20194E 6 1 4528 % 453 1]

Wor 2.4 #

WELL TESTING

EEMES EHRA -

RS ok o OIS e 22 B AR

W R F ok B KR, MR, B

Hitg i Ch ED A BRAE B A R EBGE R T B 200335

1@ ifl1E# : Email ; yaofsh3@ cnooc.com.cn

T B 333« v Il AR 5 4 SR H AR RJR 2 F B STk i 2445 R ((enooc-exds2017001)

51 B K, BB OR, A AR SRR e 2D IR EBOR [T ] i I, 2019,28(3) :42-48.
Cite: YAO Fengsheng, CAO Bing, HU Zhongtai, et al. Pulse sanding fracturing technology for low permeability gas reservoirs in the East China Sea [ J].
Well Testing, 2019,28(3) :42-48.

X E S :1004-4388(2019)03-0042-07

ME FRERSEEEAADERERFHEE, - EHRE, RN BT ERY, Tkl 2 EREERT LN E K,
Pk ERTEBARINENFESFDELS, Aot D ERX S REHIHIALK T AN E, ARIENBEEES AR
M, RAEENHRFHGDETBE, KBERGREFRE . EATRTFNRENZRELN, EEKRFELLHEALT,
BT AR 20% A A6 T Bk B B BBl A 1 O~2.5 min, P B IRE A 4%, GHAERML RETEEFE, BKTEH
BKEAAE, B TOERE, WA AL A B 7 &, B T ZEORAE R BRSO TAT b 5 A
HETT R B BERT B 38 7 F B

REWR REAHE; ER; KB5S Mow Xmd; 8 H#E; TR

HE 9 ZES TE35T X HkFRIZAD : B DOI:10. 19680/j.cnki.1004-4388. 2019. 03.008

Pulse sanding fracturing technology for low permeability gas reservoirs in the East
China Sea

YAO Fengsheng, CAO Bing, HU Zhongtai, JIAN Jiabin, TANG Liang

Shanghai Branch of CNOOC Lid. , Shanghai 200335, China

Abstract: Conventional sand fracturing in low permeability reservoirs in the East China Sea has shortly stable production period, rapid
production decline, and prominent contradiction between high input and low output, which cannot meet the needs of efficient develop-
ment of offshore gas fields. Pulse fracturing technology introduces the concept of discontinuous sanding in fracture. It can ensure the sta-
bility of proppant slug migration by means of pulse sanding mode, multi-cluster non-uniform perforation and fiber injection, thus form-
ing non-uniform sand column and groove in fracture, and greatly improving fracture conductivity. The indoor engineering evaluation and
simulation experiments shows that the total liquid volume can be reduced by 20% while the fracture length remain unchanged. Mean-
while, the pulse interval time has been optimized to be 1. 0~2. 5 min and the fiber concentration was 4%o. Compared with conventional
fracturing, it increased production after fracturing, reduced the amount of fracturing fluid and proppant, and decreased the risk of sand
plugging. This paper demonstrated the feasibility of the application of this technology in low permeability gas reservoirs in  East China
Sea Oilfield from two aspects of geological conditions and operational capacity and provided new means for stimulating production for
large-scale development in the later stage.

Keywords: East China Sea gas field; fracturing; low-permeability sandstone gas reservoir; pulse sanding; fiber injection;
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Fig.1 Comparison of fluid flow in fracture using conventional fracturing and pulse fracturing
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Fig.2 Placement pattern of supporting fractures under
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Fig.3 Placement pattern of supporting fractures under
pulse sanding
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Fig.6 Comparison of non-uniform perforation with
conventional perforation
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Fig.7 Fiber network structure carrying proppant
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Fig.8 Comparison and optimization of support fracture length under different modes
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Table 1 Pumping programming design of conventional
step sanding
Wk R, R WA g4 HiR/
BEFE A m (kgem®) BB OB kg (m’-min!)
(3% %7/ 8 - - - - -
WrER HKR 50 - - - - 3.5~4.0
IR R 15 60 0.9 - - 3.5~4.0
AW %K 20 - - 090 - 3.5~4.0
W URIK 10 100 .O 1.90 - 3.5~4.0
Wb R 10 100 1.0 2.90 - 3.5~4.0
HERDW VR 10 180 1.8 4.70 - 3.5~4.0
DM VRIE 10 180 1.8 6.50 - 3.5~4.0
W URIE 10 240 2.4 890 - 3.5~4.0
HERPW R 10 240 2.4 11.30 - 3.5~4.0
WP TR 10 300 3.0 14.30 - 3.5~4.0
HERDWR R 10 300 3.0 17.30 - 3.5~4.0
bW R 10 350 3.5 20.80 - 3.5~4.0
PERPTR VR 10 350 3.5 24.30 - 3.5~4.0
W R 10 400 4.0 28.30 - 3.5~4.0
HERDUG R 10 400 4.0 32.30 - 3.5~4.0
DM R 10 440 4.4 36.70 - 3.5~4.0
RO VR 10 440 4.4 41.10 - 3.5~4.0
W URIK 10 480 4.8 45.90 - 3.5~4.0
W TRIE 10 480 4.8 50.70 - 3.5~4.0
AP VRIE 10 520 5.2 55.90 - 3.5~4.0
DM RIE 10 545 5.4561.35 - 3.5~4.0
TR R 1 - - - - -
TR 7 - - - - -
J=838 300 - - - - -

