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S-wave velocity estimation method in carbonate reservoir
LIU Xin-xin', YIN Xing-yao', ZHANG Feng’

(1. School of Geosciences in China University of Petroleum, Qingdao 266580, China;
2. College of Geophysics and Information Engineering in China University of Petroleum, Beijing 102249 , China)

Abstract: Based on rock physics theory, the elastic modulus of rock matrix, rock frame and the velocities of saturated car-
bonate rocks were calculated. Considering pore shape and connectivity, pores of carbonate rocks were divided into four types:
vugs, interparticle pores, cracks and shale pores. The aspect ratio and porosity of each pore type were calculated. An inver-
sion method based on adaptive genetic algorithm was proposed. The bulk and shear modulus of mineral components were in-
versed using measured P-wave velocities as a constraint. Based on this description of mineral compositions and pore micro-
structure, S-wave velocities were calculated using Patchy saturation model. The S-wave velocity estimation method was ap-
plied to actual logging data, and the favorable results were obtained. The method can provide benefit for complex carbonate
reservoir prediction.
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Fig.1 Bulk modulus and shear modulus of rock matrix calculated by different effective medium models
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Fig.2 Bulk modulus and shear modulus of dry rock frame calculated by different effective medium models
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Fig.3 Flow chart for mineral elastic modulus inversion

3 SKERFFRMN ARSI

XoF S T 2 A 9 DX 118 S ) S e 2 A A
BT, %09 X N BRIR R A ™) = 22y i
AMHASA, A DRI, %2 ML R K
FERARMKIRS, A IR E I s i 4 B
N, A S A it R P TG Ak e A T
RIW i,

B R A AL S8, 1R 1 R
WA oy PR R ) 250 0, THEEAS B AL ke
FLER 24P L R U J5 L Bt 9 R L 0L BB 43 3]
KI5 FE 6 Fis, TR FLBR IR 1 2 S PRL R 1)
LRGN, AT DAFE— 2 FR B b I e A S TR AR
LB RS O, I AT LAA 5. 34 km VR B
BT )t 22, AR R AT, 3R A (] L B R 2R B
IR LN, AL A8 FL B B AT, ez [ L Bt A 22 B



- 46 -

PEEHKFFROAARFFR)

2013 %2 A

A FL B BE R R, A7 IR L FL B 5 20 A Ak
JERARAYES S, AR R RTEOEE (K7 42

) BR335SR A 3k 38 B AR W) 45, (H R
AR Y _EAF AN AT A IR 2E

5.30 — ‘ — — — -
- ~ a = 3 =3
- ;; = —_ —_
S z 9
= 5.40 ‘- F 5 <2
% i 2 = <
* = | | E = = =
5.45 “E; 1 === 1 B— ) :_i T *L{ 7
=E || =i = =
| " L
= Ff S I S = = %
5.50 . . . . ) . .
0 1.0 0 0.1 0.6 1.0 0 0.04 5.0 6.5 2.0 3.6 2.5 3.0
IRAaER HAxAEE SKMAES, FLBREE @ HPBOEE v, BEE v, ZHEP/(g-cn?)

4 A FEmiNHFHE
Fig.4 Well logging data of well A

F1 THHESEWRESH
Table 1 Empirical elastic parameters

of mineral components

AR s mE AN
v BK Be p/(g- vp/ B A R
GPa GPa em™)  (km-s!)

FfEA 76.8 32.0 2.71 6.64  Simmons, 1965
Hzfi 949 450 2.87 7.34  Humbert,1972
I 21.0 7.0 2.6 3.41  Tosaya,1982

5.30 = =
5.35 f
] | L
N
= |
5.40 ’ s
S i %
5.45) .. - : -
= | %
0.7 1.0 (;2 0.4 0 0.04 0 0.1
LRPREE  RRFLERA MR BEILRA
a,, ﬁuzain e Btk e,
E5 ARFERILIEHELL

Fig. 5 Pore aspect ratio of different pores

ARAEA SR 897596 G DT A1 H A7 LA K
B SR 25 RN 8 i, TS &
B, PR T 2 A AR IR U6, 5 i A B e
R XA PCHE E RIS . AEAN S H A TR
b JEVE ORI A B O I RS
THR 1 PPREEE, NEFRTLIE L 7E 5. 46

ke TR J3E BAF ST A LS SRR TR E S T i i
JEE T, TS T A 3] B ) 20 M A e (R L R B
N XSS B . B AR O n
K7 AR, 5187 22 BT 7R Bk s B 15
SERALE , KRN T H T 1 41 53 S PR A AN o
B IARIRZE  JUHRTE 5. 46 km TR T, B
JE B ARLAT 2 1 ARG B9 Sk

e = =
5.35 jy 1 ;%
i 5 = : 2
= - = S
§ 5.40 = ] ]
= = - 3
5.45 [ ,_Ii _Lg |
: | i
0 1 0 30 1 0 06
FLRTLERE  RIALBRAL  RRRALBRE  REILRRAL
®,/% BREE @, /% @ /% BREE @, /%
E6 AEFLBRAIFLIEE

Fig.6 Porosity of different pores
T B -5 S AE A A5G 800 0.9,
b R R D 5 S B A G R BCH 0. 94, F- 1
FARFIRZEN 1. 9% S FIILEXRIEN 59.9 m/s, T 72
N1 m/s, TG R GBI R LSO AL [
5 SEINME A W) & e B A HLAR 25 3608 TIE S0 A
(1E19.10, K 10 Hrhg o ml o A A i £k ) kW



%37% %14 X RS — AR AR BR B Bk AR B ok

47 .

TINEMA RN, RS SRR, rT L SCE R RR UCA AT B AE
— AT AV EECE AR A WY B T, O R

LYPE v,/ (km-s) | SPE v,/ (km-s) FWE v,/ (kn.s7) LY v,/ (kn.s™)
|45 ——— 7.0 20— 3.8 B (45 —— 7.0 20— 3.8
H/km | 5548 v /(km s™) ﬁ“ﬁ{Ev /(km s™) H/km | 3545 v/ (km.s™) ﬁ‘ﬁ{ﬁv /(km s™)

T — e — 1 T — e — X

= e
5.36 |
= =
5.40 =
’ —— p——
} 3\
5.44 == =
—m=

57 ERTYASEMEEENZEE(LK) RERETLHT Y
A EEEETT E R YRR E () Xt
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