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Abstract Aiming at the problems of deep burial, high formation pressure and difficult fracturing stimulation of high-tempera-
ture deep oil and gas reservoirs, research on high-temperature resistant weighted fracturing fluid was carried out. A polymer
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thickener TS-700, which is resistant to high temperature and salt, and organozirconium crosslinker OZ-60, which is suitable
for acid crosslinking, were independently synthesized in the laboratory, and the additive dosage was optimized to form an
acidic-crosslinking fluid system with a temperature resistance of 180 °C. The viscosity, drag reduction and delayed crosslinking
of the weighted fracturing fluid were studied, and the temperature and shear resistance, sand carrying, gel-breaking, core damage
and string corrosion ability were systematically evaluated. The experimental results show that the novel fluid system can be
crosslinked under acidic conditions, and the crosslinking time can be controlled within 3~12 min by adjusting the dosage of
crosslinker and the pH value. High temperature is conducive to the improvement of viscosity, while the addition of salt will
reduce the viscosity of the base fluid. The retention viscosity of the weighted fracturing fluid formula with a density of 1.20 g/cm®
is still greater than 70 mPa-s after shearing for 120 min at 180 °C. Weighting agent can reduce the drag reduction performance
of fracturing fluid to a certain extent, but under different thickener dosages, the drag reduction rate of the weighted fracturing
fluid can still reach more than 68%, which meets the requirement of effectively reducing the friction loss in long wellbores.
The crosslinked fracturing fluid showed excellent sand suspension at room temperature and 100 °C, with low proppant settling
rate. The results of gel-breaking and core damage show that the crosslinked system can achieve complete gel breaking at 0.03%
of the dosage of breaker, and the damage rate of gel-breaking liquid to the tight core is only 19.4%. The high-temperature and
high-pressure dynamic corrosion test results show that the fully formulated fracturing fluid has a low corrosion rate on N80 and

13Cr steel, which can ensure the safety of the fracturing string in the field.
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Table 1 Summary of experimental data of static sand suspension of full formula fracturing fluid

SRR WRREOIE R 4 hJE SRR A HHE 4 hja B DU /mm DUFEER ((mm/s)
25°C 100 96 87 15.3 0.001 063
100 °C 100 100 94 10.2 0.000 708

TR 1 mLAZIEEXT A BN 1.7 mm

x2 2EAERKRERER I THEHSEWRRTE

Table 2 Comparison of static sand suspension effect of full formula fracturing fluid under different sand ratios

25°C 100 °C

i VU mm DUV (mms) | BE R mm | DR (o) BDR
15% 11.05 0.000 767 93.5% 6.80 0.000 472 96.0%
20% 15.30 0.001 063 90.6% 10.20 0.000 708 94.0%
25% 22.10 0.001 534 86.3% 13.60 0.000 944 91.8%
30% 30.60 0.002 125 82.0% 24.65 0.001 712 85.1%
35% 39.10 0.002 656 76.5% 31.45 0.002 184 81.3%
R®3 EBAERBHR LR EE
Table 3 Full formula fracturing fluid gel breaking experiment data

SRR N fwt% SR A] /h MR ZL E /mPa-s Bt & & /(mg/L) W EHARZS

0.01 4.0 12.70 657.0 KGE ML

0.02 4.0 4.62 178.0 TR ] DL 220k ke v
0.03 3.5 2.83 56.4 THIRGEW], Torkik

(a) 0.02 wt%

(b) 0.03 wt%

B 10 FESFIINEA 0.02 wt%o F0 0.03 wt%o X Lk B
Fig. 10 Comparison of 0.02 wt% and 0.03 wt% of gel breaker dosage
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PR B ST B i3 22, GRS AL AR, e At
KIFREAR, RS RGE B, o PR o] UL 1% 5% 7 (&
10)o XF TR A e £k /K e i A B AL e BE 0 0.3 wit%
(R TR 1 S T R SR 2R, i 22 3k 1 B 591 2 A
0.03 wt%,,

