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Abstract 

Komombo basin is located in the southeast western desert at the west bank of 
River Nile. It is a frontier exploration area. The productive reserves of oil occur in the 
Cretaceous reservoir, to date the target for petroleum exploration is very difficult due to 
lack of information. The present study aims to reevaluate the Cretaceous reservoir which 
represent by Abu Ballas (Aptian) and Six Hills formations (E. Cretaceous) throughout the 
integration of seismic and well data. The regional structural features are NW-SE based on 
structural contour maps constructed and the basin located at SE direction. Based on well 
data the stratigraphic section from basement to tertiary was intersected and penetrated. 
Seismic inversion utilizes the seismic data, well logs, seismic velocity and interpreted 
horizons to generate impedance data. After applied seismic inversion techniques we can 
know the acoustic impedance for reservoir rock (Abu Ballas and Six Hills formations) 
and throughout that we can know petroleum system in the area but with new concept 
depend on model based inversion techniques from the values of acoustic impedance for 
reservoir, seal, and source rocks.  

 
Keywords: Komombo Basin  

 

Introduction 

Komombo area included Al Baraka oilfield which consider is the first oilfield 
discovered outside Egypt’s conventional producing areas. The concession is situated in 
the Komombo Basin, located 800 km south of Cairo and is characterized by multiple 
stacked sand reservoirs. The concession contains the producing Al Baraka oilfield, 
covering a development area of 50 Km2. This study aims to identify the subsurface 
information of the area by using seismic data and well data. This paper addresses 
recurrent questions in hydrocarbon reservoir characterization. What are the properties of 
rock? The other aims of this study are Acoustic impedance (AI) for every formation 
whatever Reservoir, Source, and Seal to complete image of petroleum system and make 
reservoir characterization on the area. Moreover that This study aims to reevaluate the 
cretaceous reservoir which represent by Abu Ballas and Six Hills formations throughout 
the integration of seismic and well data. The data used for the present study include 
seismic and borehole data. The seismic data cover about (186 km2) of the area which 

654 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 9, September 2015. 

www.ijiset.com 

ISSN 2348 – 7968 

 

represent part from Komombo Basin. The well data include VSP (Vertical Seismic 
Profiles), composite log in the form of las file format including (GR, Resistivity, Density, 
Sonic and Neutron) and Mud logging data for wells. 

Location map and Geological Setting 

Komombo Basin lies west of the River Nile in the southern Western desert, north 
of Aswan city bounded by latitudes 24P
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Structural Setting of Komombo Basin: 

The Western Desert of Egypt consists of a series of small rift basins. Although some 
are of Permian age, Guiraud (1998) considered that most were initiated in the Late 
Jurassic–Early Cretaceous, contemporaneous with the creation of the Mediterranean 
basins and with the southernmost Sirte rifts in Libya. Extensional tectonic activity was 
terminated in the Late Cretaceous by the Syrian Arc inversion phase (Mac Gregor and 
Moody, 1998). According to Sestini (1995), the dominant structural style of the Western 
Desert consists of a deep series of low-relief horst and grabens separated by master faults 
of large throw, and broad Late Tertiary folds at shallower depth. Egypt has seven main 

(Fig. 1): location map of the study area  (Komombo Basin, Upper Egypt) 
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(Fig. 2): Depth Structural Contour Map on top Abu Ballas (Aptian),  

Komombo Basin, Upper Egypt 

tectonic trends, which vary in strength and prevalence throughout the country  north-
south (Nubian trend); north-northeast (Aqaba trend); east-west (Tethyan trend); west-
northwest (Darag trend); east-northeast (Syrian Arc trend); northeast (Tibesti trend), and 
northwest (Red Sea trend) (Meshref, 1990). The east-west Tethyan trend, i.e. the 
Kalabsha fault, and the northwest Red Sea trend are the dominant fault trends in the 
Aswan area. 
Depth Structural Contour Maps: 

a) Depth Structural contour map on the top of Abu Ballas (Aptian) Formation. 

