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Abstract: To solve the problem of high cost and low weighting density in existing weighted fracturing fluid
systems, a low-cost technology for weighting the fracturing fluid with industrial calcium chloride was developed. After
analyzing the blocking mechanism of boron crosslinking agent in calcium chloride and guar gum base solution, a high-
concentration calcium chloride-resistant crosslinker solution was developed. It has the advantage of being able to form
crosslinked gel at low pH with high-concentration calcium chloride solution and guar gum base fluid. The industrial
calcium chloride weighted guar gum fracturing fluid is characterized by its high weighting density, low base fluid
viscosity, strong temperature and shear resistance. After the shearing at 140 °C and with a shearing rate of 100 s ' for
two hours, the gel viscosity was greater than 100 mPa-s. Field tests indicated that the operating pressure can be reduced
by 10—15 MPa in ultra-deep wells by using the weighted fracturing fluid with calcium chloride and guar gum. The results
showed that fracturing fluid has reliable performance, and could reduce the operational pressure in ultra deep and high stress
reservoir reconstructions, and thereby improve the fracturing effect, which has the value of field popularization and
application.
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Fig.1 Blocking process of cross-linking of boron crosslinker in calcium chloride and guar gum solution
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Table 1 Shear test results of crosslinked gel with calcium chloride and guar gum

YN RN [E])5 B9 %6 B2/ (mPa-s )

TS TEDASHI®E, %  GZ100Jiis, % R EE/C
0.5h 1.0h 1.5h 2.0h 25h 3.0h
1016-2 1.0% 0.2% 130 132 106 108
1016-3 1.0% 0.4% 130 207 210 145 120 105
1016-4 1.0% 0.6% 130 248 270 249 188
1017-1 1.0% 0.8% 140 115 95
1017-2 1.0% 0.6% 140 196 140 111 80
1017-3 1.0% 0.5% 130 325 325 302 272
1019-2 1.0% 0.5% 140 205 204 180 148
1019-4 1.0% 0.5% 130 510 412 323 297 307 262
1020-1 1.2% 0.5% 140 272 177 140 116
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Fig.2 The influence of the adding ways on gel viscosity
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Table 2 Gel breaking test results of weighted fracturing fluid with
calcium chloride and guar gum
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Table 3 Filtration performance of weighted fracturing fluid with
calcium chloride and guar gum

TR/ SRR R B WIER &/ TE R/
C (m-min ™) (m*m?) (m*min ")
90 4.17x10" 9.02x10™" 7.22x10°
140 7.35x107 9.04x10™ 1.14x107™

225 BUARMER W EA E MR

TR 24 5 00 F b i )2 i J2 7K A T AR B TR 24
V1) b 2 47 T X s AR S A K, SR FH P A
T 4 A4S BB T K S b )2 K, A N 5 SR
MIBCARE . R B ERAE 2 2 D B B0, R R A5
A, 3k FH N A O I A T MR, A5 R
FEHH, 4 A X He i Hi 2 7K B BB K 55 R S A
RYAREVEINS . A0k, HER X )z K
RS B B T K, 5 AR S T TN A AR TOUE SN o
B E VI aE R, SIS i e DIORE i 2R-5 38 3 I
JE R B4 1 R IR AR, 250013 3 3 20%~26%,
T ICUTTE Y A i, A3 R R 205 R

DA AR5 22 B, A0 A8 Jon R TR 1 24 V1R 2R 1Y)
WA 3K 1.35 kg/L, @Ml 140 °C, 100 s ' 55 47)
2.0 h JFIEE R T 120 mPas; R ETE 120 °C VL E A,
4 h AT B, ToAR i, WX A O 1 5 F R
% AR MR R AP, SR T 1.0 h J5 S #E5H)
AW I W B TR 5 R UE R B ARG, AR T
T VR B B s 4, A A IR

