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Seepage Evolution Law of Radial Multifractured Granite
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Abstract:[Purposes] As a common stratum in the development of hydrothermal geothermal re-
sources, the change rule of permeability with thermal coupling is crucial. [Methods]In this work, a ra-
dial seepage experimental reactor was designed and developed independently to conduct radial multi—
fracture group granite seepage tests at different temperature and pressure conditions (normal stress:
30~50 MPa, temperature: 6~150 °C). [Results] The results show that: with the action of thermal
coupling, the radial multi—fractured granite seepage flow and permeability monotonically increase with
the increase in temperature, while with the increase in normal stress the seepage shows a negative ex-
ponential relationship of decay. There is a threshold pressure of 5 MPa in 1~7 MPa osmotic pressure
range, before the threshold pressure, with the osmotic osmotic pressure increasing, the permeability
of the rapid increases. Thermal damage to granite bedrock with thermal coupling has a negligible effect
on permeability changes, and seepage water rock dissolution and thermal expansion of mineral parti-
cles are the main factors affecting changes in fracture morphology and seepage characteristics.
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Fig.5 Curves of radial flow rates of granite with radial multiple
fractures (number: 1—3) against temperature with a normal stress
of 50 MPa
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Fig. 6 Relationships between flow rate and normal stress in radially fractured granite with different numbers of fractures
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Table 1  Fitting equations for relationships between flow rate
and number of fractures in radially fractured granite with

different normal stresses

BB/

e AN

MPa MPa 5 h £k MXRBR
1 Q=0.08+0. 13N 0.744 79
. 3 Q=0.06+0. 24N 0.938 79
0 5 Q=0.51+0.63N 0.918 26
7 Q=1.68+1.5IN 0.945 28
1 Q=0.02+0.02N 0.899 47
3 Q=0.02+0.06N 0.914 90
0 5 Q=0.17+4+0. 19N 0.920 47
7 Q=0.65+0.55N 0. 847 35
1 Q=0.007+0.01N 0.982 24
- 3 Q=0.002+0. 04N 0.942 34
5 Q=0.02+0. 06N 0. 946 83
7 Q=0.26+0. 30N 0.974 84

WiE 7Ca—b) iR L 7E 1~7 MPa i [l N , B % B
7 3G KA 0] 2 4B B H - 1~ 48 X1 518 it 5 A
3, JF B 2B B3 2 KRB R T
25 PR 2 W R, ek LA A S R AR i R b 2 B
WK . DIE 7CO N B, 24850 H Sy 1.2 3R 41T,
ANTRB 3 T AL B A O 2398 43 i R 0. 17X
10°.0.42X10 *,1.4X10 * F1 2.58X 10 * mL/s,
ARG 3 RN e KU 5 S5 /N T o 19 B (B % 3
AR 1. 9% 4. 945 (16, 55 20. 6 1%, BBIE
FI I R AR FE B U A 98 A 4R
SROERTE T AR IE R, ME REE £ X
— RO ARG O B R AR ) 2 AR K A
BRI O I B B O TR A Y 5 PR OE
G BEWIAE R A R m R BB w8 T2 A &
IRV E . R A AR U e R A E R B i 2
LMK G X — AR w8 R
2T AR
2.3 FRSHBENEERSERTHIFEME

M bR SR S5 R T AR 1 2 AL K A 4B
D A Ol A W = S N R VA R NN R R
T B A H ok 72 b 2 24U R T RS R, X
HAKXDO—OOHEBMHAT, B 3E RS RAEURBL T
MAKRBE I EE S5, 2 2 2L K A 1B B R
IEA TR B — 2 BB 35 10 167 SR AR N

mE 8 Fin , AA¥B % (1~7 MPa) B ,40 MPa
B N R AR 1) 2 BB AL B A8 7 R 2L A H
A5 AR 5 50 MPa ik 1) B ) 2 R AL, 945 & B

W

a1 MPa

WE/(x10 *mL-s ')

2
R HH %
()% 11 B2 Jj 30 MPa

2.0
18k ® | MPa v

® 3 MPa
1.6F A 5MPa
v 7 MPa

-1

w 145F
s l.2F
= 1.0}
X

=~ 0.8 F

|
2061
041

0.2

2
REREH %
(b)i% [ Bz J7 40 MPa

®
1
3

1.0+ ® ] MPa

e
]

