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Laboratory study on reducing fracturing friction of shale reservoir by proppant slug
during pad

YANG Zhaozhong, GAO Chenxuan, LI Xiaogang, LIU Jinxuan, LIAO Zijia

(State key Laboratory of Oil and Gas Reservoir Geology and Development Engineering, Southwest University of Petroleum,
Chengdu, Sichuan 610500, China)

Abstract: In order to solve the problem that the injection pressure of shale reservoir in Fuling area is too high in the early stage of
hydraulic fracturing, researches on the resistance reduction based on proppant slug technology was carried out. By using the
previous self—developed jet device and target, a set of physical simulation method for reducing fracture resistance in near well by
grinding perforation with proppant slug was established and the orthogonal experiment was carried out. For the on—site needs, fore—
tail pressure drop and average pressure drop rate are established to characterize the experimental results, and then analyzed
accordingly. The results show that the influence of various factors on the resistance reduction effect from large to small is in the
following orders: sand ratio, particle size, number of slugs (grinding time) and proppant type. The effect of reducing resistance of
quartz sand is better than that of ceramsite. Drag reduction increases with the thickening of proppant particle size and the increase
of sand ratio, and decreases at first and then increases with the prolongation of grinding time. Based on the results of orthogonal
experiment, the optimal operating parameters of quartz sand with particle size of 40/70 mesh, sand ratio of 9 % and grinding time of
9 min are selected. On this condition, the optimal friction reduction effect of pressure drop rate of 0.439 MPa/min and head-tail
pressure drop of 1.04 MPa are obtained. The experimental study provides a certain reference for the construction design of
hydraulic fracturing of shale reservoir.
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Fig. 1  Front mixing abrasive jet device
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Table 3 Nine sets of experimental results
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FH9 0.193 0.77




82 RN ST A

10

x4 OHEFXWIEZ ST
Table 4 Orthogonal analysis of nine groups
of experiments

FiE JEREEA/ (MPa-min™) T FEJERE/MPa
SHC Wl B2 03 s B 902 393 Bk
TR 0162 0.113 0.049 0.513 0.507 0.006
Kife 0.088 0.126 0222 0.134 0.333 0.493 0.707 0.374
P 0.026 0.138 0.272 0.246 0.213 0.597 0.723 0.510
AffE 0.134 0.109 0.193 0.084 0.480 0.417 0.637 0.220

FOUS T s e o M i S e A 2 i AL R R/ NHE P 2
AL > Kide > IR ] > SCHGRIZRIL, A R
N IRFEHCRA R R R E R W], 4 e e
BRI T FL s AR R B LI R, FERHAECR 22 F
ST BT IR A HE I, R ACR e R R

322 XEAMERGI @

SRR T R R AR B R IR ) 22 (5 )
AT d /N (8 19) o BRAR AT S (1442 [T ik
B T PRRL, AT A IR )T B IS 1 8 R ) 22
KE XFCHEIFAI G . X BRI BT Y 2 4 B2
M, A S i R BHACR WS AL T L. ARAL T
WL SR, A1 Db HAT 0 B 1 B RS B 22 Y
A, KR RN T BIAE , AR 47 S mb BT 5 % 400
]

0.30

0.251

020
e
Eoast

0.10

0.05

SR RB/H /% B/min
23 i i
I8 XTI B AR ) 45 N R il 22

Fig. 8 Range of factors for pressure drop rate

0.6

0.5r

0.4

s
B 0.3

0.2F

0.1F

0 1 1 1 J
SHR RR/H Bi/%  E/min
5317 5
B9 X T RIRFER 25 N R Ak 22

Fig. 9 Range of factors for fore—tail pressure drop

323 I#EANERGYR

RAR X T AR A B R S R e i . 7ETEHTAY
3FRLAR Y SCHEEFR R B BN R SRR
PRHERIN , Toe e IR e A< sl 1 e I ) 22, 4930
S EREI . T SR B HE R — B, R Z MR
PR/ L R AR O T, Bl S 45 59 0k A2
R UKL FI BRI R 238 i, XL 1T
G AFT AR o

324 s Hen

WO HEXT TATEEBOR IR B o S o /KR
WA RHBURL Al LUE BB R . e 1, A
TR, QRS 1 b Al EOE St
TIRTFIZMEHIPURIRIE , BA FIREAROR , (HIX A
HAT SR SO R b A i
W REE R RN IR BB Y 2~3 4% , Y ohb ¢ A1 RHI Y
LA [ P RDVR 1) 2 JEE Ay, DU S 50 0k
TERE R W A4 R B, S B TR A 1 BT
VB o R L 8 T 495 120 Y ) 4 R 3 O, LA s i) PN
PR 1 ol o B AR 0 K, e e A T AR
TR LE

325 TR E R

H T [ A BRLER A AN TR R 2 A9 oML 80T R
WA TEER SRR SE A BT F T VR R AR A
DA A8 36 T ) SR SRR 2 Wi N, B4 1Y
WA SRR HACR ™, R {ERRE R, TR ]
RETE R T, BB R BHOCR R AR,
B TR T R I, TR R BESCR Seil N E R

1) it SAEHT AT A & b, AL T
— WIS S B E R B AR ) 38 N SR Ty vk
TEERFAT

2) S IEAS SR A R 22 T A A P R
X i S AR A B T e (90 5 i e R B/ NHE R i
P RiAe  BEIE R (FTRE 6] ST FRI2E Y

3) WERHERIE T RSTIES RRE , AP iY
FTRE R BRI T M hL , Bt 0 LU FIRLAR 49K, e
FHACR SRR SE N . Bl BEIE A RO, B BH AR 5



513

Wty A BRI B A S AR B IR R DU 2 T 2R B S BT 5 83

CUNEE I

4) A T T IY SR A T RN DI S TR IR e

VFRONOLT , 18 Y B3 e 0 LU e MRS 1) 4 e
SCHEF AT B I [] , W 8038 /K 77 s 00 30 ) 1
AR Sy el

(1]

