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Abstract: This paper is the result of oil and gas exploration engineering.

[Objective] Continental shale oil is an important replacement field of energy in China, and precise drilling of long horizontal wells
is a key technology to achieve commercial development of shale oil. However, due to the characteristics of continental shale such as
high clay mineral content, strong heterogeneity and bedding development, serious instability of horizontal well wall and difficulties
in precise steering of thin target layer are caused. [Methods] Taking the shale of the first member of Qinghe Formation in the south
of Songliao Basin as the research object, the integrated research of geological engineering is carried out by comprehensively using
geochemical, geophysical, rock mechanics, geostress analysis and other means. [Results] The shale in the upper part of Qing— 1
Member is bedding shale, which is not suitable for horizontal wells to pass through. The thin oil—bearing sand bars in the lamellar
shale in the middle and lower part of Qing—1 Member are both oil—bearing, drillable and compressible, which can be used as the
crossing target layer; For shale formation, strong inhibition KCL polyamine drilling fluid system and oil—based drilling fluid system
should be selected for horizontal well drilling. The mud density window increases with the increase of horizontal stress difference
and well trajectory inclination angle; Logging GR and logging total hydrocarbon can accurately reflect the lithological heterogeneity
change of target layer, and combined with high— precision geophysics, it can accurately control the drilling trajectory in real
time. [Conclusions] Through application and practice, Jiye 1HF well has safely drilled 1252 m along 1.94 m ultra—thin target bed,
with a penetration rate of 100%, which has achieved a technical breakthrough in accurate drilling of long horizontal section of
continental shale oil, laid a foundation for Jiye 1HF well to obtain high—yield industrial oil flow, and has guiding and reference

significance for accurate drilling of long horizontal section of continental shale oil of the same type in China.

Key words: continental shale formation; integration of geology and engineering; long horizontal well; precision drilling; oil and gas
exploration engineering; Jiyeyou 1HF well; Songliao Basin

Highlights:(1) Innovate the geological engineering integration dessert evaluation method and design the optimal drilling trajectory
of horizontal wells; (2) Build the geological geophysical integration precise guidance model to achieve long—distance drilling of
ultra—thin target layers.
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Table 2 Comparison table of target layer parameters of each layer in the Qing 1st of Jiyeyou 1 well
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Table 3 Comparison table of drilling fluid formulation and cuttings recovery test results of Jiyeyou 1HF well

BRI e FAEETT HEE(gem’) FiFEs KARK/mL R EE/g WAEHEE/g HYE%
HK WEK 1.0 — — 10.03 9.65 96.2

15 7K +4% % 11 £ +0.2%Na,CO;+0.2%NaOH+0.3%
A4 1) HP+0.5% FL ¥ 5 & %) PL+0.5%LV-CMC+
_ 0.3%FNE+0.5%~1.0% i $5 7] PZ-7+0.5%~0.8% %
KCL % fi% 12~15  50~75 <15 10.16 10.07 99.1
&5 W W& U6 2 %1 COP-HFL+0.5%~1%NH4-HPAN +
5%~7%KCL+1%~2%EH 4 BR R ES QS-2+1%~2%fi
AT FT-1+1%~3 %R A1 1 71
S Gl K HE 802200 +2% 43 ML+ +3% 4 17 K+
LA 5% 7K 32 FULALTFI+5 %o i A 7K e FL AL F+5% il 3% a6 70595 <10 lo.14 o1 09,8
6 I8 2 TR (FT) +3 %o 7o 226 3 345 70 (R 1 2) +3% e 4T
BB FI+2%QS-142%QS-2+2%QS-3+ . & £1

GiRWoR  BEE IE RS R B kIR RE R A PR Y \ = :
i B T P AT K . i RHB TR TR 2000~2416 5 R RRRLIZRT 0 S FoR

m, JERHATE 0 ~ 60°, IFETR 2399.4 m A1 B R, i ) 4 AR SR KRG 4 T R 4y
W 180° i1, HERMAE 0 ~ 60°BT , SRIEJF 224 B m Ui vUA il Z 50 B R0 £ 2 B, WA BN
FIUEHE T 1% B 1.20 ~ 1.55 g/em’ ([l 6b) s /KB TUATIATT IR IT 2 bR ik, K HRS i 5
TR 2416 ~ 2530 m, IR 60 ~ 90°, TR I H S 1 EARTE TU I AT & b A/ E G R B2 (X1
BRI R H N 135~ 1.60 g/lem’ (Bl 6c) , 2 JoE M EE B, 2016; AEARALAE, 2019; M 2R 55

r =) 75 =} —+= N L2 — = 4553 . 3
P TR TS 546 % 2020) . 7 GU{H THF HF3EiT HARSLZE00, S PR e
(a) EFSIEETNY F ¥ 3 /Mpa KR ) % /Mpa (b)
100 110 120 130 140 150 35 40 45 50 55 60 65 70 0 5 10 15 20
2200} /7N
2300} )
g
b Y
PNy
X I
o .5
2400} 4 o4
/ 0/ .3
| .2
\‘ 1
2500f Vo oma
y .9
180° e
L 8 3
—— —o— —o— 2524. 4m ;z/cm‘x
NS ZNE V)] S PN P HENA
Minimum horizontal principal stress ~ Maximum horizontal principal stress Vertical principal stress

