Journal of Applied Geophysics (Cairo) Vol. 21, Issu.2, September (2022) (p.p., 1-10)

Egyptian Society of Applied Petrophysics

Journal of Applied Geophysics (Cairo)

ISSN: 1687-1251 Journal home page: https://jag.journals.ekb.eq/

Original Article

Petrophysical analysis for the well logging data; A case study from West Wadi El Rayan, Abu
El-Gharadig basin, Western Desert, Egypt

Mohannad O. AboBakr*, Walid M. Mabrouk" and Ahmed M. H. Metwally*

! Geophysics Department, Faculty of Science, Cairo University, Giza, Egypt

ARTICLE INFO ABSTRACT

E;%‘(’)"Ot:dzécal N The purpose of this paper is mainly to apply a complete workflow for a petrophysical
Abu Epl_}éharadig gasin evaluation to enhance and quantify hydrocarbon prospect and productivity of West
hydrocarbon prospect Wadi El Rayan field in Abo EI Gharadig Basin, Western Desert, Egypt through the
Egypt quantitative interpretation of the logging data for WD38-1 well. The litho-saturation
Received 9 June 2022 model will be created for WD38-1 well, so that at each depth, the volume of shale,
Revised 1 August 2022 matrix, water and hydrocarbon could be determined. This model provides a direct

Accepted 15 August 2022

Published 1 September 2022 technique for the quantitative interpretation for the petrophysical parameters, such as

shale volume (Vsh), porosity (@) and fluid saturations (Sw and S#), which are the most
important for the geologists, geophysicists, petrophysicists and petroleum engineers.

1. Introduction

This study introduces a review for the main petrophysical parameters, calculated from the conventional well
logging data. A workflow (Fig.1) is represented to design the litho-saturation model, which is the desired output
from this study. To construct the litho-saturation model, the volume of each of its internal components (rocks
and fluids) should be calculated. First, the shale volume (V) calculations is followed by the porosity (@)
calculations, after that by adding the shale volume to the porosity and subtracting them from the total volume
and the volume of matrix (V,,,) will be estimated. Then, the water and hydrocarbon saturations (S,, & S), which
need the determination of the water resistivity (R,,) to be calculated. Finally, the bulk volumes of the fluids either
water or hydrocarbon will be calculated.
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1. Shale Volume
Calculations.

2. Porosity
Calculations.

3. Matrix Volume
Calculations.

4. Water Resistivity
Determination

5. Saturation &

Bulk Volumes
Estimation

6. Litho-Saturation
Model.

Fig.1. A workflow to construct the litho-saturation model.

2. General Geologic setting

The Western Desert of Egypt is a district that lies west of the River Nile, the width of the Western
Desert extends from 800 km at the north to 1000 km at the south away from the Nile Valley at the east to the
Libyan border at the west. Its length is about 1200 km from the Mediterranean shoreline at the north to the
Sudan border at the south. It is named - in contrast to the Eastern Desert - which extends east from the River
Nile to the Red Sea.The Western Desert is mostly rocky desert, though an area of sandy desert, known as the
Great Sand Sea, lies to the west against the Libyan border. The desert covers an area of 680,650 km2 which is
two-thirds of the land area of the country.

The study area is located at West Wadi El-Rayan filed (WWER) which located in the Western Desert
at about 140 km South West of Cairo and 65 km South West of El-Fayoum. The study area lies between
latitudes 29° 30°- 29° 50°N and longitudes 29° 50°- 30° 10°E, West Wadi El-Rayan area lies between Gindi
Basin and at the east side and Abu El-Gharadig basin at the west side (Fig.3). According to Darwish (1992),
several anticline structures, that can be related to the Syrian Arc inverted basins, are present across the stretch
from the Gulf of Suez to the Western Desert passing along the Kattaniya high, Sharib-Sheiba platform, Qarun,
Abu El-Gharadig, Alamein, Shushan and Matruh

3. Available data

The data consists of WD38-1 well which located at West Wadi ElI-Rayan (WWER) filed (Fig.3),
which contain: Gamma-ray (GR) log, Neutron ((@y)) log, Density (p,) log, resistivity (Res Deep, MSFL,
Res Shallow) logs and photoelectric (PE) log, as well as detailed formation tops. The well drilled in the
study area and the well results are shown in the Table (3a) The available 2D Seismic reflection data (Fig 3)
contain five different surveys conducted over West Wadi El Rayain (WWER) area are summarized in the
following tables (Table 3.a & b)
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4. Petrophysical analysis

The workflow - discussed in Figure 1 - is applied on the well logs derived from WD38-1 well, located
at Abu El-Gharadig basin, for formation evaluation and litho-saturation model.

