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Experimental research on decreasing coalbed methane formation damage
using micro-foam mud stabilized by nanoparticles

CAI Ji-hua, YUAN Ye, WANG Ji-jun, LI Xin-jie, CAO Wei-jian
(School of Engineering ,China University of Geosciences( Wuhan) , Wuhan 430074, China)

Abstract ; For the low porosity and pressure coalbed methane ( CBM ) reservoirs in China,the paper adopted the tech-
nology thought of combining the temporally plugging technology of the nanomaterials with circulative micro foam drill-
ing fluid. Through the methods of evaluation on the stability of foam drilling fluid, performance tests of drilling fluid
and microstructure observation , the expansibility, rolling recovery rate and gas permeability test of original coal rock,
the ability of micro-foam mud stabilized by nanoparticles on reducing the damage of CBM reservoir was evaluated. We
found that firstly , nanoparticles can improve the stability of foam drilling fluids. Furthermore , the micro-foam mud sta-
bilized by nanoparticles have the advantage of high-controllable density (0.7-1.0 g/cm’) and viscosity, which can
adapt to the drilling requirements of the low porosity and pressure coal seam,and which can effectively restrain the ad-
sorption and swelling of coal rock matrix. Finally,the micro-foam mud stabilized by nanoparticles can effectively plug
the low porosity and permeability coal seam,while the gas permeability recovery rate of coal is as high as 72% -96%
after slice processing for the surface of pollution section of coal rock. With the integrative consideration ,the micro-foam
mud stabilized by nanoparticles can not only protect coal seam stability, but reduce the reservoir damage of coalbed
methane , and is suitable for the low porosity and low pressure coalbed methane reservoirs drilling.

Key words ; nanoparticles ;micro-foam drilling fluids ; coalbed methane ;reservoir damage ; low porosity and low pressure

coal seam
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Fig. 1  Tested coal samples
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Fig. 2 Influence of silica nanoparticles on the

stability of foam mud( formula @)
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Fig. 3 Comparison of the density changing

percent of micro-foam drilling
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Table 1 Basic properties of micro-foam mud containing NPs

EIP IR ESiA /(g - em™)  RUWFHE/(mPa - s) IBYEFE/(mPa -s) 3V Ji/Pa W1 11/ Pa, 44 11/Pa T/ mL
SFFM (%) -NP 0. 885 19.5 15.0 4.5 0.4,0.50 —
SFFM( %) -NP 0.872 37.5 20.5 17.0 2.5,2.75 —

LSFM-NP 0.788 27.5 18.5 9.0 4.0,5.50 17.5

(a) SFFM(j&3l)-NP

(b ) LSFM-NP
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Fig. 4 The microstructure of micro-foam drilling
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Fig. 5 Impact curves of varied drilling fluids on the
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Table 2 Impact of varied drilling fluids on the roller

recovery rate of coal samples

i BN/ %
TEK 95. 00
3% AL 95.26
3% KCl #iFH-# 93. 68
SFFM( =% ) -NP 95. 06
LSFM-NP 95.74
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Table 3 Gas permeability testing results of original coal core samples
G5 £ /mm L3 1/ MPa Ko/ (10715 m?) K, /(1075 m?) AK, /% K,/ (107 m?) AK,/%
0.35 8.19 2.29 72.00 6.61 80.78
. 19.28 0.38 8.22 2.23 72.92 7.38 89.76
b 0.40 8.37 2.23 73.39 7.22 86.34
F-HMH 8.26 2.25 72.77 7.07 85.63
0.35 5.45 2.77 49.13 4.43 81.18
L 29.68 0.38 5.41 2.69 50.24 4.19 77.55
2 0.40 5.44 2.67 50. 87 3.88 71.29
F-HMH 5.43 2.71 50.08 4.16 76.68
0.35 2.32 1.39 40.00 2.03 87.81
L 29.10 0.38 2.28 1.34 40.91 1.92 84.56
Y 0.40 2.25 1.32 41.24 1.92 85.53
S {E 2.28 1.35 40.72 1.96 85.97
0.35 4.17 2.54 38.97 3.11 74.59
L 28.88 0.38 4.11 2.52 38.75 2.99 72.79
vy 0.40 4.10 2.53 38.38 2.94 71.56
A {E 4.13 2.53 38.70 3.01 72.98
0.45 1.82 1.30 28.57 1.79 98.52
. 38.12 0.48 1.90 1.34 29.35 1.83 96.20
> 0.50 1.95 1.40 28.16 1.84 94.11
A {E 1.89 1.35 28.69 1.82 96.27
0.35 10. 59 5.63 * * 53.16
. 25.25 0.38 10.32 5.61 * * 54.35
v 0.40 10.45 5.73 * * 54.81
KA {E 10. 46 5.66 * * 54.11
0.35 2.86 1.42 * * 49.60
L 21.53 0.38 2.74 1.38 * * 50.35
[ 0.40 2.78 1.30 # * 46.91
S 2.79 1.37 * #* 48.95

H:@ FEN 0.9 MPa, FUEES (A ES) 0.1 MPa( Bl 1 NMRAH) 5@ AK, =[ (Ky—K, ) /K, 1x100% ,RRBBEBREIE ;G AK, =K,/
Kyx100% , FRBIBEFRME R ;@ + FoR i THA NP HT5 Y R R B, I AK, =K, /K, x100%

B /(1075m?)
S =W kLD

I Wy BR2h OUE
15 28 3% 48 5%
Wt s

AN TR DU B U i B Ak
Comparison of average gas permeability of coal

core during various testing stage
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WAL H 85. 63% ,76.68% ,85.97% , 7% W] 40K #t
BHERE M RO IR B R LA Foom i B e ), R VIR
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