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Research and performance evaluation of high-temperature resistant

advanced borehole wall protection bentonite gel liquid

70U Zhifei"**, XIONG Zhengqiang"*, FU Fan'?, LI Xiaodong'?, LI Yanning"?, PENG Boyi"*

(1. Beijing Institute of Exploration Engineering, Beijing 100083, Chinas 2. Technology Innovation Center of Green
Drilling, China Geological Survey, Beijing 100083, China; 3. China University of Geosciences, Beijing 100083, China)

Abstract: To address the issues of low core recovery in fractured formations during core drilling and the limited

effectiveness of conventional borehole wall protection technologies, this paper proposes a technical approach of

"advanced borehole wall protection" and develops a high-temperature resistant advanced borehole wall protection

bentonite gel liquid. Through material screening and orthogonal experiment optimization, the optimal formula was

determined as 2% Hebei drilling-grade bentonite, 8% sepiolite, and 20% Portland cement. Laboratory performance

tests indicate that the gel liquid has an apparent viscosity of 87.5 mPass at room temperature and its apparent viscosity

exceeds 150 mPass after aging at 150 °C for 16 h. The total filtration time is only 68 s. The compressive strength of the

formed filter cake reaches 2.4 MPa after drying at 150 “C for 48 h. Furthermore, the gel liquid exhibits good

permeability and cementation capabilities in high-temperature and high-pressure sand bed simulation experiments. This

gel liquid can be injected in advance without completely consolidating the formation, thereby enhancing the formation's

overall integrity. It provides a new solution for improving core recovery and drilling efficiency in fractured formations

and

holds promising engineering application prospects.

Key words: fractured formation; advanced borehole wall protection; bentonite gel liquid; high-temperature resistance;

core recovery rate; drilling fluid; cementation performance; performance evaluation
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Fig.1 Schematic diagram of bentonite gel liquid
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Table 1 Rheological properties of different bentonite suspensions
WA 4 2 WA 6. 0 6. 6w 6, o, MM/ /P
(mPa-s) (mPa-s)"]
WL .0h 32 23 19 14 7 6 16 0.79
WACEIR R IE - WiR 4 h 34 23 19 14 7 6 17 0.56
150 °C.16 h 59 47 43 38 29 27 29.5 1.49
HIL.0h 26 19 15 12 6 5 13 0.88
INAREFRIZIE L FiE 4h 29 21 18 13 7 6 14.5 0.83
150 °C.16 h 40 31 27 22 13 12 20 1.25
.0 h 62 56 56 54 51 51 31 4.26
T b 4 T £ Hi 4h 59 52 51 48 44 43 29.5 3.29
150 °C .16 h 50 37 33 26 16 15 25 0.94
HiR 0h 3 2 1.5 1 0.5 0.2 1.5 0.51
e G b i i - Wi 4 h 3 2 1.5 1 0.5 0.2 1.5 0.51
150 °C.16 h 4 3 2 1 0.5 0.2 2 1.02
Hi.0h 5 3 2 1 0.5 0.2 2.5 0.26
LT A + W4 h 5 3 2 1 0.5 0.2 2.5 0.26
150 °C.16 h 9 6 4 2 1 0.5 4.5 0.51
WiR .0h 7 5 4 3 2 1 3.5 0.77
HA g+ Wi 4 h 9 7 5 3 2 1 4.5 1.28
150 °C.16 h 17 12 9 7 3 2 8.5 0.72
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Table 2 Filtration loss time and volume of different

filtration enhancement materials

WEM R BESE/mL UERETE/s  WEPHEE/cm
k% 1 295 104 1.6
11 5 225 498 2.7
AT 270 36 2.1
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Fig.2 Filter cakes formed by preparing gel liquids with

different filter enhancement materials
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Fig.3 SEM of different filter cakes
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Table 3 Orthogonal experimental design table

B P Wt/ WA/ KPR/ %
1 2 6 15
2 2 8 20
3 2 10 25
4 4 6 20
5 4 8 25
6 4 10 15
7 6 6 25
8 6 8 15
9 6 10 20
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Table 4 Results of formula optimization experiment
KT 5 Wt 4% 14 Os0 0,00 0,00 0100 0, 0, FWFE/(mPa-s)

WL .0h 78 63 53 43 29 28 39

1 HiR4h 123 110 95 82 63 63 61.5
150 °C.16 h 170 130 110 83 25 23 85
HIL.0h 100 85 69 53 38 38 50

2 Wi 4 h 182 138 110 90 63 60 91
150 °C.16 h JBe 4% >150
Wi .0h 92 85 74 60 35 32 46

3 HiL 4h 270 230 202 165 124 124 135
150 °C.16 h Jie 45 >150
Uk 0 h 152 135 115 89 61 60 76

4 Hi 4h 216 215 213 206 171 171 108
150 °C.16 h Jhe 4% >150
Wi .0h 110 100 94 78 56 53 55

5 Wi .4h =300 =300 =300 280 184 184 150
150 °C .16 h JBe &% > 150
HIL.0h 212 190 165 155 105 100 106

6 Wik .4h =300 =300 265 210 148 148 >150
150 °C.16 h JBe 4% >150
HE 0 h 175 135 116 90 46 45 87.5

7 HiR.4h 300 300 245 188 115 115 150
150 °C.16 h JBe 4 >150
k0 h 152 142 137 110 61 61 76

8 Hi.4h =300 =300 =300 =300 =300 =300 150
150 °C.16 h B 4% >150
i .0h =300 =300 =300 =300 259 259 150

9 Wi 4 h =300 =300 =300 =300 =300 =300 150
150 °C .16 h JBe &% > 150
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140 | Table 7 Test results of high-temperature and
1o L high-pressure closed filtration loss

;.%‘ 100l Wt 7L B /°C ML )/ MPa #3826 5 /mL

£ 60 5 98

% f 90 5 90

= 6or 120 5 122
40 150 5 120
20 -
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DR AT
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Fig.4 The apparent viscosity of the gel
liquid under different conditions
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Fig.5 High-temperature resistant advanced

borehole wall protection bentonite gel liquid
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Table 5 High-temperature resistant advanced borehole

wall protection bentonite gel liquid filtration property
I A W8 /mL BRI 1] /s
L .0.69 MPa 250 68

*6 MBRRBEPEREELIRRRIEHTERE
Table 6 Compressive strength of high-temperature
resistant advanced borehole wall protection bentonite gel

liquid filter cake

R ] /b e KU 8 B /MPa
16 1.3
24 1.6
48 2.4
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Fig.6 The sand bed after the high-temperature and
high-pressure sealing test at 150 C and 5 MPa
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