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Abstract: Continental shale oil represents a strategic replacement for improving reserves and well productivity in China.
However, its development is facing two major challenges: the limited mobility of hydrocarbon fluids and poor reservoir
fracability. To address these issues, we explore the mechanism and application of supercritical carbon dioxide (SC-CO,)
hybrid fracturing for shale oil in the Jiyang Depression, Shengli oilfield, through an array of tests, including the SC-CO,-
water-rock interactions, diffusion and displacement, true triaxial compression, and triaxial compression. The results
indicate that dissolution with SC-CO, can increase shale porosity by 1 ~ 5 times, resulting in the predominance of
mesopores and macropores. In addition, the fractures get enlarged as the reaction goes on. Specifically, the fracture
width increased from 399 nm after 2-hour dissolution to 1. 535 pm after 12 h, representing a fourfold increase in width,
and concurrent permeability increase by 1 ~ 3 orders of magnitude. The SC-CO,-invovled oil extraction achieved an
efficiency of up to 24 %, with minimal effects observed beyond 30 h. Compared to dry shales, the tensile strength of
shales subjected to SC-CO,-water treatment decreased by 31 %. Unlike dry fracturing, SC-CO, hybrid fracturing can
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create bedding-parallel fractures by removing barriers to enhance bedding connectivity, which tend to form a complex
fracture network in combination with subsequent hydraulic fractures. Grounded on theoretical research in lab, we
conduct field tests of SC-CO, fracturing. The test results indicate that, in well Y-1, the average fracture propagation
pressure for all sections decreased from 103.4 MPa before CO, injection to 100.5 MPa after CO, injection.
Additionally, microseismic events recorded during fracturing in well Y-1 became more concentrated, with an average
event number of 160. 8 and an average effective stimulated rock volume (SRV) of 647 800 m® overall. Moreover, both
the viscosity and density of reservoir fluids decreased , resulting in an improvement in their mobility.

Key words:SC-CO, hybrid fracturing, fracturing mechanism, continental shale oil, Jiyang Depression, Bohai Bay Basin
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Table 1 Comparison of key parameters of varying media for non-aqueous fracturing
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Fig. 1

Scanning electron microscope (SEM) images of water-rock interactions in SC-CO, environment at a burial depth of 4 111 m in well

QY-1 in the 2nd member of the Funing Formation, Subei Basin
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Fig. 2 Impacts of water-rock interactions in SC-CO, environment on shale reservoirs in well QY-1 in the 2nd member of the Funing

Formation, Subei Basin

a. SONEI ] 598 B R AMISER AR 3b. [ )5 FL B EE A 52 56 2



580 £S5 KRR R %46 &

S /(mPa-s)
(=} — [3%) w S W (=)} ~ o]

(=]

1 b 2‘0 3b 4‘0 Sb 6‘0 7b Sb 9b 1 (‘)0
CO,FEIRIY %
P33 BRI Y -1 2 =B CO,— U Tl i R B BE Bl
CO, MR EAL AL
Fig. 3 Viscosity variation curve of the CO,-shale oil system with
CO, concentration in well Y-1in the 3rd member of the Shahejie

Formation, Shengli oilfield
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Fig. 5 Effects of crude oil extraction with SC-CO, under varying extraction numbers and durations in well Y-1 in the 3rd member of the

Shahejie Formation, Shengli oilfield
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Fig. 6 Brazilian test-derived load-displacement curves of shales
under dry and SC-CO,-water saturation conditions in well Y-1 in

the 3rd member of the Shahejie Formation, Shengli oilfield
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Fig. 7 Brazilian test-derived fracture morphologies of shales under varying experimental conditions in well Y-1 in the 3rd member of the

Shahejie Formation, Shengli oilfield
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Fig. 8 Fracture morphologies of shales under SC-CO, dry fracturing (a) and SC-CO, hybrid fracturing (b) in well Y-1 in the 3rd member of

the Shahejie Formation, Shengli oilfield
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Fig. 9  Comparison of fracture propagation pressure in well Y-1
under fracturing in the 3rd member of the Shahejie Formation,

Shengli oilfield

F2 HAHBAY-1HEZEHECO,FNEMEHENEN

Table 2 Quality and average pressure of CO, injected into each section of well Y-1

JEREYS  COMEARMA PEIEAETI/MPa | EEES COEARN FHEAIESMPa | ERES  COEAER FEHEAETI/MPa

1 250 49.3 9 260 49.0 17 260 51.5

2 250 47.3 10 240 54.5 18 — —

3 260 51.6 11 240 48.1 19 240 53.1

4 250 53.2 12 240 48.4 20 — —

5 260 50. 8 13 250 53.2 21 — —

6 250 49.4 14 260 54.7 22 — —

7 260 55.1 15 250 49.8 23 — —

8 260 50. 6 16 — — 24 — —

VR AR TEA €O,
®3 BMHEENCO,FSRIFENCO,HERE T
Table 3 Comparison of design schemes for fracturing in wells with and without CO, injection
28 AKF Bk /m A /m Bl Bikm  BE TR E/ (m*/m) TR 5 B2/ (m®/m) I E /%

Y-1JF(HEA CO,) 1739 3500 24 57~88 7~8 43.11 3.06 7.42
Y23 CREA C0,) 1732 3615~3745 28 62~70 7~8 46.20 3.04 6. 80




584 £S5 KRR R

546 5

%
3

[ aY-1HF@FEACO,)  oY-1H(RIEACO,) Y-2JF(RIEACO,)
R B
'y

-
(=1
T

>

R:< a 'y A
<& 160 ab : A,
#* A o o
150 a b .
e ‘ . .
ﬁ 140 | M
130
a
120 . : : . . .
0 5 10 15 20 25 30
B
801 aY-1H(EACO,) eY-13H(RiEACO,) Y-29F(RIEACO,)
75E e
_g 70 + PN
= L a
) 65 'y . ..
',H,_:J 60 a s aab A
= °® ®e
= 55+ A ° °
J!;E 50 L
451
40 . . : : : ;
5 10 15 20 25 30
IR

FE10 A Y =1 P 20— B R e 45 R ) L
Fig. 10 Comparison of fracture monitoring results in well Y-1 in
the 3rd member of the Shahejie Formation, Shengli oilfield
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