4.1. Shale volume (V) calculations

It is the first and most critical parameter to calculate. This is because all the other petrophysical
parameters (effective porosity and water saturation) will be dependent on the volume of shale (V). The
volume of shale has a great impact in log interpretation. In a porous-permeable rock unit, if the volume of
shale is under-estimated, the calculation of the effective porosity will be optimistic, while if the volume of
shale is over-estimated, the calculation of the effective porosity will be pessimistic (Kamel and Mabrouk,
2003).

One of the most used equations for shale volume calculation, and the one we applied in our case
study, is the linear gamma-ray index equation (4.1a).

GRlog_ GRmin
GRmax— GRmin

Igr = (4.1a)

where; GR denotes the gamma-ray reading of the given depth-point, GRmin and GRmax are the gamma-
ray values of the clean formation (minimum reading on the GR-log) and shale (maximum reading on the GR
log), respectively (Asquith and Krygowski, 2004), (Asquith et al., 1982).

The shale volume (V) was calculated from the GR log, using equation (4.1a) and Steiber correction (1970)
was applied as shown in equation (4.1b). The GR-log and the corresponding shale volume for WD38-1 well

are displayed in (Fig 4.1), as an example.

Vp = 22 leR (Steiber, 1970) (4.1b)
1.5 - Igr

where: Vg, is the volume of shale; GR,,, is the gamma-ray reading; GRy,q, IS the maximum gamma-ray
(shale); GR,,,;,, is the minimum gamma-ray (clean sand or carbonate).

4.2. Porosity (@) calculations

The total porosity is calculated from the neutron (@) and density (p,) logs, then the effective
porosity (@.s.) is calculated (Hassan et al., 2019), considering the shale volume (V,) and the shale porosity
(Dsn). Fig (4.2) shows an example for calculating the total and effective porosities in WD38-1 well.

On+0
Brotal = Dnp = 22 (4.22)
weff = Btotar — Vsn * Dsn) (4.2b)

Where: @rq¢q; 0T @y pis the total porosity or neutron porosity; @, is the effective porosity; @, is the
porosity of shale; V;, is the corrected shale volume.



M. 0. Abo-Baker et al.

J. Appl. Geophys. Ca., Vol. 21, Issu.2, Sep. 2022

o

RE

Bbip

trghat

Py

Geire

Fig.4.1. GR log and the calculated shale volume
(Vsh) for WD38-1 well
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Fig.4.4. Picket's plot for WD38-1 well

Fig.4.2. @ and p,, logs, and the calculated total
and effective porosities for WD38-1 well.
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Another method (Chikiban B. et al., 2022) is worked out to calculate the effective porosity by using
the density tool, as:

Q)eff =0p— (Vsp*xA) (4.2c)

Then calculating the density — derived porosity for the total and shale rocks, as;

Bp = % (4.2d)
Bp = —’;:"ni’;;’ll (4.2e)

where:

Pm is the density of matrix, standard value (p,,, = 2.68 g /CM~3); p,, s the density log value

Pri is the density of pore fluids, standard value (or = 1.0 g ICM™3); pg, is the density of shale, from
laboratories measurement; (ps, = 2.42 g / CM~3) Vq, is the volume of shale, in decimal; A is the
shale correction.

4.3. Matrix volume (V,,,,) calculations

By definition, the matrix volume (V},,) could be estimated by subtracting the sum of the shale
volume (V) and the effective porosity (@.7f) from unity, The volume of rock can be reached from the
summation of individual shale volume and matrix volume that calculated from individual tools, to get
information for the total porosity by sabtracting rock volume from unity, as shown in equation (4.3).

Ve =1— (Vg + @) (4.3)

4.4. Water resistivity (R,,) determination

In this case study, Picket's plot, 1973. (Fig 4.4) is used to determine the water resistivity (R,,), where
the porosity (@,) values are plotted versus the deep resistivity (R;) values on a log-log scale. Then by the
line, which best fits the minimum values for both, represents the 100% water saturation. By choosing a
value for the porosity (@,) on the Y-axis and intersecting the line of the 100% water saturation, the
corresponding value on the X-axis (R;) will be the R,,. Then, the water resistivity could be calculated using
equation (4.4).

