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Research on key fracturing technology for deep shale oil in Gaoyou Sag, Subei Basin
HUANG Xiaokai, HUANG Yue, JIN Zhirong, HE Leiyu
(Petroleum Engineering Technology Research Institute, Sinopec Jiangsu Oilfield Company, Yangzhou, Jiangsu 225009, China)

Abstract: The Huazhuang area in the Gaoyou Sag of the Subei Basin is a key block for shale oil exploration in the Jiangsu Oilfield. The shale
in the Huazhuang Il block is buried at depths exceeding 4 000 m, accounting for 42% of the total shale oil resources in the Huazhuang area.
Therefore, achieving efficient development of this block is of great significance to the Jiangsu Oilfield. However, with increasing burial depth,
shale oil fracturing faces challenges such as high operational pressure and difficulty in sand addition. To address these issues, the research
team conducted hydraulic fracturing physical simulation experiments with the goals of increasing fracture complexity, expanding supported
fracture area, and improving fracture conductivity. The influence of different injection rates and fracturing fluid viscosity on fracture
morphology was analyzed, and numerical simulations were used to optimize multi-stage cluster design, ball-throwing temporary plugging
techniques, and proppant combinations. The results showed that injecting medium~ to high— viscosity fracturing fluid at high displacement
improved fracture penetration capability but reduced the number and area of opened bedding planes. Using low—viscosity fracturing fluid
with conventional displacement injection facilitated the connection and formation of bedding fractures. A single—stage design with fewer
clusters was beneficial to improve the energy of each cluster, promoting more balanced fluid and sand injection among fractures. Simulation
results showed that having 5-6 clusters per stage could achieve balanced fracture propagation and proppant support. At the same time,
simulations were conducted to examine the impact of temporary plugging balls under different injection rates, quantities, and diameters. The

optimized parameters for the temporary plugging of ball throwing were determined as follows: injection rate of 12—14 m*/min, ball diameter of
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15 mm, and ball quantity of 50%-60% of the number of perforation holes. Combined with simulations of complex fracture proppant transport

and placement, the optimal proppant combination and pumping parameters were determined to improve the transformation effect. This

technology was successfully implemented in well HY7, yielding a peak daily oil production of 52.3 t and a single well estimated ultimate

recovery of 4.6X10* t. The results represent a major breakthrough in deep shale oil exploration in the Huazhuang II block of the Jiangsu

Oilfield and provide important reference for the development of similar shale oil reservoirs.

Keywords: Subei Basin; deep shale oil; ultra=dense fracturing; ball-throwing temporary plugging; composite particle size
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Fig. 1 Influence of fracturing fluid viscosity and displacement on fracture morphology
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Fig. 2 Influence of interface cementation strength on fracture morphology

TEBL 3Rt it T, 7 2 B AL A2 1 )2 B
WL L B) e o507 S R B T R 45 50 AR O, 1
P 3 e SRR T AR AHE R, B Bl 25 AR B AR HE i
il T2 A 2 O AR AR e AP S B AEFE X R
SRIREE T LT R SR e Tt T T S0T BB 1 4 H i s
Bt N UGN S -F/S d o st $1R ) R LY S &
B TR ) VR Z HAE e REE R Ok . R
FHAZ T B2 28 A 7, BE T AGRAIE JE 5 SRR 2 i R, 3
AE FE 30 J2 L, 70 1 3t 4 ) T Bk T vh — v 2 2
(15~20 mPa-s) A 5 i B30 3 1) B )=, o 400 % A 6 )58
(6 mPa-s) 5 24 5y A JZ B (R4 T 843 0T
JR BT R R IR R R 2 (12~15 mPa-s)
AFIT b AB R T 5 S AT

3.2 ZERGEY RUERM

BEXEAETE T DX B 0t 5 vy MR R L 0, 7 8 L ) 2%
R Tk I 114) 2 e L S S A T B AT A A M 1) ], LA
] 7K ) 448 138 FN T IR 202 2 R s sk AU H
b, EACAT AE BT . FEAETE T IX Bt A AR LAtk |-, 56
T FTCTr ik, TF A [R) S5 L e HIORD 7% ) T 2448 4
- HERNE B — R BLRIE 9 . B S5 i [ i
h 32 GPa JARS LA 0.20 BRI PE R 0.8 mPa-s*, FE%Y
BrK R 60 m, He 24 H 1R 3 000 m?, 5 L 7% B it 4