3 iR

ST 96 UE S0 A i T 24 R
o7 A5 SR, A VG 3 R ol BB R T DB-1 IRk T i
JEZEWONED e xR 8 . I BARE N R
EH LA Tl 0 —— B, BFFLIFBE 7 561.00~
7 608.00 m, M H-fif B <2 +22 )2 R 32.50 m, -
YIFLBRE 5.8%, V#1185 % 0.09 mD, -4 % i Al
FE 62.5%, RIRZLLERE N 0.22 F%/m, T4t )2 1R B
167 °C, KF-fe/INF 0 ST #6290 2.15 MPa/100m .,

DB-1 JI @ F W = B 162, 456 58 8,
AR e JE 29, it 5 m®/min 1),
FUH 12928 120 MPa, D RS 5 o R FEARE T
AU, SR A 85 o = I Je ok 2495 28 5 1R
RIS FE 2498, XoF E o o 2880 0 FH RO o AR
AN TR HE LR IR B 4k 9 Il B I A 4 SR, e R
FH R HE 8 22 1 110 V8, DA BRI i S & L £

PR 140 °C MRS FH A 0.45% 9N 8 5 249, Ineb
B B e FRARAD HE, DARRAR it T XU -

SR JH 40 m® T2 TRC o) 2400, I IO B I 4 v
IR Fi P 2 AR TR R R P VR AR T A
AEB TN 24.5 ¢ EALAES, EALES £ R K E
VETE AL kL & E 5, T 5EER 1 AR BRI
AR 10% JNA 2.5 t Ze A7 A ARAS, [ B F I Fi 3R 4
PR E TR, 78 B R AR THE, BRI AR,
A B A VR e RS R 10% I A SRARES ; 2 )5, 1
S 1A A R Y IR R R S A RUIR R B
I, FF e 4 PR R 5, 4% BRI ANIURE, 96 36
30 min DL b, REVRARSEFEIY 20 J5 AT 4y S A6AS, TR
BEBEFE 20 min DAL, T 5 R ARSE L8 AT 5 4R U il
TP N R . BoW S, DU R 2
T N 1.31~1.35 kg/L, FhJE ly 52~61 mPa-s,

W T, B 4E T 60 m® 28 I ok e fin & R
2LV R AT W, HE N 6.0 mP/min, i TR A
93~103 MPa; NS H] 46 By Be b AR, b Jor & Wk B o
60 kg/m’, B E T 140 kg/m’, i T J7 5 7 B W
B BEAH 3T 5 S5 R 4 Sy B NI T S84, 8 P T
FEFE FBEAR, F F1 R S B i K & 120 MPa 247, &
IR 94 A 5 S A APt T XU, BRI 35.7 m*s %
PR B, 200 o s R B BT I B AR T T Y
RO, X TR 7 500.00 m 2545 B9, EE ]
fik 15~20 MPa. %I HEMM S, R ¢7 mm b
MHLK, R 52 MPa, H 7 SHE 36,5310 m’, i [k 24
Je B PO A

4 ZHEHHW

1) 1 2 TR R T 2R AT R A R i
71, Tolk AL S & R4 1 s SR80 B A1k, B & E
) SR A B R IR e AR R PERE AR, TR B #%
POPERE RAF, BEICHIC « XH 2 19 105 3 A%, B IR
B 2N TR M RE W 52

2) BUA B S I3 AR TGk 552 B o vk FE SR AL B9
5 R A TR0 P Y S I, R eI e T S IR B AR Ik
FAR, H A VR T Sk ik 59 7 1P 3 ok 1) g oA i
2R 5 (H 5 8 LIRS T 2200 1A 2% ) TG 1 A LE, LT
il BT B A, 5 ik — Pk T By BE il B A

3) Tl SAAL S 2 B 28 T 1Y 5 2L FE AT R,
HEULCHEI S8 Tl S A 85 HE— B WIS T v SR A AL 7] | 52
R0 B T J5E 790, 9 i FSCAS AR T vl g LA R
1] 2 1) 0 s 2R



$ 495 F2H

LESEIESE RIS LY C T P R

101

[2]

[6]

[7]

[10]

[11]

5 % x
References

ZRHE, NG, Y2, AR P A R R S R g5
KA (7). h E AR, 2020, 25(1): 1-10.

