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Experimental study on longitudinal wave velocity of water—bearing coal .

taking Guhanshan bituminous coal and Zhaogu anthracite as examples

LI Donghui'* ,LIANG Yanxia',ZHANG Kai', WANG Chenxi'
(1. Colleage of Safety Science and Engineering ,Henan Polytechnic University, Jiaozuo 454000, China ;
2. Collaborative Innovation Center of Central Plains Economic Region for Coalbed /Shale Gas,Jiaozuo 454000, China)
Abstract: Due to factors such as groundwater and hydraulic permeability improvement technology , coal seams have different water content
in the coal body. Coal seams with different water content have a great influence on their mechanical properties and gas flow in the coal
seam, thus causing difficulties in gas extraction.In order to solve the difficult problem of water—bearing gas extraction, this paper adopted
the Guhanshan bituminous coal and Zhaogu anthracite to conduct the acoustic wave test of coal samples with different water—bearing satu-
ration in the experiment,and analyzed and studied the law by combining the Gassmann equation assumed by Wood theory and the kuster—
toksoz theoretical equation.lt is found that the water saturation of both ancient hanshan bituminous coal and zhaogu anthracite is 60%. The
parallel bedding water saturation before 60% conforms to Gassmann equation assumed by Wood theory,and after 60% conforms to kuster—
toksoz theoretical equation. However, vertical stratification pores and fractures are relatively developed ,and the water saturation before 60%
is inconsistent with Gassmann equation assumed by Wood theory. Therefore , the author established a modified formula to calculate wave ve-
locities of different water saturation, which is basically consistent with the actual wave velocities. After 60% ,it conforms to the kuster—tok-

soz theoretical equation. It provides a theoretical basis for defining the wave velocity variation rule of coal body under different water satura-
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Table 1 Basic parameters coal samples
IR RE 25 B/ 3 3 KA N BE
RS JRRERPE SRR 37 e KB R A R/ %
R 2 RIS (g m™) R T v R KB R R
WL 1x 1.34 FATEH 3.82
il 1y 1.29 qEHZH 4.08
I 1.925
L 2x 1.35 AR 3.84
Tl 2y 1.30 I E 4.07
X IE 1x 1.47 FAT R 6.57
B 1y 1.42 TEEEH 6.82
TeHRHE 2.257
X [ 2x 1.46 FATIZH 6.64
B [ 2y 1.42 FEHZH 6.93
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Table 2 Wave velocities of Zhaogu coal samples with different water saturation
B X E 1x A E 1y X 2x B[ 2y
}i FKM ks TR Wk foki W/ KA W/
FEE/ % (m-s™h) FIEE/ % (m-s™h FIEE/ % (m-+s™) FIEE/ % (m-s")

1 0 2 200 0 1 898 0 2 153 0 1 886

2 12.3 2 160 15.7 1901 14.6 2117 14.9 1 909

3 21.8 2077 21.4 1909 24.6 2127 23.4 1986

4 32.7 2123 29.9 1952 33.3 2123 38.8 2 026

5 39.6 2 054 39.9 2 007 42.2 2 098 48.9 2 098

6 51.2 2 108 48.4 1 997 50.1 2172 57.4 2119

7 63.5 2 134 58.4 2 040 66.2 2 207 65.9 2134

8 70.6 2 193 65.5 2 087 73.3 2 247 74.4 2171

9 81.4 2278 74.2 2203 87.2 2 269 89.2 2 236

10 92.6 2322 84.1 2 250 95.5 2 283 95.5 2 288

11 100 2 369 92.5 2 299 100 2323 100 2 364

F3 HINLEERE & KGR E
Table 3 Wave velocities of Guhanshan coal samples with different water saturation
‘ L 1x WL 1y L 2x WL 2y
ki ety ki e/ ki Y ki ik
FEE/ % (m-+s™) FEE/ % (m-s™) FEE/ % (m-s™h) FEE/ % (m-s™)
1 0 2 067 0 1968 0 2 035.66 0 1948
2 12.1 2 043 10 1997 11.9 2 012.14 20.7 2 000
3 24.3 2 075 23.3 2 016 22.6 2 013.50 32 2 033
4 36.4 2 037 39.9 1999 35.9 2 006.26 45.2 2 054
5 42.5 2 085 459 2 057 43.5 2 053.30 52.7 2 042
6 51.4 2 067 52.5 2 043 52.4 2 035.66 65.9 2112
7 63.5 2 091 59.2 2 105 64.1 2 059.18 71.5 2 181
8 75.6 2 165 69.3 2 133 75.8 2 131.70 78 2214
9 81.5 2 191 79.2 2172 82.3 2 157.18 85.4 2222
10 87.9 2272 85.8 2232 89.7 2 236.56 94.6 2270
11 94.1 2 330 93.2 2 269 92.3 2 293.40 100 2 301
12 100 2 360 100 2 299 100 2 322.80
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Variation law of water saturation of Guhanshan and Zhaogu coal samples
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Fig.2 Comparison between actual water saturation of different coal samples and water saturation of different models
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Fig.3 Comparison between actual water saturation of different coal samples and water saturation of modified formula and model
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