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PREFACE

In the process of reservoir evaluation, the most important petrophysical
parameters in which geologists and geophysicists are too much interested to

know are porosity, water saturation and permeability.

Precise evaluation of porosity requires the determination of formation
factor @ and cementation exponent m for different lithology. The
determination of water saturation (S,) depends mainly on the accuracy of

evaluating the porosity as well as, permeability (k).

Conventionally, log analysts evaluate these parameters either from core
measurements or through well log analysis and this sometimes requires the
use of empirical approaches, thus, it was important to find a solution of this
problem from well log analysis .other than core measurements which are so

expensive.

However, the aim of this study is mainly concerned with the evaluation
of such parameters from well logging data through the introduction of three
approaches in a very simple and realistic manner, which seem to be direct or
indirect, and compared the results with those obtained from cores when they

are available. On this basis, this study comes in three main chapters.

The first chapter starts with introducing brief review on some
approaches addressed to evaluate porosity utilizing acoustic logs with

reference to the basic relationships used in our proposed method. Following
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with an interesting equation suggested for estimating porosity, indirectly,
from sonic logs provided matrix transit time (4., and fluid (4, is known.

Such an equation has to be define in the following form:

¢S — (At i Atma)(Alt/x - Alt;ntz)
A ¥ (D = D)

Where: ¢ is the Sonic-Derived porosity (P.U. or %), 4, is the Sonic Transit
Time (usec/ft), Amg is the Sonic Transit Time of matrix (usec/ft), 4 is the
Sonic Transit Time of a fluid (189 usec/ft for fresh water and 185 psec/ft for

saline water), and x is the exponent related to the matrix nature

This proposed equation, which inéludes the different parameters (Aumq,
4y and x) has been checked among a wide variety of samples representing
clean lithology, as well as, pours formation. The results demonstrate its
validity and applicability, particularly in the absence of neutron and density
logs, which are considered the proper tools for evaluating porosity. This
equation was applied in two wells located in the Williston Basin, USA and
Gulf of Suez Basin, Egypt. The results came in a good agreement, in both
wells; with those obtained by the oil companies drilled these wells with a
neglected amount of error. Care has to be taken when applying such approach
in shaly formation, since the presence of shale in a formation increases the
travel time causing the indicated porosity values to be higher in proportion to
the amount of shale. In this case correction of the sonic log readings before

estimating porosity using the new equation.
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In chapter two, the author introduces the second major petrophysical
parameters (S,) through a general review of different water saturation
techniques in both clean and shaly formations and ends up with introducing a
new relationship binding the water saturation to different petrophysical
parameters including the compressional wave velocity (Vp), which is

expressed as:

" 72
aRy 10V (8 ~ D)

6 mi2
R,[(lo — A, )10 — AL ,3”‘)] |

SW=

This equation, which is found to be in a good agreement with Fertl &
Hammak (1971), Schiumberger (1975), Kamel et al. (1996), and
Abdelrahman et. (2000), This agreement is attributed to the fact that all these
equations compute the values of water saturation regardless of the distribution
of shale.

A general review on different techniques employed to evaluate the third
major parameter (Permeability), is introduced. Then, the author ends up
chapter three with introducing a new theoretical equation for computing such

important parameter in the following form:

5 2
k ={100P(1-Vs,,)2(,/c¢,% —1)[;1;-—1) }

where k is the absolute permeability for each zone in millidarcy, P is the
porosity factor {P=[¢Tm+2/(1-¢T)2]}, Vg 1s the volume of shale (fraction), C is

iii




the permeability factor (C=1/01°Syi) depends on formation factor (F=1/$ ),
and ¢r is the total porosity (fraction).

This equation, which gives approximate and theoretical values of k, was
tested among a wide variety of data included in-situ measurement of porosity,
formation factor, permeability, and irreducible water saturation for various
cementing materials. The calculated permeability values computed by this

equation are compared well with those obtained from cores.

It has to be indicated here that On applying such relationships on JULY
OIL FILED representing in J-22-1 well, Gulf of Suez —Egypt, the results are
found to be so close to those known about this field through core laboratory
measurements. The complete set of open hole logging data and the geologic
column of the interval under study are displayed in several figures and the
output tables are represented in each chapters to show the results obtained by

the new approaches compared to the conventional approaches.
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