From the horizon and fault interpretation, structure map were produced. Structural 
highs are stretch over the field in the northwest direction while structural lows were 
observed in the southeast. (Fig. 2) is the Depth structure map of Abu Ballas (Aptian) 
formation. The field fault population is characterized mostly by NW-SE trending faults 
that are curvy- shaped, all almost parallel to the main fault boundary. Abu Ballas Fm. is 
an important reservoir in this area. 

b)  Depth Structural contour map on the top of Six Hills E (E. Cretaceous) Member. 
As the same of Abu Ballas map, Structure map of Six Hills E (E. Cret.) were 

constructed. Structural highs are stretch over the field in the northwest direction while 
structural lows were observed in the southeast. (Fig. 3) is the Depth structure map of Six 
Hills E member. The field fault population is characterized mostly by NW-SE trending 
faults that are curvy- shaped, all almost parallel to the main fault boundary. Six Hills E 
member is an important reservoir in this area. 
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Regional stratigraphy of Komombo basin: 

The stratigraphic sequence of Southern Western Desert has deeply been 
investigated by many authors. This sequence could mainly be described in terms of Late 
Jurassic, Cretaceous and Paleocene succession (Fig. 4). 

 
Seismic Inversion Techniques applied for Abu Ballas and Six Hills Formations 

Background 

3D seismic volumes potentially contain a plenty of information concerning rock 
type and quality (lithology), as well as fluid type (gas, oil and water). In order to extract 
this data, the change of reflection strength with angle (AVO, or elastic response) is 
analysed as well as the normal incidence reflections. The process of predicting from well 
logs and geological assumptions what information the seismic contains is modelling, 
while the process of extracting rock & fluid properties from seismic data is known as 
inversion. Seismic inversion is recovering earth properties or extracts additional 
information from seismic data (Veekan and Silva, 2004). In general, inversion increases 
the resolution of conventional seismic data and in many cases puts the study of reservoir 
parameters at a higher level (Veekan and Silva, 2004). At present, several independent 
methodologies can be distinguished within the spectrum of the 2D and 3D seismic  

(Fig. 3): Depth Structural Contour Map on top Six Hills E (E. Cretaceous) 

Komombo Basin, Upper Egypt 
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(Fig.4): Stratigraphic Column and Petroleum elements of Komombo Basin,  

Upper Egypt. 
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interpretation approaches: multi-dimensional attribute analysis, neural networks, AVO 
analysis, inversion, etc. (Avseth set al. 2005). Post-stack inversion provides acoustic 
impedance information, often assuming zero-offset reflectivity. One seismic 
measurement is de-convolved into one localized attribute more suitable for reservoir 
characterization. It is then transformed into petrophysical variables of interest through 
statistical or empirical, implicit or explicit, relationships (Doyen, 1988). Seismic 
reflectivity often provides an excellent structural picture of the subsurface. With suitable 
interpretation, stratigraphic details can also be inferred. However, our main goal in 
seismic surveying for petroleum is to find lithological type and the presence of fluids. 
Seismic inversion is the process by which the seismic reflection amplitude is converted to 
velocity (Lindseth, 1979; Russell, 1988). This conversion process is, unfortunately, prone 
to non-uniqueness and is susceptible to error. But, the resultant velocity is a rock property 
and can be related to rock type, porosity, and pore fill. Thus seismic inversion is a 
desirable, but somewhat subjective, Procedure. Wave impedance is an important physical 
parameter of rock structure, which can be compared directly with drilling data, and used 
to make lithologic interpretation and physical property analysis of reservoirs. The 
acoustic equation of time curves from logging is the most important routine data, which 
represent reservoir characters. These curves have been applied to wave impedance 
inversion of reservoirs, yielding remarkable geological effects. Seismic inversion has 
been applied by several authors with different approaches (Hampson and Russell, 2004).  
Inversion was used to improve the prediction of reservoir properties from the 3D seismic. 
These predictions should become more accurate as wells are added. Thickness and 
porosity are fairly easy to predict depend on Acoustic Impedance Values. Although 
inversions can make quantitative predictions, they remain interpretive, seismic-based data 
sets with limitations like band width, tuning and interference, noise, no uniqueness, and 
so on. Thus, knowledge gained through inversion should be interpreted and combined 
with other geologic criteria such as trap configuration, facies models, hydrocarbon 
charge, and migration routes to assess a prospect. Seismic inversion utilizes the seismic 
data, well logs, seismic velocity and interpreted horizons to generate impedance data. The 
first step in the inversion workflow is the well to seismic tie. There are different types 
from Seismic inversion so in this study we make Model Based Inversion. 

