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Research progress on fracture propagation patterns of
hydraulic fracturing in heterogeneous shale

WEI Haifeng
(Development Planning Department, SINOPEC, Beijing City, 100000, China)

Abstract: Hydraulic fracturing techniques have been widely used in China to create complex fracture networks in shale reservoirs,
while shale reservoirs exhibit high heterogeneity due to the difference in mineral compositions and the widespread presence of dis-
continuous interfaces (beddings and natural fractures), which directly affects and constrains the hydraulic fracturing effects in reser-
voirs. Based on the heterogeneity of microscopic mineral composition and macroscopic structure of shale, the research progress of
fracture propagation patterns of hydraulic fracturing is systematically described. Firstly, the impact of brittle degree caused by min-
eral composition differences on the fracture propagation patterns of hydraulic fracturing is analyzed. Secondly, the key geological
and engineering factors affecting the interaction modes between fractures by hydraulic fracturing and natural fractures are summa-
rized, and the interaction mechanisms between fractures by hydraulic fracturing and natural fractures are discussed. Finally, the in-
fluence mechanisms of shale bedding on the fracture propagation of hydraulic fracturing is studied, and the influence law of key pa-
rameters such as bedding plane inclination, cementation strength, and density on the bedding plane cracking and fracture penetra-
tion and propagation patterns of hydraulic fracturing is expounded. This paper reviews the existing problems and development trends
in the research on hydraulic fracturing of heterogeneous shale and provides an important theoretical basis for the optimization of
fracture design.

Key words: heterogeneity; mineral composition; natural fractures; bedding plane; hydraulic fracturing

PUA AR T LR IR A T 2 A T, OB TT IS BB RIE , 2040 4R Bk 0UE U R AR
KAt T RRAEIRSS M AR . RSREAE BRI 30%". 1T 5 a R rp AR L s MR TT

Wik H 3 :2023-06-05
VYEH A B (1978—) , B3 TR 3 Eh 5 N, Ry G R0, A | D e SR T ke 2 T Ikt i e 2 T R X i o R 3ol =0 g B A 45 590 H i
AR AE T AF . E-mail : weihaifeng@sinopec.com.



H30E H4H

BRI AR R T U K ) R SEREEY TRIY ST T ik Jié -157-

KL BL T BBk 2D, 2022 4F 7 TR R 240
10°m’*/a, SRR L fif el 2x 1072 m™™, - [
C B BRAL 38 Z Ah A Bk K DA AR = [ o Ml
SR SR K s R W, DU il 2 A D — b iR TR
, BA SRR ARSL KB E AR Bk A
FRAE, He A B AR il I s e 7, 7 A5 B
IR R A S P B AR R N TR M 2%, fie
Ll WAslVible Y my s NI S Wik i bl N 44
A,

P A R K ) T SRR AR T U oK VT
Jr I i B T ) O S 2R IR A R R AR
SEETNZ BRI, HLA5 4 BoA W 45 ) S, 2K
KT e BB L i KSR 4 I 2 R IR 5RO
AR e 1) B A S A AR AT S I B2 s A
HetEa oy A S B LIRS W B 22 1
J3t M5 B85 DL it T2 M0 N 3 R T 44 )
PTIRAUARE B2 6] o A FE 25 ME ARERR T . it , 268
T TR O Wy 4 o AR 2 TR K R A F AR
YRk 2 07 0, A5 ATAR K FPAMIFTE R X AR o
P VU T2 K 01 B 238 Y B IE 25 i B 58 BRAR A
FEAEIREUIEAT A | BLAS 52 7K T He SREOR 1 K
PUER B A ) 7K g s R 7 e A XA JE UL
i, R DU 2 TR s B B e i R T R
St ALK

1 O WA o Ak ) 5 s
JETE AR50

1.1 #FYIESHHIE

TUA R L2 i — o R AE AR 1)
ORI A=y A= BN LA/ 27 R i AR A S
S S RN E 4 A A 25 5 AT S e
Ak DA E Y 0 T o B s [ A, Tz
DURRPRE B 52 M, TS B 20 W 2 50 A R 2%, 4
FEREPR R kPR ER R S WE PR W S B )
AP (T EAR ) FE AR e te o, A B R
JEHERFE" i T L X O SR TUA B Y ALy
(R DA LUE A — b KON J2 B U )
THEBARKES
1.2 fEEs M= sEv

H HEE T 48 5 O 8 32 RPN TUA %2 19
RIS o itk 32 DUE TS i T A SO A
O R IR T ) ALk VR T I R
TER LA Ty, EEGR A WD Y & 5 AT

®1 KTMWXEDZRATET WA (FECH[18]1E%)
Tablel Mineral composition of Longmaxi Formation shale in
Changning region (Modified by Reference [18]) %

2B Ak K& Ifga Azxfa B YD B0y
o—B 4717  6.94 727 501 148 40.64
B 2402 478 1637 3.43 0.80  50.60
=Bt 2293 565 2335 1.78 0.68  45.65

