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ABSTRACT

Both sonic, resistivity and temperature information are uscd in an intcgrated manner in order to identify the organic
richness of the shally intervals allover the Albian - Aptian rock scquence in Negelah well located at the north western
coastal zone of Egypt. The sonic / resistivity cross plot are first used for calculation of the discriminant value (D). The
A logR method is used in order to determine the TOC with the help of the temperature information. The results obtained
from both methods gave confirmed results. The step comprising the conversion of the AlogR values to TOC is not
carricd out because their values lie in the negative range.,

INTRODUCTION richness in rock formations. Each tool has its specific
response to the presence and abundance of organic
In the last three decades the different well log tools matter. Both shale and carbonate rocks can contain

are cxtensively used for determination of organic organic matter. If organic matter exists in a subsurface
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layer, a thrce componcnt systecm (matrix, organic matter
and fluids) prevails. A relation between the total gamma
ray intensity and organic richness has been proposed by
Schmoker and Hester [1]. They show that the gamma
ray mcthod significantly undcrestimate the organic
mattcr content. So, special sorts of calibration should be
considered during application of this tool for such a
purpose. supcrmaw ct al. [2] and Fertle and Kotes [3]
have uscd the gamma ray spectral logging tools for
identifying and qualifying the organic richness. Herron
{4] and Herron ct al. [5] have studicd the uses of pulsed
Ncutron spectral logs for organic richness identification
Accirding to Passcy ct al. [6] the advantages of this ool
include the sensitivity to low amounts of organic carbon
and that no calibration with core data is required,
although correction for the inorganic content must be
made. Solid organic matter is less dense than the country
rocks so density logs arc effective for such purposes.
Schmoker [7] is onc of the pioncers that used the density
logs for estimating organic matter content. Schmoker
and Hester {1] applicd the density tool in an arca where
four component (rock matrix, organic matter, fluid and
pyrite) prevail. They concluded that the using of density
tool is more correct when compared to the gamma ray
logs. Meyer and Nederlof {8] gave a dircct relation
between the volume percentage of organic matter and
the density of both shale and source rocks. This rclation
is given by the following cquation.

P shale - f source rock
Vol % =

Pshale - P organic matter

They also concluded that sonic logs can be used to
determine source rocks qualitatively where a relatiive
decrcase in  sonic transit time and an incrcasc in
resistivity indicate an organic rich layer in shale rocks.
Sonic logs are scnsitive to water / organic malter,
mincral composition and to clay / carbonate. Resistivity
tool is being considered as an effective tool in source
rock identification. It is known that source rocks are
generally laminated and thus are clectrically anisotropic
which inturn increases the resistivity values. When the
source rock is cnough mature, then resistivity increases
dramatically.

Dallcnbach et al. [9] developed a method using the
sonic-gamma ray logs to provide a paramcter that relatcs
lincarly to organic richness. Autric and Dumesnel
[10, 11] modificd the mcthods described by [9] to give
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more accuralc prescnlation. Passcy ct. al [6] gave a
method called the A logR which is a sort of separation
between resistivily record represented on a logarithmic
scale and any of the sonic, density and ncutron log scale
represented by normal scale. In their study they proposed
a three component system (matrix, fluid and organic
matter). Abdcl Fattah [12] derived an equation based on
the density log analysis using a thrce component system.

METHODS

The techniques described by {8] and [6] arc used to
cstimate the organic rcichness in a well located at the
coastal Mediterrancan zone of the western desert of
Egypt (NW of Qattara depression) Fig. (1).

WESTERN DESERT

© - Negelah Well

e
1
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Fig. (1) - Location map of the study well.
THE DISCRIMINANT SCORE TECHNIQUE [8]

In this technique a special statistical method based on
the scheme described by [13] is used. This technique is
bascd on using both sonic / resistivity and density /
resistivity cross plots to derive equations for source and
non-source rock identification. Source and non-source
rocks are classified as class (1) and (2), respectively. The
results of their analysis provided two equations that can
be used in most cascs. The first cquation is derived from
the sonic / resistivity cross plot and takes the form:

D =-6.906 + 3.186 Log A t + 0.487 LogR 75
where :
D : is the discriminant score
At :is the interval transit time in microsecond per
foot as obtained from sonic log.
R45° 1 is the correcled temperature at (75°F or 24°C).
The Ry5° valuc can be obtained using Arp’ s equation
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given by [14] which takes the form :
R,s=Rt(T+7)/82
where :

Rt :is the rccorded well resistivity at the dilferent
depths and can be obtained from cither Bottom
Hole Temperature (BHT) and gcothermal
gradient from continuous temperature record.

