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Shear Wave Velocity Inversion with Routine Well Logs
Based on Rock Physics and Multi-Mineral Analysis
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Abstract: The shear wave velocity of well log is an important parameter for mutual inversion, but lots of wells are short of this
value. As present estimation method can't calculate the shear velocity precisely, based on rock physics, using VRH model this
paper firstly calculates the equivalent elastic modulus via multi-mineral analysis from routine well logs, and then by taking com-
pressional velocity as a constraint, calculates the shear wave velocity based on Biot-Gassmann equations. The method has clea-
rer physics meaning, and practice results show that this method is much more convenient, economic and precise than Xu-W hite
methods, and the error between computational value and measured value is less than 5 percent.
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Table 1 Multi-mineral mode of formation
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Table 2 Parameters for formation velocity calculation

(GPa) (GPa) (g/em?) (km/s) (km/s)
37.0 44.0 2.65 6. 05 4.09
76. 8 32.0 2.71 6. 64 3.44
94.9 45.0 2. 87 7.37 3.96
62. 1 33.6 2.98 601 3.37
25.0 9.0 2.55 3.81 1. 88
2.20 0.0 1. 00 1.48 0. 00
1.37 0.0 0. 85 1. 27 0. 00
: (2001) (1987). Mav-
ko et al. (2003).
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Table 3 Average relative error band comparison of different method under sand-shale mode

(m) - -
Xu-Wihte Xu-W hite
A 3000~ 4 470 0. 088 893 0. 000 000 0.116 789 0. 127 429
A 3880~ 3 945 0.071019 0. 000 000 0.107 242 0. 096 094
A 4415~ 4470 0.077 715 0. 000 000 0.132 033 0. 076 498
B 3370~ 3795 0.110 833 0. 000 000 0. 121989 0.138914
B 3480~ 3 560 0.127 185 0. 000 000 0.157 177 0. 149 794
B 3700~ 3 780 0. 054 695 0. 000 000 0. 090 233 0. 083 993
C 4705~ 5050 0.077 891 0. 000 000 0.117 884 0.111317
C 4760~ 4815 0.073 303 0. 000 000 0.127 817 0.110 852
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Table 4 Average relative error band comparison of multimineral mode and X u W hite sand-shale mode
Xu-White
(m)
A 3000~ 4470 0. 088 893 0.116 789 0. 000 000 0. 052 679
A 3880~ 3945 0.071 019 0. 107 242 0. 000 000 0. 039 441
A 4415~4470 0.077 715 0. 132 033 0. 000 000 0.070 484
B 3370~3 795 0. 110 833 0. 122 000 0. 000 000 0. 082 405
B 3480~ 3 560 0. 127 185 0. 157 177 0. 000 000 0. 067 289
B 3700~ 3780 0. 054 695 0. 090 233 0. 000 000 0. 046 765
C 4705~ 5050 0.077 891 0.117 884 0. 000 000 0. 058 556
C 4760~ 4815 0.073 303 0. 127 817 0. 000 000 0.062 114
200 200 +
(a)| (b)| il
185 |1 185 |— 1
1
170 t 170 + 1
: 1 1
2155 155+ 1!
E ; g : ;
140 s 140 —1 ‘
ES | 3 {
& 125 & 125+ +
c | C :
o 10| o 10— —t—
> | > {
» 95 i = 95 1 —+—
B0 2 80 |—1
65 fogebagect { ; 65 - 4
| 1 1
0L ! ] 50 I I
50 65 80 95 110 125140 155170 185 200 50 65 80 95 110 125140 155170 185 200
VS(3.28ps*m™) VS(3.28 us*m™)
B2 A 3000~4 470 m A [RIERY 590 3 32 20 b (B DD
Fig. 2 Comparison of Xu-White and multi-mineral mode VS log data for well A at 3000—4 470 m
a. VSXVS 22 £ ;b. VSMVS 22 ; MVS. 25 ##AY; XVS. Xu-White BRI ; VS, JFH45R
240 T T 240 I ]
(a) | 3 LI
223 : = b 23—t
206 ——— e 206 ——1—T—1-
~ 189} — g 189 [t 1
E . P |
c 172 2 172 —— +- -
£ = B I]I
® 155 oyt ;
: g ‘ %1 | 3
> 138 @ 138 |—— .
> > | W
% 121 121 —— e — 1
% 2111 [
104 104 |—- At
87 I B e A e S
70 | 70 P ! |
70 87 104 121 138 155172 189 206 223 240 70 87 104 121 138 155 172 189 206 223 240

