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Abstract: Due to its low viscosity, slick water has limited efficacy in inducing fractures, low carrying capacity for
large particles, and a low sand concentration that fails to meet the needs for operation, which limits the efficiency of
large-scale fracturing in unconventional reservoirs. Therefore, SFFRE-1, a heat resistant friction reducer dissolves
instantly with acrylic acid(AA), acrylamide(AM), 2-acrylamide-2-methylpropyl sulfonic acid(AMPS) and Monomer A
as raw materials, was developed by inverse emulsion polymerization. A slick water and gel-liquid integrated fracturing
fluid was produced by researching and developing an optimal clay stabilizer and an efficient cleanup agent highly
compatible with SFFRE-1. The resulting fracturing fluid can resist temperature as high as 160 °C, and its viscosity can
be adjusted from 1 to 120 mPa-s by adjusting added amount of SFFRE-1. In this way, on site mixing and real-time
transition between the slick water and gel-liquid in fracturing treatments can be achieved. The fracturing fluid has been
applied in shale gas wells in Sichuan Basin and tight oil wells in Shengli Oilfield. It has shown excellent performance in
friction reduction and sand carrying: the friction reduction rate reached 86% and the sand concentration was boosted to
43%. The research and field application show that the slick water and gel-liquid integrated fracturing fluid can meet the
requirements of large-scale fracturing in unconventional reservoirs.

Key words: friction reducer; inverse emulsion polymerization; slick water; gel-liquid; integrated fractring fluid; friction
reduction rate; field application
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Fig.1 Structure ofinverse emulsion friction reducer SFFR-1
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Fig.2 Viscosity of SFFRE-1 solution with different mass
fractions
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Table 2 Basic properties of the clay stabilizer
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Fig.3 Friction reduction rate of the slick water and gel-li-
quid integrated fracturing fluid in different shear rates
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Fig.4 The rheological curve of the slick water and gel-liquid
integrated fracturing fluid at 160 °C

223 HEFMRE

JE S 500 M REFE e S 006T S £ 750 1) 2L T g
Jo R HERDRE SRR R, S8 R AE e 2400 i it
o AL R R, A ) T T R 4 A S R A\ B
L I E . AR R RIS RD BE ) K 22, ST
W o 3 S bR, A T BB, R 24 TR I

Fi W J7 1.0% SFFRE-1+0.1% SFCU-1+0.3% % +
Rt 2 ) 3 T TR K VR — IR R 2, A
30/50 H B ( B 55 v I8 K s T — 1A b e 24 14
UL R 3:10) B35, N [R) i 1k i) (8] B ki

BT RIS M0, &R 30/50 H K ki 20 min T UL
(LR 5), b BH i TR K - T — AR A T 24 LA R4
B HERNPERE, RENS T B BN 1R 2 T 80K

o =

ol o

5 min 10 min 20 min

5 BEK-RR—AHERRIS MR
Fig.5 Sand carrying capacity of the slick water and gel-li-
quid integrated fracturing fluid

R RO AR

S AP\ ARE KSR 24 RE VM 7 i )
(SY/T 5107—2016), M3 1 28 B I R 548 1 ¥
TR K~ — PR AL R 4 A2 W 70 °C L 1 6 MPa
KT SRR, 45 R 6 Fron o BRI
JE 2 TC T M 0.35% 3 i% I HPG+0.3% A ML
RN +0.15%Na,CO5 (T[] ) 5 3 IR K - — A4k
JE LW M E J7 0 1.0%SFFRE-1+0.1% % 1 54 & 7
3+0.1%SFCU-1( R [A] ). MIEl 6 W] LIF i, 1R /K-
TR — AR A 238 A8 R DTS s 28498 11 SR Ui 2k i A
b b 26 A F A, U0 B T R M B A 2, K
TR VR K VR — AR Ak s 2 0 ) 10 2 1 e A T 24 it
TR,

224

16

— R A
——— (AR 2

B ft/mL

tl/Z/minl/Z

El6 TREIEHRKKRITIELESHEFHFROMEZ
Fig.6 Curve of the filtration rate and square root of time
with different fracturing fluids



e 116« % b3 45

#x 53 K 2022 % 5 A

225 BURMERE

ST ARAE (K 3 R 240 BEVE M O % )
(SY/T 5107—2016), VAN 18 IR /K — IS — A Ak 1 34
TR B I T B o i TR K — I T — A A R 2498 45 )
finA 0.05% B (NH,),S,05. K,S,04 Fil NaBrO;, il &
HAETREE 90 °C 7T BB Mg BF 18] 080 fe V0 10 6 3 4
WA, AR 3, AR 3 A, IR OK - —
AL FE 243 A NH, ) ,S,04, K,S,04 il NaBrO; %
3 Pl I 39 24 FTAE 60 min B RS, LT 5 570 X6 3% v Y
AR,
22.6 4 EMEGE

ZHITbRE ORIERREERRITM L) (SY/

x3 BEBEA-RE—FUERBHRAEER
Table 3 Gel breaking experimental results of the slick water
and gel-liquid integrated fracturing fluids
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Table 4 Experimental results of gel breaker damage of different fracturing fluids
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