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Hydraulic Fracture Initiation and Extending Tests in Deep Shale Gas

Formations and Fracturing Design Optimization
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Abstract: Due to geological structure, diagenesis and other factors, deep shale presents different characteristics
compared with that in medium-deep formations in terms of bedding development degree, brittleness index, rock
mechanical characteristics, in-situ stress gradient and horizontal stress difference. Taken together, theseresult in higher
fracture initiation pressure and less complicated fractures geometry and greatly affect fracturing volume design and
operation safety in deep shale gas formations. Experimental study on the initiation and expansion characteristics of
artificial fractures was conducted. A large cubic rock sample (300 mmx300 mmx=300 mm) was used to investigate the
influential effects of horizontal stress difference, viscosity of fracturing fluid and pumping flow rate, and the temporary
blocking within fractures in hydraulic fracturing. The investigation showed that fracture initiation and propagation are
largely affected by those factors as strength of bedding cementation, horizontal stress difference and pad viscosity.
Fractures are prone to initiate along bedding planes, resulting in early overpressure and operation failure. Fracture
growth pattern is relatively simple under high stress difference, but measures such as using medium-level viscous
fracturing fluid to temporarily block flow within fractures can help the generation of multiple fractures and secondary
fractures for more complex fracture networks. On this basis, the design optimization of fracturing that incorporates
techniques such as densely subdivided stages, short cluster perforations, fluids combination and variable flow rate
operation were advanced, and an important breakthrough was made in deep shale gas production after the field
application of the optimized design features.

Key words: deep shale gas; fracture initiation; fracture extending; simulation test; fracturing design; filed test

DU %3 s % R R4 3 500~4 500 m Y IR)Z 5T — E
S HE: 2019-07-19; #1:2020-03-25

SR ET ES Z RIS S E R 859 N

ORI O R AP SUR TR STIREEHY 85% TEEM A Bk (1968—) , B, w)l KA, 1991 5% F®
Ph b ArASR iR 2 A R H R 7R 1L oI ARE L 2002 FHEPERARE (L) GG
1HF 3. T 5 2HF ﬁ%fﬁ%ﬁﬁ%ﬁi&ﬁﬂ?\%iﬂﬁ RRA AL LA - JHEBRB [ B IR, T ENFIREE S

NN . SR LB ALK b 22 4 BF 7 . E-mail: chenzuo.sripe@sinopec.com

W&, BT 7 —E it R 5 UGR, (HARBUERE™ E %

0] - w vt 24 | HEETWE: PEGHARLEAR “RERLAH S AMRE
W A HTIR)ZE VU ) T RE M B 2R e ml e, IR LARBAFL” (%5 PISITL) HHHE N



http://dx.doi.org/10.11911/syztjs.2020060

48K FH 3 i3

3 RER & AK RERE ST Bike AR E AR <71

BIUAZHBCARE, s E /T 55%, e/
HUR S BB EAE 0.023 MPa/m LA I, /K0 H7 25 358 K
T 8 MPa, iX 26 Jy 2=kt 5 H IR 2 TS A E R R 22
5, P H A T 2485 R 2 59 R pe b A 51 T
JETUA . SR SRER [ 4 AP 2 T 24
ERIEAT T Y EBUAE 5T, X AETE AT T R AE,
AT S T AR T R R SR, A CR)ZE U
SR S R T BB S A A e
ik, B A KRS AR, BB T IR)Z AR
it )2 K ) 25 . B4R A B | HE S S BT EE AT
P g i 2807 =0 R R ) | 4 RIE S Y
B AR, B T IR BUA S R R A T
J5 S 5t T, BN S BUS T 3B i .

| SRR SRR

a2 5 A5 0y H B, MRS FERLEN],
B A AR -2 = ) B JPIREETT, AR R R
LU AR B R 5 2 R R ML TEAS
MRz 5 iy, #Ef TR s Mok, it T
BRI AL IR
1.1 RIEEESHRE