4

(€)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

VS(3.28ps*m’)

B3 B3 3370~3 795 m A [AHEAY 5 W HH AL 2% L
Fig. 3 Comparison of Xu-White and multi-mineral mode VS log data for well B at 3 370—3 795 m

, Xu-White

Xu-

VS(3.28 us*m")

White

2~ 4 .
4 )

http://www.cnki.net



705
180 180
a

168 @ z ? 168 ®)
156 { 156
g 144 g 144
S 3 1
2 132 g 132 i
® 120 & 120 }
< 108 < 108
S 96 S 9
» =

84 84

72 72

60 ] 60

60 84 108 132 156 180 60 84 108 132 156 180
VS(3.28 us*m™) VS(3.28pus*m’")

B4 C3H 4705~5 050 m A [RIHLAY 550 H-H 38 0 He
Fig. 4 Comparison of Xu-White and multi-mineral mode VS log data for well C at 4 075—5 050 m

PR IR R = FLBR B 1 BH % o WP i %) S
SP(MV) |AC(3.28us-m” P(3.28us -m™)XVS (3.28ps - m”
20 ——90 | 120 45 | RT(Qe-m) | P R(6). ] 45 === - - 50---- 200
CAL(2.54cm)| DEN (g/cm’) o - MVP (3.28us - m MVS (3.28us -m'} ﬁ
. g/cm R 5 ) 5
6 --nnn- 16 1,95 +2-2.95 w9 = oot ——120 [ s0=-- 200 | i i i
GR (API) CNL (%) :)2(0(0'2"& B i VP(3.28ps-m") | VS (3.28ps-m")
0 me=s 150 | 48~-=- 51 2 =

45 =se+> 120 8| 50— 200

You Y
ot

i

i

PRI v

-y -
CL I L P

T
R

S R R et L L LT PR PO ISP PRI R St iy
e

2
1

~me TN

i

NNy
H

B 5 A 3880~3945 m BH YK XuWhite HHIZE R X H
Fig. 5 Comparison of Xu-White mode and multi-mineral mode for well A at 3 880—3 945 m

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



706 — 34
Xu-White , .G assmann
5% ,  Xu-White ,
11% . 2~ 4 ,  Xu-W hite 100 Hz . , Gas-
1 smann 20 kHz
’ Bl_
1 ot-Gassmann B s s
5 A 3880~39%5m ,
Xu-White ( Winkler, 1983),
VP.VS . ,MVP MVS Gassmann
. s Boit
XVP XVS Xu-White s .
. . MVP VP ,
,MVS XVS 3 ( 4.
4 .
Rt b OB Al B A FRN 5] 69 &4, Rt #
’ 7 IR BRI A LAY G IE
’ References
NuWhite Berryman, J. G., 1980a. Long-wavelength propagation in
composite elastic media. J. Acoust. Soc. Am., 68(6):
1809—1831.
() Berryman, J. G., 1980b. Confirmation of Biot' s theory. Ap-
’ pl PhysLett., 37(4): 382— 384.
; ) Biot, M. A. , 1956a. Theory of propagation of elastic waves in
(2) . Xu-White afluidsaturated porous solid, I : Low-frequency range.

Xu-White

, 2
-(4)

R Xu-White
5% R Xu-White
, Biot

Berryman, 1980a, 1980b)
(Dvorkin et al., 1995)

(Biot, 1956a;

Acoust. Soc. Amer. ,28, 168— 178.

Biot, M. A. ,1956b. Theory of propagation of elastic waves in
a fluid-saturated porous solid, Il: Highfrequency
range. Acoust. Soc. Amer. ,28 179— 191.

Biot, M. A., 1962. Mechanics of deformation and acoustic
propagation in porous media J. Appl . Phys., 33(4):
1482—1498.

