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Maijor breakthrough of shale oil and gas in Well Taiye 1 in Bashansi Syncline in the
Sichuan Basin and its significance

Hu Dongfeng, Wei Zhihong, Liu Ruobing, Wei Xiangfeng, Liu Zhujiang, Chen Feiran

( Sinopec Exploration Company )

Abstract: In January 2021, Well Taiye 1, the first shale oil and gas exploratory well targeting at the Jurassic Lianggaoshan Formation, was
deployed in the Bashansi Syncline in the northern part of Fuling area in the Sichuan Basin, and obtained oil and gas flow rate of 9.8 m’/d and
7.5%x10* m*/d respectively, after multi-staged fracturing and testing of the horizontal section, achieving a major breakthrough in lacustrine shale
oil and gas exploration. Based on drilling results of Well Taiye 1, hydrocarbon accumulation conditions and enrichment rules of lacustrine shale
oil and gas in the Jurassic Lianggaoshan Formation were analyzed in detail. Results indicate that the producing layer in Well Taiye 1 is organic-
rich shale in the 2™ member of Lianggaoshan Formation (Liang 2 member) developed in semi-deep lake facies. In this layer, the sub-layer 4 is
about 25.20 m in thickness, with the average TOC greater than 1.5%, organic matter type predominately by Type II, R, ranging from 1.01%-
1.41%, gas content of 1.81 m*/t, and an average porosity of 3.52%. Inorganic pores are dominant (clay mineral interlayer pores, intergranular
pores, intragranular pores, etc.), and organic pores are developed locally, with pore diameter mainly of mesopores (2-50 nm) and

macropores (>50 nm). Compared with other thin layers, sub-layer 4 has the largest continuous thickness, the highest TOC, porosity, and gas
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content, representing a self-generation and self-storage shale oil and gas reservoir of “pure shale type”. The high-quality semi-deep lacustrine
shale are widely developed in the northern part of Fuling area, which is favorable for shale oil and gas enrichment. The area with good
preservation conditions, high formation pressure, and well-developed micro-fractures are conducive to the high production of shale oil and gas.
Key technology of volume fracturing with characteristics of “less stages and more clusters + temporary plugging and diversion + high pumping
rate + medium to coarse sand proppants and high intensity injection” has been researched and developed, which enables effective stimulation
of lacustrine shale. In conclusion, the breakthrough of Well Taiye 1 is of great significance to the commercial development of lacustrine shale

oil and gas in China.
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Fig.1 Structural outline of the northern Fuling area
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Fig.2 Sedimentary facies map of the 2" member of Lianggaoshan Formation in the northern Fuling area
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Fig.3 Seismic profile cross Well Taiye 1 in Fuling area (profile location is in Fig. 1)
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Fig.4 Comprehensive evaluation graph of shale oil and gas in Lianggaoshan Formation of Well Taiye 1 in Fuling area
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Table 1 Statistics table of main parameters of thin shale layers in Lianggaoshan Formation in Well Taiye 1 in Fuling area
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Fig.7 Pore characteristics of shale reservoir of Lianggaoshan Formation in Well Taiye 1 in Fuling area
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Fig.8 Horizontal well trajectory of Well Taiye 1 in Lianggaoshan Formation in Fuling area
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Table 3 Geological and engineering parameters of Lianggaoshan Formation shale in Well Taiye 1 and optimization of

fracturing design
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Fig.11 Comparison of proppant usage of each fracturing section in sidetrack horizontal Well Taiye 1

IR A 2800 x 10%t, ATk, 2P
b2k Fd 20— TR A 2 Ja 9 3K T e T SRR AR
I

&k

MET, FIRR, BEL, F. RIS HRIE BRI .
o LA, 2016,21(3):34-37.

Guo Xusheng, Hu Dongfeng, Wei Zhihong, et al. Discovery
and exploration of Fuling shale gas field[J].
Exploration of China, 2016,21(3):24—37.

EBN. BB TUE T R E RS Eos U] Al 5 R bR,
2015,36(1):1-6.

Petroleum

11

12 13 14 15 16 17 18 19 20

Wang Zhigang. Breakthrough of Fuling shale gas exploration
and development and its inspiration[J].
2015,36(1):1-6.

