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Difficulties and countermeasures for fracturing of various shale gas reservoirs
in the Sichuan Basin

WANG Guangfu'?,LI Fengxia'>, WANG Haibo'"*,ZHOU Tong'">,ZHANG Yaxiong" >, WANG Ruyue'*,LI Ning'*,
CHEN Yuxin"?,XIONG Xiaofei'"?

(1. Petroleum Exploration and Production Research Institute, SINOPEC , Beijing 102206, China; 2. State Key Laboratory of Shale Oil and
Gas Enrichment Mechanisms and Effective Development , Beijing 102206, China)

Abstract: The Sichuan Basin and its periphery are rich in shale gas resources. However, diverse sedimentary facies and
intricate structures result in significant variations in shale gas productivity across shale gas wells during fracturing tests.
Consequently, some fracturing techniques that are effective in high-productivity wells may be subjected to limited
popularization. Therefore, there is an urgent need to develop specialized fracturing schemes for different types shale
gas. To achieve efficient shale gas recovery, we compare the geological and engineering parameters of blocks with
proven shale gas reserves within the Sichuan Basin. These parameters, along with the sedimentary facies types,
lithofacies assemblages, burial depths, and pressure systems, are used to classify the shale gas into six types: marine
overpressured type of medium-shallow burial depth (burial depth less than 3 500 m), deep overpressured marine type
(burial depth more than 3 500 m), deep normally pressured marine type, new marine type, deep overpressured type of
transition from continental to marine sedimentation, and overpressured continental type of medium-shallow burial depth.
Our findings, obtained from numerical simulations and experiments, are as follows: (1) Natural fractures and complex
in-situ stress distributions cause uneven fracture propagation and merging. Optimizing perforation parameters and

employing the temporary plugging technique can effectively control fracture morphologies and enhance stimulated
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reservoir volume (SRV) ; (2) Interlayers and laminae affect vertical fracture height growth, as well as the proppant
migration and placement morphology. Increasing the amount of preflush of high viscosity for fracturing and small-
particle-size proppant, is conducive to the fracture longitudinal penetration layers and balanced proppant support;
(3) Strong hydration of shales with high clay content can lead to the deterioration of shale mechanical properties and
exacerbation of proppant embedment, while optimizing the type and dosage of additives in fracturing fluid systems can
inhibit shale hydration. We formulate the optimal design principles and techniques for volume fracturing of horizontal
wells in various shale gas reservoirs. The methodology has been successfully applied to the development of deep high-
pressure shale gas reservoirs with complex tectonic stress field in the Dingshan block , deep normally pressured shale gas
reservoirs in the Lintanchang block, the new-type shale gas reservoirs in marine clastic rocks in the Jingyan-Qianwei
block, the shale gas reservoirs of the marine-continental transitional facies in the Dalong Formation in Puguang area,
and lacustrine shale gas reservoirs in the Qianfoya Formation, resulting in significant improvement in single well
productivity. This study provides valuable experience and reference for efficient fracturing and commercial exploitation
of various complex shale gas reservoirs.
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SIS FOUAT, 2R, Eli, 5. DU R [RIZE L TUA SR RMERURIX SR L) ). il 5 RAR UL, 2023,44(6) : 1378-1392. DOL: 10. 11743/

0gg20230604.

WANG Guangfu, LI Fengxia, WANG Haibo, et al. Difficulties and countermeasures for fracturing of various shale gas reservoirs in the Sichuan

Basin[J]. Oil & Gas Geology,2023,44(6):1378-1392. DOI: 10. 11743/0g¢20230604.

VU] 234 Ay rp B B 5 = R iR g, T ARk
18x10* km?, K & ZEM BRI 5 il S84 & L it
FREEEE" S ARG, U] F
JA G DUA TR PR B 11, 3x10" m?, 42 LA
W52 %, TEBA DA IR AR 3 )i
BB R T R E) 2. 9102 m* S U1
VUSSR IE FUBAE SR T & 3 SR

VU )1 T 2 AT A 1A — ot 0 A
WIF A 2 R, R R R )Z RO FEFER RIS 4
FIR P R A - S R e SRABHIUE R, &R
Vi — it 2o Y AH T UL AR R A T ], H
FI, U )11 70t e HC ) % T — e T YR A VAT T 480
10 AR RTT &, e fa R TR T 50 B 24
VAR DU, 3 500 m AV ) -3 21 AH DU SO E
B T B AR T & B 8 T 58 35 1 Hh ST
M PR A AR R SR T & S S S AR A
153 500 m DATRAY TR )2 W40 DA S22 BT
11 125 5 KA A U T RS L A ES T &
PSR KPR , A Rt — 2L 5 me s [RlBs o 1 e
S GG YR FAR i A DT ARV — i 2o Y A 43
R R TUESUEAESAT Tk FR o Bk b, pu i
TR VUSRI & b T B

55 5 AR 1 1l JB R o5 A RRAE R LG, O )1 4R
b ST 1 A AL R T AR R 2, &0 T 2 IR

T8 s B A B NP , R S A R ZUE BRI
o, X LU AL SRR | o 4 2 22 SR S A T
KB SHULE S, fEAl s gl e AR AR A Bl
SFZNFILFEERT , 1)1 FH A 2 H i 4
AL S 2%, TUA TR MiE I ) R4 T R
B RAR, T B G AR DR A RSB B
JE AT TR BN S S, PR B P ) T SR i
AR DT B 1 AN [ 26 5 s AU A 428 g B
o RERAR

1 AR

DU i s XERGE TR I (R 1) L& <t
HIRRDTHERRENFUH SRR DR &
FRBEHFIRD 22 A, Horp 5 & e iR AN
DR ET =R (8 1) WIUE TR MR 2G5
JEDIRUERY CA PR MR I ) OB A B = T
JIAE K VU1 G A SR Ry LU 6 2l