T :is the rccorded temperature at the desired
depth.

The sccond cquation which depends on density /
resistivity  cross  plot  takes reversed trend  when
compared with the sonic / resistivity cross plot. This
equation takes the form :

D =2278-7.324 Logp +0.387 Log R;.

where :
p : is the density obtained from the density log.
The other terms arc described before.

In both cascs the calculated valuc of (D) is a
function to the sourcc / non - source rocks. If (D) equals
positive value then we have source rock, if it is zero the
case is undccided and if it is ncgative source rock is
identificd.

THE A LogR TECHNIQUE :

This technique is proposed by [6]. They used sonic,
density and ncutron logs from onc hand and the
resistivity log from the other. A maiching technique ia
applicd between sonic / resistivity, density / resistivity
and ncutron / resistivity to definc the A LogR zoncs. In
application one of the three logs is scaled such that its
rclative scaling is two divisions on the normal scale per
two resistivity cycles. The two curves are overlic and
basclined in a fine grained “non - source” rock. A
bascline condition exists when the two curves overlie
each other at significant depth range. With the bascline
established, organic rich intervals can be identified by
scparation and non - parallesim of the two curves. This
scparation is designated as A logR. The A logR
scparation is lincarly rclated to the TOC% and is a
function of maturity level repressied by the Level of
- organic Mctamorphism (LOM), [15]. Figure (2) shows
the relation between LOM - A logR and the TOC.,

The most important step in this technique is to locate
the basclined intcrval  that should be used for
calculation allover the well. As this bascline is
established calculation of the A logR can be proceeded to
all shally interval using special cqualibns for both sonic /

resistivity, density / resistivity and Neutron / resistivity.

SONIC/ RESISTIVITY :

AlogR, . =log R/R,,)+0.02(At-At, )

son’® bas

Where :

R :is the obtained resistivity value at the shally
interval from resistivity log.

Ry,  is the resistivity valuc at the overlie interval

At : is the obtained interval transit time of the shally
interval.

Aty © is the interval transit time at the overlie
intcrval.

DENSITY / RESISTIVITY :
A10gRpen =108 (R/Rype) - 2.5 (P - P pag )

Where :

p : is the bulk densiity as obtained from the density
log.
Ppas. : is the density value at the overlie interval.

The other terms arc defined before.
NEUTRON / RESISTIVITY :

AlogR, .. =log (R/IRp,o) +4 (D - D6 )
where :

& : is the obtaincd ncutron porosity value at the study
interval.
D pas : 18 the neutron porosity at the overlic interval.

LEVEL OF ORGANIC METAMORPHISM :

many tcchniques arc used for the LOM
determination. The mecthod given by [15]) one of these
techniques. It is based on the calculation of the effective
heating time (t.g.) as can be deduced from the Ty, and
the geothermal gradicnt.
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Table (1) Summary of the results obtained from Negelah well

Formation thick. t Rt R75 teff LOM logR D
3 90 4 9.6 31.2 9.1 -ve -ve
1 81 9 21.7 28.8 8.5 0.06 -ve
Kharita 4 93 3 7.3 30.6 9.15 -ve -ve
1 85 3 7.3 28.8 8.5 -ve -ve
Formation 3 80 2 49 31.2 94 -ve -ve
2 80 9 223 324 94 0 -ve
1 90 4 10 28.8 9.3 -ve -ve
2 90 5 12.5 324 9.4 -ve -ve
8 85 5 12.6 31.5 9.5 -ve -ve
4 80 10 25.2 30.6 9.5 -ve -ve
3 88 5 12.7 31.2 9.5 -ve -ve
5 90 4 10.3 31.7 9.6 -ve -ve
2 95 2 5.2 324 9.6 -ve -ve
2 77 8 20.7 324 9.6 -ve -ve
10 90 2 53 31 9.6 -ve -ve
2 90 3 7.9 324 9.8 -ve -ve
2 90 2 53 324 9.8 -ve -ve
5 86 3 79 31.7 9.8 -ve -ve
3 86 3 8 31.2 9.8 -ve -ve
1 70 1.5 4 28.8 9.8 -ve -ve
4 86 3.5 94 30.6 9.8 -ve -ve
3 70 1.2 33 31.2 9.8 -ve -ve
3 90 5 13.6 31.2 9.8 -ve -ve
3 80 2 55 31.2 9.8 -ve -ve
2 100 1 2.8 324 9.8 -ve -ve
3 70 1 2.8 31.2 9.8 -ve -ve
4 92 1.5 2.8 30.6 9.8 -ve -ve
2 90 1 42 32.4 10 -ve -ve
9 100 3 9.2 85 10 -ve -ve
7 90 3 9.3 85 10.1 -ve -ve
Alamcin 23 95 2 6.2 71 10.1 -ve -ve
2 65 8 25.2 72 10.2 -ve -ve
23 65 8 25.2 72 10.3 -ve -ve
4 85 2 7.2 71.4 10.8 -ve -ve
Alam - 3 90 2 7.2 71.6 10.8 -ve -ve
El - Buib 8 80 3 10.9 71.5 10.9 -ve -ve
S 92 3 10.9 72 10.9 -ve -ve
30 80 2 7.4 69 11 -ve -ve
4 85 1.5 5.6 68 11 -ve -ve