B4R, ERE, EEiH, F. b EUCERHE, PRk RS (2) DL
AR EIF K, 2016,43(2):166—178.

Zou Caineng, Dong Dazhong, Wang Yuman,

Oil & Gas Geology,

Shale

gas in China: characteristics, challenges and prospects(1)[J].

et al.

Petroleum Exploration and Development, 2016,43(2):166—178.
ATE, BB, BOHE, F. IR R KR TR Rt
JE SR [J]. KRR T, 2020,40(5):1-14.

Guo Xusheng, Hu Dongfeng, Huang Renchun, et al. Deep
and ultra—deep natural gas exploration in the Sichuan Basin:

progress and prospect[J]. Nature Gas Industry, 2020,40(5):1—14.



% 2 1]

HZR NG -

VO 1| 2 e LU ST b T 1 HE DI S R 5 I 35 3L

31

(5]

(10]

[11]

[12]

iRz, EiETE, T, %. PRt 2 T Lip i
X f AR A U TR ZE R ERAT U] A 5RA bR, 2021,
42(1):1-15.

He Zhiliang, Nie Haikuan, Li Shuangjian, et al. Differential
occurence of shale gas in the Permian Longtan Formation of
Upper Yangtze region constrained by plate tectonics in the
Tethyan domain[J]. Oil & Gas Geology, 2021,42(1):1—15.
#HRE, R, SREK, F.EHEEMRTCE R RVURRE RS
TUA IR B D). DUAREHR, 2021,39(1):29—45.

Dong Dazhong, Qiu Zhen, Zhang Leifu, et al. Progress on
sedimentology of transitional facies shales and new discoveries
of shale gas[J]. Acta Sedimentologica Sinca, 2021,39(1):29—45.
JEESe, BGIE, FETE, . IRIETCH b TR B 5 T0ET R
s AT D], ATihseYa T, 2013,35(6):596—600.

Zhou Dehua, Jiao Fangzheng, Guo Xusheng, et al . Geologic
analysis of Middle—Lower Jurassic shale reservoirs in Yuanba
area, northeastern Sichuan Basin[J]. Petroleum Geology &
Experiment, 2013,35(6):596—600.

JEESe, BHIE. BUES R PR ST DA Z b
R F 060 U], AT, 2012,34(2):109-114.

Zhou Dehua, Jiao Fangzheng. Evaluation and prediction of
shale gas sweet spots:; a case study in Jurassic of Jiannan
area, Sichuan Basin[J]. Petroleum Geology & Experiment,
2012,34(2):109-114.

EEWE , MG, kT, P EAL T S M R SRR S
AR ). p A, 2021,26(1).31-42.

Cai Xunyu, Liu Jinlian, Zhang Yu, et al. Oil and gas
exploration progress of Sinopec during the 13™ Five—Year Plan
period and prospect forecast for the 14™ Five—Year Plan[J].
China Petroleum Exploration, 2021,26(1):31—42.

MR, B, ZE, % hEARIGE TR R 5B 1]
R E A IR, 2020,25(2):14-26.
Zhou Dehua, Progress

China

Sun Huanquan, Cai Xunyu, et al.
and prospects in shale gas development of Sinopec[J].
Petroleum Exploration, 2020,25(2):14—26.

SARTE, AR, AR, . IBARFIMAE DUE U EALE AT S
B2 DO e iR dH 0 B i F R R g BEA B 1. 2z i,

2016,23(2):18-28.

Guo Xusheng, Hu Dongfeng, Li Yuping, et al. Analyses and
thoughts on accumulation mechanisms of marine and lacustrine
shale gas: a case study in shales of Longmaxi Formation and
Da’ anzhai Section of Ziliujing Formation in Sichuan Basin[J].
Earth Science Frontiers, 2016,23(2):18—28.

bR, MidRAE, #KE, F. BomuhEiERE S R B —DL
W IR G b R BE R U T R A R A B D). AR 5k

2016,43(6):928—939.

Qiu Zhen, Shi Zhensheng, Dong Dazhong, et al. Geological
characteristics of source rock and reservoir of tight oil and its
accumulation mechanism: a case study of Permian Lucaogou
Petroleum

Formation in Jimusar Sag, Junggar Basin[J].

Exploration and Development, 2016,43(6):928—939.