2]

(3]

4]

(5]

[6]

(71

8]

91

2 % 3 i
CRUMP J B, CONWAY M W. Effects of perforation— entry
friction on bottomhole treating analysis[J]. Journal of Petroleum
Technology, 1988, 40(8): 1041-1048.
LORD D L. Study of perforation friction pressure employing a
large—scale fracturing flow simulator[C]// paper SPE-28508-MS
presented at the SPE Annual Technical Conference and Exhibition,
25-28 September 1994, New Orleans, Louisiana, USA.
Wil . R R 203 It R 7 S I 1. il <
2003,12(3):36-37.
CHEN Z X. The sand slug analysis and resolving method during
fracturing in slant well[J]. Well Testing, 2003, 12(3): 36-37.
SMITH C G , KHIAT S, AL- BADRAOUI D. An effective
technique to reduce bottomhole friction pressure during
hydraulic fracturing treatments[C]// paper SPE- 112422- MS
presented at the SPE International Symposium and Exhibition
on Formation Damage Control, 1315 February 2008, Lafayette,
Louisiana, USA.
L2 NSRS W2 I 1 B N i 8 R S VA O R DN T RS
(1. PUREA R4 (A AARIARRD , 2012, 34(5) : 177-182.
GUO DL, JI'Y, XU J W, et al. Research on the new model and
method of analyzing near— wellbore effects[J]. Journal of
Petroleum  University (Science &  Technology
Edition), 2012, 34(5): 177-182.
S, o5 K, SR, S . AR K O T LR LR M K R
SRR #IFRS 56, 2016,33(3) 1 102-106.
GONG D G, QU Z Q, GUO T K, et al. Factors affecting friction

loss of hydraulic fracturing in ultra—short radius radial wells and

Southwest

the calculating equation thereof]J]. Drilling Fluid & Completion
Fluid, 2016, 33(3): 102-106.

LONG G B, LIU S X, XU G S, et al. A perforation—erosion model
for hydraulic— fracturing applications[J]. SPE Production &
Operations, 2018 , 33(4): 770-783.

SEEHN PR SR R, S i R 2 R IR R R B UE AR
RREERAAE ISR HIT]. #R T22,2019,42(5) :49-51.

XING X S, CHEN B, ZHANG B Q, et al. Friction drag correction
for multi fracturing—gravel packing string used in cased holes at
Bohai[J]. Drilling & Production Technology, 2019, 42(5): 49-51.
JEIAE, TR, BRI T . TUA SN S RUR R AT 5
B #R T22,2019,42(4) :89-92.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ZHOU Z J, YU S H, ZHANG X H. R & D of composite
synergistic fracturing fluid for shale gas and application[]].
Drilling & Production Technology, 2019, 42(4): 89-92.

BEIn SRR SR AN AF . UK D) TR L A i S R L3 A

[J]. A7k 5 TR, 2006,20(1) : 74-75.

LIANG B, GUO J C, DANG Y J, et al. An analysis of entry

friction during hydraulic fracturing[J]. Henan Petroleum, 2006,

20(1): 74-78.

R X F I, 2, A TR R S At TR

FHAEAR(J]. FRAHIH 0B, 2012, 19(2) : 123-125.

SONG Y G, ZHAO S H, WANG X W, et al. Friction resistance

reduction technology for fracturing deep gas reservoirs|J].

Special Oil & Gas Reservoirs, 2012, 19(2): 123-125.

X, XUBLEE , HRAk 7, 45 . K g FRRRE B R R L))

AR ,2019,26(1) :69.

LIU W, LIU J X, HUA J J, et al. Friction types of hydraulic

fracturing and measures for reducing friction[J]. Petrochemical

Industry Technology, 2019,26(1): 69.

S . R SOKESF K IS T 282 IFSED]. AR - P

IR, 2016.

PENG P. Laboratory study on horizontal well hydraulic spraying
of coalbed methane[D]. Chengdu:
Petroleum University, 2016
SRAE B/ INET I AR 5 K ) BRI R RN 4387 B
SRR B AR RO A i I R T2, 2004, 27
(5):37-39.

ZHANG J T, CHEN X X, PAN W D, et al. Near— wellbore

effects analysis in hydraulic fracturing and applications of

technology Southwest

proppant slugs technique in Zhongyuan Oilfield[J]. Drilling &
Production Technology, 2004, 27(5): 37-39.

DG , B, ShIE 25, 45 DUA KPR R AR IR
R R R ThAMIER, 2017,22(6) :41-49.

SHI B B, XUE Z, MA X Y, et al. Review and preview of
stimulated reservoir volume technology of horizontal wells for
shale gas[J]. Sino—Global Energy, 2017, 22(6): 41-49.
ZEARA L AR Dy AR LR S5 0 M. JEat B R
2011.

LI G S. Theory and application of hydrajet— fracturing[M].
Beijing: Science Press, 2011.

SRR, T, (T B0 . JEASH O R B O B e A i 3™
BRI, PR - AR AL i, 2010.

ZHANG Y L, YU H C, HE X. Abrasive two—phase jet theory
and its application in oil well stimulation[M]. Shenyang:

Northeastern University Press, 2010.





