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Abstract

Introduction: In the rock physic evaluation, experimental results are interpreted by theory,
therefore both experimental data and theory are necessary for rock physics study. The
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main research in theories has been done by Gassman (1951) and Biot (1956). Also
laboratory tests have been performed by Han et al (1986), Eberhart-Philips et al (1989),
Wang and Nor (1992) and Wang (2000).

Poisson’s ratio and Lame coefficients are the main data for discrimination of two kind
of lithology, especially limestone and sandstone, in the reservoir.

In this study, Poisson’s ratio and Lame coefficients have been calculated by measuring
V, and V; in saturated samples as a laboratory test. Also A.p and p.p have been

calculated using porosity, density, compressional and shear waves velocities of plug
samples. A is more sensitive to fluids within the pores whereas L is affected by rigidity

of rock samples.

In this research, after sample preparations, density, porosity and permeability of the
samples were measured. Then compressional and shear wave's velocities were measured
in both dry and water saturated conditions at several pressures, especially reservoir
pressure. Finally, limestone and sandstone samples were separated by expanding
Poisson’s ratio and Lame coefficients in various diagrams.

Methodology: Core plugging was accomplished as vertical plugs with 3.81cm
diameter and 6¢cm length. Porosity, permeability and density of samples were measured to
calculate bulk and shear modules in the rock physic models. Corrected density was
calculated from measured density in dry condition and compared with resistivity log
density together.

According to petrophysical parameters plug samples were classified into three classes,
as sandstones with more than 18% porosity and limestones with more than 10% porosity
and the last one limestone with less than 10% porosity.

Acoustic wave velocities were measured in dry and water saturated conditions at
several confining pressures, such as 30 Gpa for the Sarvak samples and 45Gpa for the
Gadvan samples as their reservoir pressure.

Density, compressional and shear wave velocities are the three main rock physics
parameters for lithology prediction of reservoir rock.

Two kinds of lithology (sandstone and limestone) with different Poisson’s ratio are
detached after calculation and plotting of Poisson’s ratio in both dried and water saturated
states. In fact the Poisson’s ratio for dried and saturated conditions is more than 0.17 and
0.25 respectively for limestone samples and lower than 0.17 and 0.25 for the sandstone
samples.

Lame coefficient (A.p and p.p) were calculated by using density, compressional and
shear wave velocities in water saturated and reservoir conditions. By drawing W.p versus
A.p as a cross plot, the samples are divided into three divisions as sandstone with more
than 18% porosity and limestones with higher than 10% porosity and the last one
limestone with lower than 10% porosity.

Results:

e Prediction of lithology (limestone and sandstone) using Poisson’s ratio under reservoir
condition by plotting various diagrams.
e Discrimination of lithology at reservoir condition using Lame coefficients in plotted

L.p versus A.p.

e Poisson’s ratio and Lame coefficient which are used for lithology-a laboratory
test- accompaniment reservoir characterizations software which interpret 2D or 3D

seismic data could be extended for predicting the lithology of all the formations in a
field.
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Ultrasonic Pulse
P Wave: 1.0 MHz S Wave: 0.5 MHz

Pore Fluid
Live/crude oil Temperatt:re
Gas and Water 15 ~200 °C

Confining Pressure
Max: 10’000 psi
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Max: 10°000 psi 1

(A

OLtS Zlsal o e (6 S o3Il olSaws 3 Shas oo () ¥ S
Tlol oS 5 ez b Juls i3l 3550 gbaoshe (55,
Sles i oyl JLid il wan L e SL P 5 S
Aoy Ol Sl €500 S () P s S plsal el 5 €500
S sl 53 8 ki S L adls 3L s LS sl )
el edaline LG

Ol il b ) 00lial b 3 80 52 et iy ¥
ol S eslal (hdsd e bl é
en Sl Sl (WY Osuly ule) gluss
3 SKlar 5 Ker b K s SliS ol
jPC‘}A‘JL:JJ‘\:J‘,‘NQ.beA\:)Low‘&.l‘jbjw
Ll el Ll 5 K S (ol 5L 350 S

(YAAY 4&..113)

O3l 3yl b i
}.>rl>u' 5 u,f».i‘}\ > C_..Pf.n &AK ¥ Li.ﬂ; DL
& Sy b Gladaly Olg oo Ll 558 0 odalin

e gl 3 ealizal b (Siwanls 5 $SaT 6K (5l gai (5 3Ll

S Aol 4y (Bl Do 5 2l Ol
e Dslite S ler 03 5 KAl e sl
5 5 &) 3o PDPK o b (5,8 05100 ol 555 oo
S bwge b1y olslp yldie Ol oo Culgs s
.:;@l:u emTw:@ﬂs&:

WA i oo b cKananle dimd 4o 4 Lo gl
5 Ao Ve Sl e i L ST K 5 do s
M,:\jlf.«f&d&d@é_{»'l'&»w
Ll 5o e awlie Gl pooper Llodd o
boalie s L ST oKin wisni 0 slaw 0,
3 e 3 s ol 03 K anle Lok sl
el 4 S

e 53 b gai Vs g Vp Gbcs juw &S 05l00 @
glal y Sis

5 oBaus bl O Lls s eIl ol
L8 13 3y se sles 5 5L Il Ll s )3 e
P L S B S S O e
o S 4y LS g STl Sl I e L oS
Ol 5 obml dsed Lo 3 1) Doslie Lol Ol o
S SN zsn s

5 S 53 55 by WS gl o
b g S o3Il cpl il o (6,8 o310 T 51 gl
S0 0lsS gl Copm S5l o8
Sy (TRCO) ol s oS 0 ()5l 5 Oladow
oyl (sl OLutS sl Lo g (5, S o5l 28 8
SLEd 51 G clle 3550 5 5 (Gl 5 OT) & slize
sgde 5 0138 Wile ol FOGPA 5su> ails des
PGPa 3 3o 5Lb 4 5 § 575 &S 5 L5l (51 ¥+ GPa
bl s ol e 4ei slas Vgmms o Conl
Sl ol 45 S L35 55 e geaden 4353 1Y B AY les

()



AYAY O o5l oFF 093 clab g (o0 oS 50 dlaea YA

4 gee S S Dpuly s S b
P 3 G SN S 5 Gl GRS
53,05 (55Led (Kauuly O sml 3y S Blod pl 4 5 o
(OVAAF e s3) b o ool 53l Hliad 2alST L
2 Vs 5 Vb slaze 6, Sojll 3l eslizul |
o et 3 (AT Lo 55 O j5en (sl 5 ,Lis
desloea b3S 25T 5 1) S8 p 5 Ol e Oy
e 5 T gl Gl 53 Ol Gl
G g5 5 33 135w 0 53 KA 4 e OT
lie s sl bl 4 ST K 5 Kvanls
(5 JS8) dish e 3l o SuS Sl Dl gy S
0 3w 355 0 otalin £ IS 53 &S 6 S 0les 4l
wlie Jolss e L oSaT K 5 Sintals 4505

Ol sy Somd SIs oglie (555 5 bl Lai

Ll glaze
0.37
Limestone
2 0331
= 5
4
@ % L] . .
£ 0.29 4 . .
£ .
'E []
T 025
E Sandstone
E
0.21 4
AED
0.17 T T T
0.12 0.17 0.22 0.27 0.32
Dry Poission's Ratio

o Tl bl St s Dl gy e o YK
el SSE B LS Sl 5 Sl S L0
L oalie e oo b Sl S €505 0 slaws IS ol 2
Ol jedys blE &) ot mlie ) shian 33 Kimanls

RGPS AP 1Y

4 Y0 5 W S i O el Slaa @l )
T S plal S s OG- EIC  PURN
NP PREINCIR S PIC VY JC-SIPS PP PRESRIEY
BYITIRC -G | PER S IR (PR VAN S RN g
Lz Sl (65 5 odiasplis ST ) glal

8L L god ol g s s 658 55

5.0
4.5 1
.
- -
404 * A,
= 354 4 Vs Sandstone
4 4 Vp Sandstone
ﬁ" 3.0 4 = Vp Limestone
g © Vs Limestone
E
& 259 ax A 4
g a N
= o a o
o
2.0 4
15 T T T T T T T
18 19 20 21 22 23 24 25 26
Porosity (%)

SN elal s B s oS15 gl S 1Al Sl sal E JKS
L S cnl s S e S e
LSl Ko w50 0 sldas IS8l 2 G L0
Ui o pons i jsliten 10 Svanle L i oo

Wl o sl Ol Sl s

T S o g Ol ) (B e S

55 SaT K 5 Knanle sbatiged sl WS
a0 JSK8) sls 515 ey p y50 O s Hlid Ll i
b sSdsd g5 U5 o s w Db ol s
SaT K €503 0 3l sl (gl .55 (ileld
Sy b Oy 4 K dnle b aline Jods L

