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ABSTRACT: Subsurface total count gamma-ray (GR) data were recorded of ten wells, from Alam El-Bueib
Formation, north Western Desert, Egypt. The radiogenic heat production (RHP) was constructed with the three-
dimensional block diagram from the subsurface well logging total gamma-ray data recorded within Alam El-Bueib
Formation. The studied rocks possess a range of radiogenic heat production estimated from the GR logs (Aggr), is
varying from 0.10 pWm-3to 2.6 uyWm m3, the average value is 0.9 pWm3, with standard deviation of 0.53 pwm?3,

The radiogenic heat production of the sandstone rocks of Alam El-Bueib Formation is relatively higher than the
average RHP of the crustal sedimentary rocks. The data distribution illustrate that, about 72.09 % for Agr values, that
ranged from 0.4 to 1.2 uyWm3, The three dimensional slicing of Alam EI-Bueib Formation shows that, the northwestern
and western portions of the study Formation have the highest radiogenic heat production. The estimated RHP in Alam
El-Bueib Formation produces heat, this heat causes an effect on the hydrocarbon potential.

INTRODUCTION

Khalda offset new concession of oil field is thickness, wide areal distribution and varying facies
located in the northern province of the Western Desert characteristics. Mohamed et al., (2016) reported that,
(Fig. 1). It is delimited by latitudes 30°40" and 30°50’ N the estimated RHP in Rudeis Formation of Belayim
and longitudes 26°25’ and 27°00’ E. The subsurface marine oil field, Gulf of Suez, Egypt, may produce
Lower Cretaceous Alam El-Bueib Formation in the enough heat for the maturation process of the
northwestern desert Basin, including ten studied wells, hydrocarbon products.
have attracted the attention, because of their large
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Fig. 1: Base map showing the studied wells in the North Western Desert, Egypt.
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The main purpose of this paper is to get new
insights on the geothermal setting of Khalda offset new
concession oil field area, north Western Desert, Egypt,
using the total count gamma-ray logs. The RHP in Alam
El-Bueib Formation is estimated by applying the
method of Bucker and Rybach (1996) technique. The
well log datawere used to study RHP which has an
effect on the hydrocarbon maturation. The RHP
estimation in Alam EI-Bueib Formation allows the
recognition of new sites suitable for conducting heat
measurements, explaining the temperature variations
with depth and interpreting the presence of heat flow
changes. Additionally, heat production can be used for
modelling the temperature distribution in the study
Formation.

GEOLOGIC SETTING

The Western Desert province constitutes
approximately 66 % of the surface area of Egypt. The
study area subjected to different tectonic regimes, since
the Paleozoic, as a result many sedimentary basins and
sub-basins, ridges, troughs and platforms are formed.
The study of the Cretaceous rocks in Egypt (in general)
and in the northern part of the Western Desert (in
particular) is interesting, due to its high hydrocarbon

potentiality. This province consists of a number of
sedimentary basins, that received a thick succession of
Mesozoic sediments. Several authors, such as
Schlumberger (1984 & 1995), Barakat (2017) and
Temraz et al. (2017), showed the most important
geologic characteristics of these sedimentary basins,
which include stratigraphy, facies distribution and
tectonic framework.

Alam EI Bueib Formation is considered one of the
main conventional rock units producing hydrocarbon. It
is mainly composed of fine to coarse clastic sediments,
which conformably overly the carbonates of Masajed
Formation (Upper Jurassic) and conformably underly
the Alamein Dolomite (Fig. 2). Bore hole data show
that, Alam El Bueib Formation is composed mainly of
sandstone, siltstone and calcareous shale. These facies
reflect shallow marine environments of deposition
(Ramadan et al., 2012 and Temraz et al., 2017). They
recognized that, Alam EI Bueib Formation has mature
source rocks, derived from mixed organic sources which
has fair to good capability to generate gas. The current
study aims to evaluate the radiogenic heat production
resulted from the shale content distributed within Alam
El Bueib Formation, through the interpretation of
gamma-ray log data.
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Fig. 2: Simplified stratigraphic column of the Western Desert, Egypt
(modified after Schlumberger 1984, 1995).