1.1 BHEP-REBERES

2 TN S0 %, eI KT RS
XU GR R R R A A AR R U B
WL & & (TOC) 3 (>2.5 % ), LB B K
(>3.8%), A IR (2 000 ~ 3 500 m) , KR 4%



Fa4 B

A 5K AR R R

0€1 (%S WU H pJile=1
0°61 ST°0 67T 89 e LA RYE3 #n \RM(
~0¢ 75 7 e = 1 AT
HADAH N
= 3
06 9z EEA TNt AR o
. €20 09 962 I . L\ " o » ;+ ﬁ& . G
~0¥ ~TC Hmir E@Y) ENARIRDECR
919 670 0°65 0¢ {3 N HHWH 0 [l 26 1
g : 909~ 70z - s ?ENM(
~L0°S ~€T°0  ~9°¢h ~ 6T —[f =k B 2 s A
§T0 08¢ A e =24 jizte s i
8¥I~T8 Sz .o TLETST@ €€ W e gy wm—  TREEEY L
v me 2 AT SRR
PO1~L"6 Lo P eze0ge s¢ LR 220 HHY s F P -yt
~€T°0 ~eh ~ 81 NGH-NCRE 28 Ak E¥eT M
il Rty
1°6 €00 8°8C Mg T Hod=ld sy ) =]
o G0 1o L8789 y01 ﬁgﬁwk R A wﬁﬁ% 25 6 i i i A
- -~ - Ao AT N 4= HE . _ I SHE 2 S
I AL S - Hl 7
081 0T 0°¢t 870 0°st €9 8°L ST WE 0¢ See v Ry
g2 0°29~0 9 (&S SR Ely
2% ~09°1  ~0°SI ~0T¢  ~61°0 ~S'8l ~T€ ~1'S  ~1T ~¢vT  ~9C ~ 860 ¥ MR dest = 3 30 B |1 Y
061 0°LT €T¢ 0 Ser 09 L€ TT 08¢ S¢ L9E Y o MY
g 1°LS~S Ty ¥ 1
2% ~8L° 1  ~0°TC ~9°LZ ~0T0 ~T'L ~Sy ~0T  ~0T ~06'1 ~6€ ~LTLe MR Hest =T pYa WAL m-L
CkA 50T 0°St vT°0 TLy LS LS S 0£¢ 9 ST9¢ R ]
0°0C< 1°TL~0°SS (3% 2 20 Y SRR NP Wy
W ~98°1 ~0'9C ~€1°0 ~S°ST ~vy ~9°¢  ~vT ~08T ~T¢ ~0pS € MR Hest A R B H
$0°T 0°81 €Sy 920 8 8¢ 6°S LS 1'¢ 096 99 008 S 03[ 1. A
THE L ol ~zar 610 ~o0r SO L Lo —vt om0l -6z Cogop B ,;ﬂM@ S0 [ ‘Mu\ B EY
R T 5 4 R LT FAB YA
ERA 01z 8°I¢ €270 1€ ST €8 ST €8°L 6€ 00Z ¥ N
STbL 876~ 09 (¥ Sy L e 1
“8EY, ~LLl ree ~00T ~610 ~67€C ~7¢ ~¢1 ~TT ~11°1 ~ LT ~008 € M * bt o
00T 0°91 €°LT ST0 09 vL L8 9T  0T°€ 6€ 00S ¥ A Yy
Rt i . . . L. E£8s~¢Iy . . . N MmNy S o Ea ]
~08°1  ~0°II ~9°1C  ~TT0 ~SHC ~LY ~9°T ~vT ~0ST  ~LT ~00S € LIEDRRS Hirthch LB hd (1
0Ll S8 0°9¢ 0 L¥S TS Sy 8°C [S3 44 0S¢E ¥ N H 2 BN
! . . . " vheoes . . . W pangm DR SREY 1L
~SpT ~0°L ~16C ~0T0 ~t°TC ~9°¢ ~¢¢ ~¥T ~0£T ~Lg ~LLS € e R ACEA=
&L VLG
1 [ €Ly 8€°0 99T €L v°8 vT  8LS ¥4 000 S L0 B .
xowo.ﬁ fo: ~0z ~gi0 ~sor 0O gy ~8°1 ~TT ~$9°0  ~11 ~008 € MR Nt MMMMN THRAHEE Gt
e *hAYATE TG S£ e
011 LoL €1y ST°0 14 8y 9°¢ LT 0TY o 000 S Ryl 2 T S W
. . . I R VR ; . . , WEY S WEBZRE e M
~60°1 ~0°¢l ~0ve  ~TCT0 ~€°Se ~L'y ~¥°S ~¢T ~16°¢ ~ 7€ ~00S € lics G
0g°1 0°1¢T YLy /A 0+ I 9°¢ 6T 0TS a4 009 t
9 pL~ ¥ LS qNYE Oy o [u] & -
~01° 1 ~0°LI ~6'8C  ~61°0 ~0°IC ~t¢ ~LT  ~vT ~LlE ~8T ~008 € M o R EH
961 08 €°LE 70 L e oor S0 T6 97 ove 6 005 € AN = ) e
~00°1 ~0°9 ~€6T ~91°0 ~69¢ ~8°¢ ~0°¢ ~TT ~0S°T ~pE ~000¢ Nk TN & Mok HE R T
= 3
00°C 0°91 0°9¢ LT°0 1€ 0°L vL 6T 00 8¢ 00¢ € UENETS I 4h G -
. . * . “ oo OF : . . WEHDRR TRy,
~0z' 1 ~0°01 ~0°§T  ~91°0 ~67€C ~0t ~6T ~1T ~00€  ~6C ~00€ T ¥k 3 B Sl BB M
il £o s
09°1 SL 09 ST°0 0°6¢ 8L 0°L A vIl 00S € 1 B 3 o LY
. . . . oo P : o B T2 e RHRBTL oy
~661 ~0°¢ ~0ve  ~61°0  ~0°LI ~¢h ~¢°¢ ~vT ~€S°T ~08 ~0ST¢T ARG A S
W¥  RAW/EE ed9 %/ H %/ EH % (Vew) o W/ : ek
7 ElE %Y %D0L . /il Ha e mesE B Yy ¥ N
A A T T ’ L) e e i i L0

1380

22—z 5201 JUBIAJIP UI SII0AIISAI BT d[eys Jo suajowresed Furdourdud pue [ed1301093 Jo sOnsRERIS | JqEL

?TEH.MWWM%H%Q%M@“JME*%M_ _.m_ N ! Wm



ol

1381

” iz
/7 IR AR

BT

N ] e ] ]
WA WAL b4 LA ERE R BE PR
TR AT REERM KB THhAsL
P DU i R 2 R U X A

Fig. 1

REB-EB , ARG HER W& AR E ARt
BAK(0. 16 ~ 0. 25) i 2 IKF 1 ) 228/1M3 ~ 15 MPa),
JEZ4 5 W A2 2 4 ), b 2385 i o . (b2 R ) R BN
1.2~ 1.9), HAj & LB AL BT % o

1.2 BHEEBERES

ZAE T AN ER A B TR R K AR X
Pebl R AR e T B AL GUA T AR B T O e T O
L RE BT A R b BT A S B AR R
(41.5% ~74.4 %) , #8737 DX B b L ) &5 0 AU 4507
(24.0 % ~ 58.8 %) , TOC % 15 (>3.0 %) , L K
(3500 ~ 4 500 m) , RARZEE MK EF-LF M0
FL# /(0. 19 ~ 0. 28) , ZE0 X P 27K T ) 2288k
(12 ~ 27 MPa) , & 24Xk LI A2 2 58 ), i J22 3 ik
EHEE BB N 4~2.1), HEF R AR ELT
BE LA B

1.3 BHREEERES

Z b F il G 2 B i X, s b S R
PRI S5 X e, 7B R R A, VU A M S R T
AR LR TUE OB AP R LA, A 9E S R

(57.4% ~71.2 %) , &+ W) & s AH X AR (16. 0 % ~

Distribution of major blocks of shale gas reservoirs in the Sichuan Basin and its periphery

28.5 %), TOC ¥ 7 (4.0 %) , FLBRBE 8 K (3.4 % ~
4.7 %), HEE A (3500 ~5000m), RIRZEGER KB -
RH AW LE /(0. 18 ~ 0.38) , L5 X Hefik )2 K F
I F1 255K (13,0 ~ 25. 4MPa) , R 240k IR 0 42 6 4%
P, J22 s T (M2 R R BN 1.0 ~ 1.3) , A 4L
RS Bk g R

BHEAERETES

B IR e RN e SIUE T4 S I ) [T A DI
Kbl IR AU A &/ M AER R, oo
FLBR R R AR AR AT 0.8 % ~ 4.5 %, 1
2.2 %, f1 9 i AR (66.8 % ~ 81.7 %), Bh L8
Y& % (20.1 % ~ 28.8 %), TOC i fi% (0. 1 % ~
2.1 %), AR (3200 ~ 3600 m), RIRZGER KH
IR F1 245 (4.0 ~ 9. 1 MPa) , T i 52 22 24 4% ¥k i
KHZE A2 (1.3~ 1.5) . BT, AR
TUAS M TAE B A £ 2R R R R T84, |
FICAGEEI AR T, fm T n] s

1.4

1.5 B-fEdERREEERES
Sz

ZALT A AR AR O R A R AR X

B )RR IR U K U RN 4 T U R



1382 £S5 KRR R

Fa4 B

o S LR B i MR 22 55 K (T0C=0. 2 % ~
9.0%,R=2.0~3.1%) , 195 HK(22. 5%~ 57.4 %),
B Yo BRR (4.3 % ~ 38. 0 %) , RIRZEE R,
W2 B R-m R (2R TR 1.1~1.7),
S ARUTRUAR L, o UUA A AR AR AR A A Rk 2
FRRIRA PRI 2 Y\ A Tt T o

1.6 MHERZP-XEBERES

BT RG TN , DL XS PO R H DA Lk
B BB B (8 AR I 31 % R) S BI (TOC<
2.0%,R<1.9 %) , &% ZWAH T A 325 Ry 2 B -
WU, A LAY T U2 RIBE i s 3, e 2290
TR Z , - (2 000 ~ 3 000 m) , FLERJE K
(>3.7 %) , 435 8K (20. 4% ~ 60. 6 %) Fh HH W&
TR (43.6 % ~ 59. 0 %) , RIRZLAE /A1 25 5K 1AM LE
0.23 ~0. 28, )2 AKFI 1 228 /M(5. 1 ~ 6.2 MPa) , il
FERE RS (WZEEREN1L.7~2.1), %
R EA MR A OEE/ N, A0SRk Ks
FRER oY aE, v R 221 5 1 U2
Bk, HATZ08 2 ks T2 A0 otk

