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Abstract: For shallow oil and gas wells with a buried depth within 1 800 m and a temperature lower than 60 °C, there are technical
problems of high sand ratio sand carrying and low temperature gel breaking in the fracturing operation of conventional fracturing fluid
system. By improving the crosslinking efficiency of spatial network structure, a low concentration organic boron crosslinking agent was
developed. According to the principle of redox reaction, a low-temperature gel breaker was developed to form an ultra-low temperature
fracturing fluid system. The experimental results show that when the amount of guar gum is 0.25% and the crosslinking ratio is
100:0. 3, the viscosity of the system is maintained above 65 mPa-s after 170 s™' and continuous shear for 90 min, which meets the
technical requirements of on-site construction; The minimum gel breaking temperature can be as low as 20 °C, and the gel can be
completely broken within 120 min. the viscosity of gel breaking liquid is 2. 3 mPa-s, and the residue content is 126.2 mg/L, which
has low damage to the reservoir. Since 2018, the fracturing fluid system has been applied in more than 200 wells in Qinghai Oilfield
with a maximum sand carrying ratio of 30% and a total fluid consumption of more than 10x10* m’, with a success rate of 100%. After
using this technology, the maximum daily oil production of a single well reaches 10. 68 t, which provides strong technical support for

the benefit development of low-temperature shallow oil and gas wells in Qinghai Oilfield.
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Table 1 Experimental data of effects of reaction temperature
on gel fracturing fluid performance
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Table 2 Experimental data of effects of reactant concentration
on gel fracturing fluid performance
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Table 3 Breaking experimental data of redox
combined breaker
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4 0. 40 0.10 40 90
5 0.20 0.08 60 150
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Table 4 Experimental data of suspended sand performance

‘l 3 é i ARHY ;‘q % I\E‘ i
IRk VR VAL U WA 551\ VAP 53 .ﬂrﬂ/
% % % min
TR I 24 0.45 0.20 0.3 >240
ARG IR 5 M 24 0.25 0.02 0.3 >240

NS5 H0H0E FT LAAS R s 8 g B LU, K
R AT LA 0. 45%F% 5 0. 25% , & HEE S5
WA R PEREA 2, X R 1a FIE 1b A
WSCIHOR AT LA Y, B SC IR A 4 h B 30T
WHg, KU LER 4 h UL B, W RS T

a. 20 minBERES b. 240 minBEIRE

1 BRER
Fig.1 Suspended sand effect
4.3 MEYIEREITM
FIH HAAKE RS6000 3t 421X, X e A%t 1 2434
PRZ AT TR By U568, 76 170 720~ 60 C 3%
29y 90 min Z&AET VPO TR R 24 A TE 55 1)
PERE, PEANERINIE 2 FiR

160

1140

1120

i /(mPa-s)

0 20 40 60 80 100
I 18] /min
a.20 C



$30% S

ZEROLAE RR B B OB ARIELE 24 A R DT 41

- B
120 1140
T - R
110 1% 4120
2 100 | 1100
S 90} 180 ®
-2 )
® g | 160
70 F 440
60 L 20
100
I} [ /min
b. 40 C
120 |
110 Ik L
100 | 4 100
a—; 90 | 80 ©
= L #
= 80 o B
[
70 b
& 40
50 e SRS o/ 20
0 20 40 60 80 100
I} 1Bl /min
c.60 C

2 AREBEEEHREEHRMETIME
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Table 5 Comparative experimental data of residue
content of different fracturing fluid systems
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Table 6 Filtration test data of ultra-low temperature
fracturing fluid

U v BN A/

AR BREE

(10*m-min™"?)  (107*m*-m™>) (10 m-min™")
HEAR I 0.5 3.5 0. 85
b 6.0 10.0 10. 00

# AR IR R 2R R (0. 25% MUK

HIZR 6 T, IR R RV RE A
AT S R 82 | BEWH I TR T 220K

5 G MABR

H 2018 4E LIk, AR I R 24 W 1R 2 76 75 16T
FH A 2 I I KRB HE ) 0 A 213 1 I 400 4%
Br, % 100% , 2 RBETE 1800 m LA, i fi
Ja R HEROR AR B T 5 mPa-s, f# 0 7 1 800 m
DA 48 AV T e 28 485 100 5 g e WL 4 AR ST, R
Uik i 2 0 AR TR SO IR R B AR RS E , TR 1
WRCRAT  RHE R, BRI, A R H
HITE 5~10 t, i85 T R0 i A RCR , $E
TR R T RS I AR At SRS

1 1407-X [ 27 I EMAD LLAR L DX Bk
MW, FEZHEBZE N, K X /N2 1391~1 490 m,
HUZIRIE 46 °C . BN 40 C RRWAAR R, T 2019
A9 HEZ (& 3) ,Jii THFE 5.0 m*/min,

100 — T T 25
I | o —R6ES
B IR B x| B bl 3
et 2 # 25 B 2 B e R
80 &= ® B R ® Bl ww 420
= 1 o s o
5 \ I =
; 60 } H } 115 &
& \ noi E
5 | Il =
£ I Il itz
_%40- | I | —Ioﬁ
|
W w #
I |
20+ } 15
|
|
|
olt
40 138

