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A FUNDAMENTAL STUDY ON STABILITY AND LEAKAGE OF OPENINGS
DUE TO STORAGE OF HEATED WATER

A2 AT - R B I B R b Rk
By Yoshinori INADA, Naoki KINOSHITA, Hidehiko NAKAZAKI and Takao UEDA

For the purpose of improving the quality of life and saving enagy, heated water pro-

duced by using surplus heat from garbage-burning plant etc. , will be utilized well in the

near future for many purposes. To insure a stable supply, temporary storage in rock

mass openings in mountain may become an important problem. In this study, stability

and leakage of openings were estimated by analysis using the physical properties of rock

which were obtained by experiment.
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Fig.1 Temperature distribution around openings.
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Table 1 Physical properties of rocks used for the analysis

(granite : wet).

Expansion
coefficient modulus ratio
(°C)  (1/°¢)x107% (kgf/cm?)x10°

Young's poisson's Compressive Tensile
strength strength
(kgf/cm?)  (kgf/cm?)

Temperature

10~ 20 - 0.510 0.16 -1788 90
20~ 30 7.7 0.522 0.16 ~1772 88
30~ 40 7.7 0.533 0.16 -1755 87
40~ 50 7.8 0.545 0.16 -1739 85
50~ 60 7.9 0.556 0.16 -1722 84
60~ 70 8.3 0.568 0.16 -1706 82
70~ 80 8.6 0.579 0.16 -1690 81
80~ 90 9.1 0.591 0.16 -1673 79
20~100 9.6 0.602 0.16 -1657 78
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Table 2 Physical properties of rocks.

Het Specific gravity (Dry}
Porosity| Water Degree of |True specific | Bulk specific
ravity gravity

content | saturation |g
(%) 53] (%)
Granitelj 1.16 0.26 60,28 2.669 2.641
Gronftelnj 1.53 0.49 85.87 2.707 2.661

Fig.5 External view of apparatus for measuring permeability.
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Fig.6 Schematic diagram of the test.
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Fig.8 Effect of surrounding pressure on permeability.
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Fig. 10 Effect of temperature on permeability.
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Fig.12 Permeability distribution around opening.
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Ka:Coefficient of permeability after storage
LKa:Coefficlent of permeability before storage
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Fig.16° Leakage from the openings.

233

BHELTVLALDEEL SN, EROBREELKBAS
#E, BukiFEEOBUOES 2 HNENSH 5.

2T, AROBRESHRICHENOBE &R,
40 100 m OIS O LERHICER 10m M
ERERY, BokE2BEERE LSS AEEL, BES
HREESZEEZAY, 1, BADHRERERES
AW 2TV, ZRENICHEAT 2 8HOES) %k
WHIEE U 12120, EBREREBHEOS, B, K
FAPEhFnoMblick-TREZSZDT, BREOESH
BhPORLTVESIZIEScm, £35m DBHHIER
OFXEHANCEBRITKFII XTI EhEh 2 K,
AAEBLIOSKRFELELTWAERELIZBEESD3EBYD
7% (Fig.172R) BEL, BHEOKPEHICE
ETEELRDI.

HADPBHEAITBATAH I LR E-T, BHEEOR
ESRIENEEL LD, WTAOBREICLZEREDID
BEAREE 1 FRICGEEFEREE 5. CORE
D EAOTHEREERIC L ZRBTITRE S 5805
NEEL, BROEMERD .. ZORKRE, WTho
BECBONTCHLEREIOEBIBICLOBEERET 52 &
ko TRBAEAPLIMBBEFRICEMLTVS &0
Mmooz,

EREEICH T SBHEOMBEFRDOEN % Fig. 17 i
Y. BRIEAYLLVOEMI, 2AXBEV4ERF T2
BATHASRICH 1em, 8AKDBETIIF0.6cm &
0, BRI1IXYDDEMBRSEIORME CERAL
cmEETHY, BENSEI LEEEBITTIRYZDD
EHNBRBEVT B E05bh 1.

F1, TRTCOBROEMOBANL, 2K0BETH
2cm, 4 RKDBEATH 4em, §AKDES TN 7cm &
7Y, BEOEEPEZ BIZONTRKELZ>TWVSD,
2AD 5 4 ANTR2EOEMBORINTH 5 DICHL,
4ER»H8RTENL2BEOEMTCH Y, EinoBE&H
BB S>TND, O EDSEMNBOEINCLBE
WHaHIENbPBE, THhIXFIRD &5 ICTEZRICHIK
PABER &> TCREFAORBESHBHENE D, B

5.0F
% Total
T oaof
-
g
L O /X Xt
g3
3
& 2.0}

1.0 o——-—ﬂ\o

Each
\
0 5 0 :

Number of cracks

Fig.17 Displacement of the crack at the surface of openings.
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