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EXPERIMENTAL DETERMINATION OF ROCK THERMAL DIFFUSIVITIES
WITH DIFFERENT HYDRAULIC CONDITIONS

e R R VR N = 5 N
By Kuniaki SATO and Yasuo SASAKI

When we deal with the heat transfer problems in rock ground, the evaluation of heat

transfer parameters becomes important as well as the determination of hydraulic

parameters such as the permeability and storage coefficient, This paper presents how to

determine the thermal diffusivity of rocks having different hydraulic conditions in a

laboratory, and the values of thermal diffusivities with six kinds of rocks collected from

different locations in this country were determined by using two inherent apparatuses.

The utility of the apparatuses proposed in this paper was confirmed, and the rock
thermal diffusivities were (. 333X 1075~1. 19X 1075 m?/s for many kinds of rocks.

1. B U &I

HhE, R AU F - TARRRERE s SR TE A,
ERPOMERE, BACKEMEIIEEEAE L0 H 5.
CDOMDEGERE AR S B, BIRERE P A EEEL S
DIEB T A — 8 — [ $FARICKY) &2 0, Bio &
IO TR AR KBERIIC L - TEI L BLSH
L UOHI->THBLAEND L. HEk, BEEIGRY - #
FERLIZEALEBLERICE ST, BEDZAMEKDLL
IOV TERMICHRE SN BB S 5. & 2 d,
Kunii, D, and Smith, J.M. (1961)", Combarnous,
M. and Bories, S. (1975)%, MAA - KA (1977)%,
ek - e R (1980)1 kB LD H 5. —F, BRI
WEST, INHI8T 4 -5 —EIEEWIRBERIC L -
THREL DI, Kk (1982)°, Firdauss, M.,
Maalej, M. and Belin, B. (1983)Y, {4 - £4 K
(1983)" iz Hn s, UL, E0BRILDORE, B/REE,
S OIBKEBBEREE D BEIER ST A -5 —-EH
B0, EBEOHEPETNTOLIONRKRTH .

*ERE T KEXEBNE ¥tk ERER
(7336 K RIRAAITRAAR 255)

*ERH ZEREMR)PRIER (BEAEHEE)
(T330 MiERAEHILSHET 1-297)

VAR, SOEAGEERTOER, SnH - 7
Ty 7 ROTHRIEE, BIRIAE, s 5 HE OBz,
BLUBEK»HEE. LU, RO LS ICEADBE
TERRIEID O A7 AT CABD LD B L DIZEXT |
SNSW S, (REE T Ty - BINEROREKERS
YR EBS B, WHIFETHLL 7 Ty 7 RENBRDHE
LB R B EOER 0 4 AIERTE L, ZEUEkIER
(& A SERIRAE, B E) ICHBRL T 5.
KRB HNTVBIER T £ — 5 — DOEEAKISEZERE
TURLEBESNIEBIZIOVTORITEY, EHLE
HITRERABREMAICHLU £ &9 58, WA LA EHE,
KRB BT A EP OB AEE 5 5T L 5.

KBt D & B EBICH - T, HERICEKtanre
JHEEOEEREE 2T, KFTRENEEDONSD
6 MOAAEZFU, Fritd, BELAICB L COKBEMA
EFOANAETZTBHOEAY Y TIVOER/ST A —
§—HEEIICHRE L. 22T, IHSSHOERK
BEEHEEORTOLICEBEL 2. EERERIC
KO TEDEBNRTIA—F-REDESITRET HH
&, EHBONIEIERERERES CH L EBONT:
DT UTHRET 5.



128

2. ERICAVSEEEZTOR

—RRiz, aEREEEEEs Ty - ENELSE -
THY, CERETHIII ZOHE 2RABICELS. b U,
eRpKICBEmE N ETNIE, BIIERL, 7T -
BANHRADOAL ST, WEHTICE->THEhd. A
MO EHIZ, WHIZWE2ODF 4 THH0, 1235K
BEZILELD0DDBEARNETH Y, thigmidre
HbH. BBEOEATIIERMENNEL, 725 v 720N
BTk b RE < mbd s, BRMIEHEE - RikLIZ<
W, £22C, N7y I RBERSUEREHPKTHET
SNEMELOERERORHIBE, 20L& 57
7 v 7 DEESLRINSRRORTZ TH U S
NG A-F—5BALT, HE - EEEKROER S [
IS SERCH D, COEXFEBATNG, BH -
HEEEERO —RITTERIZ 7 — ) TOEBRAER 2 #EAT
HIENHREELY, 7T v 7 OTFERREIAKDERIC
5 2 580k BRRUREIC & » TEMNICHEIFEEES 5 =
EIWTES.