FiF 1E]/min
B3 B 1407-X EHERETT %

Fig.3 Fracturing operation curve of
Well Zhong 1407-X Xiang



42 W24 i

2021 4 10 H

YR T8 755 JE F1 55. 58 MPa, 55— 2 2%
7148.21 MPa, % )22 % 1 55. 58 MPa, fir KA
1 5.96 m’/min, ZHiE TR 434. 71 m®, 30
> 40.54 m*, 55— 2 F WL 18.19%, Tk =D L
36. 1% , 55— 2 IR0 I 16. 63% , s tib 1 35. 2%
13K J1 16,19 MPa, GBI, K5 H =3
10.68 t( &1 4) .

15 100
—HEl —HEW — AREK
~12 — 80
©
E
= d60 X
= 9 60%
A &
o &
.6 440
= &
i
o 4 120
O 1 1 1 1 1 O
2019.10.03 2019.10.08 2019.10.13 2019.10.18 2019.10.23 2019.10.28

3
4 H1407-X [6F E R BUE S R i £

Fig.4 Production curve after fracturing reconstruction
of Well Zhong1407-X Xiang

1t a] A Y AR I T SRR R R A TR RO
S 2 BOE ROR IR B BB EOKR

6 it

(1) LABIER \S) 40+ M 2 JUBE%E 6 1T A LAY
AW, I8¢ TR BE | SN I L A X A2 R Y
PEBESZ IR TE R T e AE & ik

(2) FI S A -3 s s g AL B, o) 1 AT A
o R E NS, FEE T AN [R5 A )
FHE

(3) LA BUA A LB 32 3K 3] ARG UL A e 41, B 1l
TR R ZORAR R Ty, I AT T R REITAN . 52
I g R AT RO R R B R A r 4 bk
FE IR I A 1 1 e, 1A 3R kv % AR, X il )2 4
FAL,

(4) %240 AR Z A6 7 gl IR 2 4T
BTN, I BAS T AR B A i R 2R, 2 i AR A
EHET™ 200 4% HE, OB 3 100% , fx = H 77 Ik
10. 68 t, BIZ N FHACR R AF A 1) e A1 Ut s S
C D pe 1 i b b % A ARG L A 1 WL AR
AL, SR T AR R I Y = O
gt AR 4B IR TAZ N 8 E RAT AR B “ARBAREE IR
RAR 5 XI” (2017ZD10 K-02) # 4 % #; & iftA
PAARBAFEFIAG T ARG R I LH,

S 30k

(17 iy, skt KRR EUEIT R k[ M]. dt
B AT Tl R, 1998 :24-26.

(2] fEE 4K, T IV 3 X 19 A8 7 S 43 70 b e 24

PASEFIKE[T]. WL, 2018,27(1) 42-47.

FU Yu, LI Yongming, DING Dong. Field test of self-

suspending proppant for sand fracturing technology in West

Sichuan [J]. Well Testing, 2018,27( 1) :42-47.

XA AL, S A LI A8 6 IR e He 24 1k 3R 7E

KB ERZ RN S E TR AT, AihE KR

4K T,2001,30(2) :85-86.

LIU Youquan, DU Guobin, WU Min. Application of

organic-borate crosslinked guanidine gum fracturing fluids

—
w
[

in lower permeation shallow gas researvoir [ J]. Chemical

Engineering of Oil & Gas, 2001,30(2) :85-86.

ELE T A A i B RS AR Z K TR T

FLEORLI]. IR, 2021,30( 1) :46-51.

WANG Xuxing, FENG Qing, LI Wanwan, et al. Hydraulic

jet fracturing technology for offshore medium and low

permeability reservoirs [ J]. Well Testing, 2021,30(1) .

46-51.

[5] Redm, $ASCIE, 2R B 4. R 2 SO U R 225
ARBEFE RIS % ,2015,5(5) <55~
61,68.

XIONG Pei, HU Aiguo, LI Guofeng, et al. Research and

application of overall fracturing technology in ultra shallow

[4

[

layer dense reservoir [ J]. Petroleum Reservoir Evaluation
and Development, 2015,5(5) :55-61,68.

(6] BRflE, B 15 £, 55, (RS IR BUETR)Z R R 2
PEAHARBIFR[T]. RIHAITIE,2006,26(8) :99-101.
CHEN Zuo, WANG Yi, YANG Qingyu, et al. Research
on fracturing optimization for shallow gas reservoirs with low
permeability, low temperature, and water sensitivity [ J].
Natural Gas Industry, 2006,26(8) :99-101.

(7] E3CE ik, iR 6 A5 RIZ/KP I AR R 28]

WRMFESRA[T]. MEfEF,2012,29(2) :155-158.

WANG Wenjun, ZHANG Shicheng, WEN Haifei, et al.