R,=F*R, (4.4)
where:

R, is the formation water resistivity at S,,=100%; F is the formation resistivity factor (F=@~™); m is
the cementation factor, the slope of the line, representing S,,=100% , equals (-1/m).
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4.5. Saturations and bulk volumes estimation

Archie, 1942 is used to calculate the water saturation (S,,) and consequently the hydrocarbon
saturation (Sy), equations (4.5a & 4.5b). By knowing the porosity, the bulk volume of water (BVIW) and
the bulk volume of hydrocarbon (BVH) can be estimated by multiplying the porosity with the saturation
values, equations (4.5¢ & 4.5d).

Water and hydrocarbon saturations are show in Fig (4.5), as well as the bulk volumes of water and
hydrocarbon in WD38-1 well, as an example.

S, = JFRW . (Rit—ﬂ) (4.52)

Rsh

Sep = JFRmf * (L_M) (4.5b)

Ryxo Rgp
where:

Sy&S,, are the water saturations in the uninvaded zone and the invaded zone respectively; R, is the
formation water resistivity. R, is the true formation resistivity; R, ; is the mud filtrate resistivity; R, is the
invaded zone resistivity; F is the formation resistivity factor; V,is the corrected volume of shale; Ry, is
the resistivity of shale.

Now, by calculating the water saturation, the hydrocarbon saturation can be estimated from equations (4.5¢
- 4.5¢).

S, =1 -8, (4.5¢)
Sy =1 — Sy, (4.5d)
Shm = Sn = Snr (4.5¢)

where:

Sy, is the hydrocarbon saturation in the uninvaded zone; S;,,.is the residual hydrocarbon saturation in the
invaded zone; Sj,,,,is the movable hydrocarbon saturation (producible) in the connected pores.

By knowing the porosity (@), water saturation (S,,) and the hydrocarbon saturation (S;,), the bulk
volume of water (BVW) and the bulk volume of hydrocarbon could be estimated, where (BVW) is the
product of the porosity and the water saturation (equation 4.5f) similarly (BV H) is the product of the porosity
and hydrocarbon saturation (equation 4.5g).

BVW = ¢ S, (4.5f)
BVH = @ * S, (4.50)
where:

BVW is the bulk volume of water; BVH is the bulk volume of hydrocarbon.
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Fig.4.5. Curves for water saturation (Sw),
effective porosity and bulk volume of water
(BVW) in WD38-1 well.

4.6. Litho-saturation model

The litho-saturation models for all wells are constructed, which provide a direct method for
representing the most important petrophysical parameters (Vsp,, @, Ve, BVW and BVH) at each depth in
each well. Figure (4.6a) shows the litho-saturation model for WD38-1 well.

4. Results

The outcome of the petrophysical evaluation showed that, this area has a very promising hydrocarbon
reservoir. WD38-1 well showed that, the lower Bahariya Formation contains a promising net-pay reservoir.
WD38-1 well showed that, the hydrocarbon is present in Lower Bahariya Formation and in the Upper Burg
El Arab Formation The highest net-pay zone is 180 m. at the Lower Bahariya Formation, while the lowest is
120 m. at the upper Burg El Arab Formation (Fig 4.6b).
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Fig.4.6a: Litho-saturation model for WD38-1 well.

Fig. 4.6b: Litho-saturation model
Bahariya reservoir in WD38-1 well.

WD38-1 well showed that, the average hydrocarbon saturation is 75% at the Lower Bahariya Formation,

while the average hydrocarbon saturation is 87% at the Upper Burg EIl Arab Formation.

5. Conclusion

This paper displays a full petrophysical evaluation, aiming to improve the reservoir saturation of West

Wadi El Rayan area. From the interpretation, the following conclusions have been reached:
1. The main reservoir in West Wadi El Rayan concession is the Lower Bahariya Formation and Upper Burg
El Arab Formation. From the lithology cross plot, it consists mainly of sandstone mixed with few lime-

stones.

2. The average total porosity is 20-25% and the average effective porosity is 15-18%, indicating a good
reservoir quality.
3. From the hydrocarbon indicators and petrophysical parameters calculation, the hydrocarbon is present at
WD38-1 well in the Lower Bahariya Formation, and in the Upper Burg EI Arab Formation. This might
be due to a structural feature event (maybe normal fault), causing the oil to be trapped in the Upper Burg

El Arab Formation and in the Lower Bahariya Formation.
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