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Abstract; The integrated quantitative evaluation of movable shale oil is the fundamental basis for optimizing favorable blocks, intervals
and lithologic combinations in the study area. The Jurassic shale oil is a key exploration layer series in Sichuan Basin, and currently
there is no literature report on complete integrated evaluation and recoverable layer prediction for the mobility of shale oil in Da’
anzhai Member. This paper is a case study of reservoirs in Da’anzhai Member. The reservoir space, occurrence mechanism and pore
structure characteristics of different lithologic combinations were studied using the microscopic experimental methods such as SEM,
low-temperature and nitrogen adsorption. The oil-bearing property and adsorption difference of reservoirs in Da’anzhai Member were
analyzed based on the characteristics of source rock. According to the basic analysis of oil-bearing property., dynamic core experi-
ments were further conducted to deeply analyze the mobility of the target reservoir and clarify the influencing factors of mobility. Fi-
nally, by analyzing the influencing factors of shale oil mobility, a comprehensive evaluation system and an integrated quantitative
method for shale oil mobility in Da’anzhai Member was established based on the fuzzy analytic hierarchy process, sum product meth-
od and translational range transformation method. On this basis, the paper selects the major influencing factors of shale oil mobility.
optimizes the favorable lithologic combinations in Da’anzhai Member, predicts the corresponding favorable production intervals and
movable resources amount, and confirms exploration breakthrough in wells. The research results indicate that shell limestone in Da’

anzhai Member is compact, and shale microfractures are underdeveloped; the layered limestone shell shale has the best oil-bearing
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property, of which the OSIis 121. 86 mg/g; the heterogeneous mud shale interbedded with shell limestone has the best shale oil mov-
ability, of which the POI is 34mg/g. Therefore, the exploitable shale oil in Da’anzhai Member is the interbedded/interlayered lithol-
ogic assemblage of shale oil, and the high frequency of interlayer between the roof and floor of dense shell limestone in the lower sub-
member 1 of Da’anzhai Member and upper submember 2a of Da’anzhai Member and the submember 2b of Da’anzhai Member are
predicted as recoverable strata, which are distributed in Nanchong-Langzhong-Yilong-Pingchang area, Fuling and Santai area. The
movable resources of shale condensate oil and gas in Type [ favorable areas amount to 1. 91 X 10%t and 3232. 39 X 10°m’, respective-
ly, showing good prospects.

Key words: lacustrine facies shale oil; occurrence mechanism; adsorption difference; oil-bearing property characteristic; comprehen-

sive evaluation of shale oil mobility
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Fig.1 Tectonic location and Jurassic stratigraphic histogram of the study area
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Table 1 Comparison of geology and development characteristics of domestic and foreign shale oil resources
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Table 2 Classification of lithologic combination types in

Da’ anzhai Member
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Fig.2 Lithologic combination classification of Da’ anzhai Member
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Fig.3 Lithologic characteristics of different lithologic

combinations in Da’ anzhai Member
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Fig.4 Core porosity and permeability distribution in Da’ anzhai Member
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Fig.5 Composite histogram of Well Fuye 3-2HF in submember 1 of Da’anzhai Member,Sichuan Basin
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Fig.7 Reservoir pore types and characteristics in Da’ anzhai Member
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Fig.8 Pore size distribution by means of nitrogen adsorption, high-pressure mercury pressure, and nuclear magnetic resonance
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Fig.9 Capillary pressure curve of shale reservoir in Da’ anzhai Member
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Fig.10 Low temperature nitrogen adsorption-analytical curve

of shale in Da’ anzhai Member
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Table 3 Lower throat radius limit and pore volume proportion

for shale oil occurrence
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HEEAE

THR/nm THRE/ % TR/ %
A 8.67 46.77 53.23
B 7.09 31.30 68. 71
C 5.95 38.37 61.63
D 6. 40 41.66 58.34
E 6. 46 39.67 60.33
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Table 4 Movable characteristics of shale oil in Jurassic Da’ anzhai Member, Sichuan Basin

HHAE TOC/ % Ro/% Si/(mg/g) OSI/(mg/g) FLERE/% BER/mD
A 0.85~1.40 0.62~1.20 0.63 12.5~110. 5 1.61 0. 038
B 0.70~2.43 0.70~1.29 0. 88 14.3~110.5 2. 84 0. 054
C 0.77~4.50 0.70~1. 40 2.08 17.2~299.7 3.51 0.109
D 0.50~2.30 0. 85~1. 40 1.28 18.4~161.2 1.79 0. 033
E 0.92~2.10 0.82~1. 40 1.18 44.2~121.8 1.72 0. 031
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Fig. 15 Profile of pyrolysis parameters for typical shale oil well in Da’ anzhai Member
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Fig. 16 Oil saturation and movable oil saturation of shale oil in Da’ anzhai Member
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Table 5 Comparison of theoretical calculations and experimental results of immovable oil ratios
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Fig.25 Mobility evaluation parameter index system

i B A S ERR A R R
TE MR S [ 2 LI Bt =22 07 AR 408 5 5 ) 81 31 A
X B RERE R TIZ 0 I JURR B R ke AT
Mk o 3 I A% 0 3R 2 I 0 T A L R A B AR R I )
JE e R IR R . Y 58 A AR AR AR
W AR R F A I R A AR SR A . FIRRTE 24 A 1Y
FitaE Eou R A — AL 5 BOF A A B RRAE 1]
BRI AR B B AL AR T gy SR R AT

BIEMELRPHERM S g2 AHLKERNT
F () IR R 22 A i Ab BV L S AR A
FEE SR A 58 UG - 8 A — P R = AR AR B AE
Fe LA RN R EEBAEAE
wW; = Wy; X Wy W3, (3
TE AR EAE R B A A 8RB SEIE . ot
— LRGP HRIN RN

M, = w; X x; (4)