Study and application of fracturing fluid for ultra low

temperature in shallow buried fracturing horizontal wells

[J]. Oilfield Chemistry, 2012,29(2) :155-158.

BT~ 322 1 I 778U I N i Bt DS PSS 2

AR B PERE I [ T]. Vi AR 2 (B R

FEEH) ,2006,21(6) :69-72.

WANG Manxue, ZHANG Jianli, YANG Yue, et al. Factors

of influencing the gel-breaking of hydroxypropyl gum/borate

—
[ee]
[

gelling fracturing fluid for low temperature reservoirs [ J].
Journal of Xi’ an Shiyou University ( Natural Science
Edition) , 2006,21(6) :69-72.

(9] AT 5 AR, PINVERE, AT, TR TR 1 2 v I L



$30% S

ZEROLAE RR B B OB ARIELE 24 A R DT 43

R G T[T, I A, 1995,12(3) :234-236.
REN Zhanchun, SUN Huiyi, QIN Liping. Hydroxypropyl
guar gum/borate gelling fracturing fluid with gel breaker for
very low temperature reservoirs [ J]. Oilfield Chemistry,
1995,12(3) :234-236.

[10] MALIK A R, BOLARINWA S, LEAL J A, et al. Successful
application of metal-crosslinked fracturing fluid with
low-polymer loading for high temperature proppant fracturing
treatments in saudi arabian gas fields-Laboratory and field
study [ C]. SPE 164338, 2013.

[11] GUPTA D, LE H V, BATRASHKIN A, et al. Development

and field application of a low pH, efficient fracturing fluid for

Western Siberian oil and gas wells [ C]. SPE 116835, 2008.

SR . TR RO 1 R s OB ].

frile=4% ,2012,33(6) :1018-1022.

GUO Jianchun, HE Chunming. Microscopic mechanism of

[12

[

the damage caused by gelout process of fracturing fluids
[J]. Acta Petrolei Sinica, 2012,33(6) :1018-1022.
HRA BT SC. R A R 2O B R AR Mk e
FLI]. WAFHK,2016,25(2) < 18-21.

HAN Song, DENG Xianwen. Current situation and developing

[13

[

trend of fracturing fluid technology in Hailar basin [ J].
Well Testing, 2016,25(2) :18-21.

[14] B3 % MR E 5. —FR 0 E 8RR BRI
PR AR Z il 4% 7 35 B R FH . CN106085404A [P .
2016-11-09.

[15] ZHAO Haiyan, NASR-EL-DIN H A, AL-BAGOURY M.
A new fracturing fluid for HP/HT applications [ C]. SPE
174204, 2015.

[16] s, JAIDUE . e i s 8 7 [ N TR 2RO A9 1 I
BILI]. ML, 2014,23(2) :68-70.

MENG Xianbo, Zhou Hanguo. The first application of the
ulira-high temperature fracturing fluid in national fractured
well [J]. Well Testing, 2014,23(2) :68-70.

[17] ik, 2R T 2R S 4R il 2 S T[T ]
HIZR4ET,2015,44(5) :22-26.

YANG Qiangbin, LI Feeng. Preparation and application

of polymeric capsule dressing for gel breaker [J]. Shandong
Chemical Industry, 2015,44(5) .22-26.

(18] KK, W TE 75 A7, A5, o it A 1 T i J 51 7 s o

LA R 830 B R (D). BT A0 i M 5, 2011,
32(5) :547-549.
ZHANG Tianxiang, PAN Jingjun, YANG Ping, et al.
Application of high—temperature enzyme breaker to fracturing
fluid in Karamay Oilfield [J]. Xinjiang Petroleum Geology,
2011,32(5) :547-549.

[19] 2l BRLLAS, £, 45, A W I ) 7 SO TR 2

BTSSR ] AR S eI, 2012,29(6)
71-73.
LI Jianshan, LU Hongjun, WANG Ping, et al. Research
and application on enzyme breaker of fracturing in gas well
[J]. Drilling Fluid & Completion Fluid, 2012,29(6) .
71-73.

[20] sk, EWER, IR« A5 AR B 2 e R
CN101531892[ P]. 2009-09-16.

(21] Z=gile. A3 IR A ARG i 1 28 W B FL il 8 07 3k
CN104861955A [P]. 2015-08-26.

[22] 5%, mokifE, FUKE % RT3 B IXREUER
AR R R — AR [T]. i, 2018,
27(5) :56-60.

LI Baojun, GAO Yonghai, ZHOU Chengfu, et al. Integration
technology of fracturing and gas test for tight sandstone gas
reservoirs in Daning-Jixian Block [ J]. Well Testing,

2018,27(5) :56-60.

®BiE I F

FE— BRI BN, B, 1982 4E R M+ g TR,
2012 AFEP T A R 2 (B0 fese TR S HAR Ll
Nl S i 2 B0 7 B R BESE AR, i 022-
25910750 ; Email ; sdlfg@ 163. com, i {5 #u kit ; T 8 1637
DA il =5 B ¥V B 4 T R B R F 5 e, I B
1% :300280,,