6 & i 1A AR R 3 87 3 T A = =T DRk R v 1 i
Fig.6 Rock rheological model in—situ stress profile of Jiyeyou 1 well and prediction of mud density window for the second and
third wells

http://geochina.cgs.gov.cn FPEHLTT, 2022, 49(6)



1816 H 5]

b Ji 20224

Bl B 28 A A i W R AR R H bR 2
B 38 2 AE 90% LA - BT g X A, AT b T — M Bk
Py PR — R AL ) 7k >R FH LT — M R ) 25
1 22 ZHORE i S S ) BER SE R ) S v
H AR R4 82 100%1) Hiw o
5.1 =Mk EEMEREY

KT B AR EF- A Ak TR IR
5 [0 A0 A ) AR S S R R R RS, A
T ) T B , S 2R e A TR B e . Akt
I A = 4R R AU R BRI
AR /NI BE AR 38 1 43 A AT T AS A 20, FEAS 20
B R G0 SR bR E FE A L A AR R A 4
JZ RIS T VR L | R 3 R R o A R
A B B AR ) i R RS B 5 4 ] oA fg
PR, S LA (LRI FE N 1 m = A4 1 i 1] (4]
7) % B AR R LA I 00 1] (8 AR A2 Ak K

JEBAIEAT TRE AT, S A RN R E
()25 (B SEARZR G RE , KIS ) i it
AT FERIRAE
5.2 HRLEZEE S EEER

H TP 3 B AR 2 50, IR RS 1.94 m, 7
T X 2 K, X LA PR UEZK P U 5 AR 88 )23 1% 2 il i
1000 m AN 2, O T 4 288 22, % B AR L2
A CHME R M A b 2 B R AT R LA ROKS
YR, B4 ERG 20 M BT A K H AR JZAEGh ) |
A LT R 53 1 3N AR A P S
P i 1 2 2 R e 22 00 (11 8) , WT LAAEE
FE0 ST ) () M B AR R . 0 3 /N2 HARA R AE
T US/NZ D R 2 0.8 m, IR (A
80~90, M LKL 0.8%~1.5% ;2 5 /N2 A MU i
BHb e  JE250.2 m, @405 100~110, S IEAE 0.5%
~1%;3 5 /NE CEE A S R T m, RS

4 HIUMIHFE
Wellname  JYY1HF

[—] [o]

I ik #
Well trajectory  Target

P17 35 U THE - H AR R TR B — 4 i 5]
Fig.7 Three—dimensional structure diagram of the top surface depth of the target layer of Jiyeyou 1HF well

http://geochina.cgs.gov.cn FE ML, 2022, 49(6)



494 o X TG « Bl AR DU b 2 0 - TR — R AT I RS B R AR 1817
; | 30
60 120/ /m 7105 3.0 &
1% ——

0:5

0.8 |Ale eosse

[ ] (=] = (=] [a] [2]

b H- #1178

Slllslone Shale

Well trajectory

GryR I 3 [l i BE IH1 325
GR detection range Oil stain Oil stains

P8 5 B THF H HARHL R/ NERG AR 73 BV H- T 2R S AR

Fig. 8 The fine division of target layer and the comprehensive model of horizontal well steering in Jiyeyou 1HF well

70~80, MM AR 1%~2.5% LT UL 25 ks
PSR SIS BB 0 3 A B ARl b o )
F-BL 454 M2 000 T A, # d  F Sh
AR | BN | Hb 2 A A SO O R
[ 1l SRS (1] 8 ), SRy 7K ST I b J5T 5 o) 4 RS 240 ]
SEM AR
53 ZSHRBHIRSEFER

AR T miﬁﬁﬁ%wﬁ%ﬁ T3 T HAKS
WM, b EE N MR BRI ST
Schlumberger / F] Path Finder JE ik B AR &
T HFEATRERE I . 3% T H AT LR AR Sk b st
AR G RN, LA A Ak i 2R K g B
Bk HA 0.6 m, 40k B R WIANETY il Je4 N,
P s | SRt Al Sk Ak B4 At AN 5 5l , T
TN D3 P AR 1 22 A B B R B B0

W B S A0 3000 SR A A2 SR Xof R 4 2
TRGEERRTE , I LAIC S5 B G R b J2 108 (0 5 59 £
(XISBAL , 20165 E 7 BH A5, 2016; KB ZE#E4%,2019) .
38 3 A S B ASCHE T O G Sk R S E AR A2
b N SR AR T T T SR R R
T, 253 N B AR Z THAHE Z 0, (A i ek
A%, SRJ5 ML (ERAARG s AN THEER 3 20, A e e o
E57 VP (=i N Y ey VN i34 3 N | ST (N
JEREAS, SR MM E(EREAG s DURCEHB 20T, b (i