2 AN[RIZEHY G S = s R HE A

2.1 BEREREGESHNNESR, ERREFF
HEAT RAKTE

DU | Z 4R 22 i 0] B A b, ELAT 2 30044 3 A 5
MY REEH . #4185 2l 5 X S b 1Y, 7 37 Bt 11
TR 2% HEU/INT 3 500 m, F4 i RRAE 2
F V-G ) RHRIR SR AH R 32 5 HEVR K F 3 500 m AIEBE
Fa 1 FRRE R 35 R 2o AR s b ] ) R A7 A
25 50k AR R VR 25 A T (A 18 57 1 X b R ) 38 5 v
T o8 2% X SRk X A N ] 5 IRl — A =X O R
7 BN T AN 35 R B AEAL T R RS
R TR R B A ROR T MW A
FIT R HEAZ R o AT Ll X Ry 8] 12 X b Ak bt 7 —
T IR RS PE L, B 2 A ekl T IR R Ay,
AN T X e ] B [X e P 3 b 107 7 3300 A1 22 57 K, TRl — 1
IR FEAS ] 24 B R 3 R TR HBBE ) R AiE (R sk AR |
BEFRNAE ), Jry iR i R g 7 1) e A A B ) T
Jiti TH 124K . B2 8 T IHIX e DY A 45 R 24 B s
TR, BRI XN )35 5 A AR A

TN )5 4 5 WM R R B, 255 2
FLBEAR SR ANY RIS B RAE N 35, 5

60 . ..

12345678 91011121314151617 181920
i &

Fl2 U T 1L X DY A SR 2 F B 5 g i 2k
Fig. 2 The pressure variation across various stages at pump
shutdown in fracturing in well DYA in the Dingshan block,

Sichuan Basin

i R L OE ROR AR R . 534h, Geit 45 R o i
I Za b 35 2 DA S X KPR 22 28R R T, KO-
N 325 SR R R S B IE A G (1 3) . MR
3500 m AR B o -y 2K T ) 22 Ve I AE TR AE 4. 6 ~
12.5 MPa, 3 500 m LA VR (9 % )2 7K F g 22 85 i 7F
15.0 MPa LA I PRI, He 241 m 4 1) A0 X B2 K
WE BEREn

2.2 BEMMSEERXRARELE, FRIVERS
EHIME

A BB MR R ERAE N ZEE 0, DU 1| A )
HRFRIRREE R FRHEE R B FIITRIZRER
F e SR AR SO A m M B R R . X
MO IX M ] B RIR AR AN XA 52 2 R
SRIREERUR T 1 B SR A0 I X 3 v AR R 4 IR Ay
MZBREE . TUA 2 e S0 SR I, IR R8AE 55
7 ke B RIS . RIRBUER B IRRA R TN
SAREE N (R RGBS IR 22 , R ZGROE SER0R
K, RS ATRAZBR o [RI, TR ) K 9K 5% N R

200 o B
4500 g DA
o ey WRIA
4000 | W0y HRAY
£ DmE e O
£ 3500 | o0 - X 8 oA
= o e + + Tl
3000 - A A BRI
(')% < JFRF-4
4
25000 L go N >(§ ?ji
2000 ‘ ‘ ‘ ‘ ‘ '
0 5 10 15 20 25 30
IR R 71 % /MPa

B3 AKX B s R 5 7R D ) 28 56 &
Fig. 3 Burial depth vs. horizontal stress difference of shale gas

reservoirs in different blocks



ol

LIS, AF . U F AN [ 28 R A O SR i R0 55 1383

R, AR, T UMM BB i 2R, s
AEATRINE 22 R TR U s PR

2.3 PfEEFE-FEEERERESEEELR, 5070
FHRERK

5 [ T AR DUA AR )2 T ek BRI S5 e A
Yy, B LA W) AR U1 R DU U E T
BB R (4) o AR DU Un AR E 5/
AU, DL F 3t 35 8 2 e SR A s O AR
®,REIREZEALR G GUS , DURER UA 8 3, IR
IKBERITCAR . IR ARGR S DA U A & e B i A
Tk b, NFE R R AT F A UA <o M-l 9%
FHIUA A AR D B TR & B 3 5, A1 282 A
W) oy 2208 o Bl AR A O A D B IR
HoA LTSRS P R R AR LT
ZEAE, R FE BRI i B Ua U = R
TUA SR A TR A AN SF R BLR 5 T b B
8 JE TR K - K B B TR e o PR (B S0 IR o
U IR G B TR RS, R A 52 00U,

JEIE MR AE0. 5 ~ 2.0 m, ‘A A I FEMERE SR (W
[CHE & 18. 4 ~ 41. 0 GPa) , 7K 11 2455 = 4 R IR XE 5
I ARFAT IR o DN A R S AR bk, S 8ak 5
BT AR PR, SCHR R e B 226 R

2.4 BERESERASGREIEM, SHSRENER

SR TEE KA SO W R e A A B 45
PN, VU G A 2 SR SR A O 2 2% )=
FEJI A RS (R D) o B R IUa U2 LR L
/N /L Fms MR B, S5 AR S R, R
TEGAAL B I2 B Tl R R8N, S B 4 T )
R WO HERH S R, SR = Ak it
(S A AL fif e 2 FMERE A [RJINE, AT 3t
JERL AT 1 R B8, ZE LA T (i, 284k
AT I RGN, SR R RE R

2.5 MEESBESSHLITY, KELAKTE

5 AN GUASAEZAALE, 01 02 R R
Yy A U 82 R R S i s e, b A

a C

HRERT

LI W T

LA E %
100 A 0

Woodford

a. FHERUUA
(a,. FYAJ:, HR2 611.7 m;
a,. FYAH, %2 603.4 m)

100

TR 5 /% TS5 /%

b. WD A
100 (b,. YLAS:, PR3 745.5 m;
b,. YLBSF, VK3 987.4 m)

b

TS E%

C. BN FEHIIF LI IH
(c;. YLBH:, %3 999.4 m;
c,. YLAH:, H¥%3 755.5 m)

100 50 0
IRIFH &5 B/ % B & 5%

d. QRO R
(d,. YLAF:, #4193 761.3 m;
d,. YLAH:, 7R3 749.4 m)

B4 PO G s = R P R
Fig. 4 Lithofacies and minerals of shale gas reservoirs in the Sichuan Basin
a. FEE G A b, i E GO EAI ;oo ARSI GUS S AR D RRAE >



1384 £S5 KRR R

Fa4 B

M X YUK R T )5 AR 43.6 % ~ 59. 0 %, R
EHIREZ PR A R AN —E R b e
ASEPERTA] R, B 4 Ry, o SR, n]
FEPERE T BOY 1A F i I O MEE RS =, IRl B/ 52
12 S K AR B 0T W A 5 2 R AL LR ™
0 AEE AR EREREOUT , M L oAk Al
T | itk 0 B A% , B T AR T P O 1 U e 119
A ; T MR AT DU B AT KA P R R T
T, IR SREE T AL, S BCE AN B TR
P IR, T E R A U T RE T B TR

3 REOMERSEARX R

3.1 MM AXTHLEY BHIR

FET B ROTE Z R Y REEOR S WA
KBTI 22 550 T I I 3 MR 2 R 25 00 A
WU, K BRI g 2 AT | S 2% 2R84 (475 7 L T 40
SFERE, KON REEE 132 B 5 80N, I B

JE 1/ MPa b
60

7300

Bl 75 R SR S5 FE AN, 7K 1 A 25 5 W RAR AT
BB R R A 2 ) (1] S, 7K ) 22 B AR AT R 2%
SLBE W 5 R REEY AR ) o AR ) 25
B, & 2 4 W 245 10375 - 0 T I sl LA/ N KR 248k
1752 B P 8K, AR S48 Mk AR G , /K
a1 oE il RIRMEEY e Bk R MK R AEK
R 2R, IR, RIREE L St R 2R
PAER HENE R T W BRI, I AR ORAL, BRI, KR
UK T WA E T BT T HE R I AE g 77, A
PEL o 4 e IR R IR S 2, e el s AR