LI Luguang, HE Haiqing, FAN Tuzhi, et al. Oil and gas exploration
progress and upstream development strategy of CNPC[J]. China
Petroleum Exploration, 2020, 25(1): 1-10.

k7T, £, AR, R 20 IR IURFIE S R
R [7]. PRI, 2018, 23(1): 44-53.

ZHANG Ningning, WANG Qing, WANG Jianjun, et al. Character-
istics of oil and gas discoveries in recent 20 years and future explor-
ation in the world[J]. China Petroleum Exploration, 2018, 23(1):
44-53.

TG, Thi, B, 55, ARREZM IR S BB AR
J& [7). 2R, 2015, 36(9): 1156-1166.

ZHANG Guangya, MA Feng, LIANG Yingbo, et al. Domain and
theory technology progress of global deep oil and gas exploration[J].
Acta Petrolei Sinica, 2015, 36(9): 1156-1166.

FARW, 225, e s, S R ERTRE A )2 00 B iy
HBTAIR [I]. R AR, 2016, 21(1): 37-43.

WANG Zhaoming, LI Yong, XIE Huiwen, et al. Geological under-
standing on the formation of large-scale ultra-deep oil-gas field in
Kuga foreland basin[J]. China Petroleum Exploration, 2016, 21(1):
37-43.

THAR, AR, b, 5 RIERIE RGBTy | IR 5
SARIrI [1]. KIRHIRFL, 2018, 29(10) : 1398-1408.

YU lJingdu, ZHENG Min, LI Jianzhong, et al. Resource potential,
explorative prospect and favorable direction for natural gas in deep
formation of China[J]. Natural Gas Geoscience, 2018, 29(10):
1398-1408.

LhIp4E, 453, M. 2 A RIT AR 5 R A R L
AR D] AMEEREIAR, 2019, 47(3): 34-40.

MA Kaihua, GU Lei, YE Haichao. The demands on deep oil/gas ex-
ploration & development and the technical advancement of liner
hangers[J]. Petroleum Drilling Technology, 2019, 47(3): 34-40.
FRAE, A, B, S5V T S GBI M 4 2 aEmR b
AT [1]. RIRT T, 2017, 37(6): 34-41.

GUO Jianchun, GOU Bo, WANG Kunjie, et al. An optimal design
of network-fracture acidification for ultra-deep gas wells in the
Lower Permian strata of the western Sichuan Basin[J]. Natural Gas
Industry, 2017, 37(6): 34-41.

FREREL, SRR, 155, A5 P IEEGZ MG R S BOT R K
W [J]. AR 59T, 2018, 45(1): 111-118.

LI Xizhe, GUO Zhenhua, HU Yong, et al. Efficient development
strategies for large ultra-deep structural gas fields in China[J]. Petro-
leum Exploration and Development, 2018, 45(1): 111-118.

E2 T, ki, XS, . R IR 9 M E ZGH I
KAEEAR [J]. AMEEREAR, 2020, 48(1): 15-20.

WANG Xuelong, HE Xuanpeng, LIU Xianfeng, et al. Key drilling
technologies for complex ultra-deep wells in the Tarim Keshen 9
Gas Field[J]. Petroleum Drilling Technology, 2020, 48(1): 15-20.
YANG Xiaojiang, MAO Jincheng, ZHANG Wenlong, et al. Ter-
tiary cross-linked and weighted fracturing fluid enables fracture
stimulations in ultra high pressure and temperature reservoir[J].
Fuel, 2020, 268: 117222.

