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Exploration discovery and accumulation conditions of Da’an deep shale
gas field in western Chongqing,Sichuan Basin
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Abstract ; Since establishing the Da’an circulation block in western Chongqing in June 2021, Zhejiang oilfield has been making every effort to
increase and accelerate the exploration and evaluation of deep shale gas, as well as implementation work, and constantly deepen geological un-
derstanding and improve engineering technology. Thus, industrial breakthroughs have been achieved in the production tests of multiple wells.,
and the Da’an deep shale gas field was discovered in western Chongqing. Through systematically introducing the exploration and discovery
process of the Da’an block in western Chongqing in the past two years, the paper comprehensively analyzes the geological accumulation condi-
tions in terms of regional geological characteristics, sedimentary lithofacies, organic geochemistry, pores and fractures, physical properties,
gas-bearing properties, fracture characteristics, geological and mechanical properties of rock, as well as high-quality reservoir distribution
characteristics, and also summarizes the key techniques for the exploration and development of deep shale gas in Da’an block, which have
been formed through practice and innovation. Da’an block was the depocenter of the Upper Yangtze foreland basin at the northern foot of the
Jiangnan-Xuefeng Caledonian orogenic belt during the sedimentary period of the submember 1 of Member 1 of Wufeng-L.ongmaxi formations.
The high-quality shale layer in the lower section was of deep-water shelf facies, and the strong reduction and anaerobic environment provided
good source and reservoir conditions. As a result, the organic carbon-rich siliceous shale was developed; this block possesses excellent organic

geochemical indicators, well-developed micro-reservoir space, good physical properties, good self-sealing property of shale, and high gas-
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bearing properties, indicating an overpressure continuous shale gas reservoir with over-matured dry gas. Based on the good conditions of shale
roof and floor and the deformation of comb-shaped fold structure, an enrichment and accumulation model has been built for the deep shale gas
(burial depth of 3500-4500m) in western Chongging based on the characteristics of “narrow steep anticlinal faults as the barrier bed and con-
tiguous widely-distributed gentle synclines, hydrocarbon enrichment and high production in tectonic transition belt and low-amplitude anticline
structure”, reflecting the theoretical connotation of enrichment, accumulation and occurrence of mountainous shale gas under the mode of
“multi-field synergy, multi-element coupling, multi-factor superposition”. Through practical exploration, five comprehensive evaluation
methods and technologies have been developed for the exploration and development of deep shale gas in Da’an block, including the fine identi-
fication and stability evaluation technology of multi-scale natural fractures, the integrated evaluation and design technology for the full life cy-
cle of well platforms, the matching technology of safe, excellent and fast drilling under high temperature, the segmented volume fracturing
2.0 technology for horizontal wells that focuses on increasing reserves and production under the control of dense crushed fractures while pre-
venting casing deformation, and the fine pressure control and flowback technology for deep shale gas based on continuous monitoring of high-
frequency pressure and dynamic evaluation optimization of artificial gas reservoirs. The exploration and discovery of Da’an deep shale gas field
the western Chongqing has further promoted the rapid development of deep-ultra deep marine shale gas in China.

Key words:Da’an block in western Chongqing; deep shale gas;exploration and development process;accumulation geological condi-

tion; key technology;high-frequency pressure monitoring
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Fig.1 Regional location and stratigraphic structure feature of Da’an block in western Chongqing
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Fig.2 Early sedimentary lithofacies paleogeography of Wufeng-Longmaxi formations in Upper Yangtze area
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BT S5 % B2 55l 2 H AT I 1] 2 P B 7 %
6 AR N = T R e P A (N S N0 = S D0
VU] 2 1l e — . S B i )2 ) 4 O %6 AE 2020 4F DL
E R e o A i V7 7 Rt DAY 7t 73 T S
R UG SR TT R AS W 58 B i X A 5 )2 B A
S S =S N R DN Y =S - i e
— AR I I i 2 BE R RN 0 FRRAE K K W X H
— WEBAFAR 730 7 AN )ZE 5N L X R T
ST T BN 2R R — 80

KUARPH W —, W (HIEH e —, I
B7/NE R EE R 43.6~78.2m, Gk FHRAA
b G R S, W b 2 M B . T IX
WA WA — b —, WE 7 /N2WE/NZIRE 1L
BRI — B 6 /NE VYR RK, Jo— W1
INZE R BN (B 4. o IR s A2
— B NE e B 3 NE R E A
T 5 L 1 Iy A 5D
2.3 miEHE
2.3.1 BAA%FiE

