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Coupled Thermal-Hydro-Mechanical Experiment at Kamaishi Mine
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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 Cretaceous granodiorite hosts tﬁe experiments.

The coupled thermo-hydro-mechanical (T-H-M) experiment in situ has been planned as a task of Kamaishi in-situ
experiments in order to establish the coupled T-H-M conceptual models and to build up confidence to the
mathematical models and computer codes. The program of T-H-M experiment is divided into five phases;
Excavation of Drifts, Measurement of Rock Properties, Excavation of Test Pit, Setting up of Bentonite, and T-H-
M test. Last year, the experimental drift was opened, 5Sm>X10m in square and 7m in height, by drill and blast
method and then fourteen boreholes were drilled in order to install several sensors.

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

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 Tsolation Technology Section
*: Technical Research Institute of HAZAMA Corporation

**: Nuclear Power Department of HAZAMA Corporation
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HleoTIE, APV T U7 (NEC =5 () BLAS2302) %Havafajja% 50 ¥ /=1 100 fEICHiEL 720
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EPX-NO1 electronic pressure
transducer (Entran Ltd.)

Stainless steel sheath
with screw thread (M8)

£
£
0w
_ Electrical connection
Soilmoisture Ld. Screw thread (M5)
15 bar ceramic
Water reservoir
51 Buland 723 x—4
Stainless steel sheath
with screw thread (M8)
Copal Electronics Ltd.
PA-500 electronic pressure
) transducer (vacuum type)
O ring seal
Water reservoir Electrical connection
Soilmoitsute Ltd. ? i

1 bar ceramic I I
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Wing screw Air vent valve

O ring sea! e, a-g:'l'
\ | 20mm ' ____—_'____'_,._ Acrylic plate
Acrylic tube 3 ) Rubber sleeve
' 3 :—"__‘“ Specimen (clay)
Screw rod (MS)/L'

"0 ring seal

Tensiometer
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HEN% 10kPa AT 0 »5-00kPa T CLL &/ L SolEd ke sz Lizk bfforz,

H561%, Budand BI7-> i 21— 2 ORMABEBLETT, 47 ¥ a » ERERCEWT, 0.1bar 25
0.6bar T, ¥7 ¥ aYERELTHD 30min BRICHHEEF—SEISEL —SloET2ET
DERHIL, T3 a PRSI EE L RBENER L, 0.7bar T, 60min #BALTHHHE
FEAEECD Y, —EEICBE L ko7 08bar BLETE, 7Y a v se O hEENE
i &dols, —H, 47 ¥ a TRERICBWT, 08 5 08var £ Tk, ¥ ¥ a v 2LLseT
bHDBERIZE A LBIEL o7 07bar 2SREAER: LD, 05~0 bar Tid, HHEES—
EESET S L) kol UL, TRODMHIE, 42 ¥ a v OBIBEOME IZEL > TV,

E56i<, Butand EDENETRDY 2 & 3 VEICHT 2 MDBESLA RS 32 >8> LR 01
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EB7iZ, TERET > ¥d A — 5 OTERELE RS, HBER, 92> a 0L, FRELd
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BKEEZ 140~55%ISFREE L -8R AV TERGL R L. 2O M) v 2By vl Lz
FE112, TLENONETHEEL L2BBOS K, SRakE, BRIEELRY. F-0RHrbiE
BL7-BRHET S, SRHEOEAIER > TVB0IR, TR LSBT RN b RAOIES D54
Botzll, BEER—OREEECTTATS & L AR ChH o7 b Th b,

BE1 SERBOSKE (o), BIREKE (), BIEEE ()

L i) Burand Eli= X A#llE PERENC X B iE
/K ®/% 8/% | pfgem® | /% 8/% | psigem®
140 142 792 0.560 142 786 0.556
100 106 718 0.676 101 709 0701
90 864 66.7 0.772 86.7 68.6 0.791
80 783 66.0 0.843 758 65.9 D870
75 74.1 653 0.881
65 66.6 639 0.859
85 54.1 579 1.07