BPRIE, B8R, FRH, 5. 5L TR Ik LB B K 25 5 R

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

PIHE R 2R EOR ). Al IRER, 2019, 47(4): 104-109.
LYU Zhenhu, WU Guodong, ZHENG Miao, et al. An instantly dis-
solving fracturing fluid technology using hydrophobic associating
polymers based on swelling-curing mechanisms[J]. Petroleum
Drilling Technology, 2019, 47(4): 104-109.

FENGLE, SRARAE, TRBIN, S5, (RBAS I 3 TR R 2R A PE RE 55 M
F [ A EER T2, 2011, 33(2): 91-93.

CHENG Xingsheng, ZHANG Fuxiang, XU Minjie, et al. Perform-
ance and application of weighted GHPG fracturing fluid with low
cost[J]. Oil Drilling & Production Technology, 2011, 33(2): 91-93.
LR, SR, LU, 5. DRI i R n o R R R
MR (1] M TR & S 0K, 2019, 6 (5T 1): 116-
121.

LI Chuanzeng, ZHANG Jian, WANG Xianjie, et al. Research and
performance evaluation of high temperature weighted fracturing flu-
id system in deep sea oilfield[J]. Ocean Engineering Equipment and
Technology, 2019, 6 (supplement 1): 116-121.

it ], SO . AV E BEL I 2 R R A R AT B (0], Al Ak
T, 2020, 39(9): 74-78.

SHI Jianguo, GUO Fenjuan. Research and application of low fric-
tion fracturing fluid system[J]. Petrochemical Industry Applications,
2020, 39(9): 74-78.

B 5%, JKETE, BRUE, . NaCL, NaBr % HPG FE 2 VERE A R i
(1. 4k, 2013, 30(1): 26-28.

XIAO Bing, ZHANG Gaoqun, CHEN Bo, et al. Effect of NaCI and
NaBr on the performance of fracturing fluid[J]. Oilfield Chemistry,
2013, 30(1): 26-28.

HKRI, Tk, HEAE. T iR NaBr il fE 28R S [3]. 2448
LT, 2016, 45(3): 441-443, 446.

DONG Yonggang, ZHANG Jian, PEI Haihua. Research of heat-res-
istant sodium bromide weighted fracturing fluid[J]. Contemporary
Chemical Industry, 2016, 45(3): 441443, 446.

M3, SRR, A, S5 N BRI R (7], AR T
SELRIEREAR, 2016, 18(4): 25-29.

XIAO Wen, ZHANG Maosen, LI Xiaoqian, et al. Properties of
heavy fracturing fluid system[J]. Journal of Chengde Petroleum Col-
lege, 2016, 18(4): 25-29.

QIU Xiaoping, MARTCH W E, MORGENTHALER L N, et al.
Design criteria and application of high-density brine-based fractur-
ing fluid for deepwater frac packs[R]. SPE 124704, 2009.

AR A B BRER N TR R 2GR R (7], 8IS 58I, 2017,
34(1): 122-126.

REN Zhanchun. Guar gum fracturing fluids weighted with
formates[J]. Drilling Fluid & Completion Fluid, 2017, 34(1):
122-126.

EEF, s, XK, 45 A THLERINE RGBTSR (1], KA
LT, 2017, 34(5): 6-9.

WANG Yanling, ZHANG Yue, LIU Fei, et al. Research of com-
pound inorganic salt aggravating fracturing fluids[J]. Speciality Pet-
rochemicals, 2017, 34(5): 6-9.

RRARZN, BT, Z23F, A5 M TR B4 n o 103 7K i 2R RE AT
1. AL, 2019, 36(1): 43-47.

XIONG Junjie, ZHAO Zhanjiang, AN Qi, et al. Performance evalu-
ation of seawater-based fracturing fluid weighted by sodium
nitrate[J]. Oilfield Chemistry, 2019, 36(1): 43—47.