T e — B 0UA W A Ay B A e
oy mfma. . Oofa . Ka kg d Haks
iR CFE 41.9%)  F L0 W & IRz CEB
31.0%) RERER G W) & V¥4 15.8% . R L0 9)
PLHRLA R E CERR 60.8%) ik it/ 50 )12 CF
B 24.2%) R A EHE N 15.0% . A5G Y)
s¥u N ERCiE e RS I NTTE: NIRRT R A7/ Rl s
i o SR 2 s B R (R 6)

T IUE RS &+ TR a4 0T &
RP3EF A UK & 5 CTOOE B 90 5 AH 4% FR i el LA

“E(TOCIH>4%) . F ik (TOC fH} 3% ~4%) .
i (TOCAHA 2% ~3%) Kk (TOC fH<<2%)7, TU#
WY e A AT DLy A 4 FPoA 13 RO A A (R D R
B X T — e S 2 DU A R e R s
RA RIS A o, m ek U DU 26 AR 0TS A
Sy HWR Ry S R T DU A 5 TR A T TS LR S/
FEVR G 0T DU AH L R/ TR 5 0T 00 R R A ek R TR
BT VU AR A 3 A (B 7D
2.3.2 WARARSAE

KA R AW — I — W B AR & T TR K Fifi #A
PR FE U/ Th H >1. 25 B30 JE K TR L H
JERE R A~8 m, MRHEAEM CEE VTR E Y.
AL IR I A5 1 S AR AR AR L2 e — By
5 AUIRUOE (R 2, b, Fid FZH A
TR RK B s Je— B AR ER 1) b AR K R B AR
TR K i B ke A — B AR R K i 5 AR B AR TR K i
B B2 A B SR OK B TR A (& 8
2.4 REEH
2.4.1 AWML F 44

KA XA EH — e — BT S TOC {E
0. 28%~7. 88% , F-34 K 2. 80% , FEH b, FIR R (FIg
H—Tp— WBE 4 /N2 TOC AR (2. 0% ~7. 0% .-
H3.3%) 510 B TOC {HZ#ikEA%, B2 R Oe— B 5
INE—T— B 7 /NE)TOC M1 Hy 2.8% ., Tl
H—Jo— WE 4 /NzE TOCHERTE 3% LA FE - 1
AL E R201 H— A AR (8 9 . A O RE i T AR
SR Rl R sy B S I W iR oy B NIV sl |
R AERRRE R . PSR R, R 2.13% ~2.15%.
FEIR 214 Yo LT AR T B .



483

}do0[q ue, B(q
Ul UOT)BWLIO IXRWSUOT JO | JIQUIIA JO | J9qUIdWIQNS 0) UOI)RULIO] SUIJNA\ WOIJ SUIPUII) A\S-FN UI UOI}IIUUOD [[9M JIAR[-[[BWS JO UONB[III0OD) § "SI
NEHBFEEHT - —BENEL MNS—INFIAEY v B

