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ABSTRACT 

This work represents an elaborate technique rhat 
can be used ro evaluate the anisotropic parameter of 
sandstones ~ i z d  shalcs using seismic wavc velocities, 
densities and rock elasric moduli. This parameter 
controls mos, anisotropic features of most situations in 
geophysical e ploration. Fdr this reson, the study of tiie 
eflects of" suc . an unisotropic Daramerer on the different 
elastic rnodulr ratios sf sandsto.-es and shales has been 
carried our. 

The preyem work is concerned also with the ejFect 
of rock stress arr'sohropy on the hydrocarbon reservoir 
geometry usin*; uni;.ort-cpic paramerer. 

The rocks th:tt show bedding, banding or foliation are not 

isotropic. In seismir: terms, true anisotropy, exhibits a velocity in 

the horizontal direc tion that differs compIetely from rhat in the 

vertical one. That s due to preicc.;red oriexation of the matrix 

particles or cracks, c.r thin bedding of layers. 

Wave propagation in an anisotropic medium has been subject 

to several exprimental and theoretical studies (Uhrig and Van M lla 

(1955); Postama (1055); Van der stoep (1966); and others). 'l'he 

wave fronts in a homegeneous medium are nearly elliptical . - 
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(postama, 1955), being characterized by the ratjo of major 

;Horizontal or parallel to bedding) axis to minor axis which is the 

ratio of the horizontal to vertical velocity in the medium, called the 

an i s~ t r i~p ic  ratio. Waters (1987), stated that, most analyses of 

seismic wave velocities have assumed that the rocks were isotropic. 

When the layeqg is cyclic at high rate, compared with wavelengths 

of the wave involved, the rock assumes transversely isotropisrn in 

which the horizontal vriocity is different from the vertical velocity 

even if the rock layer consists of single rock type. It  is then 

possible that, due preferred orientation of the crystalline 

component, anisotropy is still present. In the particular illustration 

the shale anisotropy is higher than that of the sand, thus causing 

the shale phathes to take a shorter time. 

The present work deals with the study of the relations betwcen 

anisotropic phT-7mzitr (denoted 6 )  and elastic modulus constants, 

using seismic wave velocities and densities for sandstone and shale, 

it concerns also with effect of rock stress anisotropy on reservoir 

georneq usil;g this parameter and poisscn's ratios on El Yusr Oil 

Fieid -r,a. 

Relation Beeween Anisotropic Parameter (61, Elastic 

Moduii And Poisson's Ratio (G). 

The evaluation of anisotropy is not very relevant to be 

obtained fxmsurfsce seismic work alone. This was originally 

observed by postma (1955), who stated that anisotropic ratio can be 

obtained if vertical seismic profile (VSP) for compressional and 

shear waves (P and SH respectively) is available. Also Thomsen 
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(1986), relats the anisotropic parameters to these wave velocities. 

However, some of these wave velocities sue not often availble. This 

urges the author to represent the relation between the anisotropic 

parameter (denoted 6 )  and elastic modulus ratios, using 

compressional and shear wave velocities, and densities. 

Theoretical Foundation Of The Study : 

This study is based upon theoretical calculation of elastic 

modulus ratios at different anisotropic parameter, using the 

components (C33, C44 and C13) which characterizes the elasticity 

of the medium. The components (C33, C44 and C13) are related to 

Lame's constants h and U, bulk modulus K and anisotropic 

parameter (6) as given by Thomsen 1986 equations : 

and - - ......,....*..*... L ( c13 + C4412 (C33 c44 121 8 =-- (3) 
2C33 (C33 - c44 ) 

them 

where C33 and C44 components can be calculated from 

equations (1) and (2), hence. The ccmponent C13 can be determined 

for different anisotropic parameter (6) values, according to 

Thomsen (1986); C13 is equal to Lame's consants (h) 

The study of the relations between the anisotropic parameter 

(6) and different elastic ratios (A/ u), (h/ k), (u-A) / k and 
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(u- /h/u + A) at different ratios of poisson,~ ratio (o) using 

seismic waave velociries and densities are carried out for sandstones 

and shales (Table 1 gives an example for the calculations of these 

elastic ratios). These relations (Figs. 1 - 4) reveal the following 

results : 

1- There are inverse relations between the Iame's constants 

and shear ratio (Uu) and poisson's ratio (0) and also between 

Iame's constant and bulk modulus ratio (A&) and poisson's ratio 

(a), see Figs. 1 and 2. 

2- At the constant poisson's ratio, the (h/u and (h/k) ratios 

increase with anisotropic parameter, see Figs 1 and 2. 

3- The liner which represent the relation between (u-h) /k  

ratio and poisson's ratio intersect when (u-h)/k ratio equals zero 

and poisson's ratio equals 0.25. This point represents perfect elastic 

bodies, see Fig. 3. 

4- T k  relation between (u-h)/(u+h) and poisson's ratio is 

inverse linear relatiol- and is not effect by anisotropic parameter, 

see Fig. 4. 

