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Abstract: In order to meet the requirement of wellbore stabilization and good performance of drilling
fluids during the drilling of shale gas horizontal wells and realize commercial development at a low cost and
with high efficiency, a stable oil-base drilling fluid system with low oil-water ratio was developed to accom-
modate the characteristics of shale reservoirs and the engineering requirements of horizontal wells. It is
shown from experimental tests that this oil-base drilling fluid system is good in terms of thermal stability,
contamination resistance, plugging capacity and emulsion stability. In addition, it has lower plastic viscosi-
ty., moderate shear and better rheological property. Therefore, a stable oil-based drilling fluid system can
satisfy the unique conditions in drilling horizontal of shale gas wells. The oil-based drilling fluid system has
been applied in 5 horizontal wells drilling in Fuling Shale Gas Field. Through low oil-water ratio gel main-
tenance, solid phase control and plugging while drilling, the oil-water ratio was kept below 70/30, 15%
lower than previously used oil based drilling fluids in this gas field. Further, drillings cost were reduced
significantly. In summary, drilling costs in the Fuling Shale Gas Field could be reduced effectively by using
an oil-based drilling fluid system with a low oil-water ratio in horizontal shale gas wells. This system will
provide strong support in the low-cost commercial development of shale gas and used as a model in the de-
velopment of shale gas in other areas within China.
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Table 1 The basic formula of oil-based drilling fluids with different oil-water ratios

Bl S 7 oK bk gt 0 FEL e BT 0 EEGN. 0 BEEESGHL. 0 CaOL 2 I,
1 70/30 2.2 2.5 0.5 0.5 3.0 2.0 3.0
2 65/35 1.8 3.0 .3 0.5 3.0 2.0 3.0
3 60/40 1.5 3.5 0.0 0.5 3.0 2.0 3.0
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Table 2 The basic performances of oil-based drilling fluids with different oil-water ratios

HIRwE T ke &M BMEE/ (mPa-s) Yl J1/Pa $6/$3 W WEABE/V O SRR E/ mL

IR 12 5 5/4 0.42 675

1 70/30 N
PR 13 6 6/5 0. 46 660 2.2
IR 14 6 7/6 0.43 612

2 65/35 -~
PR 16 7 8/7 0. 44 603 2.6
IR 15 6 7/6 0. 40 588

3 60/40 N
PR 18 7 8/7 0. 39 564 2.6
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Table 3  The performances of low oil-water ratio oil-based

drilling fluids with different densities

W/ WRLLE/ MYERE/ s/

) $6/93 F¥E
(g+cm ?) \% (mPa + s) Pa
0.95 603 16 7 8/7 0. 44
1. 20 638 23 9 10/9 0. 39
1. 50 666 30 11 11/9 0. 37
1.70 676 35 13 12/10 0. 37
2. 00 869 42 15 15/13 0. 37
x4
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Table 4 Effect of temperature and ageing time on the properties of oil-based drilling fluid with low oil-water ratio

B WFLRIE/V  BYEREE/ (mPa-s)  ZiVIJi/Pa WIVIJ1/Pa A41J3/Pa ML SR EEIEKE/mL
80 °C/16 h 623 26 10.0 5.0 7.0 0. 38 2.4
100 ‘C/16 h 646 28 12.0 5.0 7.0 0. 42 2.0
120 C/16 h 673 28 12.0 5.5 7.0 0. 42 2.2
150 °C/16 h 666 30 13.0 5.5 8.0 0.43 2.2
150 °C/32 h 623 31 13.0 6.0 8.0 0.42 2.4
150 °C/48 h 625 31 13.0 6.0 8.0 0. 42 2.4
150 °C/64 h 572 30 12.5 5.5 8.0 0.42 2.6
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Table 5 The test results on cutting contamination resistance of oil-based drilling fluid with low oil-water ratio

&, % WA HEE/V MR/ (mPa-s)  FY1J1/Pa WY1 11/ Pa 471/ Pa o T R HE B 2K 4k /mL
0 666 30.0 13. 0 5.5 8.0 2.2
5 645 31.0 13. 6.0 8.5 2.2
10 638 33.0 14.0 6.5 9.0 2.0
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Table 6 The test results of water contamination resistance of oil-based drilling fluid with low oil-water ratio

KA 2 WFLRIE/V  BPEREL/ (mPa - s) B J)/Pa w13/ Pa ZA7J1/Pa 1+t TR 98 % At/ mL
0 666 30.0 13.0 5.5 8.0 2.2
5 582 35.0 14.0 7.0 9.5 2.8
10 471 41.0 15. 8.5 11.0 2.8
15 413 46.0 18.0 9.5 13.0 3.0
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Table 7 Plugging performance of low oil-water ratio oil-based

drilling fluid added with plugging agent at different

dosages on shale beds at high temperature and high

pressure

U8R & /mL
3.0 MPa/150 C

B AL 20

4.5 MPa/150 C

0 5.2 8.6
1.5 0.8 1.2
3.0 0 0
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Table 8 Properties of low oil-water ratio oil-based drilling fluid used in the third spud section of Well Jiaoye 54-3HF

S /m WL ke e way R gy, BERE
3 167.00~3 219.00 1.40~1.45 65/35~66/34 55~58 500~700 30~32 8.0~11.0 2.4~2.8
3 219.00~3 426. 00 1.45~1.48 65/35~67/33 58~60 700~820 32~34 11.0~12.0 2.8~3.8
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