—H, GRAPEEREANREL ODOERTE LD BBA
WM &2 mEBtRAS ERoRBIcma TR A2 &
128 h. 2OV AR T — ) TOEBTRRRIT W
e rZB8AEAPBR LB LERnE. O
£ EEREATCARODERTIZRD 2 >DESIC
T TCBEREREITY, 4 0HEBROEEL» HRE2E
T, HHT 5.

1) B8 - SRR omE,

2) MEBTREO H H19E - EEEEE DGR

LIFIn s 2 >OHE0ERK, &5 & C@E2IR
LTBLZEELLD.

(1) 198 - EREFOEHRFREREZOH

b LEaarHH - Bk E T, BZR5ERE,

aT _  2'T x

ot %t T

ElkB. I, TIRE, bR, o BEE, kB
REE, ¢, o BOBOEMLE, BE, o BEEIF
HTHsb.

X (1) DIEHNT 4 —F — 1 3EAIRE, B, 755
7 ENHOBFEEILE->TEDS. R (1) OmiELs
x=0, T=T, t=0
x=I, T=T, t=0
t=0, T=T, x>0

Db ET
T &_i i (T‘To) hd 1
T=T 1 2 (I,-T &2 @ s=1)

2 = as’n’ . 8
Z 7 eSIN S X

s l

1,2,3, ) .............................. (3)
T, BOBD x=0, BLUT x=1
t=0 COYMRE, |1 E5A

a\m

(s

2, T

I|

Linb.
TORRBETHO, T::

HEoES, Th5.
(2) HERGRIAD» 3198 - EFEEOGHRATER

lE49))

BOOEYE - BSEERTH S &L, —Ha—ambx
Wmdd&dnid, —RTERFERE

aT  (wc), WOoT _ x T . (4)
3t " (ec) “ Bt~ (ec) ox’
b T, ul FEBIEE, KT [ EREO#
BRELEDT.

R (4) BT, —EBRHE uw LBEEOE- 12k

KrfEMEsadh~RBATHHRETH 0,
(C)/(pc) IEMN T WD WK DOBAE (oc), &R -
E@%fﬁ%;%wéﬁ§§@d®m%ﬁhb,%m
BE 3T CIABRNEMETHH. KX (4) O
eSS

EL%Zﬁﬁ

X:()’ 0:1, =0
X=1, 6=0, 20 ,X=§,r:%t
=0, =0, X>0
_a _(ﬂc)f _(T*T()
g—m, = (oc)" g_(T.,—T,) ............ (5)
DHET
(9_2%37—@%_ L Aif]fﬂﬁf
1— “:; s=1 871 I3 z
¢ [<2§Sn) +1]
. e?éfx-sin (-S‘II.I‘)' e*f]szrru(TE{)z‘r .................. ( 6 )
DEHITIE B,
K (3) & (6) »oBEBIREOMARES 5120

KIHEERmRAA (2), (5) EFUREFCEBREITL,
ARBB R ORE ORI & MBI % BB L T best
LSRRV EHENTH 5.

fit curve %18
3. EREE, ERAESLUERER
EOORIHFERARET 120,

fThhn s,

k3 CchH 5.
(1) BADEHETRREE
Fig. 1(a) 13%4%, MMELOEAZEH 2 EBRORE

OEETH 5.