5- These relations which are represented by figures 1-3 can be 

used to evaluate anisotropic parameter ( 6 )  as follows : 

a- Elastic moduli (Lame's constant (A), shear modulus (u) 

and bulk modulus (k) and poisson's ratio (o) can be calculated 

using compressional and shear wave velocities (Vp and Vs 

respectively) and densities (o) as follows : 



Table (1)  : Shows up values of different paranleters taken from Thomsen's work 1986, (Vp, Vs, p and 6). Other paramems 
are introduced by the au~her (u, h k, U, h / u, k i k, (u-A) / k and (u-h) / (u+h). r( 

00 
<U 
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Fig. ( 2 )  : The relations between (h/k) ratios and poisson's ratios 
(6) at different anisotropic parameter (6) values. 

a- For sandstones. B- For shales. 
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Fig. (3) : The relations between (u - hik) ratios and poisson's 
ratios (c) at different* ,anisotropic parameter (6) 
values. 
a- For sandstones. B- For shales. 

284 
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Fig. ( 5 )  : The effective horixomtal srress map for El Yusr Oil 
Field 
a- considering anisotropic parameter (A) 
b- ignoring anisotropic parameter (1) 285 
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2 h = ( v p 2  - 2Vs )p ......................... .. ........ ( 5 )  

................................... k = p . ( ~ p 2  - (4/3)vs2) : ( 6 )  
2 u = p . v s  ....................................................... (7) 

.............. a n d  o = h / 2. (h+ u) ........................... ... (8) 

b- The compressional wave velocities are determined from 

velocity survey or from sonic data. 

c- The Shear wave velocities (Vs) can be computed using 

Meissner and Hegazi (1981) technique. 

d- As one or more of (h/u), (h/k) and (u-h)/k ratios are 

calcuhted, a horizontal line is drawn from its corresponding value 

(using figs. la, 2a and 3a for sandstones and figs. lb,  2b arid 3b for 

shales), and the vertical line is drawn from corresponding point of 

poisson's ratio for figures used for evaluation. The point of 

intersection of horizontal and vertical lines gives the value of the 

anisotropic parameter. 

Effect of Anisotropic Parameter In Rock Stress. 

The rock stress ratio (S11/S33) was expressed by equation of 

Thomsen (1986) as follows : 

................... . S l l  / s 3 3  = 1 2vs2 / vp2 For isotropic case (8) 

..................... For anisotropic case ( 9 )  

and 
2 S 11 / S jg = (1 - 2Vs / vp2) + 6 For weak anisotropic sare..(lO) - 



IM. H. Abdel AZZ 

where 

S33 is the lithostatic vertical stress (S33 = -g p h) 

g is the gravity  acceleration.^, is the rock density, 

h is the depth, 

S is the Iithostatic horizontal stress. 

Also, Abd el i-=:._hman and Abd el All * replaced the stress 

ratio (SI1 / S3:,; and horizoctal stress (S1 by effective stress 

ratio (S eff  /33eff and horizontal effective stress (S l e f f )  

respectively for isotropic case. Considering, anisotropic conditions 

and weak anisomy case, the stress ratio can be subsituted by 

effective stress ratio: hence the horizontal effective stress for these 

cases can be sxprcssed its : 

.......... For strong anisotropic case (1  1) 

ad 
2 S,,, = Sgeff . r(1 - 2vs2 / Vp ) + 6 I 

............ For we& anisotropic cass (12) 

where S3e!.f is the effective vertical stress given by Dominco 

(1974); using vtrtical stress (S33) and fluid stress Sf as follows : 

Two maps of effective horizontal stress of El Yusr Oil Field 

* In press. 
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Fig. (4) : 

288 

The relations between (u - h / u  + h )  ratios and 
poisson3 ratios (0)  at different anisotropic parameter 

(6) values. 
a- For sandstones. B- For shales. 



T:+Me (2) : reprcscnis the valucs of crilculation of elastic modulus ratios. poisson's ratios ((3) and estimated anisotropic pardmetcrs ( 6 )  for 

different wells presenL in El Yusr Oil Field. 
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were constructed, one of them (Fig. 5a) considers the anisotropic 

parameter (6) as being estimated in the present worg (Table 2), 

while the other map (Fig. 5b) ignors it. Two maps exhibit the areal 

distribuation of effective low horizontal stresses and hence, the 

locations of hydrocarbon entrapments. The second map, however, 

fails to detect some low anomalies, especially in the western part 

of the map, indicating that this part Is highly eSfected by the 

anisotropic parameter; besides showing different amplitudes. 

Accordingly, the anisotropic parameter ( 6 )  is better to be 

considered when constructing the clfcctivc horizontal strcsses map. 

CONCLUSION 

Thc present work givcs thc rclations bctween thc elastic 

modulus ratios (h/k, and h/u and u- h/k), poisson's ratios (o) 

and anisotropic parameter (6 ) ,  from which (6) can be estimated. 

These relations can be estimated. Scsidcs, aiso thc cllcct or this 

parameter in areal distribuation of horizontal stress in El Yusr Oil 

Field Area are evidcnt to dclcct thc locations of hydrocarbon 

entrapmcnt areas. 
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