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Research and development of high-temperature drilling fluid for
complex strata in deep geothermal wells

WU Jinghua, FENG Haitao, XIE Junge, LU Tao, WEI Siping, QI Bo
(Changchun Institute of Technology, Changchun Jilin 130021, China)

Abstract: In recent years, the geothermal sector in China has witnessed rapid growth, and the significance of the
development and utilization of geothermal resources has significantly escalated. To effectively drill medium-deep
geothermal wells in complex strata, this paper focuses on the technical drilling issues that arise in medium-deep
geothermal wells when penetrating water-sensitive strata, water-gushing strata, fractured and loose complex strata, as
well as high temperatures within the boreholes. Based on a large number of experiments, an initial selection of
high-temperature-resistant drilling fluid formulations was made. The optimal formulation was determined through
orthogonal experiments. Through effective tests, the water loss of the drilling fluid at a high temperature of 120°C in the
well was 8.4mL, the funnel viscosity was 24s, the yield point was 1.43Pa, the apparent viscosity was 14.5mPa-s, the
plastic viscosity was 13.1mPa-s, the pH value was 8, the density was 1.04g/cm’, and the anti-aging performance of
the drilling fluid flowing for 48 hours at 120°C was excellent. It indicates that the high-temperature-resistant drilling
fluid developed for medium-deep geothermal well drilling (around 3000m) can meet the requirements of medium-deep
geothermal well drilling, featuring good rheological properties, high-temperature resistance, anti-aging properties, and
water loss and wall-building properties, and can effectively address the problems encountered during the drilling of
medium-deep geothermal wells in complex strata.
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Table 1 Performance indicators of drilling fluid (120 C)

PERESHL ZHH
%/ (geem™) 1.03~1.08
T=F B /s 20~30
U8R 4 /mL <10
pH 8~8.5
P ALk E] /h 48

3 EiRdh L H R
31 A AT

2o 3 KR 56 0 A5 0 DL AR I T Ol o M
L, R TR LM ALK i R 0 i - B R (NH,-
HPAN) 1 Sy B 23 K 5 i Ak 3 7 (SMT) 1Ry [ 2
F, 4l (Na,CO,)AE R pH P85 71 .
3.2 YEMIMLEE

IR 0 B A S A, BRIk
G U8 R AIC S R A, LR FH R i A ) R VA
AR KA, T T S AR T T i R o b R T T A
USRS NH,-HPAN 2 h 1§ 4 22 75 &5 i
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Table 2 The orthogonal experiment factor level

ES
IR A B C D
fgig+/% NH-HPAN/Y% LM/% SMT/%
1 4.0 1.4 1.4 0.8
2 4.5 1.5 1.6 0.9
3 5.0 1.6 1.8 1.0
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Table 3 The orthogonal experiment results

s &+ NH,- LM/ SMT/ FV/s YP/Pa PV/ o E#@z(@ 48 API HTHP
/%  HPAN/% % % (mPass) (mPass) YRR N FL/ml  FL/mL

1 4 1.4 1.4 0.8 21.2 10.2 0.63 9.57 8 N 7.57 10.20
2 4 1.5 1.6 0.9 21.9 11.4 1.38  10.03 8 N 7.20 9.57
3 4 1.6 1.8 1 23.1 13.5 1.99 1150 8.5 Rik 6.93 9.40
4 4.5 1.4 1.6 1 23.5 13.9 1.38 1253 8 N 7.23 9.43
5 4.5 1.5 1.8 0.8 25.3 14.7 252 1220 8 N 5.90 8.50
6 4.5 1.6 1.4 0.9 21.7 11.2 1.00  10.17 8.5 N 7.13 9.80
7 5 1.4 1.8 0.9 24.4 14.6 1.64 1297 8 N 6.20 8.57
8 5 1.5 1.4 1 22.5 12.2 1.07  11.13 8 N 6.53 9.37
9 5 1.6 1.6 0.8 23.6 13.7 1.36 1240 8.5 N 7.47 9.10
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Table 4 The orthogonal experimental data analysis

ES

HRetets W2 A B C D
i+ NH,-HPAN LM  SMT
K, 29.17 28.20 29.37  27.80
K, 27.73 27.43 28.10  27.93

HTHP FL
K, 27.03 28.30 26.47  28.20
R 2.13 0.87 2.90 0.40
K, 21.70 21.00 25.83  20.93
K, 20.27 19.63 21.90  20.53

APIFL
K, 20.20 21.53 19.03  20.70
R 1.50 1.90 6.80 0.40
K, 66.20 69.07 65.30  70.10
. K, 7047 69.67 69.03  67.97
K, 70.50 68.43 72.83  69.10
R 4.30 1.23 7.53 2.13
K, 35.02 38.63 33.52  38.58
Ay K, 39.70 38.23 39.00  37.10
K, 4048 38.33 42.68  39.52
R 5.47 0.40 9.17 2.42
K, 31.10 35.07 30.87  34.17
K,  34.90 33.37 34.97  33.17

PV
K, 36.50 34.07 36.67  35.17
R 5.40 1.70 5.80 2.00
K, 4.00 3.65 2.71 4.51
K, 4.91 4.97 4.12 4.02
YP

K, 4.07 4.36 6.15 4.45
R 0.90 1.33 3.44 0.49

x5 EXHBERFRXFR
Table 5 The primary and secondary relationships of

orthogonal experimental factors

PERESS b ES "
HTHP FL C A B D
APIFL C B A D
FV C A D B
AV C A D B
PV C A D B
YP C B A D
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0.7 MPa, 2k 7K i 38 1 FR 24 45.3 em?®, I & B [1] 24 30
min. A5 3% BE 5 B IR APTUE R & 5.8 mL,
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Table 6 HTHP filtration experimental parameters

\ R R R (il
mE/C N ek /mL
%JEJ))/MPa % JEJ1)/MPa
90 3.15 0 6.8
100 4.14 0.67 7.9
120 4.14 0.67 8.4
150 4.48 1.03 10.1
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Fig.1 The relationship between HTHP FL and

experimental time
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Table 7 Anti-aging experimental results

JFE mIRESINK/h FV/s AV/(mPas) YP/Pa  PV/(mPas)  pH HRRIEA8hEIRA HTHP FL/mL
1 0 24 14.5 1.43 13.1 8 N 8.4
2 16 26 16.8 1.53 15.3 8 N 8.8
3 32 27.5 18.2 1.74 16.5 8.5 A 9.3
4 48 29 18.7 1.94 16.8 8.5 AH 9.8
452 SR b N 19 2.0
(DR HREM. SRR 200K pEmmae | | T bs |7
S ST SINIESWCERNT TRV S I e P70 | e
B 3 I O A AR e ik as ST E 265 | 6%
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13 124 1.4
100 M0 20 30 40 0
I A]/h
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Fig.3 The relationship between rheological
E‘ parameters and experimental time
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Fig.2 The relationship between HTHP FL and

experimental time
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