KREEIE, OFKkS 2 (HE0.30m, EX0.30m
OMBBCHVERRE), QER —5 — (BE 200V,
BESkW), @EGAE (ER&0.055m, EX0.15m),
@THERTAY (BER0.055m, =5 0.055m O

2 BOEBERY
KEOFMD L UEBRFREIBOBDRD



HOERED L OBKRERIC & 5 BEBFHOERNDIR

(a) System of measurement

Steel membranes

© ~ /-
m
, =0.05 O
0.05m 0.0f“f)m
o15mF 51
0.05m Small holes filied
with cement
0.05m —ahe Imm
l { p«— resin

A2k o
\@ resin

(b) Detail of rock sample setting

Fig.1 Schematic presentation of apparatus for

measuring heat conduction of rock,
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Photo1 Picture of apparatus for measuring thermal diffusivity

of dried and saturated rocks.
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(a) System of measurement
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b) Detail of rock sample

Fig.2 Schematic presentation of apparatus for measuring heat

conduction accompanied with seepage flow in rock.
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Photo 2

Picture of apparatus for measuring diffusivity of

rock sample accompanied with seepage flow.
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Granite (Ibaraki prefecture)
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Granite (Okayama pre. )

Basalt (Hyogo pre. )

Sandstone {Chiba pre. ); Coarse grains
Sandstone {Chiba pre. ); fine grains

)
Shale (Wakayama pre. ); heat flow parallel to layers
Tuff {(Fukushima pre. ); Shirakawa tuff
Tuff (Fukushima pre. ); Emochi tuff
Andesite (Kanagawa pre, )

Shale (Wakayama pre. ); heat flow normal to layers

Tuff (Tochigi pre. }; Ohya stone

Left samples are non-weathered, and right samples are weathered.

Photo3 Test samples of rocks.
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Table 1

(a) Rock samples and their properties

Rock sample properties and results of measurement.

ek - tEaA:

Name of Sampling Sample | Weathering Testing Water Porosity density Permea— Seepage | Specific
absorbing bility Velocity heat
rocks focations number | conditions | conditions | capacity 3 3
(%) (%) (X10°kg/m"”) (m/s) (m/s) (Ki kgX)
non— dried 0.228 0.603 2.64 0.808
G~ 1 | i rered| Saturated 0.228 0.603 2.64 0.816
Ibaraki eathered | “geepage 0.228 0.603 2.64 e e 0.816
Prefecture Weathered dried 1.85(0.322) |4.69(0.874) 253 0.833
G-2 | “gooy) | Saturated | 185(0322) |4.69(0874) 2.58 s _g| 0846
Seepage | 1.85(0.322) [{4.69(0.874) 2.58 1.45x1077 | 9.00%10 0.846
Granites non— dried 0229 0777 2.60 0.829
G-3 Saturated 0.229 0.777 2.61 0.804
Okayama Weathered | "Seepage 0.229 0.777 2.61 —_— — 0.804
Prefecture Weathered dried | 1.79(0475) |4.49(1.23) 2.51 0.854
G-4 | “goory | Saturated| 179(0475) |4.49(1.23) 2.55 s _5| 0908
Seepage | 1.79(0475) |4.49(1.23) 2.55 1.24x10°°% | 1.71x10 0.908
non— dried 2.63 6.24 2.38 0.854
B -1 | \yithered | Saturated 2.63 6.24 2.44 0.908
Hyogo eathered | “geepage 2.63 6.24 2.44 —_— _— 0.908
Basait
Prefecture Weathered dried | 6.29(3.56) |14.7(5.45) 2.34 0.862
B-2 | “rooor) | Saturated | 6.29(356) |14.7(545) 2.49 e _g| 0917
T Seepage | 6.29(3.56) |14.7(5.45) 2.49 116x107% | 1.71x10 0.917
) - dried 24.4 40.2 1.65 1.005
Chiba Sa -1 | o eq| Satursted| 244 402 205 - 5| 1532
Prefecture eathere Seepage 24.4 40.2 2.05 382x10°° | 5.02x10 1.532
(Coarse Weathered dried | 23.8(22.8) [40.1¢39.0 168 0.887
grains) Sa -2 €600°C) Saturated | 23.8(22.8) [40.1¢(39.0) 2.09 6 5 1.302
Sand- Seepage | 23.8(22.8) [40.1(39.0 2.09 6.24x10°° | 805x10 1.302
Stones . non— dried 10.4 20.5 1.98 0.883
Chiba S2a =3 | yeathereq | Saturated | 104 20.5 218 1.130
Prefecture eathered | “geepage 104 20.5 218 —_ —_— 1130
(fine Weathered dried | 14.7(111) |28.4¢21.9) 193 0.887
grains) | Sa =4 | "o | Saturated | 147(111) |284(21.9) 221 ’ ;1 l201
Seepage | 14.7¢11.1) |284(21.9) 221 403x107? | 805x10~ 1.201
non— dried 0.129 0.527 2.74 0.921
Wakayama S~-1 Weathered Saturated 0.129 0.527 275 0.867
Prefecture eathere Seepage 0.129 0.527 275 _ e 0.867
(heat flow
normal to Weathered dried | 0.196¢0.181)|0.538(0.497) 2.74 0.938
layers) §-2 (200C) Saturated | 0.196(0.181)|0.538(0.497) 2.74 0.837
Shal Seepage | 0.196(0.181) 0538(0.497) 2.74 e e 0.837
es
non— dried 0.211 0.589 2.80 0.925
Wakayama s-3 Weathered Saturated 0.211 0.589 2.80 0.946
Prefecture eathere Seepage 0.211 0.589 2.80 — —_ 0.946
Cheat flow
Paratlel to Weathered dried | 0.188(0.177)(0.517(0.489) 2.75 0.917
layers) s—-4 (200C) Saturated | 0.188(0.177)/0.517(0.489) 276 0.867
Seepage | 0.188(0.177)0.517(0.489) 2.76 _— — 0.867
) - dried 9.43 19.5 2.06 0.841
Fukushima | 1 _ 3 | o ereq | Saturated 943 19.5 226 0971
Prefecture Seepage 9.43 195 2.26 9.18x107"0| 6.50x10™7 0.971
(Shirakawa i
th dried 111 2.8(19.5) 2.05 0787
wity | T-2 | Weatnered! gaturated | 111 2.8¢19.5) 227 0,984
Seepage 111 2.8(19.5) 2.27 554x10 9 [308x107¢ | 0.984
. _ dried 113 22.8 2.01 0.812
Fukushima | 7 _ g | o req | Saturated | 113 £ 224 1.000
Tufts Prefecture Seepage 113 228 224 214x107% [119x1075 | 1,000
(Emochi :
Weathered dried 125 25.0(22.6) 1.99 0.804
tutn T-4 | eoory | Saturated | 125 25.0(22.6) 224 1.034
Seepage 12,5 25.0(22.6) 224 685x10°% |402x16° | 1034
) non— dried 9.04 30.2 1.45 1113
Tochigi T =5 | Weathered | Saturated 9.04 302 1.75 1457
Prefecture Seepage 9.04 30.2 1.75 e _ 1457
(Ohya
Weathered dried 33.0 43.3(34.8) 139 1.139
stone) T~6 33.0 43.3(34.8) 1.82 1.348
(6007 | Saturated)| 33, 43.3(348) 182 117x107 | 101x1075 | 1348
non— aried 9.63 19.6 217 0.820
A-1 9.63 19.6 2.37 0.896
t — —
Andesite | MOnaBawa Weathered | saturated | gg3 196 237 | sa4x1077 |237x107% | 0,896
Prefecture Weathered 103 21.9(20.6) 211 0.846
A-2 | (eooes dried | 103 21.9(206) 233 i 0.933
Saturated | 103 21.9(€20.6) 2.33 267x107° | 1.22x107* | 0933
Seepage