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

[21]

AR, B DU R ABIX R bk B A i — LRI 5 R
Mot 1], AR, 2014,35(2):219-232.

Li Yingqgiang, He Dengfa. Evolution of tectonic—depositional
environment and prototype basins of the Early Jurassic in
Sichuan Basin and adjacent areas[J]. Acta Petrolei Sinica, 2014,
35(2):219-232.

AR, B DU RS RN B 2 R i B —LA LT
RS UE S BB ], ArisSEgE , 2013,35(6):601-606.
Guo Shaobin, Huang Lei. Gas—bearing influential factors and
evaluation of shale gas reservoir: a case study of Paleozoic shale
gas reservoir in Upper Yangtze region[J]. Petroleum Geology &
Experiment, 2013,35(6):601—606.

FERTT, M, BEtE, % TR RS TR RO E 3 5
Wr——LAK T — T E R BRI XA 6] U], R HERkFH, 2014,
25(10):1653—1660.

Li Wuguang, Zhong Bing, Yang Hongzhi, et al. Evaluation of
gas—bearing property for shale reservoir and its influence factors
analysis: taking Changning—Weiyuan national experimental zone
as an example[J]. Nature Gas Geoscience, 2014,25(10):1653—
1660.

WG, FHFI. BEAR DAl BRSO TRO [T, RARTHERFL
2013,24(5):1060—1068 .

Luo Peng, Ji Liming. Reservoir characteristics and potential
evaluation of continental shale gas[J]. Natural Gas Geoscience,
2013,24(5):1060—1068.

s, BN, HE, 5. EAETUS A I AT PR 2 i o A B ——
IR X P ) U] #5254, 2020,26(6):881-891.

Shen Cheng, Zhao Jinzhou, Xie Jun, et al. Target window
spatial distribution prediction based on network fracability:
a case study of shale gas reservoirs in the Changning Block
southern Sichuan Basin[J]. Journal of Geomechanics, 2020,
26(6):881—891.

BRI, AR, TRk S R AR DU T O TR B 4 8T
R 7], REAK Tk, 2019,39(6):22-33.

Yang Yueming, Huang Dong. Geological characteristics and
new understandings of exploration and development of Jurassic
lacustrine shale oil and gas in the Sichuan Basin[J]. Nature Gas
Industry, 2019,39(6):22—33.

MW, Aol EA % SAMIE ML A AR ,
2006.

Lou Yishan, Jin Yequan. Rock Mechanics and Petroleum
Engineering[M]. Beijing: Petroleum Industry Press, 2006.
XHER, mRM, &4, %, JUEIFRAPRE T I 5ai m R 1.
T, 2019,49(1):1-236.
Gao Dapeng, Li Qi, et al. Mechanical frontiers

2019,

Liu Yuewu,
in shale—gas development[J]. Advances in Mechanics,
49(1):1-236.

HIE, 4B hE, B . HARIRA AR S R A IR R BT &
S (3], AR 577 %, 2020,47(6):1067-1078.

Yang Zhi.

Jiao Fangzheng, Zou Caineng, Geological theory

and exploration & development practice of hydrocarbon



32

hOE Aol B R

2021 4F 526 4

accumulation inside continental source kitchens[J]. Petroleum
Exploration and Development, 2020,47(6):1067—1078.

[22] PMetR, ZEF, JAMELE, %, PEALTCA TR 5 R 2 [I].
AT, 2019,24(5):569-575.
Sun Huanquan, Cai Xunyu, Zhou Dehua, et al. Practice and
prospect of Sinopec shale oil exploration[J]. China Petroleum

Exploration, 2019,24(5):569—575.

(23] #L4x52, $AEz, PEIEMR, 5. o ERAHTUS AR W it [J].
A E A, 2019,24(5):560—568.
Du Jinhu, Hu Suyun, Pang Zhenglian, et al. The types

potentials and prospects of continental shale oil in China[J].
China Petroleum Exploration, 2019,24(5):560—568.

FE, EitEE. WIEMTFE—RYX GRS R TR T ERRS
BhEE s [J]. RES Tk, 2010,30(3):16-21,126—127.