%53 fig

B U G R 2 AR R4 B U R AE S T ) P T

833

B AR PR G A R 2 BRI R O R BOR
I A5 T A5 200 LAY 2545 PRAN AR L

(5)

AR R BE 23 AR R 1 B I R 255 7
W RBHATHE Y IR AFHAFRIE R 0.000 757, G BRI
TR T S G R DY 2R die O 0 ¢ R 22 2 B R B
N ZEA 10 SGE 7D 70l T BN 5 Rk
FabR 2 AE Gl A (R, ) TR (i 25 B2 7T 3
ALAIEE D) AR 2SR GBI A L FLMRAFAE (0B 4
HO AT R GRPERCR B 879D o S F A 5L
JEHAT — € KUK (A AE PVT HORE I A0 Az 7 rp R B
JIT 7 BRE A {0 1% U5 R 2 2 A 1) R
PEMFEAR S RE J7 . PRI i — 38 O BB 4% (] sl 0k 7
ShEPEA R, 12 A S R

RIS 8 Y 10 A~ PR 20 A A [ 1k 445 19 )
gtk LRGN R BN LRI P TR S5 A 8 KOs
JEW R B O 0. 018 1179 Fe K (A 28) R Kk
N 26) o EXRW] A ERLUZR TUS 50 58 KA B
4 AT Bl di B+ 5 R 22 98 B 4R ™ B A il I 19 o

0.7

M = 2(@, X x;)
i—1

0.6
W 0.5
&
B 0.4 |
4o
% 03t
=

0.2
=

0.1

0
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
NEHS
(a) % 1 FHARBE B SR R I

B 26 WEEEETEN REXE

He BA -2 w5 R LR =l EE B L
e, 755 M. 4 15 H M4 57 HAER—
W BN AR A B A i 4 15
BE 10 t/d BB R 195 X 10 G T4 57
H ™ i BRI (R A B 2,64 X 10", |
BOX 5 I R AR R FOR S/ U e 2 AR BT LA
A E RBUHHR A PR IE L, Je 2= (B 2D W%
KRIJZ B R G IEBUE MR S JZ B &5 Eagle Ford
LT B Je 2R o e B OE LU LA — B

RT XREBERRITFNEREH
Table 7 Univariate evaluation factors of Da’anzhai Member
Hery Z ¥ AN E T
1 ERlikiEEs 0. 001835
2 JiL Vi % 0.001768
3 Al R E 0. 001293
4 R, 0. 001248
5 S 0.001198
6 PR AR 1 0. 001055
7 08I 0. 000995
8  FrvWEsE 0. 000858
9 B A 0. 000825
10 ST 4% 0. 000814
0.024
0.020
H_,
g 0.016
B
4z 0.012 |
ﬁ
& 0.008 |
=
0.004 +
0

EHEHARE
(b) RRAHH S SRS PRI RE
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Fig.27 Distribution of favorable areas for shale oil in Da’ anzhai Member,Sichuan Basin
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1 2&mFL S 1977. 29 km?

Il 251 4 3 455. 00 km? M1 241 FL 6530. 87 km?

N .
fAlRR i RIRR/105m® BEHTIM /105 KART/10%m® EEHTM/10%¢ KART/10%m® BEFTIH/10%
73 93. 09 0.07 775. 47 1.1 587. 54 0.53
HRHZBE1 ER Bk 3232.39 1.91 5840. 83 2.39 6535. 67 4.90
=& 189. 85 0.36 126. 29 0.21
Wb 50. 46 0. 04 253. 83 0.54 265. 82 0.31
HR)ZB2 MR- 1540.18 0.91 4428.75 0.19 3344. 34 2.81
=8 36. 63 1.38 68. 68 0.10
6 L i M,— 5[5 F P R 5 M43 5 W R Mo MR

D AR TR B v R R — R i L IR B 5 3%
FAERE AT FH F G0 it 23 1) A 4 22 ) 43 r 3wl - F Hoia
SNFRFAEVE A 5 B2 B 1 BT 2 Tk R R T O vk S S 2
AT 7] FH T T i W R 2 R I

(2) KAzFEBLZINAE | TR0 A%E R X4 0 & & e 7T
FHENFIAE)ZE B2 BURRIK RN 52T (C 2,
DL C 25512 R M8 B UTRAL A J K2 28 Be TR Tl
ARAEEA S, B CRAMZ RN T R LT .

(3) L4 4% B 2% 002 3l v gl 1 5% ) R L 4K F
I RN T K FE B VU i o] S M L5 A TR R R AR Al
BOMI 2 R G B i CRIAR I PSR 22 A8 40 15 D) T 25 i
PEVEH 325 o 42 40 0T SR 200 T A 10 A R ER R K,
AR R HARZ B

D) AN A ERK— B TFH A a
WL EFBLA KK b B BN R LI BIA
FZ B K —W B R EAK = a W B B34 F )2 B
FEJE 24 1 FFRARAS T 8T 0 Tl Il <3 .

(5) 2510 T 3 28 K4 28 B 0L A vl R 4y DA B T
FONEMMAEAT S FIE AN, 1R ERERM T
T2 1Ly ek 2] 18 v i 450 T v g S B A Bl 2 OF B 1 e i
b DX 77 85 AT Bl DU A B 3232.39 X 107 m’
BENTIH-M 1. 91 X 10%t,

HSER:p— MY LTI D Dy Dy . Dy—3 B
ﬁﬁﬁgﬁiﬂ{EySBET*tK%@ﬁ R»mz/g; ‘ﬁ*?L@E;pr*
AAAEYRER g/ em’ s L—JF M 7E LB A S K R,
pm;d—fLB H A& nm; r—F LB 42, pm; Dy —
FL Bt 2 1 19 43 T AR AIE 32 7R L B 3R TEDRLRE 1 5 Do, —AL
PR 45 K4 1 53 TR AR AL » R FLBR 25 0 52 8 B B 5 A — 1)
B, g Cro— BVE A g5 Vi BB, om
V,—FLBRAR B em’ 5 g WF 58 DX B K 0T 55 0 25 3, B
0.89 g/ cm’ 50, H bR I B <0525 B2 L B 0. 80 g/ e’
W HSHRANEE w0 00— B R
FEbR B bR R B A s o 25 S 5O

T RBG R, B U 5 S, 300 C A ) HA7 Ji
R PR B me/ g5 S,—300~600 C A il 1Y
BRI A PR ke A R me/ s A—FEIE .