6 M R 54 1 Je M 5K R ) 22 B2 SR 4
THRER , Bl 25 /K 122 F 3 MPa i i3 in ] 15 MPa,
I3 2R A5 ) £ 78 76 6 1H 82 %oiB WAL B 24 %, %% 5T
ZLPRFH 0. 51 ARSI T 0. 17, UK 1 ) 585 %
KRBT Ak . S aE 5 I PEAR fb il 4k
E LA R 3 B s 2K R F125/NF 6 MPalit, &)
FIU N 2 54 , 445 N 45 7 26 R i v, e R IR T
Btz 1 1 22728 A SE R B S 5 7R 7K SR 11228 6 ~ 9 MPa
B, PR A2 2y 455 5 [ 15 LB oL U s AR OT N ) 25 15

KI5 KPR 28 R IR BB T 5 i B4 ) TR AIE
Fig. 5 Stimulated fracture propagation under different horizontal stress differences and natural fracture densities
a. KL J1 223 MPa, RIRHEERFE 0. 1 5%/ b. ZKFRE ) 2% 3 MPa, RERZUEWE 2. 5 5 /msc. JKFRE ) 2% 3 MPa, RIRZUEHE S. 0 5/m;
d. K1 F7 2% 10 MPa, KIRZEERE 0. 1 5c/mse. FK V-0 J12% 10 MPa, KIRZEERE 2. 5 55/m £, JKF N1 22 10 MPa, RARBAER LS. 05%/m
(e AU T,y N UFEERTT 1)



TSRO LA 5 1385

5 6 1] EICAE, A U AN R 26 R BT
1.0 100
AFCI N
- 0.8 ® FCR 80 g
) “e. =
< : &
M- 0.6 ®. o 60 =
= . e
* e, 3
0.4 A 0o 40 =
3 """A- ®...0 a5
& B ST e, E:
0.2 A kA AL L A20 &
0 1 1 1 0
3 6 9 12 15
IR 3 7 /MPa

Flo JiRAER N SR 220 R
Fig. 6 Relationship between stimulated fracture complexity and

horizontal stress difference

T 9 MPa i T Bl 7 50 24 4% | Z44% 0 2% 78 55 R 411K
RBE G ZR N T2 S Z AR R

), 2R RN 2 AR 2 b i X ML, 343 Ai R 2%, I T
K/ INFIy ] 2 525 B4 S AR RR AR50, i
FIIX Y FE RS ME LR Y 8 R it 2 R S e
TR, KPR FL R ER BT 3% (18] Sh) | 38 i i e 34
I FLAR G S EERH A DL shFLIRGE T8, A 3 = 2
FELBEY T M A , R 4R ey PR BB B 7

3.2 RARBLRENRET RMIZENEBHZIT

T B U A LA B DR A0 B R R T
5B W A TR] B AN IR 4 L B R, H AR
T AT GE , A I B T R JE SR A 1A
AR PR o AELAS ) 26 0 s AU 2= 0 o TR 2 22
SRR, i BEE SR VIR I OE I AR BAT Wil 15
BAU K B SLFR LA N 787375 TR IR 5888 ) B WL
FERAEH N R, DAL 2 R REBE A R R . KRR

JE 73/MPa b
58 #
- 56 {',““;' ’H“ h«
-250 hﬁ& g
200 .ﬁg‘\y’ ‘h!’}'
-150 4 & /ﬁ b o)
S A
-100 f NN
_50.'/# i‘ 17
k)
v 0 !
E
&7

PR ST I, AR AL 1 TR SRR 3 D0
AR TS B0 g A 5 AR e N, R I
FLAR AL FRARAE BRI AN A AP A sE B . AL
ARG 22 FRIILE /N, s EL A SE 6] B AR T2
5 SLEE [ R BLAE A, 6 FLIEE AT RCR B AIR HL 2258 Y
PR THIF, REOL I DXCE N 52 A e T 2 558 4
A RPN, UG RHOR A 22 (7)o M, RIRREER
T B e ) e SR - R TR, A A e ) 2
SEE I (R ZRRREER )Y e 4R 0 R AR B

R S AR TR ORE DA S RS A SR i ik B 00 SR AR
SRS 2 UL T 4 [ R (AR B I O B . T
FEARARW] R R HERE AR BB K S AT T LARE
AP = SRR 0D SR 087 v, A e S ) 4 O i S S
Kl 8a, FI ] 8a, 7 1 B2 A REE R Y SCHEE 7% DLRE
LRI e o SRR i S e 2 AR TUREIE U RUR
MR B IR B B R RS TRRE AR KT 1) 3%
APFEA Y R R RARREE S (R S
HI TRV T ) e AN KRIRREE . BEE R &=
B4 15 IR LR HE ST RN /NI SRR e 1) AR
IR AR 1 TP N ZR T o 2 T 0 MIRRD LG /N 53
FREE L SRLAR AR T RARGE IRV L. 518D
Oy SRS BN R SR BE4E 103 LU R SRR AT B R AR
PEELETUIR , SR HE AR IR R EE i b LR v
PR, X T oK B T 28 SR TR 2 DA A=, R IR
STV IR VR ME I 1) S 5 /DN | STHE TR 1E A R SR SR A XE T
R, 2R AL R B W TR K AR R AR AR SR S B i
A7 TR R e S 70 4 s i L T s 8
KIRZLEVERDLL A

KIRBAE R T IN  ZREHEE S I R IR

Fig. 7 Merging and propagation of multiple clusters of fractures in the presence of natural fractures
a. 3%, FRIBIEE 25 ms b. SHEFERIEE 15 mse. 155, RMIFE 5 m
G M IEREITT I,y NIFEE KT )



1386 £S5 KRR R

Fa4 B

a,-7T=30s SCHEFAF Sy 4
S (EIRIK) 0.10 020 0.30 040 050 0.60

a, T=60s
BEER(ICHI )

SCHEFIRAR I 3L

0.10 0.20 0.30 0.40 0.50 0.60
[ B . ]

—— W/ T %
0k —oWAkH3 %
—o— Wb ELS %
WAL %

b e t5/%

=
R
5 4
R
2
0 ‘ ‘ ‘ .
0.5 1.0 15 20 25
5y L HLEE T IE /mm

K8 & 2R B b SR s RS U R B AU 0
Fig. 8 Numerical simulations and analysis of proppant migration

and settlement in complex fractures
a,, a, FREEE RIRRUE NN SRR 70 S HEBUE R OR [RIR 20) 5
b. ST HE A KSR BLEE (Y T e et

3.3 BRARXERIENERKNIM

Uit JEAFTE 5 T B e JZ I, S RH N ) P S
JIEFS BT REAS H 0 2R B S A 5 0 B A
RO R T BB e i S R, A
AR AT BIBHUEE RO R IR R K R 2L
BEN IR A R, Hs SR L E LSS BB [h) B I J2 V) 3
R ER AR (B 9a) o 2 i e 2L 26 B2 T A7 3005 5% v
P E R 0L ) B e J2 AR T Y R A 78 101 B 5 B
& SHE TN AL A S AR e 238 B b A J2 RO A
([E19b) o M RERRAE A 7 1 FE v PR 5 2R 85, 5
Wi b ARARIZ RS IRCR . it — Dk ez b
JZE R B RO, 9 18 3 R FH v 286 1) T B4 2
M) |- S8 G v T B8R Y B /N A8 S 70 AP S 42 51 i
MEEE (1 9¢) .