45 i /mm
4.0

3.0
= 40 o
'\H\E 20 .
fom 0 1.5
W =20 1.0
60 0.5
200 =
Y
%, 0
a. 4%

AR 4.6 815, A E A HER ) 16 m*/min, K2R T
BN 6 mPa-s, SRR BUTE R 3%, FPLZE R 3R
WY AEAR R RS T, B S FLAR B N, 4% iy 48 0 Fl 4
KR TR, 5K 1248846 59 R R R R o
) B K 7 24 4% 28 2 M R B | 2 1) el o i R AR 22
(F3). [, FFLAE S 2 | S 2 d AR 55 L (R 3
P e K AR SCHE R A i AR S Bt i . S L AR %K
MafEM B ofEn, LHEMEFERKRHA 123 mERE
106 m , {H 32 # Z 58 1H AL & T 23%; M3 N 2 875w
WAL B 5% KRR F 56 m, ] 0 4% L AR b
B, SIS LRSSl 32, 5 6 FR A B S 1 24 4% T AR
RT 29% ([ 4) o BF X IZ T, IR F AR 30 1
SPFUREE, nT CRIEAR R, ZEHE R — o AR R R
BENG R T AR A R B I M R R D, 25 T TR
By e 5 A SRR AL R B B LR B
6 5 , 3ok 22 B /D V) B AT SE B v B 1 4 g 1 AN S
PR, 8 B MO SR A H Y

3.3 MIKEBEHRBFATR

% I8 W TR BB SE MR K A IR 3 a8 B B
DU JEE A (9 FLHRE A7 3, At 18 2% i RSB I 15 47 % .
B TR AR ) 2R B D7 vk (CFD) 5 8 B ot Or ik
(DEM) , i 57 78 3 BRI 712 B CFD-DEM A7 £ {E A

55 /mm HE5i/mm
4.0 4.0
35 35
3.0 3.0
25 25
20 £ % 2.0
= 20
L5 20 15
10 ¥-20 1.0
200 M Q7 “ 200 0§
0 4 0
V7 20
4&*\(
2, 0
c. 8fk

K3 ARGHLZE R RIE S

Fig. 3 Fracture propagation morphology under different perforation cluster numbers
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Fig. 8 Impact of single—cluster displacement and fracturing fluid viscosity on sand placement mass concentration in multi-stage fractures

4 BN H

HY7 I AR T IX By — D45, FEHZ R
BLV-2/NZFIN -3 /N2 AR 4 144~4 278 m, /KF-
BRI 1795 me IR R AR 4% . 2 B
VR A e BRI 0 R AR AR A RUEE S
PO S ARG R E AR TN E R 2 S
Bt : AT IV -2 /N2 KB, BB 6~T 1, W Y 2
WHEE AT 6~9 mPa-s, (HE] T 509, ZF R s T
12~15 mPa-s; 5847 IV -3 /NZ KB, L BE 5~6 7%, w14
JEZW LA 15~20 mPa-s HvE 25 BE W IR K O 3, b2
PL6~9 mPa-s Y H IR FE W TR K, i B KORAR B Be 4 T
BiFEE 12~15 mPa-s. 32 B 19758, B 5~T 5%,
WA T 5~8 m, i THFE A T 18~20 m*/min, EHETE
Ao i TSEPRAEATE ] 15.1x10* m® S fibE 5 081.6 m?,
-2 B B D i R 158.8 m?, AL B K 4.25 t/m, A H R
it TA2 4, I 100%

TESS 5~32 BOR BRI, L BALECh 42 4L, 801t

BPIEER B AR N 15 mm, B G BRECE O 24 0, 26 BRHERE N
12 m*/min, K5 1T+ 2 6~15 MPa. b= 1Y 5%
M) 3 61 76 7K 7 BOME X 3459, 3 M i K BE S LA T 160~
634 m, XK IR F] T 391 m; & L [T 42~
87 m, V-3 5 & 35 H) 66 m; LB o0 (R R E Sy 160x
10* m*; G pRECAY i 28 Bk B LB B TR 3, 3 HLAF
e B I 3, Ho 90% 1 R 4 B LA AR 2% 1 S 45
P 7 B W 45 SR 3R B A% TR LB A 7 muek L R S
W = ol &2 o8 523 t, PR R N LX10'm?, FRE ol
36.9 MPa, il EUR 4 4.6x10* t, 520 746 1T K2
T PRI 1%

1) A 7 W7 e 28 % 22 T il b S 2% 1 52 A, s ML,
NP 7 AN S AN TR AL a8 NCIE 2] e
BT B e SRt T e T g e b g A R
R L R A5 TR, A AR BRI A2 2 T 52 B, 2y Ao
H