B, K5 LSRR s et E a2 A,
b EEEA S (58

N G AT SIS S, SR T B 5 A
O S SRR EA , 1 S ) A B A e
Ak B, KR AN TR 18 €8 B A S T v U OB i
PEE A L R — S ) UL 220 %o o B0 €2 4 5
PRACE (— e GARSRARAI B (6, 5 (R v i
(6D, Fr o FEA 25 B (o 42 A A (o 1 st R P
A S At 0 PEAG  R P Bt R T 8 A LA
LA )AL 2 , Al LA RE HEA )2 (4 fre AL
$ i i 2 2B AR IR B iy i se 7 (11 9) o

6 N HEUR

T U THF 2 WA 3L 437 Hi R 350 00 5 T 8 A 1)
S — K WAL St i AR 00 i iR By &
B X o 3 BT I Bl A DU T BT TR
—RAIKF RGBSR RN 3 DU THF 58
PUKF-B K 1252 m B KB H AR , S0 5
VETH LI & W) 4, 1.94 m B AR 2418 100%,
HZEHREY KR < 6%, H 5 Bm it , 3 HKFE
BUELAR 888 m MBI /R (K19) , A i 301 1 )2 2 g <Mk
MEAZEE T RAF A 3EAT . 75 DU THF H 2808 KHL
BERF R, | AR A e i H =3l 36 m*, H R ™
16.4 m’ (1577 Tk gt , B v A = 28l 1

http://geochina.cgs.gov.cn FPEHLTT, 2022, 49(6)



1818 i [ Ho Jit 20224F

AE%/ & B R E o5
% /API I &
e oo
Ei‘?gg b P 0 3 51 6o —1s0 a /e
8 /AP
FAT IR /m g T o 5
/% 60 — 150 /AP 88 ——93
0 3 60 — 150
[ 2600
3 2 1 =
T 5 B =
BE B B

— 2700

2800

2900

3000

3100

3200

3300

—— 3400

3500

- 3600

—— 3700

3800

[T

3900

!

Wb W — | ms A | mE il 72
Siltstone Pelitic siltstone Shale Oil stain Oil stains

B9 35 B 1 H AR BEZHOR R RE i T 10 4]

Fig.9 Multi—technology comprehensive accurate steering map of the horizontal section of Jiyeyou 1HF well

http://geochina.cgs.gov.cn FE ML, 2022, 49(6)



%5498 2 6 )

X TMEAE : Bl RR Dt 2 b 3 - T — A RS B B R R 1819

)5 DU M2 e DU i, S T Rl B
SRl oAl LR N

7 45 8

e ]l AR T B TR T BRI B
PR AT SRR A5 sh R DG, A v i A T
FOME IR TIT & 38 V)5 3K, B AR A oK
V- B B Bl R AL, 3T b B TR — AR
S QT R B AR S Z AR R
KAEREAA b 5T+ Hb R ) R ARG I 0] 45 3R 571 G
SRR, SO RAA L 8 R b A DU B Y
m M RG LT  HRZ RS EZ AR
2, B St T 7K B4 B Sy 1252 m 1 75 0T
THF 3, 3£3545 HE2/=h 16.4 m*/d 7 Tl iz,
Sy E Bl A DU AT IR R B L T R AAHT A
S, HAT B AR A 4 3L

Reference

Cai Yuan, Kong Xiangxin, Jiang Zaixing, Ge Taoyuan, Chen Fengling,
Wu Shigiang, Zhang Liang. 2022. Sedimentary environment and
organic matter enrichment of Paleogene inter— salt strata in
Qianjiang sag: A case study from 10th rhythmite of the Lower
Member 3 of Qianjiang Formation[J]. Acta Petrolei Sinica, 43(5):
605-616, 636.

Chen Ping, Ma Tianshou, Xia Hongquan. 2014. A collapse pressure
prediction model of horizontal shale gas wells with multiple weak
planes[J]. Nature Gas Industry, 34(12): 87— 93(in Chinese with
English abstract).

Cui Yunhai, Liu Houbin, Yang Haiping, Ma Tianshou. 2016.
Mechanisms of sidewall stability loss in horizontal wells drilled for
shale gas development in Jiaoshiba Block[J]. Oil Drilling &
Production Technology, 38(5): 545—552(in Chinese with English
abstract).

Deng Yuan, He Shiming, Deng Xianghua, He Shiyun, Tang Ming.
2020. Study on wellbore instability of bedded shale gas horizontal
wells under chemo— mechanical coupling[J]. Petroleum Drilling
Techniques, 48(1): 26—33(in Chinese with English abstract).

Du Jinhu, Hu Suyun, Pang Zhenglian, Lin Senhu, Hou Lianhua, Zhu
Rukai. 2019. The types, potentials and prospects of continental
shale oil in China[J]. China Petroleum Exploration, 24(5): 560—568
(in Chinese with English abstract).

Fu Jinhua, Niu Xiaobing, Tan Weidong, Feng Shengbin, Liang
Xiaowei, Xin Honggang, You Yuan. 2019. The geological
characteristics and the progress on exploration and development of
shale oil in Chang7 Member of Mesozoic Yanchang Formation,
Ordos Basin[J]. China Petroleum Exploration, 24(5): 601— 614(in

Chinese with English abstract).