T )2 BUZ 5 R AE B 3, K7 17 1838 R
i T T ) . ARDEE R o AN R SUZ K F L
R RAETE 25 5 SRR SO AR B 2 )
(E110) . ML TEIZEETHMZ , BEIUZ KT

PUARE R IR R SN . R T R R R R
BB SR R EIER , — 7 T BOR S SR EAIR,

a AR
2700 — — 03
. . FIN A TR )R
2710 RAREASE
£ 2720 02
& 2730
#2740 0.1
2750
276045756735 60 0 20 40 60 g 100
5N 71/MPa K /m SRR
b 2700 03
2710 <« BRI RG MO
£ 2720 02
& 2730
#2740 0.1
2750
276045750 55 60 0 10 20 30 40 50 60 70 80
N F3/MPa 451K /m )
SRR EE
c 2700 03
2710 «—— [RGB W
22720 02
£ 2730
#2740 0.1
2750
276045750 5560 0 10 20 30 40 30 60 70 80 0
5 }1/MPa %K /m

P9 52X e N B Je J2 T Y S 8% Fil IR ASE 4L
Fig. 9 Simulated profiles of propped stimulated fractures in the
presence of high-stress baffles and barriers in the Fuxing block
a. AT 2. 5 mPa-s KB IRK+40/70 B FR S HEH R
b. Hi# 30. 0 mPa-s FFHHA K +40/70 H B RLSCHER 24 5
c. TI'E 30. 0 mPa- s R ZK+100 F PR 32450 R 224

SCHEFIIRIE
0.3

0.2

0.1

0

40 60 80 100
5K /m
THEFIREE
03
02
0.1
‘ ‘ ‘ ‘ 0
0 20 40 60 80 100
45K /m

10 ARISUZ K B0 BT3B S HE50 JeA
Fig. 10 Simulated fracture morphologies and proppant

distribution in shale reservoirs with different lamina extents

a. R, SRS EE GBS b, AKX SUREE  IER T



ol

LIS, AF . U F AN [ 28 R A O SR i R0 55

1387

B R AR BETEARAE 5 I — 7 L R A HE R
TIREA, STHE) 5y S HE DRI A 1T - SRS 1) R AR
FL A AP, BLARAC R R 5 ) Y SRR AR 2%
T P AR LR K A AR B ECEROR AT LRI
AR AL A - QO e 2 MR 64 P A PR K
Q8 i HE 105 214 47 ) B B LA K, DRAIE PR E U
HEEE s OB/ IR SR B s IR LU, PR UE S 4%
B Bk

3.4 EHREXEROZI

R ETUESSEZM L, F RSS2 B LR
W ARSI . R T2 /LR FLER
FeH & H , FLAE/NT 10 nm BFLER & H 50 % ~ 70 %, 1T
FACKAL AR 2 Z 2 Rk FLAs Al S5
SARTEGKALBR 2 A U 50 W B R )
R, I T Fef)2 & AE B RUE ) R EUIR, H R U
S h#)IZEAMELBFAS S & o [, 8 DU S 2
W B A, DU S R T A R v B 3k S R
7 AE W RS AT R, A e B P i
PEARFIE | by L5 72 B 18] P PR R 4% 1Y) 5 TR RE T
DRI, 705 R DA S 2 B0 v, 75 52 70 0 eiods i 2 12
L R 244l KRR, I 3807 S PN T34 e
ZERY KN FIRAE T, 25 A e AT FAR A 7

3.5 BEFITHAEKLIERANERNM

SLAT SRR R W) SR WK B R
EREIR TP W A S Ty 47 QA e S
HH B AR T 3, DUA RO ZE M AR AR 2 2L
A AN R RS S 2 PR T i) 25 4, TR S F5 590 70 8 4 3
T FR R, T A P 5 R (BT 11) o A e I
WO, — 7 s E R AR RS KA & L 55— D T
ZA I ZOIMAD T2 o il P 280 M 8 B4 8 i 551

1L )i g e SR AR B 0 )

Fig. 11  Comparison of proppant embedment onto fracture surfaces after hydration of shales with different clay mineral contents in the

(N A ) B HESR) LBl K BIR 25 ) 2 28 R F R 41
il U KA AR T DR 2 5 R A SO 5 R LS B4
20 RUBE S A5 R P it b A i v SR N S AR 10
B RSB TUR U R IR REE N RGBS i
T AR

4 ARZR A TRREAR 598

4.1 ERUP-XEBHEEERES

DU i oA S, R HE: 3 500 m AR A -8 )2
MITAA, SR A DI PEZEE X (2006—2009 4F) | JE 5K
55 (2009—20144F) /R{w 77 (2014—2016 4F ) FIHLHE
FFR (2017424 4B B, CE R T 4858 35 1 Hb B T
B AP AR SR S AT R ST A% O
A IR T RS RE T & o BT, LR B M A 30
X AR ) s =R E AR DA SR TF R SEARTT &+
BUF R+ N TR S, e KRR i R R 3
PSRRI 250 ~ 350 m, KB K 1500 ~
3000 m, 2B 20 ~ 30, FERIHE 5 ~ 8 m, HE & 16 ~
18 m*/min, ] & 58 B 20 ~ 30 m*/m, JI AP 58 BF 2.5 ~
3.0 m¥m, FIIRP I 6 % ~ 8 %o HAT, -2 1A 5T
FRTFRAMER, C 24 Pk R a8 i R

4.2 TUREEBEEERES

T R 3 AL T AR R AR G A 1 A bR - T
WA B4, H B R F0E L -8 SR 4 A R R T
4 000 m T A R 35. 5 m, HUZ TR T B2 %L 1.5, K
g /N R 1247 103. 42 MPa, 2445 I 5 MEJE 8K,
R TR RN B AR AR = 7 1) L SR IRIME . R
DY2-1 X Wi |2 I KRR K B A E B .
B XoF v b ) B A T /N IR B R A [l R, —

i U KA R 0 SRR AR L

Longmaxi Formation, Sichuan Basin

a. BT Y EE 10 %;b. FET W E 30 %;c. FhEH P& 550 %



1388 £S5 KRR R

Fa4 B

7 TR i R A I 2 0 R T, 5 — D AR e S
DR L ARD L, SR R B ZE X omab s =, I 7
Y — R D LL B BOER TR IRR R B 5 B X9\ ) 55 0z g )2 BH
gy e Tt R AR SR BRI 1S i B S F LR
N R Ry U B i [E0 BB A TN & 1), YA
REFE it THER (e Eghm 2eas ™ J o B2 ok
SRZIHE T B B, TS AL A 8 S BT 15 ~ 25 m, &
VL W72 BRI 4 % ~ 6 %, FHAE K IR 8%
K H B T HE & (<15 m*/min) 3255 70/140 H 4
YLD A (540 % ) 3 fe 2T 4%

DY2-1 R FH“ 2 B D U )+ ROt v HE it
TRFH+5E L1 SE PR 3 1) + B R ot B N ™ AR R
T T AR BT 1 530 mZKSFBER, 52 R 32 B 135
H TR S SERFE I RE 9. 7 m, FVRSRE 37. 2 m*/m I
o 3.3 m¥/m, EARE THEE 18 ~ 20 m*/min, A
JE J5 I 7= 4 55%10° m¥d, A iZ X GUA S HE RS e
FERE, SEEL TR T I XU S s ROt & .

4.3 HP-EABHEFEBETES

FEBIF 4 kg DX AN O ) 1| 235 11| G g - 22 4 1
BRIL-BO g s, 5 B R ST SF A TUS  HETR
3235 ~3591 m, HiJZ 1 R4 1.5, JS103 R IX

H— AR 2O AT R B R R AR LKF
B AT o izt s 2 Boha b S 4,

600 a

— i A
sool — K
e WU

140rb —
120 F — éﬁ%%—
o i E M

123 45 6 7 8 9 1011 1213141516171819202122232425260
IERBS

1 23 45 6 7 8 91011 1213141516171819202122232425260
EREBS

WS AR ) I )2 , 250 1 9. 0 MPa, HERS T
AL AR N 7 1Y, 1 ) 22884 10. 2 MPa, J&
SN B e A ARME | MO AR FRSZ B o BEXT R SR 24 X
KE RN EDE R T m N T 2%
BT e e A A BT TR R R SR, R 2 Bb
7 R RS A X DA B TR A B s AR (] 48
PANAR AN E PN AR = N e N B vk TN
I SCEERVRLAR (DL 70/140 H A TERE A F ), BEALSZ 57
B REMERE SN A P

JS103 R Z B/ e U+ kB 2B ki A
SCHER) AEIE S NAD+ A8 T TR KR R e 24 e
3L EXT 2 015 m KB BT 58 i 26 B 110 7% 22
Ui 4 BEEIEE 21 m, FEMIBE 5. 5 ~ 20 m, FHWR 38 JEE
39.5 m¥/m, INEPSREE 3. 2 m*/m, EIIRPH 8. 3 %,
T A B Fl e 52 00 23 A, T o B X A K A3 A 62 ~
223 m A& 50T 8 ~ 67 m, Y\ L LEMAE =Y AT E
AR (E12) . ATE BB o A KRS e 4 m
J7 T /N BEY i, 3 BT B O T4 88 = A A B
YEH o ARSI 245 3 JE B 5 53. 6x10° m¥/d, J2: Y
I ZH FE B R ERAT SR 4 DUA SR 1 IR 2

4.4 MMEFZREEBHEEERES

ARMEIZ TS B 7 T 2 50 % 55 L T A 3 D
R T, B E L T2 - T IR 20 T ) R A
11200

41 000

1800
g

m\ﬁ
b
a
4400 =

-600

1200

Tl B /m?