N. B. thick. : Thickness in metcr, Rt and R75 arc the read and corrected temperature at 75 °F, respectively, teff : ef-

fective heating time, LOM : Level of organic Mctamorphism, AlogR : Sonic / resistivity scparation and D : Discriminant

function .
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ALOGR - LOM AND TOC RELATION :
The total organic carbon (TOC) is dctermined using
an equation rclating the three paramecters logR - LOM

beside the TOC. it takes the form :

TOC = A logR x 10 (297 - 02688 LOM)

T

20

05 o A
Alog R

Fig. (2) —A logR - LOM and TOC rclation
( after Passcy et al. {6])

APPLICATIONS AND DISCUSSION

The cross plot mcthod described by [8] and the A
logR technique described by [6] arc uscd in this paper.
Information collected from a wecll located at the north
western coastal zone of Egypt arc uscd for achicving this
purpose. Although some other wells arc available this
well is the only onc usced for its suitable recording form
to apply thc A logR technique, All shally intervals
distributed in a depth covering the ages from Albian to
Aptian arc considered. Beside the proper scale by which
this wecll is rcpresented its loaction has special
importance because of its location with respect to some
important oil ficlds in the western Descrt. The
hydrocarbon arc accumulatcd mainly in faulted
structurcs in most of these oil fiiclds. Analysis of
information collected from some wells show some
occurrences of source rocks at different depths allover
the geologic time beginning from the Palcozic [16).
Negelah  well  which  has  sonic, resistivity and
temperature rccords are suitable for applying onc of the
techniques described by [6]. It should be mentioned that
not all shally intcrvals can be considered as source rock,
so the application of the techniques may give negative
results and the main task is to correlate or discriminate
the results obtaincd from both techniques uscd.
Concemning the sonic / resistivity cross plot the
calculated (D) are found to be negative for all the study
intervals. According to [8] these interval proved
qualitatively as non-source rock intervals. The method
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given by [6] give more identilicd quantitive description
of the source rocks based on the TOC%. To achieve that
level of organic mctamorphism (LOM) is dctermined
using the T, and Ty given by [15]. Other methods
such as vetrinite reflectance may be used for the same
purpose. If the A logR values arc negative, that means
from the first view that no sourcc rocks are available and
in this casc it is not nccessary to calculate the LOM
values. In this work two stcps arc followed : The first is
to calculate the (D) valucs to disriminate between source
and non-source rocks. The sccond one is the calculation
of thc A logR valucs. The basclined values of both
resistivity and interval transit time are taken to be 6
ohm.m and 89 us/ft.,, respectively. The results are
represented by table (1). Although most of the LOM
valucs lic in the beginning of maturation zone no source
roock is identificd where all A logR valucs arc ncgative.
It is obscrved that the (D) method and the (A logR)
methods confliirms each other and can help in casc of
absence of other information in identifying the source
rock intervals.

Thirty Nine shalc intervals with a sum of of 198 m
thickness are considered in this study.

CONCLUSION

Application of both cross-plot and A logR techniques
al all shale intervals at Negelah well show good
corrclation between both of them. Correlation and
intcgration between them proved all the study intervals
10 be barren from organic carbon and can not considcred
as source rock. Both techniques confirmed cach other
and can be used in an intcgrated manner in case abscnce
of adcquate information {from corc samples.
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