& % x W

1] ERUT, 88, 0t 5. DI Z Bk B 28 K42 8 BO A LA Il <

TE R 3 2% AR B R T [0, KRR R 597 42019, 42(2)
1-12.
YANG Yueming, HUANG Dong, YANG Guang, et al. Geological
conditions to form lacustrine facies shale oil and gas of Jurassic Da’
anzhai Member in Sichuan Basin and exploration directions[]].
Natural Gas Exploration and Development,2019,42(2) ;1-12.

[2] 40, 242 K, o U, 48 Bl A DU Dl AT 2 4 BOW 25 & 37
(. G 5 95 & ,2021,48(1) :222-232.

JIN Xu, LI Guoxin, MENG Siwei, et al. Microscale comprehen-
sive evaluation of continental shale oil recoverability[ ] ]. Petrole-
um Exploration and Development,2021,48(1) :222-232,

(3] kAo, =, 52, 55 b Il R A D2 i 38 2 O 4 BOIR K% e B
(1. BARAL T, 2022,42(3) : 6-10.

ZHANG Rengui, LIU Diren, PENG Cheng, et al. Current status
and prospects of China’s continental shale oil exploration and de-
velopment[ J]. Modern Chemical Industry,2022,42(3) :6-10.

(4] 730005 . e v £ B, 55, SO M PEAN Hh 9 3 T 06 8 ) LR IF 5
LT A2 ,2016,37(10) 1 1309-1322.

LU Shuangfang, XUE Haitao, WANG Min, et al. Several key is-
sues and research trends in evaluation of shale oil[J]. Acta Pe-
trolei Sinica,2016,37(10):1309-1322.

(5] gk—WL. A0, THEH, 55, 3 KRR [T BE 75 20 3 2 0 3 il 1

W Bl R LT ] T i, 2021, 39(2) :297-301.
ZHANG Yifan,ZHA Ming, DING Xiujian, et al. Evaluation and
controlling factors of shale oil bearing properties of Permian Lu-
caogou Formation in Jimsar depression[ ]]. Xinjiang Geology,
2021,39(2) :297-301.

Lol WX WEIE . JH S 1 75 WL 5 A BT 6 B U Tl 38 0 R 3 4
AR5 S —— DL A e AR M B s R AL Ao L] A
I 5 I 4 ,2022,49(3) :616-626.
ZHAO Xianzheng,ZHOU Lihong, PU Xiugang, et al. Theories,
technologies and practices of lacustrine shale oil exploration and
development:a case study of Paleogene Kongdian Formation in
Cangdong sag.Bohai Bay Basin,China[ J]. Petroleum Exploration
and Development,2022,49(3) :616-626.

L71 BRI B AR 20, X8 vk S5 DO 2 4k 1l < ) A 26 50 1 F TUE



840 PER - ¢ 2024 4F H 45 %
T ARCTE R JR M B R LT vl [ A B ¢ 2021, 26(2) < 21-32. e B B 2 1 B D i LD T i B R S 0T R 2014, 416
HU Dongfeng, WEI Zhihong, LIU Ruobing, et al. Major break- 641-649,
through of shale oil and gas in Well Taiye 1 in Bashansi Syncline ZHANG Linye,BAO Youshu, LI Juyuan,et al. Movability of la-
in the Sichuan Basin and its significance[ J]. China Petroleum Ex- custrine shale oil: a case study of Dongying sag, Jiyang depres-
ploration,2021,26(2) :21-32. sion, Bohai Bay Basin[]J]. Petroleum Exploration and Develop-
(8] A SCUH . ISR 0E 520 <42, A6 10 1] 40 b i A T Yol ol 7 b, 5 R A1 ment,2014.41(6) :641-649.
HE KRBT A4, 2022,43(7) :885-898. (18] BRI, S . F 245 4. DI A B PR W e K 22 98 B m il <Ub
HE Wenyuan, BAI Xuefeng, MENG Qi’an, et al. Accumulation geo- JRARAE B A A XA 600 0. KRR Tl 2023 ,43(4) :32-42.
logical characteristics and major discoveries of lacustrine shale oil in YANG Yueming, WEN Long, WANG Xingzhi, et al. Geological
Sichuan Basin[J]. Acta Petrolei Sinica,2022,43(7) :885-898. characteristics and favorable exploration area selection of shale
[9] SORKHABI R,PANJA P. Not all shales play the same game: oil and gas of the Lower Jurassic Da’ anzhai Member in the Si-
comparative analysis of us shale oil formations by reverse engi- chuan Basin[ J]. Natural Gas Industry,2023,43(4) ;32-42.
neering and petroleum systems[ R]. URTEC 5660.2021. L190 X055, BRIS T, 450 k. B0 3R 38 40 7 72 2 U5 & 37 o i 1 T

(10T ZR4E 5. 7R 78 M HE v A v D B 0 2 il /o 00 B T 3l il 26 4y [J] WIZARHE.2013,34(1) 2127,

S5 58 LT ]. A S 56 3 5T, 2014, 36(3) :366-369. LIU Fang, CHEN Gongyang, LI Guanglai. Application of fuzzy
LI Juyuan. Oil and gas contents and movable oil amounts of shales in cluster analysis in source rock evaluation[]J]. Neijiang Science &-
4th Member of Shahejie Formation, Lijin subsag, Dongying sag[ ] ]. Technology,2013,34(1) :127.

