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Properties of mud cake associated with silica shale powder intrusion
into drilling fluid
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Abstract: Drilling fluid is very important for maintaining the stability of the hole wall in shale drilling. The mud cake
formed by the fluid loss also plays a decisive role in protecting the reservoir. In order to study the influence of shale
rock powder intrusion into low-solid-phase drilling fluids on the basic properties of mud cakes, the paper selects the
siliceous shale powders in northwestern Hunan as the research object, and designs orthogonal experiments. In addition,
the test results are analyzed using variance and range, which show that the content of rock powder is the main factor
affecting the thickness of the cake. Besides, the main factors influencing the toughness of the cake are rolling time and
the powder gradation. The mass fraction of 6% of the 200 mesh rock powder forms the thinnest mud cake after the
rolling 6 hours. When the rock powder with a particle size of 150 mesh has a mass fraction of 6%, the toughness of the
mud cake formed after rolling for 12 hours are the maximum. For the rock powder with a gradation of (200+100)
mesh, the rock powder with 2% mass fraction forms the thinnest mud after rolling for 24 hours. When the gradation is
(200+150) mesh, the rock powder with 4% mass fraction forms the greatest toughness of mud cake after rolling for
12 hours. The conclusion of the study has positive significance for the solid-phase control of the drilling fluid.
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Table 1 Formulation and performance of drilling fluid

/ / /

/mL
/g /g /g /g (mPa-s) (mPa-s) mL

1 000 30 5 3.5 3 18.1 13 12.6

100H 150H 200H
1 ( 400 )
Fig.1 Shale rock powder(magnified 400 times)

2 RWHE )

100
6% 100 150
200 2% 4% 6%
(6 h ) 6 h
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Table 2 Factor level comparison (18]
() 1% /h
ZN-1L
1 200 6 6
2 150 4 12
140 g 160g 180 g 200g 220g 240 g
3 100 2 24
260 g 280g 300g 320¢g
1 200+150 6 6 2
2 200+100 4 12
3 150+100 2 24
K:blwz_bzwl (1)
5 W =W
b —b
tan 6 = ——2 (2)
3 w, =W
K Wy Wy
*3 EXRBARRI wi=140 g
Table 3 Orthogonal experimental design wy=200g b, 140 g
% h
( )/ 1% / b, 200 ¢
1 200 6 6 tan 0
2 200 4 12 tan" 0
3 200 2 24 pH
4 150 6 12 pH
5 150 4 24
6 150 2 6 (1) (2)
7 100 6 24 K
8 100 4 6 4
9 100 2 12 \ | tese
32 WEITE
10 200+150 6 6 2
11 200+150 4 12
12 200+150 2 24
13 200+100 6 12
14 200+100 4 24
15 200+100 2 6
16 150+100 6 24 m = ki/n n=3 (3)
17 150+100 4 6
R= Mimax ~ Mimin 4
18 150+100 2 12 ( )
k; i (
3 )
ki 200 ( 1) 3
25°C m; ki
50 r/min Mimax
pH Mimin
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Table 4 Experimental results
pH /mL /mm /mm /mm K
1 8.84 10.10 0.53 0.36 0.89 0.93 0.002 8 357.14
2 8.91 9.36 0.70 0.63 1.33 0.86 0.001 2 833.33
3 8.89 10.50 0.70 0.63 1.33 0.86 0.001 2 833.33
4 9.08 10.02 0.90 0.57 1.47 1.67 0.005 5 181.82
5 8.82 9.48 0.61 0.55 1.16 0.75 0.001 0 1 .000.00
6 8.95 8.80 0.65 0.57 1.22 0.84 0.001 3 769.23
7 8.75 7.49 0.58 0.53 1.11 0.70 0.000 8 1250.00
8 8.90 9.20 0.97 0.85 1.82 1.25 0.002 0 500.00
9 8.81 9.15 0.55 0.39 0.94 0.92 0.002 7 370.37
10 8.84 9.49 0.65 0.54 1.19 0.91 0.001 8 555.56
11 9.02 8.98 0.51 0.37 0.88 0.84 0.002 3 434.78
12 9.08 9.47 0.57 0.52 1.09 0.69 0.000 8 1250.00
13 9.03 9.28 0.32 0.28 0.60 0.41 0.000 7 1 428.57
14 8.92 8.50 0.48 0.43 0.91 0.60 0.000 8 1 250.00
15 8.97 10.07 0.44 0.39 0.83 0.56 0.000 8 1 250.00
16 8.86 9.45 0.48 0.42 0.90 0.62 0.001 0 1 .000.00
17 8.99 9.50 0.32 0.27 0.59 0.44 0.000 8 1250.00
18 9.14 9.78 0.70 0.63 1.33 0.86 0.001 2 833.33
1 R
R 2
>
ki m; 1
5 1 R 2
= 1
1
1
2 R
2
5
6 6 1
Fz5 RUEERENNER
Table 5 Range analysis of total thickness of mud cake
C )
200(200+150) 150(200+100) 100(150+100) 6% 4% 2% 6h 12h 24 h
ki 3.55 3.85 3.87 3.47 431 3.49 3.93 3.74 3.60
m; 1.18 1.28 1.29 1.16 1.44 1.16 1.31 1.25 1.20 1
R 0.11 0.28 0.11
ki 3.16 2.34 2.82 2.69 2.38 3.25 2.61 2.81 2.90 2
m; 1.05 0.78 0.94 0.90 0.79 1.08 0.87 0.94 0.97
R 0.27 0.29 0.10
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Table 6 Range analysis of mud cake toughness
«C )
200(200+150) 150(200+100) 100(150+100) 6% 4% 2% 6h 12h 24 h
ki 5.20 7.80 5.50 9.10 4.20 5.20 6.10 9.40 3.00
m; 1.73 2.60 1.83 3.03 1.40 1.73 2.03 3.13 1.00 1
R 0.87 1.63 2.13
ki 4.90 2.30 3.00 3.50 3.90 2.80 3.40 4.20 2.60 2
m; 1.63 0.77 1.00 1.17 1.30 0.93 1.13 1.40 0.87
R 0.86 0.37 0.53
6% 200 6 h x7 RBEBEFESMER
9 (200+100) Table 7 Variance analysis results of the total Thickness of
mud cake
2% 24 h -
6 1 150 0.022 2 0.011 0.286
6% 12 h 0.146 2 0073 1.977 1
2 (200+150) 4% 0.019 2 0.010  0.210
12h 1.016 2 0.508 17.379
3.3 HESH 1.087 2 0.544  19.645 2
0.130 2 0.065 1.837
65— (®)
8
[19]
x8 RUNERENNER
ST = SE + SA Q) Table 8 Variance analysis of mud cake toughness
J 2
Se = Z;l Z;(XU -X)) ©) /10° /10’
=l j=
I, 1214 2 0.607 4.868
Sa = Z}”l‘ (X,. _X) Q) 4.023 2 2012 19977 1
i=
6.221 2 3.112  37.700
_Sa/-1)
= (8) 1.086 2 0543 56320
Sg /(N - 1)
0.186 2 0.093 5.365 2
St Sa 0.384 2 0192 12387
Sg 1 N
X > > 1
)_(l- i F
5)— ®)
2 F
1 2 7 2
7 1
F .
4 % it
2 F a. 200 6%
6 h
150 6%
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