12 HRUF-4ER JS103 T B A 548K (a) SEm (b) X EFR
Fig. 12 Relationships of preflush volume with the length (a) and height (b) of stimulated fractures in well JS103 in Jingyan-Jianwei area



ol

LIS, AF . U F AN [ 28 R A O SR i R0 55 1389

FaE , JE B 80 ~ 106 m, fiff ZHLTR K T4 000 m, #1)Z He
NEB N, WRZE TR A2 . 25 R 1 N
SZUR) L2 N T, R ) KO ) 22 5 i 2 (15,2 ~
19.5 MPa) , Hs 24t T. S IB 1652 4 4 ) 1 B 4 K
R I LY 1 3 e 2 T i ep b 3036 T e
WO R HERMERY IS, T Ja AR ) Tl <. 1A
i, 45 24 B0 TR H1 AR K, SO T ifs )2 Mo Jv, 1 43 A
ARSI, Fe ITE m i A TE A R e B LY3 IF . MR
KRR E G it =R R IR a8 55 Kk 5 L BAFEAE
SATIREAE R FIX . EIXTRIRMEER LT X, B
FLAEEE N2 6 7% FEMIBEREIRZE 6 ~ 8 m, I3 ~ 10
mPa-s K- ZE IR K 5 40770 B Kbk 3 $ 2
BEWE AT RIRMBE LB IX, R HABE 3 ~ 5T LA
2, FE ) FE B 0 & 10 ~ 15 m, i i 3 00 6 15 ~
30 mPa-s R /K LA 2 1007200 H A 95055 70/140 H
Bahr /IR A S ) FE i SRR SR AR hnwd . [
i, B A BT R ERO S R AR M S Y R U T
VAT Bt R R TR S B R
LY3 IR Z B 2 2 20 53 % V) H+— IR AL A8 2 i
TR+ HE R+ 2 R AL AR I +EER S50 &
ZAPE AR BT XS 1500 m AKT-BE M T 58 i 28 B 130
R SR FEIEE 7. 8 m, PV 34 m*/m A
PRI 2.4 m¥m, EERP I 7. 16 %, THCHL AR W 45 R
WY, B ST 5 AR S P R A B B ok o
(E13) o FEJar=Eimat R i, Rk S E X 5 R
R R EF X H—E 8. AR5 5
17.2x10* m¥/d, 548 LY 1 H A o= B 4 i 44, 529t
IR IRIR)Z B R USSR

4.5 LRKEAEB-FHITEEITES
TR A 57 T U | 2 M | 2 A Aty o 1

a 100 : b
o °

300
1000 -
200 |

800 - 1001

E
£ 600t

2% K/m
=

400 - -100

-200 -
200

=300 -
0

0 200 400 600 800 1000 1200

y/m

P s, A J2 A0 A I A T 2 R A AR G R e L IR
3500 ~ 4 600 m, Hi )2 J1 RECL. 6, HTR)ZE S
SHEIZ . LYELH Z XA KEBEE A, H 20—
T RRKBEARE B IS, JE 58 m, KFi/NEN )
96. 4 MPa, /K F- ¥ /122 9.7 MPa, % [C B4 41. 6 GPa,
TAFAEL 0. 24t FiZ )2 M 7 5, st AsE o Ay s
Lo, 20 iU 248 SEFE /N, S BUNMRPMERE ALK . [F]
B ZEIRE T 28 KB JIFE)ZE (6 ~ 7 MPa) , 485
] N 28 2 MERE R, A i 2 A A R ek s A
RBRERL . BRI B R4 B R /)N b PRI [l R, 03
AN TRDRLAR S HE 5 LA A B (B2 46 70/140 H By b .70/
140 H Fgk7 . 40/70 H Fa ki A1 30/50 H Ba ki 45 ) |, 3 55
ANTFPRLAR SR E A4S HRAERITE T, TR TR
TRFE B, 18N S% T8 RN S HE R % MR B 5 £ 2B K TN
NWZERE AR RS B M o i 5 =, i A
60 ~ 80 mPa-s SCHR I TR/K , LAIME N 48 Y e = B, &2
RUAZEE 3 ~ 10mPa-s IKEH /K5 12 ~ 18 mPa-s &
R K R 3 TR AT B4R R it TR SR TR N
1, TN g o AR AR

LYEL 3R H“ 2 B /b 7 SR R + A & B A m 3
G+ R e TR+ 2 AR v R s TR
2, it 58 i 25 B 87 7 R AW , FE AR W] BEF- 1
10. 7 m, BE 318 m, FEARHER 12 ~ 16 m¥/min, il
WPHREE 3. 7 t/m, HIESREE 62. 4 mYm. &I ESG 3 H ™
42. 6X10* m’* & 7= LA, SEBL T ) A — & R R
B2 72 3R DU SR E RS .

4.6 LTRXTHEHAMHEITES

PLY 1 37 T DU 1 233t 1] 24 W7 R 7 85 4 10 AL s T
SR TR, RIE X — D TR KCEH:, BRI T
1 52 20— B B A 002, HE YR 3 393 m, )2 R S R AR

EHEBS
= EERTCRM) = EEIS ORI = G RT (T I)

I ()

K13 MRiES IXCH LY 3 R 28R 3 T 20 2L XFRY e B 8CR
Fig. 13 Controlling effects of temporary plugging diversion technology on asymmetric fracture propagation in well LY 3 in the Lintanchang block
a. 55 1128 BUR SR ME 25 5 s b, 565 11—28 BUET R 24T S 7R (PH WM e R4 K A8 1k



1390 £S5 KRR R

Fa4 B

1.3, K Be g AR BN 23.3 ~ 48.6 GPa, JAMA L
0.20 ~ 0.25, Jy“# e 45 %0 0. 39 ~ 0. 60, Fe /MK F-
F N 14 56. 8 ~ 74. 0 MPa(341H 67. 0 MPa) , /K1 /)
2:8.5MPa, HWZMm ZEPEEZ, AAH T B2
SRR TSR R R E BB S R [H]
i, 2 Wk 53, 2 %, it Z U SR . ET X A
G AR BT EGR A7 )2 BN ) LE A RINE R R
TIOR3+ = B I TR K A+ ) L+ PR HE R
NI ZE 2 s BTG W s AR B IR B R

PLY 1 H/KFEBEK 1431 m, R “ LB Lm0 E+
PR+ [ L +— R AR R IR K s T
2R, SR 23 BE 113 7R R 2 ek i | F2 AR A (B BE 7 34
8. 8 m, B [H]FE P-4 20 m, FAHEHE 12. 0 ~ 16. 5 m¥/min,
JnAb e B 3.9 t/m, FH SR FE 37. 9 m¥/m, ¥ RP/H L
6.9 %o ZIFEIFIKH R 10.4x10" m* H ™Il 1.3 t
B Tl AT, B T AR AL AR DA SR 1 -

5 THE

1) DU 254 R 3 5 0O M R AR i S 20 1k 45
AN, 22 RUBE R IR 288 X s ) b o 7 T30 ) o fe 1
FLARPE R BT AET X . B4 J5 5 AL ERY)
HU B A ) A 5 2 S B AR A S
T X RIRBEEE A 25 (R RS A 2201 {E B AR X
BOH L5 00 2 A2 2800 /N R ZREE T LA
L HBIOE 73 73 8] 3 A S5 00 BOAS BEAR NS o [l )
A =AM T S Rk FRG AN 58385, 3R T
S HOT R XS ) e, i il 2k — 20 5 B R 2
Jitl T 380 Az i A R B Sh AR AL, O I RS 2
PeBE R LR AR R