Castagna, J. P., Batzle, M. L. , Eastwood, R. L. , et al. , 1985.
Relationship between compressional-wave and shear-
wave velocities in clastic silicate rock. Geophysics, 50,
571—581.

Castagna, J. P., Batzle, M. L. , Kan, T. K., et al., 1993. Rock
physics: The link between rock properties and AVO re-
sponse. In: Castagna, J. P. , Backus, M. M. , eds., Offset
dependent reflectivity-theory and practice of AV O anal-
ysis. SEG Investigations in Geophysics Series, &
135—171.

Chen, Y. ,Huang, T. F., 2001. Rock physics. Peking Univer-
sity Press, Beijing (in Chinese) .

Chu,Z. H. , 1987. Theory of acoustic logging. Petroleum In-



707

dustry Press, Beijing (in Chinese).

Dvorkin, J., Mavko, G. ,Nur, A., et al. , 1995. Squirt flow in
fully saturated rocks. Geophysics, 60( 1) : 97— 107.
Faust, L. Y., 1953. A velocity function including lithologic

variation. Geophysics, 18(2) : 271—288.

Gardner,G. H. F., Gardner, L. W., Gregory, A. R., et al.,
1974. Formation velocity and density: The diagnostic
basics for stratigraphic traps. Geop hysics, 39 (6):
770— 780.

Gassmann, F., 1951. Uher die elastizitit poréser Medien. Vi-
erteljahrsschrift der Naturforschenden Gesellschaft in
Zirich, 96, 1— 23.

Hill, R. ,1952. The elastic behavior of crystalling aggregate.
Proc. Physical Soc., A65: 349— 354.

Krief,M ., Garat, J., Stellingwerff, J., et al. , 1990. A petro-
physical interpretation using the velocities of P and S
waves (full-wave form sonic). The Log Analyst,31(6):
355— 369.

Kuster,G. T., Toksoz, M. N., 1974. Velocity and attenuation
of seismic waves in two-phase media, part | : Theoreti-
cal formulations. Geophysics, 39(5): 587— 606.

Mavko, G. ,M ukerji, T., Dvorkin, J. , et al. , 2003. The rock
physics handbook. Cambridge University Press, Cam-
bridge.

Milholland, P., Manghnani, M. H., Schlanger, S. O. , et al. ,
1980. G eoacoustic modeling of deep sea carbonate sedi-
ments. J. Acoust. Soc. Am., 68(5):1351— 1360.

Pickett, G. R., 1963. Acoustic character logs and their appli-
cations in formation evaluation.J. Petrol. Tech. , 15( 6) :
659— 667.

Reuss, A. , 1929. Berechnung der Fliegrenze Von Misch Kri-

stallen. Angew. Mathem.U. Mech. ,9( 1) : 49— 58.

Voight, W., 1910. Lehrbuch der Kristallphysik, Teunber-
Verlag, Leipzig.

Wang, Y. M., Miao, Y. K., Meng, X. J. , et al., 2006. Calcu-
lation procedure of shear velocity curve on petrophys-
ics. Petroleum Geology and Recovery Ef ficiency, 13
(4):58— 61 (in Chinese).

Winkler, K. W. , 1983. Frequency dependent ultrasonic prop-
erties of high porosity sandstone. Journalof Geophysi-
cal Research, 88( B11):9493— 9499.

Xie,J.Z. ,Chu, Z. H. ,Li, Y. H. ,et al. ,2003. On the method
to determine residual oil saturation from acoustic com-
pression coefficient. Well Logging Technology, 27(3):
181— 184 (in Chinese with English abstract) .

Xu, S., White, R. E., 1995. A new velocity model for clay-
sand mixtures. Geophys. Prospecting, 43(1):91— 118.

Yong, S. H., Zhang,C. M. , 1996. Digital processing and in-
terpretation of well-logging. China University of Petro-

leum Press, Dongying,313— 316 (in Chinese).

\ ,2001.
, 1987.
. , ., .2006.
,13(4): 58— 61.
) , . ,2003.
,27(3): 181— 184,
, , 1996.
. 313— 316.



