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Abstract: Conventional oil-based drilling fluids are characterized by their significant viscosity effects
due to the content of organic clay and asphalt filtration loss controller. So it is difficult to control their
rheological properties and the limited low-density oil-based drilling fluids application. Under such circum-
stances, a clay-free oil-based drilling fluid has been developed by using an independently developed viocosi-
fier, strength-enhancing additives, an emulsifier and polymer filtration loss reducer. Compatibility and op-
timal volumes of such additives have been determined through experimental study. Research results show
that the newly developed clay-free oil-based drilling fluid may have controlled plastic viscosity within
55 mPa * s, an emulsion-breaking voltage above 450 V,an API filtration losses less than 2 ml., cutting
pollution resistance up to 30% and water pollution resistance up to 20% under oil/water ratios 70 * 30 to
100 ¢ 0, temperature 80—-160 °C and densities 0. 9-2. 2 kg/L. At the same time, the impact of weighting
materials on lubrication performance are negligible. The newly developed drilling fluids have been applied
in four horizontal shale gas wells in Jiaoshiba Block. Test results show that the innovative clay-free oil-
based drilling fluids involve minor raw materials, simplified maintenance requirement, controllable rheo-
logical properties and low solid contents. With desirable shear thinning behaviors, the drilling fluid may
effectively minimize circulation pressure losses and enhance ROP.

Key words: clay-free oil-based drilling fluid; tackifier; emulsifier;filtrate reducer;drilling fluid proper-
ty; Jiaoshiba Block
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Table 1 Effects of key treatment additives on performances of clay-free oil-based drilling fluid

B RMBEE/ (mPa - s) TIVEREEE / (mPa » s) g1 11/ Pa #4171/ Pa ¥t APLIEAGH/mL WEFLBIE/V
1 9.5 9.0 0.5 1.0/0.5 0. 06 10.6 402
2 20.0 16.0 4.0 3.0/3.5 0.25 5.2 451
3 23.0 17.0 5.0 3.0/3.5 0.29 1.8 490
4 51.0 37.0 14.0 6.5/7.5 0. 38 2.0 836

WY 1A 240 mL 4E9H -+ 60 mLCaCly IE# (CaCly I EN 20%0, FRD +5. 0% FLALFH] +3. 0% CaO, BI TG 4 AHIH FE 3L I s i O7 2 Wi
U5 1+2. 0 % M FER I B 3 AT 2+ 3. 0 YRR IR R s BE 7 4 Ry 3+400 g TS A s MK A& A 7E 150 CF &4k 16 h.7E 60 °C

Tt
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Table 2 The effect of viscosifier and strength-enhancing additives volume on the performance of clay-free oil-based drilling fluid

BRI, %) RWEE/ (mPa«s)  WWFE/(mPa-s) V) /Pa #UIJS/Pa ¥ APIIERE/mL  BILHEE/V
1.0 43 38 5 3.0/5.0 0.23 3.6 650
1.5 47 39 8 3.5/5.0 0. 20 2.2 590
2.0 50 40 10 4.0/5.0 0. 25 0.8 550
3.0 71 60 11 7.0/8.0 0.19 0.4 620
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Table 3 The effect of emulsifier contents on performance of clay-free oil-based drilling fluid

2.3 FALFmMEHMLE

FUEFI I, % RWHE/ (mPa-s)  WMYFE/ (mPa-s)  FYIJ1/Pa §YI/Pa ML APLIERE/mL  BFLHEIE/V

3 60 50 10 7.0/9.0 0. 20 4.5 450
4 50 42 8 4.0/5.0 0.25 2.2 810
5 55 44 11 4.0/5.0 0.25 1.0 1050
6 57 46 11 6.0/8.0 0.24 1.5 1100

o B L E 150 CF 24k 16 b 5 I 3Pk AL 25 50 0

24 BRRAMEMRE F AL WFe 4 AT LLTR th B R e R
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Table 4 The effect of filtrate loss additive volumes on the performance of clay-free oil-based drilling fluid

