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Abstract Lab ultrasonic measurements to metamorphic kinds of coal reveal the relationship
between maximum vitrinite reflectance and ultrasonic quality factor. And then the relations
between ultrasonic velocities and quality factors, including the anisotropic characteristics of
quality factors are analyzed. The results show that there are a good linear correlation between the
maximum vitrinite reflectance and P-and S-wave quality factor, quality factors and velocities in
vertical direction, the P-wave quality factor and S-wave's in vertical direction. Moreover, there
are stronger anisotropies in seismic quality factors than velocities. Comparison of the measured S
wave Q values with estimated values based on a theoretical formula indicates an only 7. 2%
relative error in this method. It proves that this theoretical formula can be applied to attenuation
compensation of the converted shear wave in processing of multi-component seismic data.
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Fig. 1 Photos of coal samples

2

Fig. 2 Diagram of digital pulse sonic testing system
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Fig. 3

3
Schematic diagram of ultra-sonic

measurement of coal sample
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Table Calculated Q of the coal samples
Qr Qs
x v z x y z
A 8. 49 7.18 6. 27 3.01 2.38 3.01
B 10. 55 9.54 8.02 3.26 3.26 4. 85
C 7.54 5.02 7.56 3.37 3.03 3.73
D 9.99 7.71 7.33 3.13 2.95 3.18
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(Da Y .2
( )5 (2) E
3
3.1
(Romax ) Qrp
Qs ,
Q Qs sQpr Qs
, 4.5.



2 : 647

Q ,

QP VP > QP Vp
Qv ,
98.9%; ,
QP ’
56 %0, 6,
4 (Rone) Qv
Fig. 4 R,m.x versus Qp
6 Qr

Fig. 6 P-wave velocity versus Qp

3.3 0s
, Q

(Wang et al. , 2009; Yan and Liu, 2009),

5 (Rowax) Qs . Qs
Fig. 5 Ry versus Qs ( )
‘ : , : Q Vs Qs

QS s 96% 5

) 90% ; ( 7,
’ 96% 3' 4 QP QS

3.2 Or (Wang et al. , 2009).

- Q Qv Qs (

(Wang, 2003, 2004, 2006; Wang ) )
and GUO;ZOOZL) H ’ Qp QS . 8.

b Q b



648 (Chinese J. Geophys. ) 57

3 Os
Table 3 Comparison between the measured Qs in the lab

and the theoretical calculated

@ Qs %)

x v z x v z
A 3.01 2.37 3.01 0 0 0
B 2. 80 3.23 5.87 14 1 21
C 2.62 2.26 4. 09 24 25 10
D 2.91 2.94 3.12 7 0 2
E 5.86 2.6 - 2 28 —
F 8.13 6.69 6.49 4 0 3

7 Qs 8.5 9 7.2
Fig. 7 S-wave velocity versus Qs :Wang et al. (2009)
4

Table 4 Anisotropy of quality factors in the xyz directions

Qp Qs

Apuy Ap Apye Asey Asre Asye

A 16.7 30.1 13.5 23.4 0.0 23.7

B 10.1 27.2 17.3 0.0 39.2 39.2

C 40. 1 0.3 40. 4 10. 6 10.1 20.7

D 25.8 30.7 5.2 5.9 1.6 7.5

8 Q Qs E 48.0  105.8  96.3  46.4 - -

Fig. 8 Linear fitting between Qp and Qs F 11.0 38.5 27,8 15.1 15.1 0.0

in vertical direction o ) - )
25.3 38.8 33.4 16.9 13.2 18.2
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