K b A 3 B R i n R 0.03 wit%% A I TR
JEF O F LI, AVTAS 0 R 2E A b2 L B R 1K
2 H B BRI . S0 5 O H [ 3 BRI 1
MIXIBZ-11 I, HLEARYHESHILEK 4, hiE
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K, RGEEHRBEE OGNS ER K SRR 0
IR R R, U A R HE s RO
e R T R LS, FRUROE ) SRR B 2 K
RERMRAEOFERENBERK .. RiEHERITE
N n=(Ko—K)/K,, TR B R SR AR R 0
B ERNERE ., LIRS EY, WAL
O E 2 H 19.42%, i 2 A AT AR #E (SY/T
6376—-2008) H {13 K /INT 30% U ER . BTN it )2
FHO TR HLERALHE A AR i I 5 . KB
KBIE, R TRFB RS, SBUHE6E T,

®4 EERAERBE MG EZHHIRE

2.7 EREEMmERETEN

SR, ALy R pH (S B R, 1
P P e S A ) B T A e v T S X A i —
B A B0 53 Ak, B4 v KA Y JEHLER B8 X A
M — VR, PR BT R % N SE P4
SO R AR R X R W e o e BT
AT FRUE: SY/T 5405-2019 R4k T 28 bd 30 P Bl 16
ik BN AERR ), R ZE NFRSHE A R S LIz
ZUW A Z27E 180 °C F1 20 MPa [k /) 45 14 F % N80 44
F13CeN A IR g, SC I E 2 4 he HX A JE ik
HREMIEAKX (D)W
10°Am
Y M
A, VR EMER, o/(m>h); Am N JE AT SR
A2, g5 ARNWA BRI, mm?; AcHEBH
SN ETE], he
ST Ty R M 22 e R 24 V80 R B 114 B2 i R 7K X6 N8O
F13CTN A B P AL IR 25 SR a6 5 iR . i SE i s
AL, 2RO PP B T SR AR T 1.20 g/om?
SBCER KA TR, (AR A TR AT, Hrp

Table 4 Core damage experimental data of full formula fracturing fluid

A LB /% PHERTBER /mD 1E 5352 /mD 1HE 2 % X4 % %
Cc-1 6.05 0.0364 0.0287 21.15 1042

c-2 7.34 0.0695 0.0572 17.69 ’

x5 LA ESL T NSO F1 13Cr §X 5 6 X bk i

Table 5 Comparative corrosion testing of fully formulated fracturing fluids on N80 and 13Cr steel sheets

JE A 5T X2 SEHH T /g SR i /g JE MR /(g/(m?-h)) PSR /(g/(m? - h))
N80 6.6701 6.6656 1.2364 | 1306

) N80 6.6239 6.6192 1.0247

R 13Cr 6.5308 6.5287 0.5901 0.5702
13Cr 6.6325 6.6312 0.5502

1.20 g/em’ N8O 6.6426 6.6392 0.9342 /

SRR K 13Cr 6.6639 6.6628 0.4656 /

N8O 4 - B - 24 Ji il 35 K 24 1.1306 g/(m?+h); 13Crf
S 247 J b HCR AN K 0.5702 g/(mP+hy, e T A ATl
FRIEZLR, U2 S C o B 8 A 1) bt A
55, RENSLRBEILA R M 2 ek

3 45

(1) A =G BT — TRl 0 4 Y ot 3R 4 T M 5

G BT TS—700 Flid FH T W 1 5 B i) A HILES AC B
FOZ—-60, FTIE LI M S 1 24 ELAT L R A
L AT NE RN RE IR AR IR

(2) 38 2ok ok B A0 28 A0 VE RE VR A S0, B T R
180 °C I 24 KL 7 M. 1.20 glem® (AALEN+ 51L&
fic £ 7K +0.3 wt% TS—70+1.0% pHH 5 7 +0.4% OZ—
60;

(3) AW P REE M Z5 AR W], IR R AE 180 °C,
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170 s "~ 35 Y] 120 min J5 6 B R 7 7E 70 mPa-s LA | (4) BIF 2 P e ik T . e P A K R SRV AT S Vs
WK RIE 3~12 min AT JBPH A8 50k 68.64 %5 ¢ k. Wi, RInER . #scHk. fIREERH. sREERD. IR
PRI HORAL; nTDASC S i, MR s JERIR 0 R Ss J t i e, Tl 2 R TR R R 2 T T AR
AL UL SR s AT R R AT R I R A T AL PMERETE SR, MIRIE . IR E I S S s AR Y
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