TUBEE, BRI/

i I 00 ok % (mPa- o (mPa- Y I3/ Pa WIS /Pa BH¥BLL APTIERHE/mL  BFLRE/V @RS IEKH/mL
1.0 47.5 40 7.5 3.0/4.0 0.19 1.0 415 4.8
2.0 18.5 40 8.5 2.0/3.0 0.21 1.2 590 0.8
3.0 50. 0 40 10.0 2.0/3.0 0.25 0.4 550 0.2
4.0 57.5 48 9.5 2.5/3.5 0.53 0.6 620
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Table 5 The effect of temperature on performance of the clay-free oil-based drilling fluid

IR/ C RMFE/(mPa - s)  BHFE/(mPa+s)  FhPJ1/Pa #Y1J1/Pa FHELL  APLUERH/mL  BFLHIE/V

80 63 50 13 6.0/7.5 0. 26 2.8 650
110 57 44 13 5.0/6.5 0. 30 2.0 770
130 58 46 12 4.5/5.5 0. 26 2.0 760
150 55 45 10 3.5/5.0 0.22 1.4 700

160 50 41 9 4.0/5.5 0.22 1.0 820
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Table 6 The effect of weighting materials on the performance of clay-free oil-based drilling fluid

R/ (kg + L) FWMEEE/(mPa »s)  WYERE/(mPa-s) Y Ji/Pa #Y1J1/Pa ML APLJEAH/mL WA HE/V

1.2 32 26 6 1.5/2.0  0.22 1.2 510

1.4 40 33 7 3.0/4.0  0.21 0.8 680

1.6 50 1 9 3.0/5.0  0.22 0.8 800

1.8 55 43 13 4.0/5.5  0.28 0.4 900

2.0 61 18 13 4.0/6.0  0.27 0.2 1100

2.2 68 52 16 4.5/6.5  0.31 0.8 1500
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Table 7 The effect of invading cuttings on rheological properties of the clay-free oil-based drilling fluid

BiERAR.Y  RWBEE/(mPa-s) WHEE/(mPa-s) ¥ S/Pa #Y1J1/Pa ¥ APIIEAR/mL  BEFLEIE/V

0 50 41 9 4.0/5.5 0.22 1.4 670
3 51 42 9 4.5/5.5 0.21 1.0 630
5 54 44 10 5.0/6.0 0. 23 2.0 810
7 55 42 13 4.5/6.0 0. 30 1.6 850
10 60 46 14 5.0/6.0 0. 30 1.0 920
15 58 46 12 4.5/6.0 0. 26 1.4 800
20 57 48 9 3.5/5.0 0.19 2.0 670
30 61 50 11 5.0/7.0 0. 22 1.8 750
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Table 8 The effect of invading water on rheological properties of the clay-free oil-based drilling fluid

KEARE, % RWHE/(mPa-s)  FYERE/ (mPa-s)  YIJi/Pa #UIJ)/Pa B APLIERE/mL  @ILHIE/V

0 50 41 9 4.0/5.5 0.22 0.8 670
5 55 45 10 4.0/6.0 0. 22 1.0 600
10 60 49 11 5.0/6.0 0. 22 1.4 500
15 65 50 15 5.5/7.0 0. 30 1.0 430
20 77 58 19 6.0/7.5 0. 33 2.0 360
200 66 50 16 5.5/7.0 0. 32 1.2 450

TE:DAMI 2. 076 FLALFIFI 5. 026 430
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Table 9 The effect of oil and water ratio on the performance of the clay-free oil-based drilling fluid

oK L FUFE/(mPa s )  BYEFE/(mPa-s)  #HYS/Pa S /Pa ¥ APLIEXRE/mL  WRHEE/V
90 : 10 40 33 7 2.5/3.5 0.21 1.6 1580
85: 15 44 36 8 3.0/5.0 0.22 1.0 1 300
80 : 20 50 41 9 3.5/4.5 0.22 0.8 800
7525 52 42 10 3.0/4.5 0. 24 0. 6 720
70+ 30 55 43 12 3.5/5.0 0.28 1.0 550
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