[ A ]


http://dx.doi.org/10.3969/j.issn.1672-7703.2020.01.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2020.01.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2020.01.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2018.01.005
http://dx.doi.org/10.3969/j.issn.1672-7703.2018.01.005
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.01.004
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.01.004
http://dx.doi.org/10.11764/j.issn.1672-1926.2018.08.005
http://dx.doi.org/10.11764/j.issn.1672-1926.2018.08.005
http://dx.doi.org/10.11911/syztjs.2019055
http://dx.doi.org/10.11911/syztjs.2019055
http://dx.doi.org/10.3787/j.issn.1000-0976.2017.06.005
http://dx.doi.org/10.3787/j.issn.1000-0976.2017.06.005
http://dx.doi.org/10.3787/j.issn.1000-0976.2017.06.005
http://dx.doi.org/10.1016/S1876-3804(18)30010-7
http://dx.doi.org/10.1016/S1876-3804(18)30010-7
http://dx.doi.org/10.1016/S1876-3804(18)30010-7
http://dx.doi.org/10.11911/syztjs.2020028
http://dx.doi.org/10.11911/syztjs.2020028
http://dx.doi.org/10.1016/j.fuel.2020.117222
http://dx.doi.org/10.11911/syztjs.2019018
http://dx.doi.org/10.11911/syztjs.2019018
http://dx.doi.org/10.11911/syztjs.2019018
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.02.023
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.02.023
http://dx.doi.org/10.3969/j.issn.1673-5285.2020.09.016
http://dx.doi.org/10.3969/j.issn.1673-5285.2020.09.016
http://dx.doi.org/10.3969/j.issn.1673-5285.2020.09.016
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1001-5620.2017.01.023
http://dx.doi.org/10.3969/j.issn.1001-5620.2017.01.023
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1672-7703.2020.01.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2020.01.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2020.01.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2018.01.005
http://dx.doi.org/10.3969/j.issn.1672-7703.2018.01.005
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.01.004
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.01.004
http://dx.doi.org/10.11764/j.issn.1672-1926.2018.08.005
http://dx.doi.org/10.11764/j.issn.1672-1926.2018.08.005
http://dx.doi.org/10.11911/syztjs.2019055
http://dx.doi.org/10.11911/syztjs.2019055
http://dx.doi.org/10.3787/j.issn.1000-0976.2017.06.005
http://dx.doi.org/10.3787/j.issn.1000-0976.2017.06.005
http://dx.doi.org/10.3787/j.issn.1000-0976.2017.06.005
http://dx.doi.org/10.1016/S1876-3804(18)30010-7
http://dx.doi.org/10.1016/S1876-3804(18)30010-7
http://dx.doi.org/10.1016/S1876-3804(18)30010-7
http://dx.doi.org/10.11911/syztjs.2020028
http://dx.doi.org/10.11911/syztjs.2020028
http://dx.doi.org/10.1016/j.fuel.2020.117222
http://dx.doi.org/10.11911/syztjs.2019018
http://dx.doi.org/10.11911/syztjs.2019018
http://dx.doi.org/10.11911/syztjs.2019018
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.02.023
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.02.023
http://dx.doi.org/10.3969/j.issn.1673-5285.2020.09.016
http://dx.doi.org/10.3969/j.issn.1673-5285.2020.09.016
http://dx.doi.org/10.3969/j.issn.1673-5285.2020.09.016
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1001-5620.2017.01.023
http://dx.doi.org/10.3969/j.issn.1001-5620.2017.01.023
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1672-7703.2020.01.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2020.01.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2020.01.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2018.01.005