ESTIMATION AND INTERPRETATION THE RADIOGENIC HEAT PRODUCTION ... 3

CALCULATION METHODOLOGY

RHP was calculated, using the empirical
equation developed by Bucker and Rybach (1996),
which requires only the GR logs. GR log is often
recorded, as a fundamental geophysical measurement in
most logging runs. The total GR emission can be
measured and conducted either by logging tools in
boreholes or in the laboratory. The RHP from GR logs
determined by Bucker and Rybach (1996), using the
following empirical equation:

Asr [ (W mJ ~(-3) ] = 0.0158(GR[API]-0.8)

where: Agr is the radiogenic heat production and has a
unit (uWm?); GR is the total gamma-ray log, which is
scaled through the American Petroleum Institute (API)
units. The total gamma-ray log data obtained from ten
wells penetrating Alam EI Bueib Formation were
digitized and converted to regular intervals of 0.5 ft,
using the common statistical package SPSS program.
The total GR data were normalized before processing,
using the histogram normalization technique (Gadallah
etal., 1998 and 2009).

The process of normalization was used to ensure
the homogeneity, field-wide consistency and for the
reservoir description. This was necessary, because most

fields were drilled over long time span, by different
logging companies and with varring drilling parameters.
The multi-well normalization correction tasks were
applied on the GR log data as follow:

1. Preparation of the multi-well data distribution for GR
log data recorded in all available wells.

2. Preparation of the individual well data distribution for
the corrected logs in every well.

3. Normalization of the corrected logs in every well

RESULTS AND DISCUSSION

Figure (3) shows the ouput of the normalization
process. The standard histogram of the total GR log data
for all the used wells was generated (Figure 3a). The
individual GR histogram of Hazem-IX well before the
normalization is shown in Figure (3b). Comparison of
the individual histogram of GR log data, with the
standard multi-wells histogram of the same GR log data,
was performed. The process of normalization was
implemented on the low GR side of the histogram. A
shift of —12 API was required to ensure good matching
between the individual GR histogram of well Hazem-I1X
and the standard multi-wells as shown in Figure (3c).
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Fig. 3: Normalisation histograms of the GR log in Hazem-1X well, Alam El Bueib Formation,
(a) Standard histogram of total GR log data for all wells.
(b) The individual GR histogram of well BM-35.
(c) Anormalised histogram of the GR log.
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The histogram of the GR log, as observed from
Figure 3a illustrates that, the main GR values varies
from 10 to 160 API, which suggests the presence of
shale zones of varying volumes within Alam El Bueib
Formation. Generally, the shale has been noted to have
high radioactive elements as compared to other rock
types (Serra, 1984; lyer et al., 1996 and Wang et al.,
2000). Table (1) shows the total GR values, which must
be either added to or removed from the GR data
recorded in the ten wells.

The summary of statistical analysis of the
calculated RHP values of the ten wells in Alam El
Bueib Formation are illustrated in Table (2). The RHP
values, derived from the GR logs (Agr), vary between
0.10 and 2.61 pWm, with an average of 0.90 pwWm-=
and a standard deviation of 0.53 pwm=. The data
distribution and cumulative frequency curve of the
calculated RHP from the total count GR, are represented
in Figure (4). The trend line illustrates that, the RHP
values, ranging between 0.4 and 1.2 pWm?3, which are
~72.09% of the total GR values.

Table 1: Shifts required for the GR data normalization of Alam EI Bueib Formation wells.

Well name

Hazem-IX|KHALDA-4KAH UC-94KAH S-IXHAYAT-2X[SALAM-32TUT-23TUT-53UMB-73

Value (API)| 14 3 23

5

7 5 14 30 36

Table 2: Statistical analysis of the RHP, corresponding to AEB Formation within the study area (uWm).

Mean
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Fig. 4: Histogram and cumulative frequency of RHP, ABR,
of the Alam EI Bueib Formation from all ten wells.

Figure 5 shows a log of calculated RHP from the
recorded Gamma ray data (ABR) with depth in well
Hayat2X; the calculations shows good agreement
downhole. RHP equation has been successfully tested
on several well logging data in the Alam El Bueib
Formation where GR logs are available.

The log-derived reservoir parameter was
interpolated in three-dimensions, to construct a three-
dimensional (3D)-slicing. Python computer software

was used to construct the 3D-slicing, to show the
variation and distribution of the calculated RHP in Alam
El Bueib Formation. The data were displayed in the
form of volume coverage by an interpolation process, in
which new values were estimated for the locations, with
no recorded data, based on the spatial patterns within
the real data (Ghoneimi, 2002).

RHP (Agr) is visualized within the Alam El Bueib
Formation. The exterior RHP distribution of the
reservoir (Figure 6a) represents the outer three faces.
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Fig. 5: The calculated ABR for AEB Formation with depth in well Hayat 2X.

