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Evolution of rock fracture permeability in coupled processes with variable
temperatures
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Abstract: The projects in deep rock are under complex geological environment of high stress, high water pressure, high heat,
etc. These factors may have important influences on the permeability in fractured rock and further on the safety and
productivity of deep rock projects. Flow-through tests on an artificial fracture in limestone are conducted at 25°C~90°C. The
effects of different temperatures on the evolution of permeability in fractured rock are studied. The results show that at the
initial stage of heating, the flow has a peak under constant effective stress. It decreases slowly until one steady count at constant
temperature at last. The fracture permeability declines monotonically with the increasing temperature under constant effective
stress. Faster speeds of fracture closure at the initial stage, shorter time required for stabilization and smaller aperture at the final

equilibrium under higher temperatures can also be observed. The solubility speed and dissolved mineral matter of limestone

increase with the increasing temperatures.

Key words: fractured rock; permeability; limestone; fracture aperture; ion concentration

—_

0 35l 5

KT ARAE R R E U1 K W ZR I AT, 52
RINEIUA L, K RS R D5 S5 R AR e 2
IRHUTAT T, XL TRE, MR A AR AR AE K s
N T R AR o X RIS AR LR
ZRIAR AR, BIVB RN RS A AE M. e A
PR R By AR R R M T, 2R
23 [8) 73 AT A LA 2 PR AR AR i 21 A TR
LARIE: BEAh, MR AR Y AR i
MPERIR, FOAR A ROt M TR 2 A I BB
E. B, Gl 2Rl S REUE A BB R AL

R I K fe TR e s TR R+ o
BERFE R SCRIN FHAME, & A 15— A i ff
R 1 Tt P R

KTB RN AR A U PR, [ A Ah
(25 A AER I R BB AR I 57 T AR T =
R : Polak ZEPHAIGIIST T A FRIRE N A7 oes 24
BB TR PE AL RE, 76 900 h (16 il 72 24 B
SRR SIFFERE R R ) 1/5, B35 M BRI R R )
1/25. Yasuhara Z5CE KA AT T XHE b o B 24 A T

ks AER: 2014-07-10



1308 a5 oE L OB ¥

2015 4F

THBIERKATT, TR PRI B R I TR 5
WD, AR BRI, AT 2] 90°C Y,
ZABRTT BEF BN s HkNEA— H R BRI S5
SIHT TR T i AR T FE Rk /S 1) )5 PR o Taron 251970 1)
THMC 58 SR AT 5T R AR SRR i (1) — £ = BT 4
FNBERFE AU, 25 RRERE . N JF1k
SEHCFEMERR, AR AN H 2 V835 A PN L
PR, TE R R B T s . B
FEPF TR (22.6°C~50C) RGN
71 (1~25 MPa) FURJE LKA A= i FLBR R Fn
BB, PR HAERE N KR,
T v B 5 A V5 32 0 IN R P AR K T LB BE T AR AL 1R
AN B TR A A Sy TR - JERT X PR - 2L
MR - K - Ny - BB = dE B p Ay,

ZrbEmI g, A SR [ AR 1 AT B TS A
FERN T 235G EH NRBS A3 IER L
Hil, A TP R, B AR 4 5 5 br TR
IVCHCPEANGE o AT AR AR B P B TP AR A
A B2 USSR RSB DL R )2 R R L,
[ AT 7B A - [ - I RS ER R
B IE R I I, (A IR 2 HAARMZE,
W I LU 55« FR 81 MAREE g T el
WS FBI - N 2R G N RS A 173
BRI R D o

AL SR TRERAET, it I i3I 50 1y
%, RIEHEE (BiR~90°C) HH S MK B SE
FHIEO A A 2B B R e LB (9T, 7K
TS,

1 =g
1.1 R EHE

PRI FH LR 7 T 3 A S A BLIRER AR 11 A K
o T X BFEATHHMY (HX041) AT Hr A3
BRSO i, A TR CaCOs
(45%~55%), H 241 CaMg (CO3) 5 (40%~50%),
FTESI0, (<3%), Kabl CUb8). MFTRE (%
~90°C) FIFHEAMEIELRLFE 5 41 HBRBE R,
FEIN TP AR A A E (B4R 50 mm, & 100
mm) FHHMT—RYIBERR . AR — &
ORI ELPG B 2 OFf JRUAT B VG B 2495 T o T e
2B, HEETEONLLE, HHMENENANTE TS
F 5 R ERGERAL, FE AN R RON, E R )
YER FAEN TR PoA AT TRy, 54
AR RS, Qi 1,

AR

H=100 mm

E1 mARERT
Fig. 1 Surface of rock fracture

1.2 REHRE

I AEZ RSB R T & LT, Wik 2 pr
7o RIS RN, SElE DR R
Bk, B, BB RIS, BaREE. HE
MZE K R R b DR R BRI, PR AP Hs £/
WP, BRGNS R, SRR
frE RN B SR — R, IR E — 2 3k LA
o RPN A AT U D 7t s R
TN B P AR B ey o U, 3 R AT
375 [ 2 RV FR 4 AT SRS (K26 T o B fe i L T
i s B A A o B s s il AT 28 T 489 SR P i 1 20
P2 AR G0 s 7, B A WO S 3R B &
0.5%. L T 25 FABUNT Bl = Jls A% A PRV i 2
I, BEfE 1 h WSS ETLE 90 CRIIn#. i
WA IZE KRBT INA, IO E IR VE A &
AN AR S AR A3 B OR K, R
PRI PR 22 TR 4% » 0 0o U PS8 TR A RS T bt 1 AN
PRAUE B At Al B R MRS o R ELAE AR s
TEW B M IRAR R, TR R RS IS AT Y
(TN TE] VAR B AR RO R o ] R R B 55 1 1
MRS 6 T A R T I BN S HB R R
{H.

I
B — — SR
i35 M — Chnig)
RS E

Bk =
B0 B

T (B

Jidk T
TR
(B E)

B2 Zi7lEaRuREEE
Fig. 2 Diagram of multi-field coupling test facility
1.3 I iE
AR T EWFFURL L N 2 R S A A
HBNBBERF LRI, AT B R R RS
JEE I e P R T T ) 5038 M A B ST AR AL RS



57

pal

25, S5 SN T KCE 2R G R BB IE R R 5T 1309

R, 7 —Hedpa Al L, BIEBA 2.5 MPa,
BhIE 30 kKN, HEANBIEE N 0.4 MPa, H DA KA
B W KA, HAERMNMRE I R R R . £F
e G, FREERY T (i, 50C, 70°C,
90°C) BHTIREG . AE=MNS, HIEA 2.5 MPa, #lik
30 kN B4 FREAT PRI B B SR M2 i3
% R4 T LR AN BRI RS AR A . BRI 45 2F L
* 1,
F1 FERIAE TR &N
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Fig. 3 Flux through fracture under osmotic pressure of 0.25 and

0.4 MPa
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