x2 BommEbRERFIET

Table 2 pumping programming design of pulse sanding

T Wk R, R/ WA g4 HiR/
Y & m  (kgem™) BB 2 kg (mP-min!)
fRE w8 - - - - -
WER HK 15 - - - - 3.5~4.0
BB %15 60 0.90 - - 3.5~4.0
AIEWR B 20 - - - - 3.5~4.0
Wb Rk 10 100 .00 1.90 10 3.5~4.0
TR YRS 10 - - - - 3.5~4.0
R R 10 180 1.80 3.70 18 3.5~4.0
T FEE 10 - - - - 3.5~4.0
W R 10 240 2,40 6.10 24 3.5~4.0
T 10 - - - - 3.5~4.0

®2 BB RERFIET(ER)

Table 2 pumping programming design of pulse sanding

Wy Wk R/ kR, WRE A4y HiE/
BIF A m (kgem™) BB HZB kg (mPemin')
bW R 10 300 3.00 9.10 30 3.5~4.0
PT FR 10 - - - - 3.5~4.0
HEIDWR R 10 350  3.50 12.00 35  3.5~4.0
I TR 10 - - - - 3.5~4.0
RS B 10 400  4.00 16.60 40  3.5~4.0
PT RE 10 - - - - 3.5~4.0
ELAN YN 10 440  4.40 21.00 44  3.5~4.0
PT RE 10 - - - - 3.5~4.0
HERDWE R 10 480  4.80 25.80 48  3.5~4.0
IR TR 10 - - - - 3.5~4.0
HERbWE W 10 520 5.20 31.00 52  3.5~4.0
PR R 10 545  5.45 36.45 34  3.5~4.0
TR R 1 - - - - -
TR I 7 - - - - -
Bt 260 - - — _ _
£3 AEABREATHZEERTESHITLE

Table 3 Comparison table of main parameters of support
fracture length under different modes

FESH WA BkebUnes AsMe(E
Z X/ m? 35 20 42.6% |
BB R/ m? 85(31.2%)  50(20.8%) 41.2.0% |
HERD R/ m’ 165 175 6.1% 1
MR () /m? 300 240 20.0% |
YLK/ m 142. 8 142.6 —
TR/ SRR 84. 1% 97.5% 15.9% 1
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Fig.9 Simulation results of different pulse time interval profiles
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Table 4 Simulation results of main parameters for
different pulse intervals

. o ok e ) B Jok ) b Jok w1 B
ERH 2~2.5 min 1 min 15 s
T W/ m® 22 22 22
HErb W HE/m’® 178 178 178
YIS /m 131.8 133.5 135.2
ALK /m 146.2 149. 6 152.5
TR R F e ) 14.6 15.1 15.0
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Fig.10 Settlement height curve of proppant in fracturing
fluid at different time
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Table 5 Statistical table for Young’s modulus and
closure stress parameters of fractured wells in area of
East China Sea

Jpm b R/ P 0 71/ W
MPa MPa
A 31900 39.6 805
B 18 700 42.3 442
C 29 800 52.6 566
D 33000 77.8 424
E 30 000 62. 1 483
F 28 500 64.2 444
G 26 800 68.2 393
H 31.0 54.1 573
I 33.0 60.9 542
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Fig.11 Spatial layout optimization of pulse sand fracturing platform
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