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Characteristics of P-wave and S-wave velocities and their relationships

with density of six metamorphic kinds of coals
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Abstract A lab ultrasonic measurement of six metamorphic kinds of coals was conducted under
25°C and 0.1 MPa condition. And then some phenomena were concluded as follows: There are
better linear correlations between pressure wave (P-wave) velocity and density, shear wave (S
wave) velocity and density; and the correlation coefficients of strike, dip and vertical directions
are different and decreasing. Also there are positive linear correlation between P-and S-wave
velocity in the same direction. However, there are great difference between velocities of different
directions, especially in the strike and the vertical direction. The average anisotropy is about 0. 1
and even more. Through comparing and analyzing the measured values with the estimated values,

according to Gardner and Castagna formula, a non-tolerated error was found, which means that
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these two experience formulas cannot be applied to coal, and a suitable coal formula should be
used in coal seam seismic exploration.

Keywords Pressure wave, Shear wave, Velocity, Density, Anisotropy
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Fig. 1 Photos of testing samples
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Table 1 Coal samples under testing 1% ; s
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Fig. 2 Diagram of digital pulse sonic testing system
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Fig.3 Schematic diagram of ultra-sonic

measurement of coal sample
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Table 2 P-wave velocity of coals tested in lab 0. 8.
Vy(m s ) ARD
V. v, V. (g+cem™?) N N s
A 2108 1937 1704 1.15 3 ) 80% 3
B 2383 1935 1781 1.28 - . . .
C2 2153 1989 1959 1.35 - 2
C1 2235 1889 1629 1.38
D 2183 1986 1770 1. 24 4 5
1959 1634 1479 1.
F1 2522 2437 2190 1.51 )
F2 3047 2969 2757 1.73
3.2
3
Table 3 S-wave velocity of coals tested in lab ;
Vilme«s D . Castagna
Vo Ve V. Vi Ve V, Va Vo Ve
A 1097 1081 1089 971 959 965 910 870 890
B 1079 1046 1063 1018 938 978 800 780 790 ’ Ve
C2 1127 977 1052 1108 1080 1094 969 950 960 v ’ 6.
v, V. .
Cl 1264 1139 1202 1066 1012 1039 1001 986 994
D 1060 980 1020 1088 1038 1063 1024 974 999 ’ ’
E 991 977 984 704 694 699 0- 95
— . 93%,
F1 1266 1249 1258 1210 1113 1162
86%.
F2 1612 1605 1609 1516 1492 1504 1352 1308 1330

3.3
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Table 4 Anisotropy of P-and S-wave velocity .
Gardner
Y %)
b b b
P Pa Pa Sa Sa Sa .
Ty 3 ye Ty vz ye Llndseth[lg] ,
A 8.5 21.2 12. 8 12.1 20.1 8.1
B 20. 8 28.9 8.3 8.3 29.5 21.3
C2 7.9 9.4 1.5 3.9 9.1 13 4 ’
C1 16.8  31.4  14.7 145  18.9 9.2 Gardner . Lindseth
D 9.5 20.9 11.5 4.1 2.1 6.2 ( 4 )
E 18.1 27.9 10 33.9
F1 3.4 4.1 10.7 7.9 ’
-
F2 2.6 10 7.4 8.7 19 12.3 ’ 0
11 20.5 9.6 11.7 16.5 11.7 ’
5
Table 5 Comparison between P-wave velocities tested in lab and estimated with empirical formulas
Gardner Lindseth
(V,/(me+s 1) (ARD/(gescm ®)) (V,/(m=+s 1)) (€Z3) (V,/(m s 1)) (23] (V,/(m s 1)) %)
A 1704 1.15 189 89 1632 4 1494 12
B 1781 1.28 291 84 1739 2 1728 3
C2 1959 1. 35 360 82 1804 8 1854 5
Cl 1629 1.38 393 76 1834 13 1909 17
D 1770 1.24 256 86 1705 4 1656 6
1479 1.4 416 72 1853 25 1945 32
F1 2190 1.51 563 74 1970 10 2143 2
F2 2757 1.73 970 65 2256 18 2540 8
78.5 10. 5 10. 6
. Lindseth 3.4.2 HORBE MR ARFIZLBAS
Gardner s )
10%, . , VSP . Castagna
[19,22] [23-25]
b
’ 1) ’
( ) s Castagna 6
)
V, = 1724. 1p — 269. 33, (2) , ,
Vp ’ m ° 571 50 ) 6 .
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Table 6 Comparison between S-wave velocities measured Gardner -
in lab and estimated with empirical formula 5 ’
Castagna .
) Castagna / Lindseth . 10% ; Castagna
(meW) <YS// (m-s’](;/)ﬁ/ a ’
(m+s )
A 890 297 67 912 2 ’ 10 %
B 790 363 54 941 19
C2 960 516 16 1008 5
C1 994 241 76 883 11 ’ N > -
D 999 353 65 937 6
E 103 826 ’ > -
F1 715 1096 ’
F2 1330 1204 9 1312 1 ’
994 474 53 999 7
( )
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