FHEZHERRE IR G T MERANY
Py A, % R G0 L = R 2R L MTS
fa MR 3 Fe 2% . MR AR RV | YK B B A | P A T S
BRI SR e B S At A Bl B A A, Rl 1
7N o R R F T R T b XY 88 Sk AR TR,
HRSF 4 300 mmx300 mm>300 mm., [ 2495 26
3.0 mPa-s [ /K FIZE B 30.0 mPa-s YR PRI, 4%
PR 100 H 3CHEH

o2

|
WY-3001I —T—1
15

WUERRR

e 0=

A
st | P

Hh

JEIIAR bt R

\, /
N

MTS
R | R

MTS filfiit

KRR
e /EDQ
=

FC R 2 S

KRR R 2SR

1 EZHMERKEBEINRGETE
Fig.1 Simulation system of triaxial fracturing test
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Table 1 Physical simulation experiment scheme of fracture initi-
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Fig.2 Post-frac geometry and fracture pressure curve of
rock sample 4#
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Fig.3 Post-frac geometry and fracture pressure curve of
rock sample #3
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Fig.4 Post-frac geometry and fracture pressure curve of
rock sample #6
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Fig.5 Fracture geometry in rock sample #8 after temporary blocking and fracturing
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Fig.6 Pump pressure curve of rock sample #11 during test
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Fig.7 Typical geometry of hydraulic fracture in deep shale

oA R S i, A OB N R ), B R A
ZRAR L, JFl A i R R B A At

4 EENEE . R)Z TR KR 28R, AR
R ™ A A0 4% N I A R, TR T 44 R T
P T A YR 5 g AL AT 3 SR A A
&, SeitaE AR IE IR 2L, IR SR THAE i R T, DA
7K PR Ay 22 , ik o 7 2 A i) 244, R n B4R v 2
BERGMEIRTRE

5)WCLHEFIFEI . R0 100 H sl /N il 245
R FEI o S A BN REE, AR E) 20% LI L.

6) 55 K " M P il i LU A B I I L TR
IKAND B B g o B ZE 4D | 32 K R P 9 AR
- Al v B A T B, B RS N ERD, B v b A A
I TR

4 B

X1 A X2 AN AR HIX [ 2 THRJZ TUA S
I, FHHE WM 5322 F1'5 685 m, B HE AR 5N
4096 F1 4 145 m, K-V I-BAK 435020 1 103 Fi
1520 m, /KV-Be EEGFATAEL B i e B, 2 B3R R
NS 25 KF 12 MPa, R T 42 =K S AR, i

xR2

NEEHEX 2 ARERES

Py PRAL L0 AR B T R S5 S, X 2 O
KRRV Bkt Tk, X1 it R
17 B, 5B FL 2~ 4 8, BREECN 52 7, WK E
0.75~2.00 m; %1 ¢89 mm S FLA S FL, L% K
16 fL/m, F17 60°, BB LA 48~ 64 £L; It
4551 K 270~290 m, HLBEE R 1900~2 000 m’,
STHER) 63~T72 m’, LERHV L 3.5%~4.0%, i T HE &
12~ 17 m’/min, BB HT B W 150~240 m®, 70/140 F
Bl 15~20 m*, X2 BT IE R 20 B, 45 B gL
2~3 5, HHEK B 1.00~2.00 m; % ¢89 mm HffL
9L, FL% 16 fL/m, AHA7 60°, ELFL%L 48~64 fL;
Bt A 2 85 2F K 290~300 m, 2 BE R S =
2 100~2 300 m’, K 70~80 m’, LA I
3.5%~4.0%, jiti T.HEHE 13~ 18 m’/min, 3 BEAT & K
W 150 m’, 70/140 H ¥y H 20~25 m’.,

2 W ARSI I 58 B T R 2456 12, it T
HERE 15~ 18 m”/min, jiti T 77 83~ 108 MPa, ji T/,
IR 100%, SEBRANTSE 4> 024 1210 A1 1575 m®, i
WEE K 42 084 F1 51 920 m’, Jnwb F0 W4T & %
95.0% LA b, IR EL 3.5%~4.0%, JE 251470
B A 3 T 20.1x10° m’/d, 3 %0 T2 50m i i
R ILER 2,

HAERBISHEERLELR

Table 2 Parameters and effect of fracturing job of 2 deep shale gas wells in the southeast Sichuan

HE TH/mM AHEmMm KTFEE/m  FEMEE/mMm O RRES B Rm

Heft/(m min) TR/ (10° m’-d )

B H i, %

X1 4096 5322 1103 21.70 17

X2 4145 5685 1520 22.50 20

71.2 20.8 15~17 22.0

78.7 19.4 15~18 18.2
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