Gao Yang, Ye Yiping, He Jixiang, Qian Genbao, Qin Jianhua, Li
Yingyan. 2020. Development practice of continental shale oil in
Jimsar sag in the Junggar Basin[J]. China Petroleum Exploration,
25(2): 133—141(in Chinese with English abstract).

Gao Youfeng, Wang Pujun, Cheng Rihui, Wang Guodong, Wan
Xiaoqiao, Wu Heyong, Wang Shuxue, Liang Wanlin. 2009.
Description of Cretaceous sedimentary sequence of the first
member of the Qingshankou Formation recovered by CCSD—SK—
Is borehole in Songliao Basin: Lithostratigraphy, sedimentary
facies and cyclic stratigraphy[J]. Earth Science Frontiers, 16(2):
314-323(in Chinese with English abstract).

Guo Yandong, Wang Weihong, Liu Hua, Hu Xiaohu. 2018. Research
on the production influencing factors of shale gas multi— stage
fractured horizontal well[J]. Chinese Science Bulletin, 34(4): 72—
78, 83(in Chinese).

Hu Suyun, Zhao Wenzhi, Hou Lianhua, Yang Zhi, Zhu Rukai, Wu
Songtao, Bai Bin, Jin Xu. 2020. Development potential and
technical strategy of continental shale oil in China[J]. Petroleum
Exploration and Development, 47(4): 819— 828(in Chinese with
English abstract).

Huang Wenbiao, Deng Shouwei, Lu Shuangfang, Yu Ling, Hu Shuo,
Zhang Ju. 2014. Shale organic heterogeneity evaluation method
and its application to shale oil resource evaluation: A case study
from Qingshankou Formation, southern Songliao Basin[J]. Oil &
Gas Geology, 35(5): 704—711(in Chinese with English abstract).

Huang Zhenkai, Hao Yunqing, Li Shuangjian, Wo Yujin, Sun
Dongsheng, Li Maowen, Chen Jianping. 2020. Oil— bearing
potential, mobility evaluation and significance of shale oil in
Chang 7 shale system in the Ordos Basin: A case study of well
H317[J]. Geology in China, 47(1): 210— 219(in Chinese with
English abstract).

Jia Chengzao, Zheng Min, Zhang Yongfeng. 2012. Unconventional
hydrocarbon resources in China and the prospect of exploration
and development[J]. Petroleum Exploration and Development, 39
(2): 129—-136(in Chinese with English abstract).

Kang Yili, Yang Bin, Li Xiangchen, Yang Jian, You Lijun, Chen Qiang.
2017. Quantitative characterization of micro forces in shale
hydration and field applications[J]. Petroleum Exploration and
Development, 44(2): 301-308(in Chinese with English abstract).

Li Hao, Lu Jianlin, Wang Baohua, Song Zhenxiang, Li Zheng. 2020.
Critical controlling factors of enrichment and high—yield of land
shale oil[J]. Geoscience, 34(4): 837—848(in Chinese with English
abstract).

Li Shichao, Zhang Jinyou, Gong Fanhao, Zhu Heng, Baiyun Feng.
2017. The characteristics of mudstones of Upper Cretaceous
Qingshankou Formation and favorable area optimization of shale
oil in the north of Songliao Basin[J]. Geological Bulletin of China,
36(4): 654—663(in Chinese with English abstract).

Li Wei, Pang Xiongqi, Zhao Zhengfu, Xu Yuan, Zhang Kun. 2018.

http://geochina.cgs.gov.cn FPEHLTT, 2022, 49(6)



1820 i [

b J 2022 4

Evaluation on the conventional and unconventional oil and gas
resources in Klqnl of Songliao Basin[J]. China Offshore Oil and
Gas, 30(5): 46—54(in Chinese with English abstract).

Liu Bo, Li Yanfang, Ran Qingchang, Dai Chunlei, Li Mei, Wang
Meng. 2014. Geological conditions and exploration potential of
shale oil in Qingshankou Formation, Northern Songliao Basin[J].
Oil & Gas Geology, 35(2): 280— 285(in Chinese with English
abstract).

Liu Bo, Shi Jiaxin, Fu Xiaofei, Lv Yanfang, Sun Xianda, Gong Lei,
Bai Yunfeng. 2018. Petrological characteristics and shale oil
enrichment of lacustrine fine— grained sedimentary system: A case
study of organic— rich shale in first member of Cretaceous
Qingshankou Formation in Gulong Sag, Songliao Basin, NE
China[J]. Petroleum Exploration and Development, 45(5): 828—838
(in Chinese with English abstract).

Liu He, Kuang Lichun, Li Guoxin, Wang Feng, Jin Xu, Tao Jiaping,
Meng Siwei. 2020. Considerations and suggestions on optimizing
completion methods of continental shale oil in China[J]. Acta
Petrolei Sinica, 41(4): 489—496(in Chinese with English abstract).

Liu Naizhen, Wang Guoyong. 2016. Shale gas sweet spot
identification and precise geo— steering drilling in Weiyuan Block
of Sichuan Basin, SW China[J]. Petroleum Exploration and
Development, 43(6): 978—985(in Chinese with English abstract).