Petroleum Geology & Experiment,2014,36(3) :366-369. [20] ZEfH B0 R B B, 4. ob [ Rl A 008 JF R PR R 5 sk

CUNT JE 0 S0 BEAR DR S0 » 4. 26 T IR 4% W 3L IR 15 R 19 8 2 T 5 L1, A B 5 IF & . 2022,49(5) :955-964.
AR I T VA L. B 2 44, 2015,32(3) 1 489-498. LI Yang. ZHAO Qingmin, LU Qi et al. Evaluation technology
ZHOU Shangwen, XUE Huaqging, GUO Wei, et al. Measuring and practice of continental shale oil development in China[]J]. Pe-
movable oil saturation in reservoirs with low-field NMR technol- troleum Exploration and Development,2022,49(5) :955-964.
ogy[ J]. Chinese Journal of Magnetic Resonance,2015,32(3): (217 SR, T 2028, D4 55 P VA0 R 0 75 0k 0 3R 380 il & B 4
489-498. AES BB 10T, A RS, 2016,37(1) : 101-108.

L12]  Z=Bis , 5 0005, M AAZ R SR T1-To 35 EARWE TS 505 T 3 ok ZHANG Xinshun, WANG Hongjun, MA Feng, et al. Characteristics
[T, s E 4G ,2017,35(4) 1 169-172. and resource potential of Jurassic tight shale oil reservoirs in West Si-
LI Jiyuan, LU Shuangfang. Using MRI T,-T, technology to re- berian Basin[J]. Oil & Gas Geology,2016.37(1):101-108.
search the mobility of shale oil[J]. China’s Manganese Industry, [22] BAR.BHE.ZZHE, S KRR A TS WA VRS & T R
2017,35(4) :169-172. FE—— LA 45 3 0 % 28 R 22 46 Be o B LD . o 1 A i 38 4

(131 Akt , 787 3C, HIA - 45 0 PH 11 0T 75 3l U 77 5 iE B 7T 3 2018,23(6) :38-45.

WEEE ). A7 B 5 TR .2019,33(1) :42-46. HUANG Dong, DUAN Yong, LI Yucong, et al. Study on the
YU Zhiyuan, ZHANG Xinwen, TAN Jingjuan, et al. Occurrence TOC lower limit of shale oil and gas of freshwater lake facies:a
characteristics and mobility of shale oil in Biyang sag[]]. Petrole- case study on the Jurassic Da’anzhai Member in the Sichuan Ba-
um Geology and Engineering.2019,33(1) :42-46. sin[ J]. China Petroleum Exploration,2018,23(6) :38-45.

[14] HIRPLMWBR, 20E, . BREMBHK TR TEZ RS (23] GEDRAS X1 K 0 2 A o 26 B0 WE TR % 4R )2 AL B 20 B AR AL

A TS AT SR —— L H317 e )], A T B b —— LA AR MR O Bl LD ). 0B 2 4T 2022, 40 (5)
2020,47(1) :210-219. 1439-1450.
HUANG Zhenkai, HAO Yunqing, LI Shuangjian, et al. Oil-bear- HOU Qingjie, LIU Xiantai, HAN Hongwei, et al. Fractal charac-
ing potential, mobility evaluation and significance of shale oil in teristics, prediction and application for pores in a tight beach-bar
Chang 7 shale system in the Ordos Basin: a case study of well sand reservoir;a case study for Dongying sag[ ] ]. Acta Sedimen-
H317[J 7. Geology in China,2020,47(1):210-219. tologica Sinica,2022,40(5) ; 1439-1450.

L1570 BXEIE 3 75 WL JA 57 2, 56 IR 40 A IX 008 Il st 4R B L B4R [24] 75N ARG L SC b L S5l AH D05 T e st R A 5 BB 4 K B

BOAR BT 57— LU 4 g e 3 B ot s R O I LT . A e HAR— LR AR M BAFLIE 4L —BABILT ], Al 742, 2019,40(8)
1R .2021,42(2) :143-162. 997-1012.
ZHAO Xianzheng, PU Xiugang, ZHOU Lihong, et al. Enrich- PU Xiugang,JIN Fengming, HAN Wenzhong, et al. Sweet spots
ment theory,exploration technology and prospects of shale oil in geological characteristics and key exploration technologies of
lacustrine facies zone of deep Basin:a case study of the Paleogene continental shale oil:a case study of Member 2 of Kongdian For-
in Huanghua depression, Bohai Bay Basin[ J]. Acta Petrolei Sini- mation in Cangdong sag[J]. Acta Petrolei Sinica,2019,40(8):
ca,2021,42(2) . 143-162. 997-1012.

[16] B3CHE IRz e, . [E R A TUA 028 3 B8R 0 I [25] BT, SRS, ok XU, 45, 35 AR B% /R U1 I 0 2 3 2L R AR L T
SECE ML ] AR S T %2020, 47(1) 1 1-10. TR Bl 9B (). 38 i 4 B L 2023, 44(1) - 76-83.

ZHAO Wenzhi, HU Suyun, HOU Lianhua, et al. Types and re- GUO Haiping, WU Chengmei, ZHANG Jinfeng, et al. Experi-
source potential of continental shale oil in China and its boundary ments on mobility of mixed shale oil in Lucaogou Formation in
with tight oil[J]. Petroleum Exploration and Development,2020, Jimsar sag[]]. Xinjiang Petroleum Geology.2023,44(1):76-83.

47(1) :1-10. (267 JE B ] SCAE L 2 TETE L 55 ol T R 4 0 — B ARG I AR B il <

[17]

FRMRRE 1A A5 AR 4 U 4 WA DU T Bl P —— LU 4

W AR ST L] AT E R 2023, 44(1) £ 125-143.



