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Hydraulic fracture propagation behavious and geometry
under supercritical CO, fracturing in shale reservoirs

Su Jianzheng,Li Fengxia,Zhou Tong

( Petroleum Exploration and Production Research Institute ,SINOPEC , Beijing 100083, China)

Abstract: The supercritical CO, fracturing technology is yet to be improved,and the mechanisms of fracture generation
and propagation are still not clear at present. In order to get an in-depth understanding of hydraulic fracture propagation
behaviors and geometry under supercritical CO, fracturing, we introduced the Pen-Robinson equation to simulate the
process of supercritical CO, fracturing, based on the displacement discontinuity boundary element method. Combined with
lab physical simulation experiments, the differences of hydraulic fracture propagation behaviors and geomeiry between
conventional fracturing with water-based fluid and fracturing with supercritical CO, in the shale reservoir were discussed.
The results show that the pressurization in the pores of surrounding rocks will function to reduce the constraint of in-situ
stress on fracture propagation,thanks to the diffusivity and good permeability of supercritical CO, ,and in turn the initia-
tion pressure for fractures is lower than that of conventional fracturing. The incremental volumetric strain generated during
and the failure of fractures after supercritical CO, fracturing are higher than those under conventional fracturing, thus the
fracture geometry under supercritical CO, fracturing is more complex than that under fracturing with water-based fluid;
meanwhile , the fracture plane under supercritical CO, fracturing is more complex and uneven, and has higher tortuosity
than that under conventional fracturing with water-based fluid.
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Fig. 1 Fracturing experiment devices (a,b) and shale specimens (c¢)



618 AW S KRR MR

540 &

1.3 SLIGHER

1.3.1 REWMZRZGEW

R, K 1 TR 20856 ) 88 i 5t CO, (SC -
CO, ) T 20 22 T 2 S A% [m) A2 B i 4R A& 2 B
G 5 CO, BAEL w9 4 1, i 7K B AR R L A m]
Fiedi o PR, ZEAH R A5 PR R, il 57 CO, TR2EAY
B i) 22 22 0K 7 i SR He B[]l T i S
CO, BT HiE b R AF BB a2 RE T, nT E A BCR B e K
IRZLAE I v, HE AL B s 7, DT ARG TR A 80RE
YD T N Ty X R R 2R R, BRI B CO,

60 0.2
a — ®E
—— KA
40 1-02 ¢
£ £
S // R
o~ )
H oot ®
® 1-06 E
K
o J
-1.0
L 1 1 1L
0 20 40 60 30 100
fif1R] /'
0.05
c — RE
407 —— AR
10
P 300 g
S r‘—0,0S ES
~ ”,
By 0.0 B
I~y
101 1-0.15
0 I I L I L 1-0.20
0 200 400 600 800 1000
FiR] /'
0.08
e — RE
_ N — R EE
40 40.04
L g
g 30 1o E
2 2
= 207 )
= 1-0.04 &
10f =
4-0.08
0
, , , , 1-0.12
0 20 40 60 80 100
B H) /s

FZERRTITHOK Ty AR H e 5 CO, HORIT,
ANV JZ B 7 1) B R B 3 TR g e K ) BOR AR R
10% ~25% ([ 3) o [R5 CO, e Em = A2 /Y
RPN AL H e 5 s i AR WA JEE HE /K D R 2R
3, T2 B RL IR, TR )% [ S P s 3R T Y
SO 3, AN [R] J2 B A R A R SR (A% 5
90° IR 18 /1N

LS CO, 2GR BRI 2k T )5, R
2RI R, 5 PR IR B 5 0K ) s A B R A
BTG R R AR e o ke A AR
2, “AHER AR A R ZUE AL IR 5 CO, T
BURE AR ) S TE i 20k BN (RIS JL-F S 2 AL, PR 45

50
b — R
“ —— KA
0
! I
E 301 =
& 8
}]é 20k L—I,O ﬁ
=y
10+
1-2.0
0 0 0 L I 0
0 200 400 600 800 1000
Wi /s
60
d — HE 10.4
— AR |,
B =]
0 g
S~
1-02 ®
N————————— p=S
4 =
0.4 fr
1-0.6
1-0.8
0 20 40 60 80 100
Wi/ s
£ — HE 10.4
30+ — RIAETE
al
g
< 41-04 E
5 20 -
Sy
= {-0.8 &
® =
=y
10 1-1.2
1-1.6
0 1 1 1 1
0 200 400 600 800 1000

FR] /s

B2 AR B A B AR SR R TR T S 30 1) 2R T I 4%
Fig. 2 The pumping pressure and circumferential deformation curves of the specimens with different dip angles of bedding
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Fig. 3 The fracturing pressure vs. dip angle of bedding
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Table 1 Fracture geometry of the specimens with diverse dip angles of bedding ( slickwater and supercritical CO, )
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Fig. 4 Tortuosity of the fracture planes of the specimens with
diverse dip angles of bedding ( slickwater vs. supercritical CO, )
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