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Research and Evaluation of Clay-Free Drilling Fluids with High Temperature Resistance
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Abstract: In order to eliminate dependence on clay by drilling fluid,overcome the degradation of con-
ventional viscosifier and fluid loss agent at high temperature, protect reservoir and enhance penetration
rate,a viscosifier or fluid loss agent called SSDP was synthesized by the sulfonic acid groups and cationic
monomer,and on the basis of it,the anti-high temperature and water based clay-free drilling fluid was de-
veloped by selecting and compounding the viscosifiers, filtrate reducers, lubricants and anti-sloughing a-
gent. The laboratory evaluation showed that the clay-free drilling fluid has better resistance to high temper-
ature up to 160 °C ,has good resistance to unconsolidated rocks with the content of 10% or more; its lubri-
cation peformance is close to that of oil-based drilling fluid; permeability recovery of polluted cores has
reached to 90% ,and shown its good reservoir protection effect. It could be seen that this drilling fluid can
solve the problem of viscosity decrease caused by polymer degradation at high temperature, maintain safety
and provide improved economic benefits in drilling engineering.
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Fig. 1 Infrared spectra of SSDP
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Table 1 Rheological properties of SSDP in fresh water

SSDP fm ik RWFE/ MYEREE/ S/ APLIE K/
#.% & (mPa+s) (mPa-ss) Pa mL
PRI 27.5 20 7.5 96
e PR E 20. 0 17 3.0 364
3] 43.5 30 13.5 74
b PIRE 36.0 28 8.0 298
PR 58.0 39 16.0 66
“ PR E 53.0 40 13.0 254
PR 120. 0 76 44.0 36
e WIRE 74.0 56 18.0 180

AT AT LA L 1. 0% SSDP ¥ ¥ 2 WL %k 1 ik
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Fig. 2 Temperature resistance of 2% SSDP solution
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Table 2 Rheological properties of SSDP in 4% brine solution

SSDP i W&k RWAEE/ WMEREE/ s/ APLIEA i/
#®,% &M (mPa+s) (mPa-ss) Pa mL
PR 33.5 26 7.5 68
20 mar 165 15 1.5 302
R 62.0 47 15.0 42
>0 PR 3L5 27 4.5 204
PRI 106. 0 75 31.0 22
YU mmE ses 1 15.5 130

£ 3 SSDP FEiFNEh kA R Ak gk
Table 3 Rheological properties of SSDP in saturated brine so-
lution

SSDP fin - WX RWFEE/ MYEFE/ b/ APLIER Y/
#/,% &M (mPa+s) (mPa-ss) Pa mL
PRI 32 26 6 36
&0 MR G 9 8 1 98
IR 55 42 13 26
0 PR G 29 25 4 80
R 99 69 30 24
YU mae 58 14 14 72
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Table 4 Influence of viscosifier dosage on rheological properties

K Wik RWRE/ BYEREE/ iU/ APTER

%k (mPass) (mPa-s) Pa mL
PR 42 28 14 102

1 WIRE 26 22 4 140
PR 46 32 14 76

’ WIRE 40 26 14 96
PR 48 31 17 60

’ WIRE 46 31 15 72
PR 58 35 23 56

! WIRE 51 31 20 66

Ll 1 RIE K41 0% SSDP40. 2% PAM; it 77 2 R i K +
1. 0% SSDP + 0. 3% PAM; Bt J5 3 3% /K + 1. 3% SSDP +
0. 3% PAM; TR 4 MiE/K+1.4%SSDP+0. 4 % PAM,
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Table 5 Effect of filtrate reducer on fluid loss by its dosage

Wik FUFRRE/ BRI/ Y1)/ APTIES A/

LS (mPa+s) (mPa-s) Pa ml
PR 40 30 10 10. 8

! PR E 44 29 15 11.6
IR 48 37 11 16. 8

’ WIRE 40 31 9 18. 4
] PR HT 40 29 11 9.2
’ WIRE 40 28 12 9.6
R 44 31 13 6.8

! WIRE 44 29 15 8.0
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Table 6 Lubricating property of lubricant HL-8

S o HERCE S
fic UREREEY Wl o,
FERh A 0.177
LAt EC T +0. 5% HL-8 0.118 33.3
FRLAL O +1. 0% HL-8 0. 088 50. 2
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Table 7 Resistance evaluation of clay-free drilling fluids a-

gainst unconsolidated rocks

Fm Wl RWHE/ BYERE/

G441 /Pa API JEk &/
) m

H,.% %M (mPa+s) (mPa-s L
PR 42.0 31 11.0 5.8

’ PRIE  44.0 31 13.0 6.0

. PIERT 43.0 32 11.0 5.4

’ PIRFE 46.0 31 15. 0 5.2
PIEWT 47.5 33 14.5 4.8

0 HEFE  55.0 38 17.0 4.6

_ PIEHT 56.0 39 17.0 4.
. HEF 750 52 22.0 4.2
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Table 8 Evaluation of temperature resistance for clay-free

drilling fluids

e e RWEREE/ WMWERIE/ shWidi/ APLURZRE/
R/ C
(mPa « s) (mPa « s) Pa mL
20 42 31 11 5.8
120 44 31 13 7.6
150 44 31 13 6.0
160 39 28 11 5.2
170 29 23 6 6.4
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Table9 Effect of NaCl content on clay-free drilling fluids

RN/

NaClLjm P MYEEEEE/ BT/ APTIER

#.% &M (mPa+s) (mPa-s) Pa H/mL
PR 39 30 9 7.2
10 WIRE 41 29 11 8.0
_ PR AT 37 30 7 8.0
N PR IE 38 29 9 8.4
2 PIRT 28 24 4 20. 4
IR E 22 19 3 24. 4
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Fig. 3 Shale expansion curve of clay-free drilling fluids
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Table 10  Permeability recovery evaluation test of clay-free
drilling fluids
oo TIRE EE R
#H/mD FA/mD R
1 11.7 10. 8 92.3
2 60. 2 55.0 91.4
3 140. 4 130. 4 92.9
4 360. 3 340. 8 94.5
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