TNETNDOMEICBT = V) v 742 ¥ a X O iEEE) %, B59~519 57T, |

Burland BiZ X B HIEICBNTIEL, 1ZEA LOGETHREEREERI LT ¥ a ENEHEIC LR
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[@5-15) ZDikid, BETEICRR B BMEN, ABIT5L, 0=864% (F5-11), 0=666% (B
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@=741% (&5-13), 0=54.1% (@5-15) DL 2, HHEFERALTHLIOD 2 BHTHo7z 4B,
a=783%DFH ([@5-12) Tid. WIHEISELMC EAEHIT. 3.5 I- 100kPa 2825 E—B#Fd L.
Z0O%. 102hr {2 105kPa 13835 & 22kPa TR PSR L Tvo iz,

PEELRELBDUAEMUERTE L. 7 ¥ a MENER LT ERE RIS 323
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HEFRERTHAICIL, (HAEHOET TR L V7 ¥ a HE ISR LAVERE L
Tid, Bt d—o Y7 Mgz bha,
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Distribution of Water content

- during infiltration test -
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Case Iype (MPa degree degree)i |
_ o, 7.0 - -
Case 1 :for.roplc g, 7.0 - -
nomegencen o, 7.0 - -
_ _ o, 14.0 - -
Case 2 ]lSOtIOP < A g, 14.0 - -
o, 7.0 - -
) o, 29,3 342.0 13.0
Case 3| SO-LOPIC [o 7.6 248.0 17.0
HOmOgERSer O, 2.9 107. 0| 68.0
. o, 29.3 342.0| 13.0
Case 4 Eg;iitfogfc g, 7.6 248.0 17.0
FETEEEEEEES O, 2.9 107.0 68.0
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# 8-3 imﬁﬁiﬁrﬁﬂ E
{

case Depth Principal Dip direction Dip
stress (MPa) i (deg) (deq)
o, 11.05 321.8 17.0
0 - 2m G, 6.13 230.0 6.1
(o2} 3.23 59.0 71.9
G, 8.45 324.7 8.1
2 -~ 5m (s 23 7.04 232.5 15.1
Case 1 O3 5.20 Bi.8 72.8
(o 7.758 329.7 2.6
5 - 8m [+ ) 1.26 240.4 14.1
[ Y 6.10 49.6 75.7
o; 7.52 329.5 6.0
8 - 10m o, 7.29 240.6 11,0
[} 6.56 31.3 77.5
o,i 21.39 325.1 9.8
0 - 2m G.{. . 15.17 233.8 7.4
ol 3.70 72.6 77.6
Gy} 16.47 334.6 0.7
2 - 5m o, 15.03 244.5 5.2
Case 2 Gaf 5.91 72.0 84.7
ol 15.28 335.7 1.5
5 - 8m C,i 14.86 245.7 2.0
(o) 6.69 30.0 87.5
o, _14.96 328.8 1.0
8 - 10m o, 14.78 238.8 0.9
O, 7.06 12.3 88.6
o;f 49.10 339.3 12.5
0~ 2m G,i 20.61 240.8 33.8
G,  1.68 86.7 53.3
o _34.70 341.0 11.8
2 - 5m o, 12.20 241.2 39.2
Case 3 G, 2.74 84.6 48.4
o,i 31.77 340.8 11.1
5 - 8m g, 11.00 242.3 37.0
[+ 2.45 84.7 50.8
g,i _31.26 340.8 10.8
8 - 10m g, 10.80 243.0 35.2
o, 2.19 85.3 52.7
o, 50.34 337.2 12.5
0 - 2m G,i 19.24 238.3 34.9
O, 1.06 B3.9 52.3
c,i 34.89 340.4 10.5
2 - 5m g.;: 12,50 242.4 36.8
Case 4 G, 2.43 83.7 51.2
ot 31.70 340.7 10,1
5 - 8m Oyp . 11.24 243 .4 35.5
[ 2.29 84.2 52.7
g,i 31.33 340.7 10.4
8 - 10m G, 11.00 243.5 34.1
Oxf _ 2.15 85.3 53.9
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—o— |nitial