%53 fig

B U G R 2 AR R4 B U R AE S T ) P T 841

[27]

[28]

[29]

[30]

[31]

[33]

[34]

[35]

TANG Yong, HE Wenjun, JIANG Yiyang, et al. Enrichment
conditions and exploration direction of Permian saline lacustrine
shale oil and gas in Junggar Basin[J]. Acta Petrolei Sinica,2023,
44(1) :125-143.

P LR R s R S5 v [ A B0 O A R R R LR
SR B0 ] ATl 2£41. 2023, 44(8) :1222-1239.

TAO Shizhen, HU Suyun, WANG Jian,et al. Forming conditions, en-
richment regularities and resource potentials of continental tight oil in
China[ J]. Acta Petrolei Sinica,2023,44(8):1222-1239,

KT IE T 5 O JRNGG  S5 B ) o A R T AR MR
WA AKX LT A7 2442023, 44 (1) 1 158-175.

ZHAO Xianzheng, PU Xiugang,JIN Fengming, et al. Enrichment law
and favorable exploration area of shale-type shale oil in Huanghua de-
pression[ ] |. Acta Petrolei Sinica,2023,44(1):158-175.

XEF L X W OR A, S B A TUE B R A AT A R AE
Be Ho A R SC—— DA 1 s TR B g A LT . RS
Tk ,2019,39(12) :10-21.

LIU Zhongbao, LIU Guangxiang, HU Zongquan, et al. Lithofa-
cies types and assemblage features of continental shale strata and
their significance for shale gas exploration; a case study of the
Middle and Lower Jurassic strata in the Sichuan Basin[ ] ]. Natu-
ral Gas Industry,2019,39(12) ;:10-21.

REZR 5, F 265 R B 551 vh st X Pk B 3R K 22 28 BO U A A
P R AR B RFAELT . & Ml A8, 2022, 34(4) :53-65.

KANG Jiahao, WANG Xingzhi, XIE Shengyang,et al. Lithofacies
types and reservoir characteristics of shales of Jurassic Da”anzhai
Mmember in central Sichuan Basin[ J]. Lithologic Reservoirs,
2022,34(4) :53-65.

W AR OGRS I b X R B R KSR B IR A
A A AL o T LT 45 R 0 2023, 30(1D) 1 65-73.

HUANG Dong.ZENG Deming, WANG Xingzhi, et al. Sedimen-
tary facies and favorable rock assemblages of Jurassic Da” anzhai
Member, central Sichuan [ ]J]. Special Oil & Gas Reservoirs,
2023,30(1) :65-73.

PEAREE BT AR SRR, N AR AL T I X AR B R TUA KAk 24 4%
K H R AE B X U R R A B i [J/OL . B
JF ,2023(2023-08-08). https: // doi. org/10. 19657 /j. geoscience.
1000-8527. 2023. 065.

JIANG Daiqin, LI Pingping,ZOU Huayao. Characteristics of nat-
ural fractures and their influence on oil and gas enrichment and
preservation of the Jurassic shale in the Yuanba area, northeast
Sichuan Basin[ J/OL]. Geoscience, 2023 (2023-08-08). https: /
doi. org/10. 19657 /j. geoscience. 1000-8527. 2023. 065.

SRVG SC AR SCAL U 22 L G5 AR XK 22 6 B UAR A AR AE B AT
ALK BT LT ] & i B 2014, 26(2) 18,

LIANG Xiwen, XU Wenli, GU Zhongan, et al. Sedimentary facies
characteristics and favorable areas prediction of Da’anzhai segment in
eastern Chongqing[J]. Lithologic Reservoirs,2014,26(2) : 1-8.
JURE. AR X T R 2 48 A i JE K 56 B TUE SR R Y
[DJ. BUAR - AR EE T K % . 2015.

LU Bingxiong. Shale gas reservoir evaluation of Da’anzhai mem-
ber in Ziliujing Formation of Lower Jurassic in eastern Sichuan
Basin[ D]. Chengdu: Chengdu University of Technology,2015.
Sahoo A K, Mukherjee D, Mukherjee A, et al. Reservoir charac-
terization of eagle ford shale through lithofacies analysis for iden-

tification of sweet spot and best landing point [ R]. URTEC

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

1561817,2013.

NI 005 o ] SO S A5 R PR T T4 3l F KR} 2 (] 5 B 5
BEARIRATLT]. A i B 5 OF &, 2021,48(3) :453-463.

SUN Longde,LIU He, HE Wenyuan,et al. An analysis of major
scientific problems and research paths of Gulong shale oil in
Daqing oilfield, NE China[ ] ]. Petroleum Exploration and Devel-
opment,2021,48(3) :453-463.

fHBiae, 4 289 A4l 5. SRR 2 At e R 4 7 Bo A i £
T A P e A8 e RO k2 SCLT DL A7 il 24 41 2021, 42.(5)
561-569.

FU Suotang, JIN Zhijun, FU Jinhua, et al. Transformation of under-
standing from tight oil to shale oil in the Member 7 of Yanchang For-
mation in Ordos Basin and its significance of exploration and de-
velopment[ J]. Acta Petrolei Sinica,2021,42(5) :561-569.
BLHGAE BRI EAR S8 NI X PR 2 R B Pl R e B R
A TUA LB O R IE X £ E R L] A5 KA < BT, 2022,
43(5):1115-1126.

ZHU Haihua,CHEN Lin,CAO Zhenglin, et al. Microscopic pore
characteristics and controlling factors of black shale in the Da’
anzhai Member of Jurassic Ziliujing Formation, central Sichuan
Basin[J]. Oil & Gas Geology,2022,43(5):1115-1126.

