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Analysis of two typical thin bed elastic parameter prediction using
multi-wave joint inversion
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Abstract: Thin bed and multi-wave joint inversion are two major research focuses in fossil energy exploration. In
the paper, two types of thin-bed coal models including strong impedance difference (model I ) and weak impedance
difference (model IT) have been built. These researches were based on reflection and transmission coefficient of
thin layer in frequency domain. Then elastic parameters of the models could be respectively predicted by using
P-wave, S-wave inversion and PP&PS joint inversion. Model error analysis and inversion result were used to
evaluate the effect of inversion methods, have theoretically confirmed that joint inversion of PP&PS is better for
thin bed model than single inversion of P-wave or S-wave.
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Table 1 Thin bed model with large lithological difference

layer Vpl(mes™ ) Vs/(ms™ ) pl(grem™
1 4300 2525 2.5
2 3120 1515 2.32
3 4300 2525 2.5
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Fig.1 Variation of PP and PS wave reflection coefficient of
model I with incidence angle
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Table 2 PP, PS, PP and PS inversion results and errors of model I

PP PS pp PS
PP PS PP /% PS 1%
1%
Vpl/(m‘s’l) 4300 4596.4 4596.4 45732 6.89 6.89 6.36
sz/(m~s’1) 3120 33552 3285.6 3297.2 7.54 5.31 5.68
Vpg/(m~s’1) 4300 4167.2 4028 4120.8 3.09 6.33 4.17
Vsl/(m‘s’l) 2525 2 790 2 790 2770 10.50 10.50 9.70
Vsz/(m's’l) 1515 1720 1 660 1670 13.53 9.57 10.23
ng/(m's’l) 2525 2420 2300 2 380 4.16 8.91 5.74
pl(grem™) 2.5 2.55 2.55 2.55 2.00 2.00 2.00
pl(gem™) 232 2.4 2.35 2.35 3.45 1.29 1.29
pal(g-em™) 2.5 2.49 2.47 2.48 0.40 1.20 0.80
5.72 5.78 5.11
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Table 3 Thin bed model with small lithological difference 50°) PP (0.026 6, 0.022 7, 0.012 1,
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! 2850 1380 227 0.036, 0.044 4, 0.044 1, 0.035 8) 6
2 2 600 1 000 2.20
3 2 850 1 380 2.27
1 000< V<1 500, 800<V5,<1 300, 1 000<Vg3<1 500
0.050 - 10 4
0.045 @
0.040 |
& 0.035 1
M 0.030 | a PP
B 0025} 0
iy 10.5%
= 0.020}
& o015} 20%
0.010 - PS
0.005 1
o , , , , , PP PS
0 10 20 30 40 50
A5/
AVO
0.025
(®)
0.020 b PP
]
W 0.015} PS
& PP PS
= 0010]
4 ( )
0.005 +
¢ PP PS
% 10 20 30 40 50 PP PS
AGHAC)
2 I PP (a) PS (b)

Fig. 2 Variation of PP and PS wave reflection coefficient of
model II with the angel of incidence d.
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Table4 PP, PS, PP and PS inversion results and errors of model 11

PP PS FP Ps PP /% PS 1% PP Ps
/%
Ver/(ms™") 2 850 3065.2 2775.2 3088.4 7.55 2.63 8.36
Vpo/(m-s™") 2 600 2288 2508.4 2 462 12.00 3.52 5.30
Vps/(m-s™") 2 850 2972.4 3076.8 3018.8 4.29 7.96 5.92
Vei/(ms™") 1380 1470 1220 1490 6.52 11.59 7.97
Vso/(m-s™") 1 000 800 990 950 20.00 1.00 5.00
Vss/(m-s™") 1380 1390 1480 1430 7.25 7.25 3.62
pi/(g-em™) 2.27 2.31 2.25 2.31 1.76 0.88 1.76
pa/(g-em™) 2.2 2.14 2.19 2.18 2.73 0.45 0.91
p3/(g-em™) 2.27 2.29 2.31 2.3 0.88 1.76 1.32
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