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Volume fracturing technology of deep shale gas in southern Sichuan
Wang Xingwen, Lin Yongmao, Miao Weijie

(Research Institute of Petroleum Engineering, Sinopec Southwest China Oil and Gas Company, Deyang, Sichuan 618000, China)

Abstract: Due to the deep buried depth (3 500~4 200 m), high ground stress, high ground stress discrepancy (7 to 17 MPa), low
reservoir brittle (< 0.5) and the undeveloped natural fracture, the hydraulic fracture of Weirong deep shale gas face the problems of
high fracturing construction pressure, narrower pressure window, low sensitive sand concentration, high fracturing difficulty. Large—
scale physical model experiments show that the morphology of Weirong shale fractures are composed of main fracture and branch
fracture, within low fracture complexity and forming bedding seam more easily. On the basis of geology—engineering integration, the
stratigraphic segmentation and clustering are optimized in combination with geological sweet spot. Through the study of the
proppant transport, the placement mode and injection timing of the three—grade particle size proppant have been optimized, which
increase the sand loading. The transverse complexity of fractures is improved by the combined temporary plugging steering
fracturing technology. The net pressure and complexity of fractures are improved by the temporary plugging in the fractures and the
optimization of construction discharge and liquid viscosity, thereby improving the fracturing volume and control reserves. The
research results have been successfully applied in Weirong Gas Field. The sand loading has been increased to 1.95 t/m, the
average open flow per well is 38.5%10* m’/d, and the single well EUR is 90x10* m’. All those shows a significantly improvement
compared with the previous stage. Post—pressure evaluation shows that the fracturing effect is positively correlated with the sand
adding strength. Therefore, how to improve the sand adding strength and control the strength of the liquid used in deep shale gas is
the key to economic and effective fracturing.

Key words: deep shale gas, close—cut, fracturing, intensity of sand, temporary plugging and steering, fracturing volume
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Table 1 Deep shale gas reservoir geology characteristic
X TR (m) PRI TR (m) FLBREE (%) TOCCH MUK ) (%) FAE(m' ) LN DIES e
i 3500 ~ 4200 27.5 4.0 22~4.0 33~64 1.96
AN 3800 ~ 4 100 30.0 53 28~55 6.7 1.70
T 4200 ~ 4 500 23.7~30.5 5.8 3.6 4.4 1.40 ~ 1.55
WBRIRZ 3900 ~ 4 200 49.5 3.1 2.8 4.5 1.38
W HPIRZ 2200 ~2 400 38.0 42~64 1.9~22 2.0~6.0 1.20~1.55
2 RENESMHEMRIFHME
Table 2 Deep shale gas reservoir geomechanics characteristic
4 Wi A e PEFEEL e [u] N ) ‘ BRI , /VKF 7J<¥ﬂﬁﬂjﬁ IKEN; 12
(GPa) (%) (MPa) FERJ)(MPa)  FERJJ(MPa)  ZERRE (MPa)
B 21.7~33.8 0.237 38 ~ 46 86.0 ~97.7 87.7~1120  84.0~101.0  0.080~0.250  7.00~17.30
AN 202~31.4 0.228 40 ~ 50 95.1~1055  992~113.6  88.1~101.0 0.110~0.160 11.10~15.80
Tl 32.32 0.200 48 ~ 55 0.125 11.70 ~ 24.00
Wb ANE 27.3~37.0 0.200~0220 52~55 95.5~99.3 87.0 ~94.9 79.6 ~ 86.5 0.140 7.40 ~ 8.37
W R 38.37 0.190 ~ 0.200 62 51.9 54.2 49.0 0.110 5.20
Woodford 34 0.180 55~175 0.075 2.00 ~ 4.00
Haynesville 0.270 0.048 3.00 ~ 5.00
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Fig.1 Rock sample before and after fracturing
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Table 3 Deep shale gas reservoir operation
characteristics
IR WS st L
(m) (MPa)  JEJ7(MPa) Wi EL(%)
3900~4000 72.0~91.0 62.8~67.5 3.82
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BT IHF - 3500~3 600 76.0~95.0 56.0~66.2 3.37

3) IR A AR (<0.55) MW 173K
(7~17 MPa)  RIRMEERNKE Rl = Ml B GE A
KA, E T RZOE N 2445 55 2R AR, UL 3248+
Gy U F RS R FLAZ R

4) W T EZIE R ESRV (A &k i 1A R ) AR
JIN T b T A A B, B P AR, B R,
X AR AR i 2 s i T O R, AT 8 A AR
JE2 A H RTIH IG 0)— MR

2 ESRIRE U TR RO

JRIR TR DU e SR T A RE B e LA A Ak e i
(LS AVSISE DS Tt A PE DR A DSL - AN D R 71E AN
S SINRD BTSRRI 7 Dl S, B e TR SR o
SR, IS TR A RBUR R

21 WRIB—EHUZVESES%E

L5575 TEKCOT BT i & S JHB Y ) KB )
2 Ca A EtE AT PRI AR R AL R 2 R AR
TEHATEE , DA RBGE AR Hiw . UERUER T,
TEEESIE N, B 4 T RN A 23N , BB AR R 2 R
RIS AEE i R L, R DU SR B AL
Yo 2 o

x/ow

GAEsESS 2 B4k

ARG CICERTE

Ao =15MPa

>

B2 AR S22 T ) 28 m Aits il

Fig. 2 Distribution of fractures after fracturing under different deviated stress differences
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3) 3 e B TR A R T i 4 P v
FET7. BRI 1 RN T e 45448 9 (114 R K
/N AE WY 23— THF HR AR il TR AR VR A RE B2 5%
B2 Al A 45 25 1 (R 28 AR A TR HE B AST]
TRV B o) 4 P R T s ), DL SR A AR T2
o I Ol T IR R DU SR M T e
AR, VB B2 v R 1360 1.5 ~ 2.0 MPa, 42 =y ife T
Hef, ¥ 3 i ok 4.0 MPa 2245, HL i HE & T 4
T v T 38 e B T (1 9)

3 P sLitts il

TR DR RN R )RR AR

eI A1 (MPa) 0.4
—e— BRI E /1 (MP)] .2
—o—li%au; il );I{E (MPa) .