FR R AL WYL AE LU PR B v I A 2H 1A TUS % 2 AL B E
PR R A LR HIFT LT ] Aol S R AR R . 2018,39(6)
1107-1119.

WANG Min, GUAN Ying, LI Chuanming, et al. Qualitative de-
scription and full-pore-size quantitative evaluation of pores in la-
custrine shale reservoir of Shahejie Formation, Jiyang depression
[17. Oil & Gas Geology»2018,39(6) :1107-1119.

WANG Fuyong, YANG Kun,ZAI Yun. Multifractal characteris-
tics of shale and tight sandstone pore structures with nitrogen
adsorption and nuclear magnetic resonance[ ] ]. Petroleum Sci-
ence,2020,17(5) :1209-1220.

WRWIVL 22, b % . Ahdeb i B Khasib §ii 8 FL B 45 #) & oo
FRIF R s LT 1. 5 il < 2020, 32(3) : 133-143.

CHEN Mingjiang, CHENG Liang,LU Tao. Pore structure char-
acterization and its impact on waterflooding development in Kha-
sib reservoir in Ahdeb oilfield, Iraq[ ] ]. Lithologic Reservoirs.,
2020,32(3) :133-143.

ZHANG Yixin, GHANBARNEZHAD MOGHANLOO R, DAVU-
DOV D. Pore structure characterization of a shale sample using SEM
images[ R]. SPE 195352,2019.

CHO Y,EKER E,UZUN I, et al. Rock characterization in un-
conventional reservoirs; a comparative study of bakken, Eagle
Ford,and Niobrara Formations[ R]. SPE 180239,2016.

ZHANG Pengfei, YIN Yajie, LU Shuangfang, et al. Insights into
pore structures and multifractal characteristics of shale oil reser-
voirs:a case study from Dongying sag, Bohai Bay Basin, China
[1]. Energy & Fuels,2022,36(15) ;8224-8237.

k2% 2% A TE B, AR A5 RUET Y — TR B B Il 2
FEEOR 5 R AWM S8 1T ], KRR A il 3 BT 5 T & 2021, 40(4)
162-168.

YAO Lanlan, YANG Zhengming, LI Haibo, et al. High pressure
mercury injection and nitrogen adsorption tests for shale oil res-
ervoirs in lower sub-member of first member of Shahezi Forma-
tion of Dagang oilfield[J]. Petroleum Geology & Oilfield Devel-
opment in Daqing,2021,40(4) :162-168.



