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Optimization of high-density oil-based drilling fluid system and

its application in shale gas horizontal wells

SHAO Ning, LI Ziyu, YU Peizhi

(School of Engineering and Technology, China University of Geosciences {Beijing), Beijing 100083, China)
Abstract: In order to solve the problems of wellbore instability and wellbore cleaning in shale formation in the
Weiyuan — Changning area, the treatment agents such as emulsifiers, organic soils and filtration reducers suitable for
high-density oil-based drilling fluid systems were selected through experiments. A high-density oil-based drilling flu-
id system suitable for use in both long and short shale gas horizontal wells in the Weiyuan — Changning area was de-
termined by orthogonal design. The final formulation ratio is: 5% primary emulsifier + 2.0% co-emulsifier +
2.0% wetting agent + 5% filtration reducer + 2% organic soil + 3% CaO, oil to water ratio 80 : 20 (25% CaCl,
aqueous solution). Evaluation on its performance shows that the system can increase the density to 2. 2g/cm?®, and
the performance is stable after addition of weighting material. It can resist water pollution up to 9%, anti-cutting
pollution to 18% , providing good anti-pollution performance with shale recovery up to 95. 11% , and good inhibition
performance, as well as stable emulsification performance. The field application showed that the high-density oil-
based drilling fluid met the drilling requirements of the shale gas horizontal well Wei 204H37 — 8. The performance
of the whole well was good: there was no well leakage, the well diameter was regular, there was no abnormities in
logging, and well completing was smooth.
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Table 1 Results of different filtration reducers

R AV/ PV/ YP/ Gel/ ES/ FLurue/
¥ &M (mPa+s) (mPa+s) Pa Pa/Pa A4 mL

1 kR 40.5 33 7.5  4/4.5 738

S BALE 44.5 37 7.5 3/3.5 770 23.0

2 #AkEi 43.0 35 8.0 3.5/4.5 939

5 EAE 44.5 39 5.5 2.5/3 807 6.6

3 ZALREi 45.0 38 7.0 3.5/4.5 902

S5 EiLE 545 45 9.5 3.5/4 891 3.0

eI 396 EFLALF 0. 5 Y6 42 Yo B UK R ) 42 Y6 A AL
2% E ARG B 2.0 g/em® L MK L 80 ¢ 205 AL A 130
‘C .16 h,
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Table 2 Results of different organic soils

o AV/ PV/ YP/ Gel/ ES/ FLurue/
¥ &M (mPa+s) (mPa<s) Pa Pa/Pa A4 mL
1 EZiLRT 28.5 21 7.5 2.5/3.5 681

5 EFE  30.0 23 7.0 3/3.5 668 1.4

2 #ALET 30.0 22 8.0 3/4 760

5 oE 32.0 25 7.0 3/3.5 566 1.8

3 #fkEr 32.5 24 8.5 3.5/4 753

5 EAE  34.5 27 7.5 3.5/3.5 678 2.0
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ZALS MR 130 °C 16 h,

2.3 FLALFILIE
LA R T8 0 A 3 K T TR R A B R AR 3 K
ST 5K ) S5 DUE RS SE A4 6 K L AR Bl W A
FU I 3 A LA A SR P AT X L
i AR E A 7 T L VR A Ry 7 B S AR M B 4
R 3,
F3 FfeHEEMIE

Table 3 Results of different emulsifiers

LB 001 25 0 B8PS B2 L Sl U0 g gl JR LE el
J 9 2 RN 7L A T O 9 A D 0k Y B AR L . P
DAL DR« FEFL AR T 3 50 A L AR ) L R 2R R
TE AR BT PR AR DL 4,

x4 BHBRABREIHBEARSKTE

Table 4 Factors and levels of orthogonal test for drilling fluid system

K %

FOA FFARH/ Y% BIEA/ Y% CHEIFLLN/ Y% DERERA/ %
1 3 1 1.0 3

2 4 2 1.5 4

3 5 3 2.0 5

o AV/ PV/ YP/ Gel/ ES/ FLurup/
¥ &M (mPass) (mPa<s) Pa Pa/Pa A4 mL
1 #&fkRi 46.5 38 8.5 5/8.5 930

