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ABSTRACT

In this study, the effect of porosity and pore filler on the reflection coefficient parameter (R), are well deduced and some
mathematical expressions were developed. This leads to the establishment of new-expression of (R) which take these effects into

account.

Moreover, two -and three -horizons models have been assumed and accordingly their seismic synthetic models have been
constructed. Many characters were deduced which confirms the prominent effect of porosity and gas saturation on (R), and aid in the

detection of hydrocarbons accumulations.

INTRODUCTION

The energy of incident seismic wave on an interface is di-
vided into longitudinal, transversed refracted and reflected ener-
gies. This distribution is produced at each time when the wave
arrived at an interface separating two media. The reflected en-
ergy of normal incident seismic wave on an interface, which sepa-
rates two media of acoustic impedances r,, r,, could be described
by the reflection coefficient, R [1-6].
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where:
v, & v, are the seismic velocities of first and second media.

d, &d,are ;he densities of first and second media.
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A & A are the consequent amplitudes of incident and.re-
flected rays.

The contrast in acoustic impedance between the two media
determine the polarity of the reflected signals. R varies from
positive when r, > r, to negative when r, <r, . The negative
value is an indicator of the phase inversion (shifting of the phase

by 180°).
THEORETICAL PRESENTATIONS

The basic objective of this presentation is to introduce the
influence of porosity and pore filler on the reflection coefficient
equation. For this purpose we assumed two media, the lower
one is porous of porosity, ¢, and it is considered as a medium of
two phases:

- Solid phase or matrix with a velocity V_ and density d .

- Fluid phase (liquid or gas) with a velocity V and density d..
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In order to explain the effect of porosity and presence of
- fluids on the acoustic impedance value and then on R, we con-
sider the following hypothesis:

1. V =V,andd =d,for¢ =0

2. The average density of the second medmm is given by
the formula

d, =¢.dc +(1- ), @

3. Wyllie's equation (time-a{verage eq.) relates the velocity
of seismic waves V_, in porous medium is expressed as follows:

16 1-¢

If ¢ =0,then:
Va=V,=V,
d,=d,=d_

When the medium-2 is saturated, therefore its acoustic im-
pedance becomes:

_v.d (g +U-0d,  g(d, -d,)+d,
272 1+M _¢(___.__)+_.
vV, V, V, V,0V,

...... 4)

By substituting the acoustic impedance value of equation-4,
hence the new reflection coefficient, R:
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This equation could be expressed as follows:
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NUMERICAL APPLICATIONS
A. Two-horizons model

In order to relate the effect of both nature of fluids and poros-
ity on the calculated value of R, we assumed two horizons; their
acoustic impedances are r, and r,. By considering that r, value
remains constant, i.e., equal 6000 m/s. gm/cm’ (V,=3000ns, d,
=2 gm/cm?®) while r, value equal 8000 m/s. gm/cm’ when ¢ = 0
and will be verified this problem four different cases are assumed
in Table 1.

Table 1
The effect of different pore filler types filling the second
horizon on the R-values when the porosity is kept constant

equal to 15%.
% pore filler* T, R
(] - 8000 0.189
15 water 6516 0.041
15 oil 6227 0.018
15 gas 3000 -0.3

* We denote W for water, O for oil and g for gas. Also the following values
were assumed in the computation.

V,, = 1500 mis, V, = 1300 mis, V, = 400 mis

d =1gmicn?, d, =09 gm./cm’, d =09 x 10° gmicnt®

The cases mentioned at Table 1 are presented as models given
in Fig. 1. Of these, it was shown the effect of the pore filler on
the reflectivity of an interface separating the two horizons. More-
over, when the pore filler as gas, this will cause a polarity rever-
sal (R<0) of the highly observed reflectivity. Whereas it scems
difficult to detect directly the presence of oil or water as pore
filler, and to distinguish between them.

B. Three-horizons model

If there is an reservoir bed surrounded by two beds, there
will be two contrasts of acoustic impedance. Consequently two
seismic reflections will be existed one at the top and the other at
the bottom of the intermediate layer. The reflection coefficient
R,, and R, for the seismic events could be positive or negative.

The reasonable cases are twelve (Fig. 2a) which represents
all the expected situations that could be met by the interpreter
during the interpretation of three- horizons model problems.
From equation 1, it could be revealed all factors which could
increase the contrast in acoustic impedance, such as lithology,
pore filler and porosity, resulted in increasing R. The same cases
are displayed again in Fig. 2b after convolved the obtained re-
flection coefficient by a Ricker wavelet.