842 PER - ¢ 2024 4F 45 %
[46] JARVIE D M. Shale resource systems for oil and gas: Part 2— [57]  JEME AR 3 L 2. F) R HE 5K il 28 SR O j S5 3 55 v i 0 119
shale-oil resource systems[ M] / BREYER ] A. Shale reser- WEFELT ). BB 2 e 2 4l CA AR B2 D 5 2008, 10(5) :23-26.
voirs—giant resources for the 21st Century. Tulsa: American As- TANG Xian, HOU Jiagen, XU Fan, et al. Method of calculating
sociation of Petroleum Geologists,2012,97:89-119. reservoir original oil saturation by mercury injection curve[ ] ].
[47]  ZEH. BlARZ5 30 K [ 2 P 055 & b v B mT 3l 1k b e —— LA B i Journal of Chongqing University of Science and Technology(Nat-
TR AR B TR O FR 0 I B W B O D). A i S B R ural Sciences Edition) ,2008,10(5) ;23-26.
2020,42(4) ;:545-551. (58] XWHEER. EA & XL A& —FhIF 0 5O & ab v il 0 o o7
LI Zheng. Comparison of oil-bearing properties and oil mobility W DAYEVE IR 43 b 35 R 5% SR 1M BG R ] [T ). R 9K < Hb BR B 2,
of shale with different lithologies in continental basins: a case 2021,32(7) :1084-1090.
study of the upper fourth Member of Paleogene Shahejie Forma- LIU Yahui, WANG Caizhi, LTU Zhonghua, et al. A logging
tion in Dongying sag,Bohai Bay Basin[]]. Petroleum Geology &. method for evaluating oil-bearing property of Jimsar shale oil;
Experiment,2020,42(4) :545-551. case study of sag in Junggar Basin[ J]. Natural Gas Geoscience,
[48] FISHMAN N,GUTHRIE J, HONARPOUR M. The stratigraphic dis- 2021.32(7) : 1084-1091.
tribution of hydrocarbon storage and its effect on producible hydrocar- [59]  L¥er ZSEM, w4, 25, W40 1 A G 20 0T 5 i 2 R AE B L X
bons in the Eagle Ford Formation, South Texas[ R]. URTEC VA AT S AR [T ], A il 244 . 2020,41(12) 1 1587-1600.
1579007,2013. JIANG Zhenxue, LI Tingwei, GONG Houjian, et al. Characteris-
(497 e, 5k e N BeifE o . 25, 00 I S008It A7 45 A B s R & — tics of low-mature shale reservoirs in Zhanhua sag and their in-
LSRR 22 3007 4 b AE 27 X AR 4 7 B 3 W Bk Fli AH v Am S [T . fluence on the mobility of shale oil[]J]. Acta Petrolei Sinica,
il 2E R, 2022,43(4) :507-523. 2020,41(12) :1587-1600.
DANG Wei,ZHANG Jinchuan, NIE Haikuan, et al. Microscopic L607]  FEVHEAR, kIR R 1 L 45, T ARG L IR 3 AR ol e v a & it
occurrence characteristics of shale oil and their main controlling FEESEM 8 7 B 0T, R A i i 5 T & . 2021,40(5) . 78-86.
factors:a case study of the 3rd submember continental shale of YAN Weilin, ZHANG Zhaogian, CHEN Longchuan, et al. New
Member 7 of Yanchang Formation in Yan’an area,Ordos Basin evaluating method of oil saturation in Gulong shale based on
[J]. Acta Petrolei Sinica,2022.43(4) :507-523. NMR technique[J]. Petroleum Geology & Oilfield Development
[50] DRISKILL B,SUURMEYER N.RILLING-HALL S.,et al. Res- in Daging.2021,40(5) ;78-86.
ervoir description of the subsurface Eagle Ford Formation, Mav- [61] T8z 2ot %5, 3 40 0 0 @ 1 2% B 7 A vl 3)
erick Basin area,South Texas, USA[RJ. SPE 154528,2012. AT, B8 PR . 2021,67 BB F] 1) :265-266
(510 oy S, 908 BH 1M1 B B0 3 WA R 28 B mT sl e 40 L), i b i 5 WANG Min,FU Aibing, LI Jinbu, et al. Movable oil saturation
TAE,2017,31(1) :80-83. determination of shale in Boxing depression based on 2-D NMR
KE Si. Coase Discussion on the status and movability of shale oil [J]. Geological Review,2021,67(S1) :265-266.
in the Biyang depression[ ] ]. Petroleum Geology and Engineer- [62] SRS, it MR 4. U Tl 5 5 ] gl R kS
ing.2017,31(1) :80-83. ML A SRR, 2021,42(6) : 1451-1463
[52] TIAN Yao,AYERS W B,SANG Huiyan,et al. Quantitative evaluation GUO Qiulin, WANG Jian, CHEN Xiaoming, et al. Discussion on
of key geological controls on regional Eagle Ford shale production using evaluation method of total oil and movable oil in-place[ J]. Oil &
spatial statistics[ J]. SPE Reservoir Evaluation &. Engineering, Gas Geology,2021,42(6) :1451-1463.
2018,21(2) :238-256. [63] MICHAEL G E,PACKWOOD J, HOLBA A. Determination of
[53] AL HINAI A,REZAEE R,ESTEBAN L, et al. Comparisons of in-situ hydrocarbon volumes in liquid rich shale plays [ R].
pore size distribution: a case from the western Australian gas URTEC 1573030,2013.
shale formations[ ] ]. Journal of Unconventional Oil and Gas Re- [64] MR Zgtd RmEE 5 IREEES MRSl R ER
sources,2014,8:1-13. R oo AR AR [T, #uBk Bl 2E .2019,44(03) :833-847
[54] ‘B, 218 K . % Bt IR R VEN 7 A vl gl & Zheng Min. Li Jianzhong, Wu Xiaozhi. et al. Potential of oil and
L), 528 =P 9T 5 #% . 2020,39(2) : 12-15. natural gas resources of main hydrocarbon bearing basins and
GONG Houjian, LI Zijin,ZHU Chaofan,et al. Evaluating the content of key exploration fields in China [J]. Earth Science,2019,44(03) :
movable oil in shale by technology of nuclear magnetic resonance[ J]. 833-847.
Research and Exploration in Laboratory,2020,39(2):12-15. 1651 1A MR RN 45 )1 Fhr R B 2R 308 T A g 12 7 i A Ut
[55] WEZERE.OKE WM. W OREER DU I A 2 T A 0 0 4 AE TERL A B R R [T v K2 i CA AR B 150D 5 2022,53(9)
L0, HEg KRB CH AR B D 2 2022,53(9) :3387-3400. 3449-3461.
QIN Yingyao, ZHANG Gong, LUO Chao, et al. Two-dimensional FENG Mingyou, YUE Huaihai, LIU Xiachong.et al. Precipitation mod-
NMR characteristics of Jimsar shale oil reservoir[J]. Journal of Cen- el of calcite and relation with hydrocarbon of the Jurassic tight shale oil
tral South University ( Science and Technology) . 2022, 53(9): reservoir in central Sichuan Basin[J]. Journal of Central South
3387-3400. University(Science and Technology) ,2022,53(9) :3449-3461.
[56] Fu, 20T, B0 S5 B I 7 — 40 fb ik 2K TG BT v Al Sl [66] FR G ZEISE. . I i X K% 5 B TUS il )2 7T 37

LR AFFTLT . A7 T L IR - 2020,42(4) 1 646-652.
WANG Qiang, LI Zhiming, QIAN Menghui, et al. Movable oil
extraction from shale with supercritical carbon dioxide[ J]. Petro-

leum Geology &. Experiment,2020,42(4) ;646-652.

Wrsese )], 4R T.25,2023,46(1) 1 163-168.
WANG Liang, YANG Jian, PENG Junliang, et al. Experimental
evaluation on compressibility of shale oil reservoir in Da”anzhai

section in central Sichuan area[ J]. Drilling &. Production Tech-



%53 fig

BRAF - U1 3R 2P 3R R 2 3% BESUs il e AiE B 7T Sl 1 P A 843

L67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

nology,2023,46(1) :163-168.

S . BUE D OB B R R 2RO RIS LT ). A il Ae
JH,2017,36(5) :38-42.

TANG Qin. Application study of pre-acid fracturing technology
for tight sandstone gas reservoir[ ] |. Petrochemical Industry Ap-
plication,2017,36(5) :38-42.

B, A SR TR L X B B T 2 OB R B X SRR LT )L A1
T T 45 TR ,2022,36(5) :96-100.

HUANG Yue, JIN Zhirong. Countermeasures of precision cut-
ting volume fracturing for shale oil in Huazhuang block[]]. Pe-
troleum Geology and Engineering,2022,36(5) :96-100.
RGBT IR SR AR RN AR T DU il AR B B B T
LSS RV A B 75 I K 2023,5003) :603-612.
LIU He, HUANG Youquan,CAI Meng, et al. Practice and devel-
opment suggestions of hydraulic fracturing technology in the Gu-
long shale oil reservoirs of Songliao Basin, NE China[ J]. Petrole-
um Exploration and Development,2023,50(3) :603-612.
FRARA  ELA, 5 R o I B0 I s 2 K B A R R R R T
1 )], i eF iR . 2022,43(12) :1788-1797.