Z\ L EH\[ 9 Z\[ S ZH\ v Z(\[r € =04 1
BTN -¥ BE-¥ BE-¥ BFE-Y¥ BE-¥ BE-¥ FE-¥ HHIE

L1 OO0 OB >0 @ E=E @ @-

D6 U A 3t 7Y b DX R 2 PR 2 B R B B ROR R B R g%

IS & :
- o -
§ E ¢ o s 5 5 g
N I g ~ w S S pot
I 9 8 2 N w 8 &
5 g . g g S g E
WL w 3 3 s
T S BRE
LIS T
- EE—X,
N EH\WT
B ] %
E\y e
BE ¥ b 2+ HE—¥
s I3 S 4
BE—% M M ° . g mmww@ﬁ
g ~ 2] e s = 1
BE—Y, @ N 8 iz N -~ w @4
EWL M \w 5 < & @ 81 21 ° N EH\rs
BE—¥ . S & 3 54 e | - 1 HE—F
1 ,, g B s E R 5 g £
> \ £ Jw E] & . - = IS W. 2o
» B \ T b b |
SOCEE FICL Dk § g : : A
24 IS
& bl m. ¢ \W & ﬂ = » ~ © - =
- g 2 - 8 ) N g . 8 g
2 b g 8 82 N L
N > | 8] S s e > | 21 BT %
5 & g : o g g & 2l g
b o 3 =3
» = | g a w | ° N s
37 E . g 5 5 g £ °
. s | : s 5 H . s £
5 5 g g € g 5 g 3
0000T T|S6T S6'T - 00F 0] |0000Z Z[S6TS6'T - 00¥ 0| 0000z Z|$6C 56T - 00r 0| |0000Z T|S6TS6'T - 00v O [0000Z T[S6TS6T - 00y Of [0000T Z|S6'CS6T - 00v O |0000Z T[S6TS6'T w 00% 0| |0000Z T|S6TS6T - 00¥ 0| |0000T T|S6CTS6T - 00r O (0000 Z[S6TS6T @ ooy 0
,Mw (. )| o))/ B \Mﬂe (w. )| o3|/ B \ﬁs (m. g3)| o3|/ 3 \Hm“n (w. ) |(mo/B)|/ \M“u (. )| (o373 \My (m. g3)| (o8| \Mue (w. )| (mo/B)|/ \ﬂé (. 3)| o3|/ \_My (m. 3)|(mos%)|/ E \My (. 3)|(mo/%)|/ H \_%P ,M@
EELNECAR Rl L VEE R Rl B NE A R el B L E A el e EE A L e N1 W - R el I E S LW 3 L el B LA NE A R el B R EE A e TR EIDE A g e

%3

4 €024 +4f 102H HTva 4£ ¥OTH H1Va +4f THTOTL +f LOTH H HIOTL +£ 90TH + TOTH




484 Al

EE ¢

2024 4 55 45 &

0 30km

(=] [B] [o]

TR A EiZA
5 MAEMRAXRRRE— TEI1-3/NERNE
EHEEL
Fig.5 Cumulative thickness distribution of sub-layer 1 to 3 of
submember 1 of Member 1 of Longmaxi Formation
shale in Da’an block, western Chongqing
mAxE E#Hka D aks BARA
WAazA | By BHELyY
DAI-1
DA1-3 jz;;iz;&
DA1-5 |mos s —
7T T DALST [ —— ——
DAI-0 | s m— — B
DAI-11 m-— SR
T T DAL e ——
DA1-14 —
DA1-15 —
DA1-16-BY
DA1-17-BY |ms s IS ﬁ‘}lﬁ&
o> DA1-18-BY 4R

AE DAI-19-BY [ss st o m—— i —

o8 DA1-20-BY e —
DAI-21-BY | s —
DA1-22-BY —

DA1-23-BY —— e B
DA1-24-BY - 3B
DA L2 B Y —— ———
DA1-26-BY
DA1-27-BY B8
2B
.Y i 2 S gy gy sy g —
DA1-29-BY —
DA1-30-BY —— BB
DA1-31-BY — E
DAI-32-BY |wesmsnns, P ——— — T} ]
0 20 40 60 80 100
THERH /%
6 AZREXH® DAl HAELA—K— TRENEHEELSE
TR

Fig.6 Whole rock mineral strip of shale reservoir from Wufeng

Formation to submember 1 of Member 1 of Longmaxi
Formation in Well DA1,Da’ an block
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Fig.7 Three-end-member division of shale mineral lithofacies from
Wufeng Formation to submember 1 of Member 1 of Longmaxi
Formation in shale gas Well DA1,Da’ an block
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Table 2 Sedimentary microfacies and characteristics of shale from Wufeng Formsation to submember 1 of
Member 1 of Longmaxi Formation in Da’an block
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Fig.8 Comprehensive column of stratigraphic sedimentation shale from Wufeng Formation to submember 1 of Member 1

of Longmaxi Formation in Well DA1
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Fig.9 Contours of organic carbon content from Wufeng Formation

to sub-layer 4 of submember 1 of Member 1 of Longmaxi

Formation in Da’an block
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Fig. 10 Macro and micro fracture characteristics of submember 1 of Member 1 of Longmaxi Formation shale in Da’an block
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Fig. 11 Micropore development characteristics of submember 1 of Member 1 of Longmaxi Formation shale in Da’an block
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Fig. 12 Pore size distribution characteristics of shale gas reservoir

from Wufeng Formation to submember 1 of Member 1

of Longmaxi Formation in Da’an block
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Fig. 13 Horizontal distribution of porosity gas content of shale reservoir from Wufeng Formation to sub-layer 4 of

submember 1 of Member 1 of Longmaxi Formation in Da’an block
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Table 3 Classification and evaluation reservoir of deep

shale gas reservoirs in Da’an block
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of Member 1 of Longmaxi Formation in Da’an block
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Fig. 19 Shale gas enrichment and accumulation model based on characteristics of “narrow and steep anticlinal

fault occlusion with wide and gentle syncline continuous distribution” in Da’an deep area
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Table 5 Comparative analysis of fracture stability in different strike from Wufeng Formation to submember 1 of