To show the dependence of R on the nature of fluids fillings
the intermediate porous bed we examine the following two cases:

1. Saturation of the intermediate porous bed with water

The acoustic impedance equation of porous medium (eq. 4)
could be written again when the pore filler is water, as follows:
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Fig. 1: Geologic and synthetic models showing the effect of dif-
ferent types of fluids on the reflectivity of an interface sepa-
rating two horizons.

(In this case d = 1 gm/cm’ and V = 1500 m/s)

V., = ¢(11—d ) +d,
"’(@‘7’ v

In assuming the following values of acoustic impedance for
the three successive beds: r, =5000, r, = 6000 (V,=3000m/s,d,
=2 gm/cm’),and r, = 12000 ns gm/cm3 where thls assumptlon
is based on neglectmg the effect of porosity, i.e. f = 0. To show
the effect of water when the porosity is varied at the intermediate
bed, four cases of porosity are included (f = 0, 10, 20, 30%). For
each three case the correspondent R values at the top (R,) and at
the bottom (R,) of this bed are presented in Table 2.

Data listed in Table 2 illustrated the decreasing of R, with
increasing porosity until the inversion of polarity meanwhlle R,
increases with porosity. Furthermore, the interval two-ways time
for the second bed is presented, where it indicates clearly the
augmentation of time with increasing of porosity producing a
time-sag phenomenon. The seismic models at the right side of
Fig. 3 clarify the seismic signals as a function of porosity.
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Fig. 2a: Table giving an idea on the different expected cases for
reflection coefficient parameter taken in consideration three

successive layers.
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Fig. 2b: A display showing the expected cases of reflected sig-
nals in the studied three layer model.
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Table 2 ,
The effect of porosity variation in the intermediate bed satu-
rated with water on R-values and on the interval two-ways time.

Porosity % R-values Two-way time
R, R, (T) in mesc.
0 0.091 0.333 3332
10 0.020 0.395 384
20 -0.052 0.454 444
30 -0.124 0.510 510

2. Saturation of the intermediate porous bed with gas

For the same previous model, if the second intermediate po-
rous bed is now filled with gas then the calculated R, and R, are
listed on Table 3.
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Fig. 3: Models for three layers case illustrate the effect of poros-

ity variation when the second bed is saturated with water,
on the reflectivity.
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Fig. 4: The same models of Fig. 3 but here the second bed is
saturated with gas.

Table 3
The effect of porosity variation of the intermediate bed
saturated with gas on R-values and the interval two-ways time.

Porosity % R-values Two-ways
R, R, time (7).
0 0.091 0.333 333.2
10 -0.220 0.579 625
20 -0.408 0.702 952.4
30 -0.563 0.791 1432

From these results which are illustrated again in Fig. 4, the
considerable effect of gas on acoustic impedances and R-values
is clear. R, polarity becomes negative with high values, mean-
while the positive R, values are increased with a higher rate than
that of water saturation. Also the interval time between the upper
and lower interfaces increases as function of porosity, of about
twice or more than that in the water saturation case.
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RESULTS AND DISCUSSIONS

The results of the present work can be summarised as fol-

lows:

1. The porosity and fluid type effects on the acoustic imped-

ance value of a certain medium were introduced. Conse-
quently, a new reflection coefficient equation which takes
these variables in consideration, was established. The pres-
ence of gas as well as increasing of porosity at a certain bed
can reduce the acoustic impedance value, and then a nega-
tive strong R is obtained at the top of the reservoir while its
bottom gives a positive strong R.

. Many characters were noticed. These are related to the re-
flection coefficient and considered as a hydrocarbons indi-
cators. Phase inversion of seismic signal is produced when
the polarity of the reflection coefficient becomes negative.
The reflection at the top of gas bearing medium gives nega-
tive reflections. This indicates the validity and usefulness of
following the polarity of reflections and its inversion in the
interpretation of seismic data.

Velocity pull-down phenomenon is produced in the gas bear-
ing beds and it is attributed to the low velocity of gas relative
to the other fluid types. This allows the observation of lens-
ing effect in the gas bearing reservoirs. The occurrence of
this phenomenon is also related to the thickness of gas and
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its lateral extension. Therefore, the effect of pull-down is
laterally varied. Finally, the average velocity for-the reflec-
tions located under the gas reservoir is expected to be low.
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