5 #l)E 57.5 43 14.5 6/7.5 763 6.0

2 EALET 39.0 33 6.0 3.5/4.5 948

5 #iE 42.5 35 7.5 3/3.5 902 5.5
3 &fkRi 50.0 38 12.0  5.5/7 840

S EiLF 410 33 8.0 6/8 942 2.3
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Table 5 Performance data of drilling fluid system orthogonal test

)5d AV/ PV/ YP/ Gel/ ES/ FLurur/
% (mPa+s) (mPa+s) Pa Pa/Pa A% mL
1 73.0 56 17.0 6.5/8.5 446 5.6
2 61.0 47 14. 0 6/7.5 610 4.4
3 67.0 51 16.0 7/9.5 897 3.6
4 57.5 45 12.5 6/8 764 4.0
5 57.0 47 10.0 6/7 806 9.0
6 54.5 42 12.5 5.5/7 782 3.6
7 60. 0 45 15.0 6.5/8 860 6.2
8 67.0 51 16.0 7/8.5 770 3.6
9 53.0 40 13.0 5.5/6.5 940 4.8
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Table 6 Drilling fluid system performance of weighting test
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Table 8 Drilling fluid system performance of cuttings pollution

resistance test

R/ AV/ PV/ )
iR YP/ Gel/ ES/ FLurue/
@ M pae (mPa- ‘ R HEmM AV/ PV/  YP/ Gel/ ES/ FLymmw/
L RME Pa  Pa/Pa V mL L
cm %) s) s) #/g (mPass) (mPa+s) Pa Pa/Pa A% mlL
) 10 ZALHT  50.0 37 13.0 6/7.5 1147 0. 00 64 52 12 5.5/7 949 5
’ ZilE  57.0 45 12.0  5/6 813 4.4 25. 24 73 60 13 6/7 799 13
) 15 ZALRT  57.0 42 15.0 7/8.5 1360 50. 56 75 59 16  6.5/7.5 893 18
’ ZilE  64.0 52 12.0 5.5/7 949 5.0 75. 30 51 43 18 3.5/5 896 30
ALRT 72,0 54 18.0 8.5/10 1410 e s S0/ e — 0
2. 20 i 5/ I MK L 80 ¢ 20(25% CaCly KIEW) 5% EFLALH +
iblE 72.5 57 14.5 7/8 937 5.6
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Table 7 Drilling fluid system performance of water pollution

resistance test

ok K AVY/ PV/ YP/ Gel/ ES/ FLurnp/
/% %M (mPaes) (mPass) Pa Pa/Pa V mL
0 ZAkHT  57.0 42 15.0 7/8.5 1360
Ziefs  64.0 52 12.0 5.5/7 949 5.0
) ZAkRT 48.0 35 13.0 6/7.5 1034
#WE  73.5 57 16.5 7/8 733 6.2
A ZAkHi 56.0 41 15.0 7/8.5 1133
ZfbJ5  65.5 53 12.5  6/7 547 8.0
EiRi  57.0 42 15.0 7/8.5 887
f EiLiE  66.5 53 13.5 6/8.5 478
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Table 9 Drilling fluid performance parameters

A M HH/m HE/(geem?) FV/s AV/(mPas+s) PV/(mPa+s) YP/Pa  Gel/Pa/Pa ES/V  FLurnp/mL
2018—10—12 3107 2.01 92 111.0 90 21.0 8.5/14 548 2.6
2018—10—13 3221 2.09 92 106. 0 85 21.0 8.5/15 689 2.6
2018—10—15 3487 2.13 84 93.5 74 19.5 8.5/14 806 2.0
2018—10—17 3696 2.13 78 80. 0 63 17.0 7.5/13.5 944 2.6
2018—10—19 3942 2.12 75 75.5 58 17.5 8.5/13.5 902 2.6
2018—10—27 4516 2.13 96 104. 0 77 27.0 11/21 1497 2.4
2018—10—28 4675 2.12 100 117.5 86 31.5 13.5/23.5 1589 2.2
2018—10—29 4860 2.13 112 120.5 87 33.5 14.5/26 1405 2.4
2018—10—31 5032 2. 10 137 131.0 94 37.0 17/32 1319 2.2
2018—11—01 5165 2.10 125 124.5 88 36.5 17.5/29.5 1613 2.0
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