) ok 03l OLES

3.1
294
274 Vs=057vp+oa621
_ R’ =0.9757
Q
E 254
S
'§ 2.3 1 Sandstone
g Limestone
-

2.1 Vs =-0.1283Vp’ + 1.694Vp - 2.6159
R’ =0.9328
1.9 4
1.7 T T T T T T
3.4 3.8 4.2 4.6 5.0 5.4 5.8 6.2

Measured Vp (kmv/s)

Sl SIS g S e g e 0SS
O slos 5 ,Lis s Sal Ky Kewanls glad o3
0 sldas IS5 pl 2l S8 LB -l 4 50
sl 55 Kewanls b alie oo b Sl S 650

el ol sl QLA Sy b O oty anglis



v e gl 3 o3zl b Stale 3 $SaT 6K (Glaks go (5 jLubuter

Y el o i
il bl diles 015 o0 6 il oS5 a2 )
P A MR 38 B s patte (i GlesS
o 5 o H g o 0353 o)l 4 Kaw oS58
ol ol K

ol e Sl eslinal b Al ol
2 baaiged gl ST Sl gbdl Ll o s (3 5 (o515
lie 5 ARELGT Lass 53 Oje glos 5 Sl
dloen S| g ol 0h alone old el S
Ghaasio JS Sl 4 g LA 5 Lp ol
Sy 2 S5I5d g s SRS polie J 5 ek
g P ol Glagls ped a) b el et
Stale Jols s 403 ¥ 4 |y Wi ga 015 o A
Jobss b ST Ko 5 doys A I i s L
oS s L ST & e 5 o3 Vel iy
QA JKa o IS ILd >l 55 e 5a) deoys Ve
Coda b a5 Osulgy ol polas 5 S S
Wl ol T sy i g § 5 S8

Use 25 gl oSaS 4 o LT
ot Sl bk o) 1 O Dl e
@loj ) esls & Open I glo S 45 Olg oo 10 58
2S5 Gl 5 st U SN g5 Sl 2 e

2 Y 5 Ol d ) b e SSGST 4 ol
S3FF Ve sl Joe Wil S S Sles gl
S 5 AT L 53 1y o5 (sladises
5 loj ) sk 5ol laesls Gl b 558 oSS
2 e Sleogas 3,515 wsp S 4
28 a1y O S35 5 s o pS

sty sla J&s Sl eslizal & ol S3a p3Y
gsbie & Lo ) cpl 55 Sslite Sy 4w Sl edeT
PRSP P-A NS W RS PURE S KU I PRRA
(A JS) 43 5 5y g0 S o )

2l sy 21 3P 5 S Ol e es
Cf o Cnd 4y 2 gl S 55 Osully o e

'(Vg}g‘:)";u“"Jﬂ(VP/VS)u‘&Jfﬁgf‘flJ:C|f\

0.35

0.33 -
0.31 -
0.29 - "
. Limestone
0.27 w
0.25 -
0.23 -
0.21 A
e
0.19 -
0.17 A

Poission's Ratio

Sandstone

0.15

1.60 1.70 1.80 1.90 2.00 2.10)
Vp/Vs

3 S Bl s ol e Ol S olie Y SS
Lyls s Sal K 5 Swanls sladised sl i
e E Rt ).i.;\._v:;)tg.dl B 50l S D3 5ed ol 53 055
Setols Ll Jolos L Sl K il 0 0l IS

Wl ol esls QLA S Ll Oyt dnslie (Gl s

it Noged Sl eslial b Ol5 e s s

ot L 0w G5 8 (i e 2 Ol
g:..:mﬁﬁ_:u.o BE) Q)Lé: JJ;L>4; .la.bja‘ d‘-’-‘ E) 3;
Jolb Gl 5P g5 5 sl e

035
0334, o, Limestone
031
_ 0281 BT ..
3 0274 .- .
-E 0.25
£ 0231
021 oL M
0.19
017 4 Sandstone
015 ; ; ; .
0 5 10 15 20 25 30
Porosity(%)

5 Svtale Glakipod RS oy Ol iy s sl A S
o yas S8 Sla 503 opl L3 O3 il 5y Kol K
LSl K ised 0 0l ISl 3 ol pdy O
blE pot amlis Cgr 5 Swanle b alie fidss

Wl ol esls Ol S



AYAY O o5l oFF 093 clab g (o0 oS 50 dlaea f.