Liu Weirong, Ni Huafeng, Wang Xuefeng, Shi Zhongyuan, Tan
Xuebin, Wang Qingchen. 2020. Shale oil horizontal drilling
technology with super— long horizontal laterals in the Longdong
Region of the Changqing Oilfield[J]. Petroleum Drilling
Techniques, 48(1): 9—14(in Chinese with English abstract).

Liu Xuli. 2016. Geosteering technology in the drilling of shale gas
horizontal wells[J]. Nature Gas Industry, 36(5): 69— 73(in
Chinese with English abstract).

Liu Zhongbao, Liu Guangxiang, Hu Zongquan, Feng Zhenjun, Zhu
Tong, Bian Ruikang, Jiang Tao, Jin Zhiguang. 2019. Lithofacies
types and assemblage features of continental shale strata and their
sig—nificance for shale gas exploration: A case study of the Middle
and Lower Jurassic strata in the Sichuan Basin[J]. Nature Gas
Industry, 39(12): 10—21(in Chinese with English abstract).

Ma Hongyan, Wang Daning, Zhang Jie, Zhao Huizhong, Li Qingbi,
Zhang Pengyu, Wang Wei. 2019. Application of rotary steering
systemin deep horizontal shale oil well[J]. Drilling & Production
Technology, 42(4):16—19, 7(in Chinese with English abstract).

Ma Tianshou, Chen Ping. 2014. Influence of Shale Bedding Plane on
Wellbore Stability for Horizontal Wells[J]. Journal of Southwest
Petroleum University (Science & Technology Edition), 36(5): 97—
104(in Chinese with English abstract).

Ma Yongsheng, Feng Jianhui, Mou Zehui, Zhao Peirong, Bao Shujing,
Wang Feng. 2012. The potential and exploring progress of

SINOPEC[J].

Engineering Sciences, 14(6): 22— 30(in Chinese with English

abstract).

unconventional  hydrocarbon  resources  in

Meng Yingfeng, Liu Houbin, Yu Anran, Hu Yongzhang, Deng
Yuanzhou. 2019. Borehole completion stability of deep brittle shale
horizontal wells[J]. Journal of Southwest Petroleum University
(Science & Technology Edition), 41(6): 51— 59(in Chinese with
English abstract).

Nie Haikuan, Zhang Peixian, Bian Ruikang, Wu Xiaoling, Zhai
Changbo. 2016. Oil accumulation characteristics of China
continental shale[J]. Earth Science Frontiers, 23(2): 55— 62(in
Chinese with English abstract).

Pu Xiugang, Jin Fengming, Han Wenzhong, Shi Zhannan, Cai Aibing,
Wang Aiguo, Guan Quansheng, Jiang Wenya, Zhang Wei. 2019.
Sweet spots geological characteristics and key exploration
technologies of continental shale oil: A case study of Member 2 of
Kongdian Formation in Cangdong Sag[J]. Acta Petrolei Sinica, 40
(8): 997—1012(in Chinese with English abstract).

Sun Dongsheng, Pang Fei, Li Awei, Wang Yufang, Yang Yuehui, Chen
Qunze. 2020. In— situ stress profile prediction based on the
rheological model: A case study of Well AY—1 in the Qianbei area
of Guizhou Province[J]. Nature Gas Industry, 40(3): 58— 64(in
Chinese with English abstract).

Tian Lu, Li Sheng, Mu Guochen. 2020. Key drilling techniques for
shale gas horizontal well in Lishu Faulted Depression[J]. Science
Technology and Engineering, 20(16): 6440—6443(in Chinese).

Wang Bo, Sun Jinsheng, Shen Feng, Li Wei, Zhang Wenzhe. 2020.
Mechanism of wellbore instability in continental shale gas
horizontal sections and its water— based drilling fluid
countermeasures[J]. Nature Gas Industry, 40(4): 104— 111(in
Chinese with English abstract).

Wang Min, Ma Rui, Li Progressive, Lu Shuangfang, Li Chuanming,
Guo Zhigiang, Li Zheng. 2019. Occurrence mechanism of
lacustrine shale oil in the Paleogene Shahejie Formation of Jiyang
Depression, Bohai Bay Basin, China[J]. Petroleum Exploration and
Development, 46(4): 789—802(in Chinese with English abstract).

Wang Xiaojun, Liang Lixi, Zhao Long, Liu Xiangjun, Qin Zhijun, Li
Wei. 2019. Rock mechanics and fracability evaluation of the
Lucaogou Formation oil shales in Jimusaer sag, Junggar Basin[J].
Oil and Gas Geology, 40(3): 661— 668(in Chinese with English
abstract).

Xiong Fangming, Wang Hongyi, Liu Weibo, Zhang Lei, Yang Zhimin.
2016. Near—bit gamma drilling technology and its application[J].
Drilling & Production Technology, 39(6): 100—102(in Chinese).