GUO Jianchun,MA Li, LU Cong. Progress and development di-
rections of fracturing flooding technology for tight reservoirs in
China[ J]. Acta Petrolei Sinica,2022,43(12) :1788-1797.

P A2 2. Qo] ) 38 S0 )2 3 A 1 o B — OB b A I LT DL
JIE 2 Be 2 4 (1A SR B2 AR 2 2002,23(3) - 282-285.

TAO Yuhui. How to make fuzzy consistent judgement matrix of
the FAHP[J]. Journal of Sichuan Teachers College(Natural Sci-
ence) ,2002,23(3) :282-285.

AR, S BR L 31 58 . 45 TR B R ik i iUE =
RERZ IR (R 3R 43 BT B 25 A WA A 80— LAY 1| 4 b 45 A7 300 5T
S LT T i T A 5 0T % 2022, 12(3) :417-428.

LI Donghui, TIAN Lingyu, NIE Haikuan, et al. Factor analysis

I
#e

and comprehensive evaluation model of shale gas well productivi-
ty based on fuzzy analytic hierarchy process: taking Jiaoshiba
shale gas field in Sichuan Basin as an example[]]. Petroleum
Reservoir Evaluation and Development,2022,12(3) :417-428.
KR A ARER. DX )R 2 95 b R SR (] A dee /D S Ja Al 22 15 L C
/2001 A7 o [ 45 SR 2 25 R BRSO Jb et P A R 1 5 R
554U B T, R B A B S 8 R 2 B ST
2001:174-177.

ZHANG Jijun, XIONG Yu. Minimum membership deviation
method for interval number multi-index decision problem[C] //
Collected Papers of the 2001 China Academic Conference on
Management Science. Beijing: China’s Optimal Selection Method
and Economic Mathematics Research Area, Institute of Science
and Technology Policy and Management Science, Chinese Acade-
my of Sciences,2001:174-177.

REER B X B A5 VG b il XU R A X OB IR E A B 4R
PR IR B R R LT, R ERFL . 2023,34(1) :60-73.
XIONG Yu,LUO Jing, LIU Siqi, et al. The key controlling fac-

tors of high productivity wells in ultra-deep gas reservoir of the

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

(s H B 2022-12-19

Qixia Formation in Shuangyushi area, NW Sichuan Basin[]].
Natural Gas Geoscience,2023,34(1) :60-73.

MARTIN R,BATHLY J,MALPANI R, et al. Understanding produc-
tion from Eagle Ford-Austin chalk system[ R]. SPE 145117,2011.
GHERABATI S A,HAMMES U,MALE F,et al. Assessment of
hydrocarbon in place and recovery factors in the Eagle Ford shale
play[J]. SPE Reservoir Evaluation & Engineering,2018,21(2) .
291-306.

PEMERT  WRA BT 25N i, 55 D2 3 5 AR SO 1 R % 428 il A T
PLEELID. A 240 2003,24(3) :38-41.

PANG Xiongqi, CHEN Dongxia, LI Pilong, et al. Accumulation
thresholds of sand lens and controlling mechanism for oil and gas
distribution[ J]. Acta Petrolei Sinica,2003,24(3) :38-41.

AW T B X R AR B 8 A UE AR SEL D] de st
Ho R (AEE0) L 2016,

LI Jinghui. Research on the enrichment condition of the shale gas
in the Lower Jurassic, Fuling area, China[ D]. Beijing: China Uni-
versity of Geosciences,2016.

U AR T e 3t DX PR 2 48 K 22 28 BOURRAH A 98 LD . BUEE = A
BT R4 ,2015.

YAN Xue. The sedimentary facies study of Lower Jurassic Da’
anzhai memberin Fuling area, eastern Sichuan Basin[ D]. Cheng-
du:Chengdu University of Technology,2015.

)L DU 4 bk B R K 2 25 Bl A DU il A 5T R AE B B
BROr LY. A3l SE 55 b T, 2022, 44(2) £ 219-230.

FENG Dongjun. Geological characteristics and exploration direc-
tion of continental shale gas in Jurassic Da’ anzhai Member, Si-
chuan Basin[J]. Petroleum Geology & Experiment,2022,44(2) :
219-230.

NGBV HERL L B ) Atk 2 R B 2K B B
I R S i A SRR A R B R R R LT ] Ak 5 KRR
Jii,2021,42(1) :124-135.

SUN Shasha, DONG Dazhong, LI Yucong, et al. Geological character-
istics and controlling factors of hydrocarbon accumulation in terrestri-
al shale in the Da’anzhai Member of the Jurassic Ziliujing Formation,
Sichuan Basin[ ] . Oil & Gas Geology,2021,42(1) :124-135.

EF A AR AR S DU AR TR A M X PR B AR B R R4
AR AT I B i A T AT < BT R A R B AR I R ISR LT . A
5 R IRAHR 2021,42(1) :212-223,

SHU Zhiguo,ZHOU Lin, LI Xiong, et al. Geological characteristics of
gas condensate reservoirs and their exploration and development pros-
pect in the Jurassic continental shale of the Dongyuemiao Mem-
ber of Ziliujing Formation, Fuxing area, eastern Sichuan Basin
[J1. Oil & Gas Geology,2021,42(1):212-223.

SRHETE L B AR LD, BRI L S DU 1| 4 ok B AR B R T A R AR
R BT 1 LV £33 2441, 2023, 44(1) £ 1427,

GUO Xusheng, WEI Zhihong, WEI Xiangfeng, et al. Enrichment con-
ditions and exploration direction of Jurassic continental shale oil and
gas in Sichuan Basin[ J]. Acta Petrolei Sinica,2023,44(1) ;14-27.
O 20231218 G EREAD