65.0 14

s 6448;_,./. 12 -
o q <
=%

% 6461 Lo 3
08 o

B —0 T
& 0.6
o 642f =
= i
5 #

64.0

63.8 L L 0
8 9 10 11 12 13 14 15

it Tk (m?/min)

K19 AIRHER BB AR T 5 T A2k

Fig. 9 Change of stop pump pressure under different rate

and liquid viscosity



2021 4

Bl 1 FRSC, A IR Z T IR BUE R T ZHAR 107

VR R ARG R 8T S0 R H bk AT T sor y=00327x-4263 1

REF . S AU B R 1], SLBEREA R 2 ~ 3 s oo

BN 6 ~ 87, HAH LR 42 ~ SOFEIE N E 110 ~ El

1405 , BE i KA RCRIR R T 9 %, KT B 1) 3 75 = or :

R 83.0 %I E 96.4 Y. B INEHL A , HH =0

SRR h 1.05 vm $2 5 2 1.95 vm, DR EE o = s oo

PEET T 85.7 Y%, Bk 1A SHUGE AR, FEBE/K H 51 SR Bt ()

60.5 %03t % 85 %, [RINTZR G LU 2.7 %3 %2.3.9 %, BT b o OB e R

F%ﬂi‘i TR R R A T T A (F24)., Fig. 11  Relationship between total sand and open—flow capacity
WY23HIW Y43 Sl 38.5% 10 m'/d,

FHEUR 4 0.90x10° ', FH LR HATHIE S 4 4510

60.4 %; Hort WY43-4HF H-JCBH I it 54.7x 10 m’/d, T
M EUR A 1.13%10°m’,,

SYMTRT AL, RS S nAb R B | B bR
WOEARE R (F10. B 11) . R T SEmZE iUa S
TR, — 7 T B = I R, 1 b i
FE WP R 2 1 S RE T R KRR R AT I T
K5 o — T BB S LR A W L, 4R e T o

40 -
y=>51.174x* - 35.766x + 25.134
351

30

251+

TEBL A (10* m?/d)

20+

15 1 1 1 1 1 |
0.4 0.5 0.6 0.7 0.8 0.9 1

TAb 3 (m®/m)
10 Jinidsi &5 JCBH i 5
Fig. 10  Relationship between sanding strength and

open—flow capacity

1) BERIR)ZE DU ML 7 HUN ) 22 5K A
JEMEMEAR AR MEEAR KT, 20 w1 T %
J1E R T DA D HUAIG 0 A s R A
W, WFGT R, TR Z4ME LAY A 2B M, el R R 37
R, AZBCR O ELET PRI 120, A REGE R Z4UR

2) SERRUEBASE A TREHSET AT DAk 4 B o %
oVl EI MR, T AT 15 R 4 A B R
FAE oAb = GORi A2 SZHER0VEl E  =CORTE AL, 1T
DA RE AR TR JE , B2 v b o B8 5 T B 1) e 28 A
At T HE i TRAAR R B 45 S 80T itk — 20 Bt vy A
[v1) 7 o R AT AR

3) WEFEIE B AR AR ko DU R AR 2] T
AN 24 5 JEBH 3 R 38.5%10° m/d, HL
EUR 4 0.9x10° m’, MU 8RS A0 e 5 2 5

4) RSO SRS I B AR e R 7
TR IR )2 DU SR 2N B 45 IR SR R,
2 TUA R AT A JURE S 8 R IRZ TUA R
JEZP T TT 17

x4 ERSERYRIILL

Table 4 Fracturing parameters and effect comparison

Tz Einc2 R RnEER (%) IR (vm)  ZEATTR (%) KGR (10'mYd)  FEl EUR(10°m®)
WY1HF 42 90.8 1.20 2.6 22.0 0.40
WY23-1HF 45 91.8 1.50 3.0 38.0 0.66
WY29-1HF 47 87.6 1.20 2.5 28.0 0.70
H WY35-1HF 35 88.4 0.90 2.8 18.0 0.54
WY9-1HF 44 723 0.90 3.1 23.0 0.60
WY11-1HF 39 67.3 0.75 2.1 15.0 0.40
T 42 83.0 1.05 2.7 24.0 0.55
WY23-2HF 116 96.6 1.95 4.1 33.0 0.81
WY23-4HF 108 94.8 1.95 4.1 38.0 0.90
WY23-5HF 116 93.8 1.80 3.8 30.0 0.85
JE WY23-6HF 115 97.2 1.80 3.8 33.0 0.80
WY43-4HF 104 97.8 2.40 4.0 547 1.13
WY43-5HF 98 98.2 1.95 3.5 425 0.93
S 110 96.4 1.95 3.9 385 0.90
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