Xue Haitao, Tian Shansi, Lu Shuangfang, Zhang Wenhua, Du Tiantian,
Mu Guodong. 2015. Selection and verification of key parameters in
the quantitative evaluation of shale oil: A case study at the
Qingshankou Formation, northern Songliao Basin[J]. Bulletin of
Mineralogy, Petrology and Geochemistry, 34(1): 70—78(in Chinese
with English abstract).

Yan Chuanliang, Deng Jingen, Wei Baohua, Tan Qiang, Deng
Fucheng, Zhu Haiyan, Hu Lianbo, Chen Zijian. 2013. Research on

collapsing pressure of gas shale[J]. Chinese Journal of Rock

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(6)



%5498 2 6 )

X TMEAE : Bl RR Dt 2 b 3 - T — A RS B B R R 1821

Mechanics and Engineering, 32(8): 1595— 1602(in Chinese with
English abstract).

Yin Zengwei, Geng Dongshi, Wang Xiaona. 2013. Evaluation method
on inhibiting mud shale hydration and swelling in mud filtrate[J].
Drilling Fluid & Completion Fluid, 30(6): 44— 47, 94(in Chinese
with English abstract).

Zhang Benjian, Fang Jin, Yin Hong, Yang Hua, Yang Xun, Wang
Yufeng, Pei Senqi, Hu Xin, Li Rongrong, Sun Zhiyun, Wang
Qiang, Yin Hanxiang. 2019. A breakthrough in high— yield
horizontal gas wells and great exploration and development
potential in deep conventional gas reservoirs in the Sichuan
Basin[J]. Nature Gas Industry, 39(12): 1— 9(in Chinese with
English abstract).

Zhang Hanzhi, Zhai Xiaopeng, Lou Yishan. 2019. Development status
and prospect of the drilling technologies used for continental shale
oil reservoirs in China[J]. Oil Drilling & Production Technology, 41
(3): 265—271(in Chinese with English abstract).

Zhang Jinchuan, Lin Lamei, Li Yuxi, Tang Xuan, Zhu Liangliang,
Xing Yawen, Jiang Shengling, Jing Tieya, Yang Shengyu. 2012.
Classification and evaluation of shale oil[J]. Earth Science
Frontiers, 19(5): 322—331(in Chinese with English abstract).

Zhang Yu, Du Yao, Liu Yun, Li Wenhao, He Shuo, Wang Xingzhi,
Pang Qian, Huang Dong. 2022. Basic -characteristics and
exploration direction of lacustrine shale oil and gas in Da'anzhai
member of Jurassic in Sichuan Basin[J]. Geology in China,49(1):
51-65(in Chinese with English abstract).

Zhao Wenzhi, Hu Suyun, Hou Lianhua, Yang Tao, Li Xin, Guo
Bincheng, Yang Zhi. 2020. Types and resource potential of
continental shale oil in China and its boundary with tight oil[J].
Petroleum Exploration and Development, 47(1): 1—10(in Chinese
with English abstract).

Zhao Xianzheng, Zhou Lihong, Pu Xiugang, Jin Fengming, Han
Wenzhong, Xiao Dunqing, Chen Shiyue, Shi Zhannan, Zhang Wei,
Yang Fei. 2018. Geological characteristics of shale rock system and
shale oil exploration in a lacustrine basin: A case study from the
Paleogene 1st sub—member of Kong 2 Member in Cangdong sag,
Bohai Bay Basin, China[J]. Petroleum Exploration and
Development, 45(3): 361-372(in Chinese with English abstract).

Zheng Shuquan, Xie Xiangfeng, Luo Liangyi, Jing Yang, Tang Meng,
Yang Ruifan, Zhong Guangrong, Wang Jun, Chen Zhengyun. 2019.
Fast and efficient drilling technologies for deep shale gas
horizontal wells in the sichuan Basin: A case study of Well Lu
203[J]. Nature Gas Industry, 39(7): 88—93(in Chinese with English
abstract).

Zheng Yiting, Fang Fang, Wu Jinping, Qian Deru, Zhang Wei. 2019.
Rapid sinusoidal fitting method for near—bit gamma imaging while
drilling[J]. Petroleum Drilling Techniques, 47(6): 116— 122(in
Chinese with English abstract).

Zhou Lihong, Zhao Xianzheng, Chai Gongquan, Jiang Wenya, Pu
Xiugang, Wang Xiaodong, Han Wenzhong, Guan Quansheng, Feng

Jianyuan, Liu Xuewei. 2020. Key exploration & development
technologies and engineering practice of continental shale oil: A
case study of Member 2 of Kongdian Formation in Cangdong Sag,
Bohai Bay Basin, East China[J]. Petroleum Exploration and
Development, 47(5): 1059—1066(in Chinese with English abstract).

Zhou Zhi, Yan Yuping, Ren Sumai, Qiao Dewu, Guo Tianxu, Wang
Hao. 2017. Prospects and strategy for shale oil exploration in
Songliao Basin, China[J]. China Mining Magazine, 26(3): 171-174
(in Chinese).

