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Abstract: Drilling problems, such as melting permafrost strata, expansion and collapse of hole walls, less drilling
depth, core taking difficulty, borehole freezing, are encountered in the process of drilling due to the characteristics of
strata and the fact of the plateau permafrost environment of Dongchenggongma. Drilling equipment, drilling technology
and drilling management was investigated with the focus on the effect of low-temperature drilling fluid properties on
drilling process. Orthogonal experiment was conducted to compare the formulation of flushing fluid at —5°C to select
the optimum formulation with low temperature resistance, small heat dissipation coefficient, proper viscosity and low
filtration loss, and it effectively solved the drilling problem in plateau permafrost strata. Field use in two boreholes of
CZKO031 and CZK4821 showed the hole wall was well protected by the drilling fluid, and no collapse and freezing
accidents occurred, achieving good drilling effect. The research and application of low-temperature drilling fluid
formulation can provide reference for drilling in plateau permafrost strata in other areas.
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Table 1 Test freezing temperature of NaCl solution

Sk o B/ o BE [ 5/ °C
5 —4
10 —7.5
15 —12
20 —17
25 —21
30 —24
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Table 2 Low temperature drilling fluid factor and level

KT NaCl/  Nalgiid 4/ Na-HPAN/ MBM/
% % % %
1 10 2 0.3 3
2 15 3 0.6 4
3 20 4 0.9 5
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Table 3 Formulation design of drilling fluid

NaCl/ NaliZiid Na-HPAN/ MBM

e A B %o /% % /%
1 1 1 1 1 10 2 0.3 3
2 1 2 2 2 10 3 0.6 4
3 1 3 3 3 10 4 0.9 5
4 2 1 2 3 15 2 0.6 5
5 2 2 3 1 15 3 0.9 3
6 2 3 1 2 15 4 0.3 4
7 3 1 3 2 20 2 0.9 4
8 3 2 1 3 20 3 0.3 5
9 3 3 2 1 20 4 0.6 3

I3 AR T b R MR C O AR R R I EREZ S
N T 25 SR LG ORI R TR R BOR , B AR R %
PET X LR REHEAT IS . 75 —5 CARMFT , 81k 24 h
Ja B A BT B8 VRAS T B Tk B4 A AR i
A HC T R PERE . KA R ANR 4 BT .

Fi I IE 22 1560 540 Ak BN, 43 S %k — 5 °C A%
PET FRWURG B BB YRR E B U0 g A8 2k i i) e A
o BEAT 1S b B, AR A 22 E R /N o 3% D] R X o
YE TR BE S 7 E R AR 2RO, RO ik T
PERERYRZ AR . TTFRA IR IR 5.

MR B Ak A5 2R 78 — 5 CAAF T Ak 250 X
2R WK BE 9 5 ) AR B2 R 4K K 2 - MBM > Na-



B A9 1

TR AR AR R R - b 2 IR v e W T 5 5 R 107

F4 HERERBNEER(-5TC)
Table 4 Test results of drilling fluid performance(-5C )

gy i 2 i R A FWKGEE/  SRYERGEE/ iUl Jy/ APLUEJR IR/ WWRIE/  EEE/

R600 R300 R200 RI100 R6 R3 (mPass) (mPass) Pa mL mm (geem™)
1 39 24 18 12 3 2 19.5 15 4.6 10 1 1.11
2 28 17 13 8 2 1.5 14 11 3.1 14 2 1.11
3 75 50 40 27 6 4.5 37.5 25 12.8 1.2 4 1.12
4 44 37 21 13 3 22 7 15.3 9 3 1.13
5 28 17 12 8 2 1.5 14 11 3.1 12 4 1.13
6 25 16 11 7 2 1.5 12.5 9 3.6 13 5 1.14
7 42 27 21 14 4 3 21 15 6.1 9 3 1.15
8 29 18 14 9 3 2 14.5 11 3.6 12 4 1.16
9 28 16 12 7 2 1.5 14 12 2.0 11 4 1.15

x5 MABERRTUERBIELEER
Table 5 Data processing results of rheology and fluid loss

of the drilling fluid system

. RAGEE/ WYERGEE/ b1/ R &/
(mPass) (mPass) Pa mL
NaCl 7.5 8.0 3.4 2.9
Na &g + 7.2 4.3 5.5 4.3
Na-HPAN 8.7 7.0 3.4 4.3
MBM 8.8 2.7 7.3 4.6
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Fig.1 Properties of the NO.3 formula at -12°C
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Table 6 Formulation performance at different temperature
iy MR/ RWUKGEE/  YEVERGEE/ Yl J)/  APLuEHE/ Je bR/ g/
C (mPa-s) (mPaes) Pa mL mm (geem™)
20 7.5 6.5 1.0 15.5 0.2
15% NaCl +4% Nafgid ++0.1% 10 11 7.5 3.6 10.5 0.2
TN e e 4 4k + 0.3 90 2 W Sk & 0 14.5 11 3.6 8 0.2 1.12
Y Z A +0.2% BRIR A —5 18.5 13 5.6 6.8 0.1
—12 62 49 13.3 5 0.1
WLEE S IR RAFE 1.12 m RA L, o o 3 %) L BE 2001:3,34.
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