Member 1 of Longmaxi Formation in Da’an block
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Fig.20 Geological engineering integrated deployment design flow of Da’an deep shale gas horizontal well platform
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Fig.21 Simulation of different cluster spacing,applied fluid strength, pre-pressure fracture morphology and

productivity in Da’an deep shale gas well
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Fig.22 Dynamic evaluation of micro-seismic real-

time monitoring of fracturing interval based on variance

body and curvature ant body in Da’an deep shale gas

1.20
1.15
@ Ef®04-01—04-18
1.10 »=0.0613 x +0.008 6 @ = 05-10—05-20
. $ Q EjF05-20—05-30
y=0.05842+0.047.9, % O SE™06-01—06-26
105+ y=0.057  +0.0585 % ® % 06-27—07-13
y, '.064’ 42-0.0458 o = 07-14—07-21
1.00 L 9=0.05992-0.01257 & JEF = 07220729
ol EFF 07-30—08-05
'§ . o 7 08-06—08-11
2095 y=0.05322=0.0 ¢ ¢ JE08-18—08-25
n]_r FEFF 08-12—08-18
= 0.90 y=0.0562 x +0.034 272 08-25—09-01
i PR Linear ( ™ 05-20—05-30)
s Linear (7 06-01—06-26)
0.85 | Linear ( 5= 06-27—07-13)
y=0.05132+0.0505 = = Linear (JE/* 07-14—07-21)
of = Linear ( 5= 07-22—07-29)
0.80 | = Linear ( €= 07-30—08-05)
Linear ( &= 08-06—08-11)
075]  §=0.0509x+0.040 y=0.05232+0.0302 = Lincar (127 08-18—08-25)
== = Linear ( &= 08-12—08-18)
. < y=0.03842+0.1534 ___ 1o emno 0c 00 01y
0.70 ) . q @ ) ) ) ) )
13 14 15 16 17 18 19 20
) R A e ]

23 H204H 3 RTA 5 M B EFHE
Fig.23 Fracture effectiveness evaluation by RTA method in Well H204H



5% 33

e DCEE VU £ b U6 VU XK 22 IR 2 T B4R R B i e A 1 497

W, RS ARIE R K EUR e K fb., Q#E %
S BN 25 A R A AR Ak, T R D IRURS: & A 3R HE il
FER RS 2 H204H FHAE 4 mm Jl B T IR HE WAL
R ERE IZIEFE 4. 5mm F1 5. Omm ¥ F sk
FEAE , DL B Bl IS (0] 22 80 K. e BT IA S FE 9D 0 2~
4 mm JH W R HE o B IR R ) (80. 6~75. 3 MPa)
B e o 4% T HB 43 56 L AR 0 B /N KO R ) (R AR
80. 5 MPa) , 4 N (1) A &L B JJ IR (<X5 MPa) . X # 5K
e, b e R HE L F2 s #0. DA2H H-#E 3.5 mm il
WE T 4l AR B R D, 4 B2 0,10 kg Fl 0. 07 kg,
2B B IR T A I 45 A L B 9 R R AR R 254
R EFAT I 4547 A B A 8 S R E AR
T AT 2~4 mm /g AHEB B ] 3R AR 0. 5 mm 4%
ZE NG 40 2 1% 40 e i W =X RS 20 4 R R HE DL KR
e R AL 0. 2 kg K F] ARG AR BOR

4 BTN

(1) 2021 4F 6 J , i VL3 FAE 55 PR i ik )1 DX 4
TH PR RIRARIH = a5 S B v b XK %
X Py KRR . R RR NI E AL
FERMMEAZ W TAE VPG TR A RO f 2 2 RS S
GEURVE T o A A 0 P R 2 VA B A R A
b 7% R B Ak AR R | b ST 25 F S R O R AR T
PE,2022 4R EL T o IR A IR )2 TUA SMF — BRI
FR R AR B AL R G B ERZEE. 55 1A 3 IR E
TUA VP R 2 )5 3R AR AT 3 7 ol <00 8 B i
GRS AT 2 MIEM IR 5 AT B 17 HER
B B ARAS T WU R RS 7 A A . RS T P
b DX R 22 R 2 TUA SR B 08 7 R BT AV ML X R
LIRZTUASH . B gk AR A XK &
28 FFF R e i Tt B B