2) AR S 2% m RHRRAE DU 5 R ) BRI T 11 1 2
RUEY AL, W — AP N9 SO AL 3 AR X 2900 1
LIREIN & SR IS IR S e sy S EADRSE
I 22 2 A2 A5 S5 R0 T = 4R S 2 R )T TR 1 R TR
K U 7 S NEIE: i S S NEIE S e i iUN
TRAEPAPEEOR 1R RS RCR o R, 580075 18
Rt s 280 T 5 1R 1) R R 1) 7 A, TR R e 2R
e rfBEIa] ] ) sl AT A U, OO DU 4 b 5
Ty -3 -5 TR S BRSBTS SRR
15 AL 155 T4 S 25 20, KSR 2 )2
AL A TR B LA P OG5 T B

3) DU )Z N R RO M )2 K AN 2 R AR
1 22 RO N T35 A48 oK FLE L BT 25 it 147>
i G BATAEZE RIS 210, 5UR SRR E A 2 Ay

BiNB LR 2. 5380, IRAE0 S vUE K ARE T
KGR AR RE 1P i 25 4, i BT Ao ad i
i S LA T 7 R AR i, A 000 7 9 38 R 2 S BIOR
SEFWTA S R AR B R E S . B DU
FECAS AL 7 U T B A T X 1 BB R IE L DT
IO TS el s SN ) S TR B R G B EUR (T
i 28 AR A ) BN 55K, 3 a3 BEAG A4 , ek
BIRBEH it 2= B R

6 45t

1) XF Ee DO © PR T X B T T R S
BURFAE , R TE R B th R AREE TR S BRI AR 4
ARAIE R GECGR E A ) R GE, R4 6 RSB DUA R,
B A -7 2 (R <3 500 m) #E 1R T A AR 2
(TREE>3 500 m) i Hs GUA AR 2 0 5 0Ua ST
AHH SR U ST — [l ack A R U2 8 . s SR il
A -2 T

2) AT RIR B K B MW 1 I ZUAR AR R A R
T Y K E I)EINB)Z SIS M A 2R [R5
SAH)E RO B S L M [l R, e LR S
FRW ORI R T KIEZHI N ) 532 S 80
FRBEAR )Y RMREE G IT LA LS LS5k
FEE T2 AR A TR A 3 od (R @3
JERSUZ NS 2% N 13 A S R s Bl B 42
e T 2 R SRR/ IR A SR 2, A R 244890
i) 2 J2 5 SR I S HE s i B - TUA KA E R 25
ST TR RS AR AUIR SRR AR 240
PR ZR USRI A 2 T 0 DA KAV E R

3) HRIFE A [ B 515 SR IR B R 2
T EHARXS R, 40 - OS5/ NE R )5 HsE &
BB IZ A = R DUE S, R 2 B iR DR+ K
V£ v HE B AR R+ 1 4 P R B I 1) + B ZE S
5 B NINAD ™ s QK 1) 7 ) 22 S K H 2455 8 B 1 4.4
RIZAE U< R 2 B2 A S U H +—
IRALAE R TR K+ AR HE B+ 2 R AR LA SR N AD + 353K
RIS 5 VR B b 1 A B 2 B 5 < R
“Z B DD E - E R A AR AR SR EAE
LMD +— RSB R KR R s @K N ) B2 &
B — i ok A DU S, SR BON D W SR RE
JUE A 1) 7 e+ R HE B 0 W A+ 2 R AR R R
B O &7 L YR R A TUA S, SR IR AL 3+
7 1 2R TR K B o ) S AL PR B R R R
Rl N A S A AN Tl 170 =B e oy =W A E B



ol

LIS, AF . U F AN [ 28 R A O SR i R0 55

1391

E 3]

ENPN IR LR O T e

RUT R AR TT R SR S

Z % X W

Mg, LR, SR E, 4. T IEA A UE URIEIUR S
H1]). HEAEER, 2020, 25(2): 14-26.

SUN Huanquan, ZHOU Dehua, CAI Xunyu, et al. Progress and
prospect of shale gas development of Sinopec[J]. China Petroleum
Exploration, 2020, 25(2): 14-26.

EOUAT, AR, s, 5. DU AR R B - TR
— AL E RIS IR 5 KRR, 2022, 43
(5): 1221-1237.

WANG Guangfu, LI Fengxia, WANG Haibo, et al. Application
of an integrated geology-reservoir engineering approach to
fracturing in unconventional gas reservoirs, Sichuan Basin and
some insights[J]. Oil & Gas Geology, 2022, 43(5): 1221-1237.
FOL, MR, b, L DU A A — e ER A U
AURERE PR SRR ], RAATl, 2018, 38(4): 67-76.
DONG Dazhong, SHI Zhensheng, GUAN Quanzhong, et al.
Progress, challenges and prospects of shale gas exploration in the
Wufeng-Longmaxi reservoirs in the Sichuan Basin [J]. Natural
Gas Industry, 2018, 38(4): 67-76.

W, fesT, WM, . TSR AR R K 3 TR 5T
AR R PEEREE[] RAR T, 2022, 42
(8): 45-59.

GUO Tonglou, XIONG Liang, LEI Wei, et al. Deep shale gas
exploration and development in the Weirong and Yongchuan
areas, South Sichuan Basin: Progress, challenges and prospect
[J]. Natural Gas Industry, 2022, 42(8) : 45-59.

TR, R, RIS, 55 PR ICA S RIT A R  H BURAE
FTF A 26 E XS B BOR R L], 24, 2022, 43(12)
1687-1701.

ZHANG Junfeng, ZHOU Zhi, SONG Teng, et al. Comparison of
exploration and development history, geological characteristics
and exploitation conditions of shale gas in China and the United
States and its enlightenment [J]. Acta Petrolei Sinica, 2022, 43
(12): 1687-1701.

SRR, fEsE, MRIE, . W2 (HOARE R IR IR
W S —— VU1 B 2 B U RS BUR R A R
ARLT) AR S &, 2023, 50(1) : 24-37.

GUO Tonglou, XIONG Liang, YE Sujuan, et al. Theory and
practice of unconventional gas exploration in carrier beds: Insight
from the breakthrough of new type of shale gas and tight gas in
SW  China [J].
Development, 2023, 50(1): 24-37.
WIOF, 2, X aeE, & PEALS T =0 KRR
HERSHISRET]. RITTl, 2021, 41(8): 12-22.

GUO Xusheng, CAI Xunyu, LIU Jinlian, et al.

Sichuan Basin, Petroleum Exploration and

Natural gas
exploration progress of Sinopec during the 13th Five-Year Plan and
prospect forecast during the 14th Five-Year Plan[J]. Natural Gas
Industry, 2021, 41(8): 12-22.

ZEE M, SO, R, AF L DO G e SO AR [T ],
RIVR L, 2022, 42(5): 1-10.

[9]

[11]

[14]

LI Guohui, YUAN Baoguo, ZHU Hua, et al. Genesis of super-
rich gas in the Sichuan Basin[J]. Natural Gas Industry, 2022, 42
(5): 1-10.

Fi i, Wata, WAL, . SUEUMIZ R I R RS
BB A S KRBT, 2021, 42(1) : 54-65.

WANG Ruyue, HU Zongquan, DONG Li, et al. Advancement
and trends of shale gas reservoir characterization and evaluation
[J]. Oil & Gas Geology, 2021, 42(1) ; 54-65.

SIRTE, SRR, 2250, AR AR A AR VA R AL
Br 5 182 LA 4 4 e Bh R 2H A0 1 3 I 2 R 4 2 B oA 191
[J]. #2£5i%, 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.

BIETE, AR, BE, . I EERZE—ERZE KRR
MR R SR ] RATL, 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[ ] ]. Natural Gas Industry , 2020, 40(5): 1-14.

ARARE, R, L, AF . TUASUIEASRE | F PR S A0k
RIS [J ] RIRAHBERRL, 2017, 28(12): 1781-1796.

Z0OU Caineng, ZHAO Qun, DONG Dazhong, et al. Geological
characteristics, main challenges and future prospect of shale gas
[J]. Natural Gas Geoscience, 2017, 28(12): 1781-1796.
AR, WA, GERL, SF . DU FH R R iR AR BUA U AR
JZ M R AIE B e PR R DR LD ). RS T %, 2020, 47
(5): 841-855.

MA Xinhua, XIE Jun, YONG Rui, et al. Geological characteristics
and high production control factors of shale gas reservoirs in
Silurian Longmaxi Formation, southern Sichuan Basin, SW China
[J]. Petroleum Exploration and Development, 2020, 47 (5) :
841-855.