Li Jun, The main factors controlling

[24]

Wang Shiqgian.
hydrocarbon accumulation in the Jurassic of Pingchang—
Langzhong area in the Sichuan Basin and its exploration
strategies[J]. Natural Gas Industry, 2010,30(3):16—21,126—127.
ARARE, MR, R, 45 VR AR FHLIN S RELIh R BN & (]
R E AR, 2015,20(1):1-16.

Zou Caineng, Tao Shizhen, Bai Bin, et al.

[25]

Differences and
relations between unconventional and conventional oil and
gas[J]. China Petroleum Exploration, 2015,20(1):1—16.

[26] BHERH, B, oG, . PNEHh btk 2 R BORE BT
e [T]. AR 57T %, 2016,43(6):873—882.

Yang Yueming, Yang Jiajing, Yang Guang, et al. New research
progress of Jurassic tight oil in central Sichuan Basin[J].

Petroleum Exploration and Development, 2016,43(6):873—882.

[27] BRA, #1795, RN, G, Uil <R B LI R e LB 22
bR 1. Wb <CH, 2015,22(6):711-716.
Yan Jie, Pan Renfang, Tang Xiaoling, et al. Comparison

on hydrocarbon retention and enrichment mechanism between

shale gas and shale oil[J]. Fault-Block Oil & Gas Field, 2015,
22(6):711-716.

(28] Bofete, Wimsax, BEsE, %. DRIRTUA HGEMA YLERIT
FEHBIX X H A G ). = mﬂﬁ%ﬁk 2020,10(5):20-27.
Yang Zhenheng, Hu Zonquan, Xiong Liang, et al. Gas storage

characteristics and coupling characteristics of deep shale gas:

a case study of well-X in southern Sichuan Basin, China[J].

[29]

[30]

(31]

(32]

[33]

(34]

Reservoir Evaluation and Development, 2020,10(5):20—27.
HesLE, BORRA, HHRIR, . TUS TR RIRE ) B ime sl PP 51—
LAV ek 24 _E R 248 Duvernay T A5 [I]. A S5RASHR,
2019,40(3):459—468.

Chen Zhuoheng, Li Maowen, Jiang Chunqging, et al. Shale
oil resource potential and its mobility assessment:a case
study of Upper Devonian Duvernay shale in Western Canada
Sedimentary Basin[J]. Oil & Gas Geology, 2019, 40(3);4597468.
Ko, FEL, FRY, F. AEFM TR R 5 & R )
AR EIT K, 2017,44(4):638—648.

Song Yan, Li Zhuo,

Jiang Zhenxue, et al. Progress and

development trend of unconventional oil and gas geological

research[J]. Exploration and Development, 2017,44(4):638—648.
PR, B, ER, . TUSTHPR A A T oo n) 8 R e

(1. AR, 2016,37(10):1309—1322.
Lu Shuangfang, Xue Haitao, Wang Min, et al. Several key
issues and research trends in evalution of shale oil[J]. Acta
Petrolei Sinica, 2016,37(10):1309—1322.

B, ke, Wik, % BEmmSIeEER A rS Hax”
PEOT [J]. Evﬂa%bi”%‘ﬁﬁﬂi, 2015, 42(5):555-565.
Yang Zhi, Tao Shizhen, et al.

Hou Lianhua, Formation

»

conditions and “sweet spot ” evaluation of tight oil and shale
oil[J]. Exploration and Development, 2015,42(5):555—565.
BEE, Bk, B, . WM R Z & B RHFHAR
7 Be Bl A DU BT U BURFAE S D BT it ). A 5 RS
I, 2021,42(1):212-223.

Shu Zhiguo, Zhou Lin, Li Xiong, et al. Geological
characteristics of gas condensate reservoirs and their exploration
and development prospect in the Jurassic continental shale
of the Dongyuemiao Member of Ziliujing Formation,
Fuxing area,eastern Sichuan Basin[J]. Oil & Gas Geology,
2021,42(1):212—-223.

HHW, RIEAR, U, . EAHUE UE  HAR B S LB
TRIFAE (7). FaisdR, 2016,37(2):172-181.

Ji Liming, Wu Yuandong, He Cong, et al. High—pressure
hydrocarbon—generation simulation and pore evolution
characteristics of organic—rich mudstone and shale[J]. Acta

Petrolei Sinica, 2016,37(2):172—181.