—o— Case 1
—a— Case 2
—3— Case 3
—G-—— Case 4

West

Displacement scale = 50 times
South

Horizontal deformation of test pit (Z=0m)
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Depth [m]

Depth [m]

0 3 0
-1 -1
-2 — 2
E
£
[+ %
a
3 -3
-4 —eo— Case 1 4 ]—e—Case1
~—i— Case 2 . —4&— Case 2
—0—Case 3 —o0—Case 3
—t Case 4 —z-— Case 4
5 - -5
0.0 1.0 2.0 3.0 4.0 50 -5.0 4.0 -3.0 2.0 -1.0 0.0
Uy [mm] Uy [mm]
(a) HH (b) Juf
0
-1
— -2
E
s
[+
a
3
—o— Case 1 -4 —_—— Gase 1 F.
~—+—Case 2 —&— Case 2
—=— Case 4 —z— Case 4
| 5 |
0.0 1.0 20 3.0 4.0 5.0 -5.0 -4.0 -3.0 2.0 -1.0 0.0
Ux {mm] Ux fmm]
(c) EEM (d) R
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Hydraulic And MEchanical System analysis) W BT Lo C B BRBOT— ¥ 28BN T3
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THAMES BHWTWAKEEF VL, FAOEEFBERIL 7 v 70RO F 27 A V- 4=
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i, DERE, RBERO 3 OFELICERLAEDOTHD, £LT. TOIERFERI
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BB A =5 L UTIR, BEER, kE, BERMEPEIELERCES, 2, RBEEROD
R OzDIc, BHORELL-ERXEORIEERENY ANRTWS, LT, BEhBoR
D7=HITid, HRIEOBEKE LTEKEZ2ERBTI2IDEL->TWES,

[ HEAT FLOW J

free heat generation thersal
convect fon transport of heat by stross
deformation

compressibl ity by pore pressurs

[WATER FLOW » [STRESS—STRAIIJ

permaabl ity change by cospression
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EERBICOWTIEENEIE LI TwS, THAMES 2L 2BITREORE+HE 8. 1410577,

kDX, THCREVWEETC—HLTEY, ZOMEIEOVWTOENT— FOEREIEID
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0 [ I b T i 3 i AL 1 3
g a0k —— Analytcal ! N
= : > o
e @  Numerical
= 40 =
o
O = <
o gOL N
2
=0 A
A 80k i
- -]
100 | ' ' ) I 1 ] :e !
0 0.2 0.4 0.6 0.8
Time Factor
8-14 1RTEFEEL THAMES |2 X 2 TR 0 s
Q@QIH~ A EE

ALEE T2 FRICAN, SHELEE SELBS0BERME ORBE To 720 LEHFFEN
DAFZOVTHERF L THAMES ORR LB LR 5 RICRT, BERRL IR R—

BLTWALEEZS,

Radial Stress

10

¢ Numerical

— Analydcal

£=1,000
v=0.3

Radial Distance

B 8-15 BRRMEE THAMES i= X 3 BATERO LB

8-20



(3~ A

MLz BT 2RISR LR SELBSORIETIOREIZOWT, BITEL ORBZERKL -
FWRTRICRT, ik, AFROENCOVWTHE2FT o200 Th 5%, FizELli—5%LT

WBHEEZR D,

Tangential Stress

—60

—40

—20

20

40

T=5r
(T: temperature,
1: radial distance)

«=0.0001

T

T

10 . 15 2
Radial Distance

e Numerical

— Analytcal

B 8-16 #~ISHERRIREIZ BT 2 RF RO Ok

(B FERE

R OFEF OBRIEEMBIZOVTIE, BT Smith(1965)I2 & N EBLhTEY, ZhiD
HEZERBL. BRERERT. RFLERTH Y, #ifo— FOEEEIERE S,

Analytical
Numerical ¢
0.001
0.002
0.005
0.010 I
0.050 '
0.100
0.200

POr®«<d0

]
T= (0<x<1)}KT=l Cc
1 T=0(T>0) J C.=1

o

p=0
x=0,
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—(C—— Experimental

__ Numerical
Te=20C
Ty=26.67C
L =ldem
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