(2) K2 XM %8 B #1968 28 17 A" NE—SW
] 8 HE BT JE A b 3 TR AR FR AR, L2 e — WLER
DUBUM & R 4b F V1 pg — 35 06 Jn BL R 3 ol b i 1]
¥ PG i 7 OB s TR B 5 A S TR
R R K Bt A0 A 5 3 T e AR + T K K L VR i A )
BRI O AR ML T R A 0 UR A A5 1 T Bk R T O A
RE AVHERIE =R R R O R E AT W
PEAF DU B 3P & A S 5 B
R TR R R 3% 2 B T R

(3) RERPHWEH—— WERIRZIERE
A BRI 2 G 2 E 2R
B EH L IO SR BRI R S R L LT
B AT )2 0 P - U 2% i A I 5 43 AT RA i B A
SRR R I w7 R LR R TR AR AR U

B (R B TUA UEZ 1 LB A N ARE AL SR
HbJZ A T VSR 1 BORE HLJRE B R 2z s L 1 06 )2
P14 JHE 4 2 B 1 e A 3 T 7 TR P R 555 ) R T S R
28 DX 5 )2 P SRR R G 1 e P R A A 2R (A5 T AR
BRI G 2 1) ek N B O R A B AR AR

(4) R 22 X B IR JZ BT B0l o 4 A 8
2o AT A AR OR Y T SO R 5 5 S 0T R
RN T IRE TUE USRS IR OT R/ 5 R
FrOHAR R . O 2 R K IR REER 20850 5 12 E 1
PR A s @ HF B 4 A fi L — IR WY 5 it
PR OWRETUE TR R B H B E AR ; @ T K
4 4 i R 7 e O A2 B 3 9 K P BE AR T 2
2.0 L ZHAR ; O T im0 s 7 3% 25 0 AN i 0t
S AT LA I TR Z TUS OS2 72 TR HEFR

2 % X #

(1] Earam, X E 5, 88 5. [ R 07 i A0 TUE S 20T & 18

SFRBLT ] A B R 5 I 42,2013, 40(5) :574-579.
WANG Hongyan, LIU Yuzhang, DONG Dazhong, et al. Scientific
issues on effective development of marine shale gas in southern
China[ J]. Petroleum Exploration and Development,2013,40(5) :
574-579.

[2] 4pARE. 8 KRE A S R IE W <A P RE7HIRIA

W 2B LT A iR 5 IF & . 2014,41(1) 1 14-27.
ZOU Caineng, YANG Zhi,ZHANG Guosheng,et al. Convention-
al and unconventional petroleum “orderly accumulation” : concept
and practical significance[ ]J]. Petroleum Exploration and Devel-
opment,2014,41(1) :14-27.

[3]  ZBBFt. B AR DA o0 el 37— )1 ft S R & e
B TUA U IR BOART ] 241 . 2014.88(7) :1209-1218.
GUO Xusheng. Rules of two-factor enrichment for marine shale
gas in southern China—understanding from the Longmaxi
Formation shale gas in Sichuan Basin and its surrounding area
[J]. Acta Geologica Sinica,2014,88(7) : 1209-1218.

[4] BT 2250 WA IR L 55 D0 1] 4 VA 2 — i T3 2 IR K i b
AH TS A AEDURIRT L], Al R 5 7 % . 2020,47(1) : 193-201.
GUO Xusheng, LI Yuping, BORJIGEN T, et al. Hydrocarbon
generation and storage mechanisms of deep-water shelf shales of
Ordovician Wufeng Formation-Silurian Longmaxi Formation in
Sichuan Basin, China[ J]. Petroleum Exploration and Develop-
ment,2020,47(1) :193-201.

[5] B2, e, FUE . 5. Wil [ KR 00 SUn 8 X R T & ik

RSt L] R T .2022.42(8) :60-77.
LIANG Xing,SHAN Changan, WANG Weixu,et al. Exploration
and development in the Zhaotong national shale gas demonstra-
tion area;progress and prospect[ ] |. Natural Gas Industry,2022,
42(8) :60-77.