Note : Values of water absorbing

capacity and porosity in bracket are those of initial condition

before weathering.
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{b) Results of measurement
Name of Sampling | Sample Weathering | Testing ] Thermal( c;nductivities diffusivities
rocks [ locations | number | conditions | conditions X1=Mz).105m X2=Ma.210m Average Average
N dried 207 1.78 0.833
6-1 O~ Saturated 2.09 194 0.903
ibaraki Weathered Seepage — — — —
i 2.05 1.93 1.99 0.917 0.945
Prefecture G p | Weathered Satﬂ'r':fed 2.00 1.81 1.91 0.833 0.875
(600°C) Seepage 1.94 1.94 1.94 0.889 0.889
Granites -1
‘ dried 2.21 2.40 2.30 111 1.07
G-3 1o Saturated 2.38 2.56 248 122 118
Okayama Weathered Seepage —_ —_ —_ _— —
Prefecture dried 1.97 1.97 1.97 0919 0.919 0.917
TEIEEIIE | G - 4 | Weathered | o ated 2.38 2.38 2.38 1.03 1.03 1.03
(600°C) Seepage 1.61 1.61 1.61 0.694 0.694 0694
non— dried 1.70 1.86 178 0.833 0.915 0.875
B-1 on Saturated 2.34 2.09 2.21 1.06 0.944 1.00
Hyogo Weathered Seepage | —
Basalt f dried 1.45 1.57 151 0.722 0.750
Prefecture rie . . . X
" g - p | Weathered | o\ ated 2.02 1.84 193 0.885 0.847
(600%C) Seepage 171 171 1.71 0.750 0.750
, non— dried 0.691 078 0737 | 0417 0.444
Chiba |5 —1 nered | Saturated 1.49 1.49 1.49 0.474 0.474
Prefecture Weathere Seepage 113 113 113 0.361 0.361
(Coarse dried 0.745 0.745 0.745 0.500 0.500
grains) |Sa — 2 | Weathered | o urated 1.21 1.21 1.21 0.444 0.444
Sand- (600T) Seepage 0.907 0.907 0.907 0.333 0.333
Stones . _ dried 1.07 1.27 1.16 0.667
Chiba |ga -3 | "N Saturated 199 1.99 1.99 0.806
Weathered Seepage - - _— -
Prefect : = —
refecture Weathered dried 1.34 1.34 134 0.778
i ingy S8 — 4 | Weathersd | saturated 1.92 1.92 1.92 0.722
ine grains (600°C) Seepage 1.33 1.33 1.33 0.500
non— dried 2.45 2.73 2.59 1.03
Wakayama | S — 1 o Saturated 271 291 2.81 118
Prefecture Weathered Seepage —_ — — —
e dried 3.00 3.00 3.00 117
normal to rie . . 3 .
layers) | S — 2 | Weathered | q.¢, aved 2.67 2,67 267 117
(200°C) Seepage i bl i il
Shales -
non— dried 288 3.02 2.95 114
Wakayama | S — 3 n Saturated 316 316 316 1.19
Prefecture Weathered Seepage — - —
oy 294 3.08 301 117 1.22 119
Parliel to dried ) 8 5 . . . 1
layers) | S — 4 |Weathered | o ¢ ated | 266 2.79 272 111 117 Lia
€200C) Seepage i il “’e o o
) non— dried 1.08 1.33 121 0.625 0.764 0.694
Fukushima| 1 -3 Saturated 1.83 171 177 0.833 0.778 0.806
Prefecture Weathered Seepage 1.28 1.34 1.31 0.583 0.611 0.597
(Shirakawa weathered dried 0.82 0.896 0861 | 0514 | 06556 | 0535
tuffy | T-2 g Saturated 1.44 1.43 1.43 0.644 0.639 0.642
(600C) Seepage 115 124 1.20 0.514 0.556 0.535
] non— dried 0.512 0.814 0.663 0319 0.500 0.410
Fukushima| 1 - 3 Saturated 1.12 1.37 1.24 0.500 0.611 0.556
Tuif Prefecture Weathered | “Seepage 137 1.37 1.37 0.611 0.611 0.611
urts S —
(Emochi dried 0.93 1.07 1.00 0.58 0.667 0.625
tuffy | T -4 | Weathered | g4 rated 167 1.67 167 0.72 0.722 0.722
(600C) Seepage 219 1.93 2.06 0.944 0.833 0.889
o dried 0.454 0.628 0.535 0.333
Tochigi | 7 _5 | non— Saturated 1.70 1.28 1.49 0.611
Prefecture Weathered | Seepage — —_— — -—
(Ohya dried 0. 0.686 0.605 0.383
stone)| T — 6 | Weathered | saturated 0. 0.849 0.814 0.333
(600°C) Seepage 1 1.03 1.14 0.467
dried 0.896 119 1.05 0.584
A-1 non— Saturated 1.42 1.65 1.54 0.722
Andesite Kanagawa Weathered Seepage 1.59 1.77 1.69 0.792
Prefecture dried 0919 1.05 0.977 0.550
A — 2 | Weathered Saturated 1.40 1.48 1.44 0.661
(600°C) Seepage 217 217 2.17 1.00
Note : Seepage flow

doesn’t occur under maximum pressure 098MN/m?in case of notdtion ( — ).
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dried and saturated rocks.
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