B oo

>

f}ﬂ%

N
P

o



2026 4F
F 6%

2 BRI, A5 IR Ib A ey M T o A2 D TR OSBRI S 449

2) ALTE X H T e B B v« v i 20 B e 249 v HE
WA, AT AR AR D) R Y R E A (A
FE I ) J2 BRASCR U  T FRU D 5 AU 380 B R 0 R L HE
WAL KT ERE D) T e 28 i T s
PSR RN AR HE i T, 7R AR S AN ] 22 e T ny R, S
THIE 2 2 1A%, i mos ARFR

3) ZBU/DHEE V)RG5 AR R R AR HE R ALY 4k
AR R R 2 T LA R i, S R Bl s AR R
22 R AR A G S R IR B R A v 8 5 o S B S PR ASUR L
AR T

4) 3 3 57 AT B I 1) R ST S — D v S 0T
JE Pl OR . IR ERHE R AR 12~14 m*/min Z 8] B
WER E A R 15 mm B BE BRI R AL IR $01) 50%~60%
i, BIGE BT 6~15 MPa, B RUR U,

% % X #

(1 AR, Bese, PVREME . 55t 2t s s [ B vt e 2% Bl A 52 i
PRI J i TN A7t 2023, 44(8): 1206-1221.
ZHU Xiangyu, DUAN Hongliang, SUN Yaxiong. Breakthrough and
significance of Paleogene continental shale oil exploration in Gaoyou
sag, Subei Basin[J]. Acta Petrolei Sinica, 2023, 44(8): 1206-1221.

(2] A9, Bekse, XU, 45 . v s 10166 46 FE 4 DX R B A ik )2 AL
MR 25 A FRAE TR, 2 A4l UL, 2024, 17(2): 131-138.
FU Qian, DUAN Hongliang, LIU Shili, et al. Study on pore throat
structure characteristics of shale reservoirs in the second member of
Funing Formation in the Huazhuang area of Gaoyou Sag[J]. Complex
Hydrocarbon Reservoirs, 2024, 17(2): 131-138.

(3] BER, PR, FEM, 55 AR A Il A B
JFEARAL: AR A i A X B BOR BT, B 2% i, 2024, 17
(1): 56-61.
GE Zhengjun, LUO Yuhan, CHEN Tingshan, et al. Optimization of
rational production system for horizontal well development in
continental shale oil: A case of the second member of Funing
Formation in Block A of Subei Basin[J]. Complex Hydrocarbon
Reservoirs, 2024, 17(1): 56—61.

(4] BkerA:, WRAE, AR, 55 R f i A2 4 Wi e CCUS-EOR
TR SR KIA Tk, 2025, 45(9): 212-222.
YAO Hongsheng, QIU Weisheng, ZHOU Dehua, et al. Key
technologies and practices of CCUS-EOR in complex fault-block
reservoirs in the Subei Basin[J]. Natural Gas Industry, 2025, 45(9):
212-222.

(5] Ak, XVLLE, 2067, 45 . AP T i 2 Bos BoR BLR Kk
JEAT). A M BEHRER, 2021, 49(4):1-7.
CHEN Zuo, LIU Honglei, LI Yingjie, et al. The current status and
development suggestions for shale oil reservoir stimulation at home
and abroad[J]. Petroleum Drilling Techniques, 2021, 49(4): 1-7.

(6] AW, FHN%, A, &5 AR H LA )2 T R BOE TR e B
FI). AR, 2012, 3304 1): 149-158.
WANG Yonghui, LU Yongjun, LI Yongping, et al. Progress and
application of hydraulic fracturing technology in unconventional
reservoirs|J] . Acta Petrolei Sinica, 2012, 33(Suppl. 1): 149-158.

(7] PSSR, R, 55, 45 . AR RG34 T RS

(8]

191

[10]

[11]

[12]

[13]

[14]

[15]

[16]

KT W[ AR 5T %, 2024, 51(4): 865-877.

SUN Huanquan, WANG Haitao, YANG Yong, et al. Iteration and
evaluation of shale oil development technology for continental rift
lake basins[J]. Petroleum Exploration and Development, 2024, 51(4):
865-8717.

FALAR, BRI, 25830, 45 . SRR 2T A TR A AT
WRBUERBORIIL. £1il5 KR HT, 2019, 40(3): 626-635.