S S el b JEs () (Sax b s S (D)
AJ.J@%AJ\LJ\;- BE JL;;: (C))
3,8 o Coso Siluldr Gl an a5 8 Sl e pds s anslie oyl

2 sy & o s 4 Saels
St b bl oo b Sl Ko 503 0 3laad 53 S8l s

.J.;}Sj)ljgllVUJJ;@)JLEQ)’@@W@W

$Sums ¥

slabsy 03 L 5 dde gl by, 5 S *
Sy S eslial (5 (sm e Sl el
98 53 Vs (2,8 mon Lo 5 Ve (Jib s
Ll O e Slas

ol o ARELGT o Sejlul oSS 4
dmloes 5 Oppme glos 5 5l 55 (WST15 5 Sy
2S5 28T s 3P £ 5 OlS se Dsmlly 2

Slslsgas gy 5 A5 W) Y ol LS 4 %
b il @dad g5 015 AP s [P
2S5 Seot

i U e b sy 4 il
el Ll 5 oS e ((SKsds sla)&
sl 4y (655l s (il 45T das oo Ol sus
L el s s JE 151 51

R R L e I
L )3 O glos 5 5Lid 3 1) badised (555
Soslizal b 55,8 oSS KusS 5 a8 LeT
Sleo gas 3,51 5 s 43 354 ol le
(s 5 Shn33) (sloj ) (slaesls 4 (SSI L O e
o3 9o jul w55 1) i ded il Olg s

.J‘))‘}wﬂ)ﬁﬁ)‘,ﬁtoﬁhﬂ

@L;n

Biot, M. A., 1956, Theory of propagation of
elastic waves in a fluid saturated porous solid:
1. Low-frequency range, 2. Higher frequency
range. J. Acoust. Soc. Am., 28, 168-191.

pxp Vs. hxp Water Saturation (Dry)

Y
3

1 GoodPorosity
Low Porosity

pxp (Gpa x glee)
&

Sandstone
Limestone

1

30 1 2
w/ Good Porosity
20 Limestone
10 T T T T T T T
10 25 40 55 70 85 100 115 130
2xp (Gpa x glee)
()
pxp Vs. kxp Water Saturation (Log)

70
60 1

o
=

Good Porosity

Sandstone
Low Porosity

Limestone

pxp (Gpa x glee)
&

o
s
!

1
4/
(Y4

Good Porosity

Limestone
20
10 T T T T T T T
10 25 40 55 70 85 100 115 130
Jxp (Gpa x glee)
)

1xp Vs. kxp Water Saturation (Corrected)

Good Porosity

Sandstone .
Low Porosity

Limestone
30 v/

pxp (Gpa x glee)

Good Porosity
Limestone

10 25 40 55 70 85 100 115 130

3xp (Gpa x glec)
@
5 ST S sbakised @l hp o fp plie oy A SE

Loy bl wes ¥ oa bk gdvates 5 Swanls

oo Ol 5 K p5 5 Sepdo s slaesl
i)

o3 gdows Shyls Ao p3 VA Sl iy oo L Kevasle b

Yo< p < ¢ 5 Ap<rvo

o3 gdome (5113 Ao pa Vel jniy lsdss U Sl S Il et

wp > 3 Yo <A.p <o

03 gdome (51313 Ao p3 Vo5l zaS sy b Sl K T 4L

wp > Yo 3 Ap >0



f

e gl 3 ealizal b (Siwanls 5 $SaT 6K (5l gai (5 3Ll

Domenico, S. N., 1984, Rock lithology and
porosity determination from shear and
compressional wave velocity: Geophysics, 49,
1188-1195.

Eberhart-Philips, D., Han, D. H., and Zoback, M.
D., 1989, Empirical relationships among
seismic velocity, effective pressure, porosity,
and clay content in sandstone: Geophysics, 54,
82-89.

Gassmann, F., 1951, Uber die Elastizitit pordser
Medien. Vierteljahresschrift d. Naturf: Ges.
Ziirich.Jahrg, 96, 1-23.

Han, D. H., Nur, A. and Morgan, D. L., 1986,
Effective of porosity and clay content on wave
velocities in sandstones: Geophysics, 41, 895-
921.

Wang, Z., 2000, The Gassmann equation revisited
comparing laboratory data with Gassmann
prediction: Geophys. Rep. Ser., 3, 8-23.

Wang, Z., and Nur, A., 1992a, Elastic wave
velocities in porous media: A theoretical
recipe: Geophys. Rep. Ser., 2, 1-35.

Wang, Z., and Nur, A., 1992b, Seismic and
Acoustic Velocities in Reservoir rock:
Geophys. Rep. Ser., 12.

White, J. E. 1983, Underground sound:
Application of Seismic wave: Elsevier, New
York.



