 3 !
Porosily l 2
Speeific Gravity 1 45
Void Ralio l 67
Volumetric Moisture C. ] 63 1 67
Wel Density l 63 1 67| —

Mechanic | Bulk Modulus 82 &2
Cuhesion 25 ] 3
Critical State Slope of F. 1 3 :
Friclion Angle I 6
Modulus of Flastioity 16| 38 : 54
Puisuns Ratio 25 : 1 _ 2 26
Shear Modulus e R : 3 :_ 7 0
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