MU Lijun, ZHAO Zhenfeng, LI Xianwen, et al. Fracturing technology
of stimulated reservoir volume with subdivision cutting for shale oil
horizontal wells in Ordos Basin[J]. Oil & Gas Geology, 2019, 40(3):
626-635.

25 ARG, TN, 25 2T o i T 7 — oAb Tk SRS TR i) o
R R ZRALA: LA AR BE IR M B R e 4 A ). Wbkt =<1,
2025, 32(1): 35-46.

LI Jiacheng, ZOU Jiawei, TIAN Gang, et al. Shale oil fracturing
scheme optimization based on geology—engineering integrated
fracturing model: Taking Lucaogou Formation, Jimsar Sag as an
example[J]. Fault-Block Oil & Gas Field, 2025, 32(1): 35-46.
AR . b A Al DU I AR RO R ()], il SR S T
%, 2023, 13(1): 1-8.
ZHANG Jinhong. Progress oil engineering

in Sinopec shale

technology[J]. Petroleum Reservoir Evaluation and Development,
2023, 13(1): 1-8.

SRARZS, R B, R, A b A A i AR BRI S e
(T]. AT EEHER, 2023, 51(4): 149-158.

ZHANG Jinhong, ZHOU Aizhao, CHENG Hai, et al. New progress
and prospects for Sinopec’s petroleum engineering technologies|J].
Petroleum Drilling Techniques, 2023, 51(4): 149-158.

R, W, ] SO, A5 NE R A MBI I 11T B — o R XU L ot
R G R P RELT]. B A 4R, 2022, 27(1): 60-72.
SONG Yong, YANG Zhifeng, HE Wenjun, et al. Exploration progress
of alkaline lake type shale oil of the Permian Fengcheng Formation
in Mahu Sag, Junggar Basin[J]. China Petroleum Exploration, 2022,
27(1): 60-72.

G MEIE, WAL, . VLG A R T R AR A R K R 5 1)
B TSR 222841, 2020, 33(5): 20-22.

JIN Yanbo, CHEN Zhong. Difficulties and development trend of
unconventional oil engineering technology in Jianghan oilfield[J].
Journal of Jianghan Petroleum University of Staff and Workers, 2020,
33(5): 20-22.

Ty, XL, K, AF L RZ A UK IR Z RE
ORI A SRR, 2017, 45(6): 77-82.

FENG Guoqiang, ZHAO Liqiang, BIAN Xiaobing, et al. Multiscale

LI

hydraulic fracturing of horizontal wells in deep shale gas plays[J].
Petroleum Drilling Techniques, 2017, 45(6): 77-82.

W, TR, B, A MR A AU A RUR RO
FARI. AR AR, 2020, 48(5): 77-84.

ZENG Bo, WANG Xinghao, HUANG Haoyong, et al. Key technology
of volumetric fracturing in deep shale gas horizontal wells in southern
Sichuan[J]. Petroleum Drilling Techniques, 2020, 48(5): 77-84.
AL, XS, ANEHE, 45 . R MAIA R IR2 A SR 4 R 5
SCERRLT 2N AR T2, 2024, 46(3): 336-345.

LI Deqi, LIU Chunting, ZHU Juhui, et al. Fracturing technology with

enhanced fracture network and reinforced support for deep shale gas



2026 4F

450 BIREL, A5 . IRIb A b g R 1 B TR 2 T il e RO ROR B 5T Flets H2
under high closure pressure[J]. Oil Drilling & Production area of Sichuan Basin as an example[J]. Natural Gas Exploration and

[17]

[18]

[19]

[21]

[22]

Technology, 2024, 46(3): 336-345.

FEIEAA, EY . T E AL TUE KT IR B R REEOR BUIR 5 K
JEHT. AT IR, 2021, 49 (4): 14-21.

JIANG Tingxue, WANG Haitao. The current status and development
suggestions for Sinopec staged fracturing technologies of horizontal
shale oil wells [J]. Petroleum Drilling Techniques, 2021, 49(4): 14—
21.

BAL, W, B RE T, 5 AR H MM AR R 2 2.0 T2 )
KRB AR, 2022, 4103): 1-9.

ZHENG Xinquan, HE Chunming, YANG Nengyu, et al. Volumetric
fracturing 2.0 process for unconventional oil and gas reservoirs and
R&D suggestions|J].
2022, 41(3): 1-9.
BRI, TS K, AR, A UA I ACE I A R B AN 1 5 WF
FELIL. AN 5T, 2024, 14(3): 352-363.