L6 WXL, T mi L, TR A ME 55 . R 38 ) 58 G 9 X DU R — IRk ek
b e X B SR /R LT . o B i B 4, 2017, 22(1) : 29-37.
LIANG Xing, WANG Gaocheng, ZHANG Jiehui, et al. High-ef-



498 A ¥ IR 2024 4F B 45 45
ficiency integrated shale gas development model of Zhaotong Na- [15] BRI AR R b DXy B2 T ol v b S s i SUME R (D). b
tional Demonstration Zone and its practical enlightenment[ ] ]. Hp ] M R 2E (dE ) . 2018.

China Petroleum Exploration,2017,22(1) :29-37. HUANG Hanyu. Formation and evolution of paleo-uplift in
(7] 2% ARpEse XAk 4. EGm [ 9 00 2 S 3 X KO- It i T 7% southeastern Sichuan Basin and its control on hydrocarbon accu-
— AL S 1 R R ILT. oP E A h ER 2019, 24(2) :226-232. mulation[ D]. Beijing: China University of Geosciences,2018.
LIANG Xing, XU Jinbin, LIU Cheng, et al. Geosteering technol- (161 BWRTE A8 K, AR L 45 DU )| 23 Hb 2R T 0 o ) oy g i J 5
ogy based on geological and engineering integration for horizontal KR AL LT]. #b 2% /i 2% .2019,26(1) : 102-120.
wells in Zhaotong National Shale Gas Demonstration Zone[ ] ]. HUANG Hanyu, HE Dengfa, LI Yingqgiang, et al. Determination and
China Petroleum Exploration,2019,24(2) ;226-232. formation mechanism of the Luzhou paleo-uplift in the southeastern Si-
[8] G2, 22 AL, 25, ¥ 2 TUE A 4 A A A 00 b B TR — 4K chuan Basin[ J]. Earth Science Frontiers,2019,26(1) :102-120.
FERE FALT D, V4 R A iR i CHAR B D 22021, 43(5) 11418, 17 8R4 AL ARG 45, U1 0 B L ) 2% 0 20 — o B VR 4 At kL
LIANG Xing, SHAN Chang’an, JIANG Pei, et al. Geology and VLR 2 2 5 A MR LT ). A 5 R AR H . 2022.43(5) .
engineering integration application in the whole life cycle of shal- 1024-1038.
low shale gas wells[]]. Journal of Southwest Petroleum Univer- HU Zongquan,DU Wei,ZHU Tong,et al. Sequence stratigraphy
sity:Science & Technology Edition,2021,43(5) :1-18. and lithofacies characteristics of fine-grained deposits of Wufeng-
(9] ARARE. BB, TLA 5. b E AR DUA R R BEARIE R TT & Longmaxi Formations in the Sichuan Basin and on its periphery
TR EHEART] R/ T ,2022,42(8) : 1-13. [J1. Oil & Gas Geology,2022,43(5):1024-1038.
ZOU Caineng, ZHAO Qun, WANG Hongyan, et al. The main (18] ASHIZE. k. 2 01 R 45, W 4% F 4 X T 35 B 48 DB 4k 5 0T
characteristics of marine shale gas and the theory &. technology ARWAR LT I HE PR AE 4R, 2013,15(5) 1 645-656.
of exploration and development in China[ J]. Natural Gas Indus- ZHENG Herong, GAO Bo. PENG Yongmin, et al. Sedimentary
try,2022,42(8) :1-13. evolution and shale gas exploration direction of the Lower Siluri-
C10] 1TAHBE, FEREH . 8, 4. BT Bl S R & s /5 an in Middle-Upper Yangtze area[]]. Journal of Palacogeogra-
2035 A R[] o A il . 2021.26(3) : 1-8. phy,2013,15(5) :645-656.
MEN Xiangyong, WANG Luxin, WANG Yue, et al. Strategic [19] FEEWERL IR 0 kR T E-SE D%
pattern of China’s oil and gas exploration and development in the MNZFS5TBAFELT ] RIKR Tk ,2015.35(3) 1 12-21.
new era and prospects for 2035 J]. China Petroleum Explora- WANG Yuman, DONG Dazhong, LI Xinjing, et al. Stratigraphic