Workflows for utilizing seismic data inverted to acoustic impedance data in 
reservoir characterization will be shown. We are using 3D seismic dataset at Komombo 
Area in South western desert on the west bank of the river Nile. This public domain 
dataset is fairly completed with seismic, well, and production data: 
•186 KmP

2
P of 3D seismic data 

•Vertical seismic profile (VSP) for Al Baraka-1 well 
•Formation tops for wells, after that we make synthetic seismogram (Fig.6) and run the 
initial model (Fig.7) 
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Methodology 

Strata is an interactive 2D and 3D modeling and inversion program which 
transforms post-stack seismic traces to velocity or acoustic impedance traces.  The 
program includes options for basic seismic processing, wavelet extraction, log editing 
and interpretation, as well as different methods of performing inversion. Seismic 
Inversion was applied by using Hampson Rassul software (HRS), The Following Chart 
(Fig. 5) Show methodology of applied Seismic Inversion Techniques. 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Fig. 5): Chart show Methodology of applied seismic inversion Techniques 
(Model Based Inversion). 
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Acoustic Impedance (AI) Distribution 

Acoustic Impedance Distribution of Abu Ballas formation 

Abu Ballas formation (Aptian) considered the good reservoir in the area, its 
characterized by: 17.5% average porosity and 56% average water saturation and this 
formation consist mainly of Sandstone with Shale and Siltstone streaks, After applied 
model based inversion Techniques we can detect the manner of every formation 
throughout detect acoustic impedance (AI) on seismic section (Fig. 7&8) and detect some 
location to drill new well to increase the reserve in this area. We can detect distribution of 
Acoustic impedance for Abu Ballas Formation after generate of Abu Ballas Horizon Slice 
(Fig. 9). The blue color is higher acoustic impedance than green color; we can detect the 
promising area (B) similar to the producing area (A)  

 

(Fig. 6): Synthetic Seismogram for Al Baraka-1 well in Komombo Basin, Upper 
Egypt 
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(Fig.  7: This display shows the results of applying the Model Based inversion at a single well 
location (correction about 0.096 and error about 0.25) Al Baraka-1 well, Komombo Basin, 
Upper Egypt. 
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Acoustic Impedance Distribution of Six Hills E member 

Six hills E member considered the best reservoir in the area, The Six Hills E 
reservoir is good reservoir quality: 18% average porosity and 52% average water 
saturation and this member consist mainly of Sandstone with Siltstone and Shale streaks. 
We can detect distribution of Acoustic impedance for Six Hills E Member after generate 
of six hills E Horizon Slice (Fig. 10). The blue color is higher acoustic impedance than 
green color; we can detect the promising area (B) similar to the producing area (A) 

Lead and Prospect 

After applied model based inversion Techniques we can detect the lead based on 
the distribution of acoustic impedance (AI) For Abu Ballas (Aptian) and Six Hills E (E. 
Cretaceous) Horizons. When see on Acoustic Impedance Maps or Inverted Seismic lines 
we can detect the lead which marked by circle (B) which situated (located) in high 
structural. 
Conclusion 

Abu Ballas and Six hills E formations considered the best reservoir in this area. 
The seismic inversion was applied to predict Acoustic impedance (AI) to know the 
subsurface reservoir characteristics. We can detect distribution of Acoustic impedance for 
Abu Ballas and Six Hills E after generate Horizon Slice. The blue color is higher acoustic 
impedance than green color; we can detect some location to drill new well to increase the 
reserve in this area depend on the difference of acoustic impedance values, 28Tand we can 
detect that there is28T 28Ta promising area (B) 28T is28T similar to28T 28Tcurrently28T 28Tproducing area28T (A) and 
characterized by the same properties of area (A) which situated (located) in high 
structural. 
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(Fig. 9)  Horizon Slice of Top Abu Ballas (Aptian) show distribution of 
Acoustic Impedance (AI) 

(Fig. 10):  Horizon Slice of Top Six Hills E (E. Cret.) show distribution of 
Acoustic Impedance (AI) 
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