ZHAO Haifeng, WANG Tengfei, LI Zhongbai, et al. Study on

Petroleum Science and Technology Forum,

dynamic stress field for fracturing in horizontal well group of shale oil
[J]. Petroleum Reservoir Evaluation and Development, 2024, 14(3):
352-363.

X, ZREEBH, XA T, 45 . 5 ARBR R TUA IR X CO, i R T
BB B 7 92 BRI AR A 5T KL 2024, 14(1):
83-90.

ZHAO Kun, LI Zeyang, LIU Juanli, et al. Parameter optimization and
field practice of CO, pre—fracturing process in Jimsar shale oil block
[J]. Petroleum Reservoir Evaluation and Development, 2024, 14(1):
83-90.

B SR ER, SR, S SRR SIS 7 SO R R TR
SUEEB VI AR M X 5 66 I . 5% 67 I RIS 213 I A HI[I].
JEH BT, 2025, 12(4): 100-108.

LUO Pan, ZHANG Guoxin, QIAO Hongjun, et al. Optimization
method of fracturing engineering “sweet spot” for Chang7 shale oil,
Ordos Basin: A case study of wells WU66, WU67 and WU213 in
Wugi arealJ]. Unconventional Oil & Gas, 2025, 12(4): 100-108.
TEREEL, X)), XU, 45 . BUR DA R 25 (it 2 BUR M R Ak 5
B LADE I 4300 JQ 3t X VDB i 2 8 S A ()], KAR RS
%k, 2024, 47(3): 85-93.

WANG Yukun, ZHAO Dan, LIU Tingzhi, et al. Experimental study
on reservoir sensitivity characteristics of tight sandstone after

fracturing: Taking No. 8 sand body of Shaximiao Formation in JQ

[24]

[25]

[27]

(28]

Development, 2024, 47(3): 85-93.

PNFERE, AR, BROG R, 55 . oAb ftt s B 1M1l B 7 2 — BE
ZUERFAE AT ORI 57T 42, 2024, 14(3): 414-424.

SUN Yaxiong, ZHU Xiangyu, QIU Xuming, et al. Characteristics of
shale fractures in the second member of Funing Formation in Gaoyou
Sag of Subei Basin[]].
Development 2024, 14(3): 414-424.

VR, A7 DR R R A e R IV B v O 2R B2 B
VU R A AR R A bR, 2024, 46(3): 441-450.
DUAN Hongliang, SUN Yaxiong, YANG Baoliang. Main controlling

Petroleum Reservoir Evaluation and

'El Ju,

factors of shale oil enrichment in second member of Paleogene
Funing Formation in Gaoyou Sag of Subei Basin[J]. Petroleum
Geology & Experiment, 2024, 46(3): 441-450.

SRS, RAAL, 5K, A5 R b B B D i 2 S R
5% 5 U0 B J1 09 R WA IR (I il R AR AR T, 2024, 53(3):
92-97.

ZHANG Xueping, LIU Youquan, ZHANG Pengfei, et al. Influencing
factors of the fracture conductivity of propped cracks in the
Shaximiao tight sandstone reservoir in central Sichuan.[J]. Chemical
Engincering of Oil & Gas, 2024, 53(3): 92-97.

Bz, HoEm, S, 45 . ORI A Ui R B s
SR W EIFH- 5T 4, 2024, 14(3): 333-342.
DUAN Hongliang, CHEN Tingshan, SUN Jing, et al. Experimental

mahHe S

study of oil matrix and fracture flow capacity of shale oil in Subei
Basin[J]. Petroleum Reservoir Evaluation and Development, 2024, 14
(3): 333-342.

Ty i, HRKAE, SRIBCER, 45 . L ARt R BT R A i i BT
FAIE AR SRR, Al 5 RARHLR, 2023, 44(6): 1468-1478.
FANG Zhixiong, XIAO Qiusheng, ZHANG Dianwei, et al. Geological
characteristics and exploration of continental fault-block shale oil
reservoirs in the Subei Basin[J]. Oil & Gas Geology, 2023, 44(6):
1468-1478.

o R, SR, B, A AR A IR R AR M A B U i i 2
225 AHHLELN. A7 il 5 KRS, 2025, 46(6): 1947-1959.
GAO Yugiao, CAI Xiao, XIA Wei, et al. Differential reservoir
formation mechanism of shale oil in the second member of Paleogene
Taizhou Formation, Subei Basin [J]. Oil & Gas Geology, 2025, 46(6):
1947-1959.

(it IFE)