tion,2021,26(3) : 1-8. sequence and sedimentary characteristics of Lower Silurian Long-
[11] ML TIAHE 2648 4. “F =T DSk U )1 g b RAR S 7= & maxi Formation in the Sichuan Basin and its peripheral areas[ J].
Je Ak R i s R ERL) ] KRR T, 2022,42(12) 1 145-151. Natural Gas Industry,2015,35(3) : 12-21.
WU Yugen, MEN Xiangyong, LOU Yu,et al. Natural gas development [20] W, £2Z28. B4 % W& g H—y SEH T A&
in the Sichuan Basin; achievements since the 13th Five-Year Plan and A SRR EE [T, Aih 244, 2016,37(5) :572-586.
prospects[ J]. Natural Gas Industry,2022,42(12) ;145-151. ZHAO Jianhua, JIN Zhijun,JIN Zhenkui, et al. Lithofacies types and
(127 RUTE AC . AR Ve 5 6 2. b i T A% — 1A £k 4 B AR WF o 0k 8 sedimentary environment of shale in Wufeng-Longmaxi Formation,
Ty i ——LAPO I £ 0 3 )2 SUA AR 2 M BILT ] KRR T Sichuan Basin[J]. Acta Petrolei Sinica,2016,37(5) :572-586.
Mk .2021,41(1) . 178-188. (217 kmuph, BE N, ok %, L IMX IR B IUERE LA ER S
LIU Qingyou, ZHU Haiyan, CHEN Pengju. Research progress Br5 e m ] RN BRBL 2%, 2021,32(2) . 248-261.
and direction of geology-engineering integrated drilling technolo- ZHANG Chenglin,ZHAO Shengxian, ZHANG Jian, et al. Anal-
gy:a case study on the deep shale gas reservoirs in the Sichuan ysis and enlightenment of the difference of enrichment conditions
Basin[J]. Natural Gas Industry,2021,41(1):178-188. for deep shale gas in southern Sichuan Basin[ J]. Natural Gas Ge-
(131 BHRRWE, BR T T . X0 46 1 L 45 U1 4 % G Bl 4% 00 SR OT & oscience,2021,32(2) :248-261.
BUIR T SR EI]. R 2021,41(1) :42-58. [22] St 0BG 45, U1 45 R 3 0 Th IR 4 T SR 4R 2 M IR
YANG Yueming, CHEN Yulong. LIU Shenyang. et al. Status., AL B e 7 4 1 BRI R LT, A7 T B R S5 9 K. 2020,47(5) - 841-855.
potential and prospect of shale gas exploration and development MA Xinhua, XIE Jun, YONG Rui,et al. Geological characteristics and
in the Sichuan Basin and its periphery[J]. Natural Gas Industry., high production control factors of shale gas reservoirs in Silurian
2021,41(1) :42-58. Longmaxi Formation, southern Sichuan Basin, SW China[ J]. Petrole-
[14]  FLrgr 3R MR 4. )1 BT 002 e 0 A 2 T8 I um Exploration and Development,2020,47(5) ;841-855,
A3 A DA 7 R0 ) T A 4 — e SR AL I L. ik AT (23]  skEHRL L BREL 55, U1 72 b 5 3 082 0 AH DUAE <t
59 % .2022,12(1) : 68-81. FEAE S BTIR AT 5EL) ). AR Tl 2021, 41(9) :35-45.
WANG Hongyan, DONG Dazhong,SHI Zhensheng, et al. Lithfa- ZHANG Surong,DONG Dazhong, LIAO Qunshan,et al. Geolog-
cies and “sweet spot” interval of marine shale in southern Si- ical characteristics and resource prospect of deep marine shale
chuan:a case study of Shuanghe Outcrop in Wufeng-Longmaxi gas in the southern Sichuan Basin[ ] ]. Natural Gas Industry,
Formation, Changning[ J ]. Petroleum Reservoir Evaluation and 2021.,41(9) :35-45,
Development,2022,12(1) ;68-81. [24] 326, F R AR BOE 55, P [ B 5 1 AR 52 2% 10 D0E A 2 i