A ls, Ui, BETT, 5. MR MG R IUA U
JRURHIE R w i MR LT ). RAA T, 2018, 38(12): 1-14.
HE Xipeng, HE Guisong, GAO Yugqiao, et al. Geological
characteristics and enrichment laws of normal-pressure shale gas
in the basin-margin transition zone of SE Chongqing[J]. Natural
Gas Industry, 2018, 38(12): 1-14.

ff s, Jkdi e, kAR, % AR M K —al B X R T
AETRFELT ] T SRR, 2018, 25(5) : 72-79.
HE Xipeng, ZHANG Peixian, FANG Dazhi, et al. Production
characteristics of normal pressure shale gas in Pengshui-Wulong
area, southeast Chongqing[J]. Petroleum Geology and Recovery
Efficiency, 2018, 25(5): 72-79.

TR, XS PEAL, RBSE, AL DU A e R L BUA R A
28 S —— DU SR B X R 1 [T ]. KIS E R (A
R , 2016, 13(17): 1-7, 75.

ZHANG Quanlin, DENG Hucheng, XIONG Liang,

Analysis of shale reservoir difference of Longmaxi Formation in

et al.

Sichuan Basin By taking Weiyuan and Fuling areas for

example [J]. Journal of Yangtze University (Natural Science

Edition), 2016, 13(17): 1-7, 75.



1392 AT IR NN Ve
[17] BEMERK, 59e8%, o, 5. PO G B A AR XHT [25] wFftk, B4, aRERSE, 55 . MG ANH R e uea S HOT
A SRR VU SIRTT RSB S R R [T, A5 KRR R ESHXTTII]. QST 2020, 42(5): 837-845.
Jii, 2021, 42(1): 241-250. GUO Tonglou, JIANG Shu, ZHANG Peixian, et al. Progress and
LU Yaqiu, LIANG Bang, WANG Chao, et al. Shale gas direction of exploration and development of normally-pressured
exploration and development in the Lower Paleozoic Jiangdong shale gas from the periphery of Sichuan Basin [J]. Petroleum
block of Fuling gas field, Sichuan Basin[J]. Oil & Gas Geology, Geology & Experiment, 2020, 42(5): 837-845.
2021, 42(1): 241-250. [26] a7z, ffseth, @£ 55, 4. WIRSUATRIHTT A R A
(18]  PEiHs, fhse, BUATR, & JIRMEZEICE U™ L8 PRI [T]. KRR T, 2023, 43(6): 1-14.
JER RSB ——LAB R DUA A B[] KRR, 2019, HE Xipeng, HE Guisong, GAO Yugqiao, et al. Progress in and
39(S1): 78-84. research direction of key technologies for normal-pressure shale
PANG Heqing, XIONG Liang, WEI Limin, et al. Analysis of gas exploration and development[]]. Natural Gas Industry, 2023,
main geological factors for high yield and enrichment of deep shale 43(6): 1-14.
gas in southern Sichuan: Taking Weirong shale gas field as an [27] SBICHE, (Al , S50, 55 . A3 X DUA AU TR AR 5
example[ J]. Natural Gas Industry, 2019, 39(S1) ; 78-84. A5 T R A ——— LA DU )1 23t e FLJR % T 20— e Eh R 40 R
(197 ST, Wimdr, 0k, 55 W2 — B2 KRR BT Az, 2020, 41(12): 1490-1500.
R SRELT]. A=, 2023, 8(4): 461-474. GUO Tonglou, HE Xipeng, ZENG Ping, et al. Geological
GUO Xusheng, HU Zongquan, LI Shuangjian, et al. Progress and characteristics and beneficial development scheme of shale gas
prospect of natural gas exploration and research in deep and ulira- reservoirs in complex tectonic regions: A case study of Wufeng-
deep stratal J]. Petroleum Science Bulletin, 2023, 8(4): 461-474. Longmaxi formations in Sichuan Basin and its periphery[]]. Acta
[20] =i, skilbde, B2, % mu LA SUA R 2 FRIE O Petrolei Sinica, 2020, 41(12) : 1490-1500.
BHRRE— LUK R P G TR T— B BI)]. W (28] 27, &2, Sk, 55 . KA AL/ E R Ry TUE
Buim A, 2021, 28(1): 1-8. BT LT ] A BIR ST &, 2023, 50(4) : 872-882.
LI Jin, ZHANG Hongan, WANG Xuejun, et al. Reservoir LI Ning, JIN Zhijun, ZHANG Shicheng, et al. Micro-mechanical
characteristics of high-evolution lacustrine shale and its main properties of shale due to water/supercritical carbon dioxide-rock
controlling factors: A case study of the 1st member of Qianfoya interaction [J]. Petroleum Exploration and Development, 2023,
Formation of Middle Jurassic in Puguang arealJ]. Fault-Block Oil 50(4): 872-882.
and Gas Field, 2021, 28(1): 1-8. [29] WEJULIE, sk, sRA, 8. SUA/RMBOR BURBRALEIL) ).
[21] EMREL, X0, 220, 5. JIRLLEMX F SR REHPH TENR 5K, 2021, 48(3): 646-653.
TUA R B RIE R HDUA SR R . A5 R T, ZENG Fanhui, ZHANG Qiang, GUO Jianchun, et al. Mechanisms
2022, 43(5): 1102-1114. of shale hydration and water block removal [J]. Petroleum
WANG Pengwei, LIU Zhongbao, LI Xiong, et al. Development of Exploration and Development, 2021, 48(3) : 646-653.
the Upper Permian Wujiaping shale in Hongxing area, eastern [30] LI Ning, JIN Zhijun, WANG Haibo, et al. Investigation into
Sichuan Basin, and its significance to shale gas enrichment [J]. shale softening induced by water/CO,-rock interaction [1].
0il & Gas Geology, 2022, 43(5): 1102-1114. International Journal of Rock Mechanics and Mining Sciences,
[22] #WT, BRARLL, BUREME, 5. TO)I GRS A Rl AR 5O I 2023, 161: 105299.
BN WARTT ], ArihER, 2023, 44(1): 14-27. [31] JJ¥, Brsh, skl 55, ARSI 50 m T A 248 Y Jrept
GUO Xusheng, WEI Zhihong, WEI Xiangfeng, et al. Enrichment LRI LT]. R T, 2020, 40(3): 82-91.
conditions and exploration direction of Jurassic continental shale ZHOU Tong, CHEN Ming, ZHANG Shicheng, et al. Simulation
oil and gas in Sichuan Basin[J]. Acta Petrolei Sinica, 2023, 44 of fracture propagation and optimization of ball-sealer in-stage
(1): 14-27. diversion under the effect of heterogeneous stress field[J]. Natural
[23]  Til, @i, e, 5. U ah RO R 2 nik - e % Gas Industry, 2020, 40(3): 82-91.
YU RLEE R T FRIE MO AR RS LT ). b S SRR, [(32] JEfE, L, 2RE, % ZHEE WIS UGEZERS
2021, 42(6) : 1295-1306. SeP AL ). AR ST &, 2020, 47(5): 1039-1051.
WANG Ruyue, HU Zongquan, ZHOU Tong, et al. Characteristics ZHOU Tong, WANG Haibo, LI Fengxia, et al. Numerical
of fractures and their significance for reservoirs in Wufeng- simulation of hydraulic fracture propagation in laminated shale
Longmaxi shale, Sichuan Basin and its periphery [J]. Oil & Gas reservoirs[ ] |. Petroleum Exploration and Development, 2020, 47
Geology, 2021, 42(6) : 1295-1306. (5): 1039-1051.
[24] W54, BiFE, XS, & W TR i e = [33] ZOU Yushi, ZHANG Shicheng, ZHOU Tong, et al. Experimental

IREHFAE BB AP [T ], M2k, 2021, 28(1): 261-272.

HU Zongquan, WANG Ruyue, LIU Zhongbao, et al. Source-
reservoir characteristics and coupling evaluations for the Lower
Jurassic lacustrine shale gas reservoir in the Sichuan Basin []J].

Earth Science Frontiers, 2021, 28(1): 261-272.

investigation into hydraulic fracture network propagation in gas
shales using CT scanning technology [J]. Rock Mechanics and
Rock Engineering, 2016, 49(1): 33-45.

(% KR E4)