http://dx.doi.org/10.3969/j.issn.1672-7703.2018.01.005
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.01.004
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.01.004
http://dx.doi.org/10.11764/j.issn.1672-1926.2018.08.005
http://dx.doi.org/10.11764/j.issn.1672-1926.2018.08.005
http://dx.doi.org/10.11911/syztjs.2019055
http://dx.doi.org/10.11911/syztjs.2019055
http://dx.doi.org/10.3787/j.issn.1000-0976.2017.06.005
http://dx.doi.org/10.3787/j.issn.1000-0976.2017.06.005
http://dx.doi.org/10.3787/j.issn.1000-0976.2017.06.005
http://dx.doi.org/10.1016/S1876-3804(18)30010-7
http://dx.doi.org/10.1016/S1876-3804(18)30010-7
http://dx.doi.org/10.1016/S1876-3804(18)30010-7
http://dx.doi.org/10.11911/syztjs.2020028
http://dx.doi.org/10.11911/syztjs.2020028
http://dx.doi.org/10.1016/j.fuel.2020.117222
http://dx.doi.org/10.11911/syztjs.2019018
http://dx.doi.org/10.11911/syztjs.2019018
http://dx.doi.org/10.11911/syztjs.2019018
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.02.023
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.02.023
http://dx.doi.org/10.3969/j.issn.1673-5285.2020.09.016
http://dx.doi.org/10.3969/j.issn.1673-5285.2020.09.016
http://dx.doi.org/10.3969/j.issn.1673-5285.2020.09.016
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1001-5620.2017.01.023
http://dx.doi.org/10.3969/j.issn.1001-5620.2017.01.023
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1672-7703.2020.01.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2020.01.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2020.01.001
http://dx.doi.org/10.3969/j.issn.1672-7703.2018.01.005
http://dx.doi.org/10.3969/j.issn.1672-7703.2018.01.005
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.01.004
http://dx.doi.org/10.3969/j.issn.1672-7703.2016.01.004
http://dx.doi.org/10.11764/j.issn.1672-1926.2018.08.005
http://dx.doi.org/10.11764/j.issn.1672-1926.2018.08.005
http://dx.doi.org/10.11911/syztjs.2019055
http://dx.doi.org/10.11911/syztjs.2019055
http://dx.doi.org/10.3787/j.issn.1000-0976.2017.06.005
http://dx.doi.org/10.3787/j.issn.1000-0976.2017.06.005
http://dx.doi.org/10.3787/j.issn.1000-0976.2017.06.005
http://dx.doi.org/10.1016/S1876-3804(18)30010-7
http://dx.doi.org/10.1016/S1876-3804(18)30010-7
http://dx.doi.org/10.1016/S1876-3804(18)30010-7
http://dx.doi.org/10.11911/syztjs.2020028
http://dx.doi.org/10.11911/syztjs.2020028
http://dx.doi.org/10.1016/j.fuel.2020.117222
http://dx.doi.org/10.11911/syztjs.2019018
http://dx.doi.org/10.11911/syztjs.2019018
http://dx.doi.org/10.11911/syztjs.2019018
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.02.023
http://dx.doi.org/10.3969/j.issn.1000-7393.2011.02.023
http://dx.doi.org/10.3969/j.issn.1673-5285.2020.09.016
http://dx.doi.org/10.3969/j.issn.1673-5285.2020.09.016
http://dx.doi.org/10.3969/j.issn.1673-5285.2020.09.016
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1671-0460.2016.03.001
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1008-9446.2016.04.007
http://dx.doi.org/10.3969/j.issn.1001-5620.2017.01.023
http://dx.doi.org/10.3969/j.issn.1001-5620.2017.01.023
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002
http://dx.doi.org/10.3969/j.issn.1003-9384.2017.05.002

	1 氯化钙加重胍胶压裂液研发
	1.1 氯化钙加重压裂液研发思路
	1.2 氯化钙加重压裂液的技术难点

	2 氯化钙加重压裂液配制与性能评价
	2.1 耐高温硼锆交联剂的制备
	2.2 性能评价
	2.2.1 交联及耐温耐剪切性能
	2.2.2 破胶性能
	2.2.3 悬砂性能
	2.2.4 滤失性能
	2.2.5 配伍性及地层伤害性


	3 现场试验
	4 结论与建议