5% 33

e DCEE VU £ b U6 VU XK 22 IR 2 T B4R R B i e A 1 499

[25]

[26]

[27]

[28]

[29]

RERE TN BOR— DUl [ s SR X B[] KA
KTk .2016,36(1) :33-42,

LIANG Xing, WANG Gaocheng,XU Zhengyu,et al. Comprehen-
sive evaluation technology for shale gas sweet spots in the com-
plex marine mountains,South China:a case study from Zhaotong
national shale gas demonstration zone[ J]. Natural Gas Industry,
2016,36(1) :33-42.

BE N IR ok S N T BB e BEATUE/NER
Sy GREEAE AN X HLT ], KRR TR R . 2016,27(3) :470-487.
ZHAO Shengxian, YANG Yueming, ZHANG Jian, et al. Micro-
layers division and fine reservoirs contrast of Lower Silurian
Longmaxi Formation shale, Sichuan Basin, SW China[ J]. Natural
Gas Geoscience,2016,27(3) :470-487.

kAR, BE N B E R AR DUt e A O X HIR B TUE R
SEARTF A AR LT]. RAR S Ll . 2022,42(8) :162-174.
YANG Hongzhi, ZHAO Shengxian, XIA Ziqgiang, et al. Target
selection of tridimensional development of deep shale gas in the
Luzhou region, South Sichuan Basin[ J]. Natural Gas Industry.
2022,42(8) :162-174.

EVEEF B, A0 30 S5 NI U N b X R B R L R R
T ThIZ 20 VU 28 B R LT ). A Pl AU 2022, 34 (6)
60-71.

YAN Jianping, LUO Jingchao, SHI Xuewen, et al. Fracture de-
velopment models and significance of Ordovician Wufeng-Silurian
Longmaxi shale in Luzhou area, southern Sichuan Basin[]J]. Li-
thologic Reservoirs,2022,34(6) :60-71.

SR BB Bl M AR IR AL Y R X B T e TR IR R
TURAH 2 FHAE 5 B R AT 5 [T ], RAR A BR A 2. 2019, 30 (12)
1794-1804.

ZHANG Chenglin,ZHANG Jian, LI Wuguang, et al. Deep shale
reservoir characteristics and exploration potential of Wufeng-
Longmaxi Formations in Dazu area,western Chongqing[J]. Nat-
ural Gas Geoscience,2019,30(12) :794-1804.

ST WIE AT AR AR T PO R R KRS R X R
P s Bk i 5 B0 ). RAR Tl . 2022.42(8) 1 14-23.

GUO Xusheng, HU Degao, SHU Zhiguo, et al. Exploration, de-

velopment and construction in the Fuling national shale gas dem-

[30]

[31]

[32]

[33]

[34]

[35]

CICRE H 3 2023-05-04  Bg[E H 85 2024-01-16

onstration area in Chongqing: progress and prospect[ ] ]. Natural
Gas Industry,2022,42(8) :14-23.

fp e, BT A SR Ok, S5 U1 430t A S 3t IR 2 T SR T
SRR ST ], KRR L2022, 42(8) : 24-34.

HE Xiao, CHEN Gengsheng, WU Jianfa, et al. Deep shale gas
exploration and development in the southern Sichuan Basin:new
progress and challenges[ ] ]. Natural Gas Industry,2022,42(8):
24-34,

ARBRYY , JE) 2w WA L A5 DU ] 2 R P N i X 0 2 — g —
VB SUE AR Bt R B EERROI]L RAI T,
2022,42(8) :112-123.

LI Yuegang, ZHOU Anfu, XIE Wei, et al. Lithofacies division and
main controlling factors of reservoir development in Wufeng Forma-
tion-Long11 sub-member shale in the Luzhou region, South Si-
chuan Basin[J]. Natural Gas Industry,2022,42(8) ;112-123.
TR PR T, L I R B R LU bR B TR R = e
Fr A 227 G BB LT ] 52441, 2021, 95(11) : 3380-3399.
LIANG Xing,SHAN Chang’an, ZHANG Zhao, et al. “Three-di-
mensional closed system” accumulation model of Taiyang anti-
cline mountain shallow shale gas in the Zhaotong demonstration
areal J |. Acta Geologica Sinica,2021,95(11):3380-3399.

B KT RUE E R RTUE SR KR S )] R
RA Tk ,2018,38(2) 1 1-7.

XIE Jun. Practices and achievements of the Changning-Weiyuan
shale gas national demonstration project construction[ J]. Natural
Gas Industry,2018,38(2) :1-7.

EER 02, e, AF TUE SRR S B R AU LB S %
PR T T L. A48, 2022,43(12) 1 1798-1812.
GAO Deli, LIU Kui, WANG Yanbin, et al. Some research advances in
the failure mechanism and design & control technologies of shale gas
well integrity[ J]. Acta Petrolei Sinica,2022,43(12):1798-1812.
S HE R SR SR AT L A5 DY 1] 3 b I R T s AR R R R T
Mk S SRR AT . A2 4, 2022,43(8) 1 1185-1200.
DUAN Xianggang, WU Jianfa, ZHANG Xiaowei, et al. Progress and
key issues in the study of enhanced recovery of marine shale gas in Si-

chuan Basin[ J |. Acta Petrolei Sinica,2022,43(8) :1185-1200.

GifE EEAD