Y 7R RAET A B SN A R R R A
R A R a1, i A — 3853 W58 WA Ry
— B (a3 ) ATARR Mg M >4, IS A8 AN [+
DURIRES o Jfa P P 28 i Wi A i (B —Jiok
UEMEPE 1 & i, UA e, By R A
P sl 55 IR — 208 AR 2 sE

TUA Y o3 1Y 26 S e 1 H e M AR B T
i 4% J2 s 2430 S . RICKMAN 455 i il i 5% L X
SRS W S T I L T R R DU 2 B )
oy, FE WA DS w7k ) 24 B I L
ZAREM L5, PRUEAEREAY T D)1 A R TR
T A T 4% W RS Bk e MR FH B G
PE ) FER K Y MR IR SR 1. EU6%
WA ) e T S AR R A s
A AR EA IR A RN & B K i
JZ2 B XN, K ) e s Y T R I
S R T R A R RS S s, K )
JER ALY T £ BN 5T,

A TR Y 5y KO w2 m g R, 2
AP 25801 TARACTUS W P30 J5 i R 8R0
BN YA DL PO P 8N i R L% ) =K |3
BIRTE5 1 ATUE K ) Fe SEBE AT 8% 2K e
PEB™ )R X SR AR i 1 B AR 2 R BUK ) R L3R 5%
T BESE K A2 08 5 A8 B R B R

B FE S T Jay R v e e DX sl SRy ER ARG e
PR XA 25 A 7K ) e 2R B GRSk T e
4% H g I DX T R AR M X UG & &
B U T T IRNEYE X S B R 5 1 Y
K 77 e 24 54 4 b ARG M X3 e A i i e X
F 2t B2 1] O 1 3 e e P X 50y 1 4 e Y
IG5 Jry BB M P DX Sl P 3, 7K ) s 2 R 4 A i
PRES G . UKL TP R A BT/ R 4k
AL P A B T YR RO B )
— A ST T AL A S ORI R ORI U
AR RO A5 R B K ) R BT 20
T ) 88 RGP R ) 3 ) B T
NG A R SAITN Y AR EA T N N e
I ERIE R G K T8 17K ) R R4



-158- Mmoo M

5OR K

202347 H

SRINT, ARG A B R 2T e tkihiedk
PYJRERS G K ) T A Y ML, SOV X o
VX T 2= e ORI 52 R LTS AN TR A . o
it I — 2L e TUE O A A8 B W) 20 3 &k SORE
FER KT AR Y Bk A T AR A e i 24 )
TSN, A K g G A8 v U SRR ) A
BLIS AP By AR5 AL AL ML, O S 4y 0 AN 62
A B I e 5 T B0 T 2 B (I s M Bl R B
BT,

2 RARRGERK IR P

A

BUA R Z BA RSL KB B RYRRE , (HR R
SRz (B )P, B 00 8= 1 2k 4R
K IRZREE AT AT M T 12 1

2 [] F192 AL 18

o 25 cm ||
At o FUL, . e . I_'

a0 )11 2 0 T 3R 41 5 2 0 ) 2L

R S W A K 15 2 ) 7 4

e 18 /R 44 T 4 52 20 2 A 7k I 2 5

JE M RFL (SRV ) BB A K 1 IR 445 Y . /KTy
R 24 54 4% 55 K R 4 5% <2 3% 3 2 T 4 4% T B 1Y)
R, IF HRIR B R B IAL (K B % 3 4 4% ()
B ) B etk GE 1) 58 A ) %ok 7K g s 54 S8 4 SiE {5 1)
Y RIS ) . E07, HAipE e 45 142, K
77 M 545 5 SR8 K I AH BLAE 3 300 24
U R AR EE 4 T 5 V) sk b R LA KoK g R4
HE 5 RIR B Z M 285 FiAR e 1 A VR AT
k(] 2) 2548 K e 44 I (14 52 R s
201 KAERBESRANEREERAERXH

M

J TV K S0 R R AR S B SRR
fiE, Hh Ah2z 3 2 42 H— ZR 0 R E o I 25 3000 /K e
FRGE 5 RINMEEM T AE B . BLANTON i iof
S AT R 2K ) R S I U = TR
TE R R ZLHE T 1 04 15 1% 7, )2 v ) R AR 2448 &

i T /R T S5 L T2 B ) 4

)

Bl HMRBINAERARELFTREE (FEXEB33)EH)

Fig.1 Development degree of natural fractures in surface exposed shale (Modified by Reference [33])
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Fig.2 Interaction between fractures by hydraulic fracturing and natural fractures
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Fig.3 Interaction modes between fractures by hydraulic fracturing and pre-existing fractures (Modified by Reference [39])
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Fig.4 Propagation patterns of typical fractures of Longmaxi Formation shale samples by hydraulic fracturing
(Modified by Reference [81])
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