Zou Caicai, Zhu Rukai, Bai Bin, Yang Zhi, Hou Lianhua, Qian Qian,
Fu Jinhua, Shao Yu, Liu Keyu, Cao Hong, Yuan Xuanjun, Tao
Shizhen, Tang Xiaoming, Wang Lan, Li Tingting. 2015.
Significance, geologic characteristics, resource potential and future
challenges of tight oil and shale oil[J]. Bulletin of Mineralogy,
Petrology and Geochemistry, 34(1): 3—17(in Chinese with English

abstract).
Bt Hp 325 %5 Sk

SR, FLAFE, AL, BT, RIS, SRAtbig, k. 2022, LM
FE Ty 3 R R TRt 2 OB 5 A LT B A —— DALl = B R
W 10 SN B[] fil~#4,43(5): 605-616, 636.

PRV, DK A7, S AR . 2014, 7 Z2 4 55181 1) DUE K T R R 1t
BRI, KRR Toll, 34(12): 87-93.

BT, XM, A, TR A5 . 2016. Fa 00 00U AU E At
BERAZMIBR[]. AR T2, 38(5): 545-552.

X, fArth B, XSREAR, S, (it =, . 2020. LA EAEH T
1) J2 B DU SOKOF IR IR BE SRR ST []. A1 AR FE R, 48(1):
26-33.

KR40, S =, PEIESR, MAERIE, B, AL, 2019. rf [ Bl AH 5T
A W R[], P A A, 24(5): 560—568.

g, A/, TRTLAR, I Rksak, BEmedss, S0 N, JUUR 2019, 588 £
7 b v A A K 7 BB Ul b TR B O K [T
P AR, 24(5):601-614.

TR BH, I SO, AT 1, ERAR TR, FEERAE, 2R 2020, HETE IR 2
AR R M Bl R B0A i & SR [T, 0 A R, 25(2): 133~
141.

A g, TEERE, B B, TEM, J7 Wt ST, TR24, RITHK.
2009. FAF 1 AL A 2 R 5 1L 0 41— BEOURUT SRS dil ik 5
Lrb)2 DUV e [ 302 (D). #2024, 16(2): 314-323.

=R, LD, XIAE, B/ E 2018, TUA SR ZBIEZK I 7 e
Mo R 2 A5 [J]. BHEGI AR, 34(4): 7278, 83.

IRz, BOCH, BEHEE, M, RINEL, R, P, £0.2020.
] i A 0T & e ) SRR I]. A IR S &, 47(4):
819-828.

SO, ABSEAS, AU, T, SRR, SAE . 2014, SR TUAAT HLAR Y R
PEVFAN B A TUA T WA v 04 I : AR L 2 b i 38 7 1 L 1
LA BII]. A0 RIRAHIT, 35(5): 704-711.

FARYL, MBIz i, WU, IR R, VA RE, BORAR, RET. 2020. SRR
Z W AR 7 B DU R R S A U T S AN ——
PLH317 H A BI[I]. [ Hb 5, 47(1): 210-219.

http://geochina.cgs.gov.cn FPEHLTT, 2022, 49(6)



1822 i &

Hh Ji 2022 4F

Bk, FB R, 3Kk . 2012, H R LI AR S T KR
S ARSI £, 39(2):129-136.

R, sk, ZEAR R, A A, AR, RAR . 2017, BT KA SO/ E
158 B FAE R T AR I AR S T &, 44(2): 301-308.
2k, BREAK, TR, RARIA, ZREL. 2020. AR 0T A 5 4L w08

HERZ M), B CHE T, 34(4):837-848.

2R, KA A, N B, R, A AL 2017 AL 2R ER
ST UL VR R AE B DUl X 6D, M a4z, 36(4):
654—663.

ZER, PEMERT, B IEAR, RUE, 5Kk 2018, A0 Al —BUH ML S5k
FRLI AN 1. h N IR, 30(5): 46-54.

X, Ear A, 2EE R, T, 40, F 5T, &8 . 2020, 5 E R
U o6 S 7 2O B 0 S 2 5 EEL[T]. AT 2R AR, 41(4): 489~
496.

XT3, F TG 2016. VU Al g iz X R A R e e S o
P I]. AR S5 4, 43(6): 978-985.

XITEAL .2016. A KT IRl 0 Bl Bt 5 5 1) 73k [3]. RARRT
Wi, 36(5):69-73.

X, RSERE, B4, Wl E, R, EGRE, 223, £1R6.2019.
Bl AR DU 2 FR A AR AL 2B AR Bl S IR L——LAIY
JNZEH AR RS Ge R I, KRR Tk, 39(12): 10-21.

W, B AL, H35 B, AR, 250, TAR 2014, M8 2 bt R 1L
LA TR Y b 5t 45 4 M0 S 00, A5 SRR S LR, 35
(2):280-285.

Mk, AR, RHRE K, BEERS, #hEik, g, H R 2018. BT
TUHZ A MRRAE 5 DU & SR A0k IAAL 2 iy 8 IR
ERF IO —BeE AU IR TUE R B AR S5 &, 45
(5): 828-838.

M2, ik, 2400, ARG, e, £ R . 2020. 1K PS5 B
IR X DU KBRS R R [1]. AR R R, 48
(1):9-14.

i, R, SRS, AL, 2RV R, SRS T, A 2019, 8
] RGAETRIZ TUA KPR N [T AR T2, 42(4): 16-19, 7.

