KB A Tl 5 43 55 11 1Y)
120 Natural Gas Industry 2023 4E 11 H

BI3C: i, BT, X ER, . 5T AR TE AR AL A A P R B R BRI RARA Tk, 2023, 43(11): 120-130.
ZHU Haiyan, JIAO Zixi, LIU Huimin, et al. A new high-conductivity combined network fracturing technology for continental shale oil
and gas reservoirs in the Jiyang Depression[J]. Natural Gas Industry, 2023, 43(11): 120-130.

A PRMIBEPE AR TS M S A S NS F IR ER K ERA

fcigH Y ETHRY XNERS A)ET EAELRT KERS

L ORI 5K T TR 4 [ B S« RSB LR 20 RCRREE TR S RE IR e 3. rh A AR F 3 A ]

T FlEHETE AL AERR. WEER. IRET k. LEAT. RBBEEEERME, RA W NENERBR o K&
BRERFER . EEmEMRERTRK, SHERREHRG ZAEN KGR EREN A ERFTHA. Hib, EFHRTE—
HACREE, FFRT R —TRX# TN, DRAGENEE. ERERT DR EREATR, R T AEENEFINERKEEA,
HERTHERA . AREREN:ORPFRTEHAEE oM TEXELXFRAFHE BLTHE “BR—20—HR—MER”
0 R — TR W# R IENER, AUAE. EREMIAIACERLEmEE ; OWRET CO, SRABKEEMHRE N, KELE
R Ak, ML EHURRETNAEERBTHEA, Hin T EREENNERYE OBKTSERERERREN “KEFER
B4 3R+ A RS BRME ILAE” WA S HPIRR, R T EREROY s o XR &% S A0 i 8 IR AW B SR 7 %,
RATENAKIPRE S FRAY, R i+ CO, SRAMHAE+ERBALHE R+ ERERS &7 WA &N TR
FERRGEHAR, R#TFHEHFEERTEBIRGBHEERBEFGRIT L, AXOVME T EBARG RERGE TEREEASS.
KA - SRR 5 T AR s NP IRA AN ; ot ; CO, ER ; BRmER ; A4

DOI: 10.3787/j.issn.1000-0976.2023.11.011

A new high-conductivity combined network fracturing technology for continental
shale oil and gas reservoirs in the Jiyang Depression

ZHU Haiyan'”, JIAO Zixi"?, LIU Huimin®’, ZHOU Guangqing’, WANG Jiandong’, ZHANG Liaoyuan’

(1. State Key Laboratory of Oil & Gas Reservoir Geology and Exploitation//Chengdu University of Technology, Chengdu, Sichuan 610059,
China; 2. College of Energy, Chengdu University of Technology, Chengdu, Sichuan 610059, China; 3. Sinopec Shengli Oilfield Company,
Dongying, Shandong 257000, China)

Natural Gas Industry, Vol.43, No.11, p.120-130, 11/25/2023. (ISSN 1000-0976; In Chinese)

Abstract: Shale oil and gas reservoirs in the Jiyang Depression have complex characteristics, such as great burial depth, complex structure,
rapid sedimentary facies change, developed lamina and high oil viscosity, which make it difficult to implement sufficient stimulation by
using the conventional network fracturing technology. As a result, the production rate after fracturing is low and declines fast. Therefore,
it is urgent to research and develop a suitable new fracturing technology for the formation of complex fracture networks with long-term
high conductivity. Based on the idea of geology—engineering integration, this paper researches geological-engineering double sweet spots
evaluation, four-order fracture network construction, and main fracture pulse sanding theories and technologies, and develops and applies the
key technologies of high-conductivity combined network fracturing. In addition, a "geological-engineering" double sweet spots evaluation
model considering "cutting—core—borehole-reservoir" is established. A new fracturing fluid combination mode is constructed, in which, CO,
and acid are combined to reduce fracturing pressure, low-viscosity fracturing fluid is used to create complex fracture networks and high-
viscosity fracturing fluid is used to promote fracture height growth. A four-order fracture network system of "wide main fracture + branched
fracture + self supporting fracture + acidizing wormhole fracture" is formed for multiple-layer superposed reservoirs after fracturing. A new
sand high-conductivity network fracturing method is proposed, which conducts pulse sanding in main fractures and continuous sanding in
branched fractures. Eventually, a new high-conductivity combined network fracturing technology for shale oil reservoirs is formed, i.e.,
"arranging fractures through geological-engineering double sweet spots + combining CO, and acid to reduce fracturing pressure and promote
fracture development + increasing fracturing fluid viscosity + performing pulse sanding in main fracture". And the following research results
are obtained. First, the 3D "geological-engineering" double sweet spots evaluation model, which fully considers the characteristics of shale
oil and shale enrichment, movability and shale lamina, is helpful in the optimization of well location layout, fracturing zone and perforation
location. Second, the new fracturing fluid combination mode with combined CO, and acid to reduce the fracturing pressure, low-viscosity
fracturing fluid to create complex fractures and high-viscosity fracturing fluid to promote fracture height growth is helpful in increasing the
complexity of fracture networks after fracturing. Third, the four-order fracture network system of "wide main fracture + branched fracture
+ self supporting fracture + acidizing wormhole fracture" is formed in multiple-layer superposed reservoirs after fracturing, and a new sand
high-conductivity network fracturing method of pulse sanding in main fractures and continuous sanding in branched fractures is proposed,
which is conducive to improving the long-term conductivity of fracture networks. In conclusion, this new technology solves the problem in
the economic and efficient development of high-viscosity shale oil in the continental shale oil and gas reservoirs of the Jiyang Depression, and
provides theoretical and technical support for the stimulation of similar shale oil and gas reservoirs in the same block.

Keywords: Jiyang Depression; Shale oil and gas reservoir; Double sweet spots evaluation; Four-order fracture network; Pulse sanding;
CO, fracturing; High conductivity fracturing; Cluster supporting fracture
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