On the top face, the lower RHP values (below
0.55 pWm3) appear in the east southern part, while the
higher values (over 0.8 pWm) appear in the north part.
In the front face, higher RHP values (over 1 pWm=)
appear in the north, extending to the northwestern part,
while the lower values (under 0.8 pPWm? ) spread
toward the south part of the face. In the left side face,
RHP values over 1 pyWm appear in the north part and
increase gradually to more than 1.5 pWm3 in the central
part, before decreasing again to 1.0 ywWm? in the
southern part. Figure (6b) illustrates the change of RHP
in the x-direction, with a moderate value of 1.2 pyWwm-.
This value is common in all the ten planes, especially in
the western ones. The RHP values, in the x-direction
planes, reach its highest value with about 2 pWm= in
the northwestern part of the study area. The variation of
the radiogenic heat production in the y-direction,
illustrated on Fig. (6¢), as the minimum value (0.6
UWm3), is recorded in the southern part of the study
area, while the maximum value (1.73 pwm?3) is

reported in the northern and northwestern parts.

The variation of RHP in the z-direction is
illustrated in Figure (6d). The higher values (over 1
UWm3) appear in the northern and northwestern parts of
AEB Formation. The anatomy of the studied Formation
in the three dimensions is illustrated in Fig. (7a), where
the minimum value of 0.5 pWm= is recorded at the
south part of the reservoir. It increases toward the
northwestern and northern portions of the reservoir,
reaching the maximum value of 2 pwm=3. The cut-off
for the radiogenic heat production (Figs. 7b - 7d) were
applied at three different values, with 0.7 pWm?=, 1
pwm3 and 1.2 pwm?3,

Figure (7) shows the RHP distribution within
Alam EI Bueib Formation, the RHP is less than 0.6
pWm? in the south part of the reservoir. While, the
RHP is more than 0.7 pWm3 at the northwestern and
northern portions of the reservoir.
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Fig. 6: (a) Exterior view, (b) 3D-slicing in the western direction, (c) 3D-slicing in the northern
direction and (d) 3D-slicing with the depth direction of Alam EI Bueib Formation.
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Fig. 7: Interior view and cutoff for radiogenic heat production,
ABR of the Alam El Bueib Formation
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Figures (8a, to 8d) illustrate the highest and lowest
horizontal distributions of the RHP in AEB-1 Member,
AEB-2 Member, AEB-3A Unit and AEB-3C Unit,
respectively. In AEB-1 Member, the RHP values
increase toward the northwestern direction, where the
maximum value of 1.9 pyWm?= is recorded at UMB-37
and KAH UC-94 wells. High RHP values are observed
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at the central portion of AEB-2 Member near Khalda-4
and Hazem-IX wells. In AEB-3A Unit, the RHP values
decrease toward the northcentral and southeastern
portions of the Alam El Bueib Formation, meanwhile
AEB-3C Unit shows the minimum values (<0.6 pwm?),
as recorded at the south part of the study area, around
Hayat-2X well.
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Fig. 8a: Horizontal distribution to the RHP in AEB-1 Member.
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Fig. 8b: Horizontal distribution to the RHP in AEB-2 Member.
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Fig. 8c: Horizontal distribution to the RHP in AEB-3A Unit.
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The interpretation of these results indicate the
major occurrence of clay minerals and the minor shale
content in the north and west northern portions of the
Alam El Bueib Formation. The total RHP of the Alam
El Bueib Formation can be calculated, by using the
average value of 0.9 pwm?3, the Alam El Bueib
Formation covers ~13 km? and the average formation
thickness is ~ 900 m; the volume of the Alam EIl Bueib
Formation can be calculated as:

Volume (m®) = covered area (m?) x average
formation thickness (m)

Volume (m?) =13 x10¢ (m?) x 900 average
formation thickness (m)

The total radiogenic heat production (TRHP) for
the Alam EI Bueib Formation can be calculated as:

TRHP = (Volume (m®)) x (Average TRHP (LWm))
TRHP = (117 x108 m®) x (0.9 pwm=3) =1.053 kW.

CONCLUSIONS

The radiogenic heat production of the Alam El
Bueib Formation (Agr) ranges from 0.10 to 2.6 pWm=,
with an average of 0.9 uWm=3, Generally, the higher
RHP values exist in the northern and north-western
parts of the study area, as shown on the 3D-slicing and
cut-off figures. The areal distribution maps reflect the
highest and lowest part for the different Members and
Units of AEB. In AEB-1 Member, the RHP values
increase toward the northwest direction, meanwhile
high RHP values are observed at the central portion of
AEB-2 Member. In AEB-3A Unit, The RHP values
decrease toward the northcentral and southeastern parts
of the study area, meanwhile AEB-3C Unit shows the
lowest values of RHP at the southern part of the study
area. As well as a major occurrence of clay minerals and
the minor shale content are noticed at the northern and
northwestern portions of the study area and the TRHP
for the study area is estimated of 1.053 kW.
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