TR FF, MR- 2014, B0 2 FEXEKE I I RER 2 IR R[], Y A
IR 22 (A SRBL2ERR), 36(5): 97—104.

o, I, RVERE, R, MR, T 2012, FEAILARR
FLIM IR S R R (0], T E T RERE, 14(6):22-30.

BRI, X JEA, AR, K B, BTN . 2019, R MEE TUE K
FEHRNR SE I IF BE RS MEBIFIE (1. V4 g A1 3 R 27 28 4l (H AR R
Jii), 41(6): 51-59.

K oE, SRS, M EGRE, BEES, BE . 2016, I AR DUS M E
SEFAE[T]. HB2ERTZE, 23(2): 55-62.

i 75 W, A RS, s scrh, iR, BRI, TR I, B Ak, 22500,
KA . 2019, FliAH A HET A b RRAE 5 R O R R LU 2R 1]
AL 20— BEA B[] A 2441, 40(8): 997-1012.

INAAE, DK, 2B, T R 35, IR, RIS . 2020, 3% T A8 R i
T4 2t 7 7350 T T ——— LA B M S AL b X 22 T 1 A B[], RIRR,
Toll, 40(3): 58—64.

FH 55, 25, B2 . 2020. BURITRG 0T SOKP IR DGR R[],
Bl R 5 TR, 20(16): 6440—6443.

FU, P4, g, AR, TRSCEE . 2020. Fl R DUS SR Bt BE
PFALIE LK IR TR [ KR Toll, 40(4):104—111.

TR, B, 250, 50U, 205 W, 2600, 22, 2019. U FH G
3 FR U T A AL AR DA T R AE LB [T]. A B R S T &, 46
(4):789-802.

FNE, PR, B, X, Z A4, 255 . 2019. /R A A
% 2K U1 7 3 2L D S A ) e BT R PR 0],
A KRS, 40(3): 661-668.

RETEH, ARk, XM, 5Kk e, it 2016, 3 Al S I S Bl 4 AR 1
HR AR T2, 39(6):100—102.

BRIV, FH SRR, 50U, 9K SCAR, FLIRTR, B2 A4 2015, DUAIM BT R
SE A AN H OGBS S BUS A IE : APAL s A6 R T L T
B[]0 A MRk 2w, 34(1):70-78.

2013. TURSAEZHRETIS T IS [)). A H12p 5 TREAR, 32
(8): 1595-1602.

FHEEE, BRAR -, F/NIE. 2013 4 IR0 B i e DA K ALK BE
T ) A RS S8, 30(6): 44—47, 94.

akAE, ik, P, e, A, ToEIE, JERRAT, BARK, 2R3 4R, N
FE), ik, RN . 2019, 5 P A R I 285 U ) 1 2 b R )23 R
TR E KA IIERTT S W 1 0], RAR Tk, 39(12): 1-9.

ki, ARG, B I.2019. v B AR VOA B TR R & SR B S
A R[] AR T2, 41(3): 265-271.

R, MM, 2R E, X, ARsiss, THESC, AR, TR, 4
FHF. 2012, TUAIM A 5PN [I]. 2= AT 2%, 19(5): 322-331.
kT, Rl XER, 2550, AR, T4, JEdk, AR . 2022, PU)1 #5ih
PRE Z2 K229 B A 0T A i S ASRRAE BB 1 7. o ]

J57,49(1):51-65.

B, R =, kLR, W, ZEIR, SR EE, #50. 2020. b [ AR
TUATMZER IR O R S B i i BT AR 5 T &,
47(1): 1-10.

BXBEIE, JEI ST, 5 W, A, wE S0, 1 S0, MR EDE, B R,
kAt 46 2018, [l AR AL 0UE R R AN M R S DU i
PR LA VS 23 b v AR U1 B oy 30 R AL 2 — B — B R T A1
IR S &, 45(3): 361-372.

HOIRRL, W, B RAX, S0P, FEAS, Mdmii, #0728, B4 BRIES.
2019. DU A MBI 2 5UA SRR TR AR——LA )5 203 JF
SJI[I]. RARS Tk, 39(7): 88—93.

HRZEHE, T 7, R, BRAEAR, Tl T, 2019, T4 Sk B A5 (N s 5
TIE G2 N 245 7 k3] AT IR EE R, 47(6): 116—122.

JESLZ, BRBEIE, SE NN, 230, W 5 W, THEAR, 8, 14k,
B, X 2E A . 2020. AR TUA AL ER AR TT K SR 5 T
TR ST B ——— LA BV V25 3 M 9 A TN oy 30 2R FL BRI D). A vl
MRS %, 47(5): 1059-1066.

JAE, T, AT, FRpE, SRR, T3 . 2017, ML A b T
PR RS X R AT h EB ), 26(3):171-174.

AR AfiE, AR, FOR, R, BT, W, AR, BRET, XA &, i
T, R, VLR, FRIR, F <, 2RIEHE . 2015, 308 5 5UA
PR RENE T ) SRR D). 070 A kA i, 34(1):3-17.

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(6)