< o
IS =)
T T

W/(x10 *mL-s ")

<
to
T

2 3
REREH 5%

()L B J) 50 MPa
E7 10 CRARRFERAEAT FRSRELRESREERE
HETLEE
Fig. 7 Characteristics of radial multi-fracture granite
seepage as a function of the number of fractures with different normal
stresses at 100 C

PRBCE LA, LG AR 2, o kB B R N
NARBAE o b RS t R 2R R i 1)
J1 B B A XS HUE A AT A M TRk 1w B ) 2%
7, BEE B B RIE R, S8 a IR , 280 0 T ik



830 KJF B TR 2% 2% i

o557 &

W FAAEBE R B{E ) 85 MPa, 5 MPaZ i 2 5L
a )b S SR N R B AR Y
BB S5 MPall)g , 28 a. b W IR
VBB E . 1E 1~7 MPa B i R N 85 %
This AR T ARTE B WA T B e ), B
B TR 55 MPa B{E R 160, 1535 3 KA 20
TWARB TG )] B S R RN K5 MPa g, 7Rk
] N ) ) 29 R, 24 B Bl ) I R E — 2B B AIG, 5 3L
B35 R T B R AR RS B X B
R[5 ) R

14 —=—1 MPa
—®—3 MPa
12} —&—5MPa
—e— 7 MPa
B0k
o
c08fF
o
:% 0.6 -
0.4
02
1 2 3 4
RGO %
()% 1] 72 J) =40 MPa. i FE=100 °C
12F —®—1MPa
——3 MPa
| —*—5MPa
1.0 —&— 7 MPa
—‘E 0.8 -
(=}
=06
e
%)
N 0.4r
021
1 1 1 1
0 1 2 3 4
BN S NES

(b)y2%: 7] B 3 =50 MPa~ jfi =100 °C
B8 AREREATHREERESEXZERBEHXER
Fig. 8 Relationships between permeability and the number of

fractures in fractured granite with different normal stresses

BB JE 3 MPa . ¥k 1 )% 11 50 MPa &0 T , #2817
Z BB AL 4 20 5 0F W TR AR A R An 1R 9 PR o AR
] 22 ZL WAL X 5 15 35 R B IR ALk 2 T
B S BRI R A 22 70 16 95 CHIXT
FRC6 OO T B E 12 ] 2 2B A6 B A 24 B
B BB 2295 7 R TR R, S RN — 6 %0 I
% 86. 87 % 3 7E 150 “CAHXF 95 “C 244, B 45 42 17
Z 4B AL B A 2B E I 3G 238 1 R 5 IR %

F2 100 CARERNEAREEET RRSHRBERESERS
BB EHME k=N )X B
Table 2 Fitting relationships between the permeability of radially
fractured granite and the number of fractures (k=a*N") at 100 °C

with different normal stresses and osmotic pressures
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Fig. 10 Relationships between permeability and the number of
fractures in fractured granite at different temperatures
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Table 3 Comparison of wave speeds across three

control experiments
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Fig. 11  Schematic diagram of the angular divisions of

specimen cross—sectional profile
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Fig. 12 Changes in surface morphology of cracks before and after testing
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Table 4 Variations in geometric characterization parameters of
roughness in fissure 1

. LR L
¢ R, R, ¢ R, Ry

0° 0.200 0.039 0. 054 0.224 0.035 0.047

90° 0. 060 0. 009 0.014 0.196 0.045 0.054

180° 0.081 0.014 0.018 0.079 0.014 0.019

270° 0. 080 0.018 0.024 0.091 0.022 0.026
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Table 5 Variations in geometric characterization parameters of
roughness in fissure 2

s S5 LI
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90° 0.176  0.036 0.051 0.215  0.043  0.057
180°  0.132  0.026 0.034 0.148 0.018  0.029
270°  0.032  0.006 0.007 0.074 0.012  0.016
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Fig. 13 Distribution variations of contour lines in the cross—section of fissure 1 and fissure 2
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