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  الغراديق، أبو حوض شرق  للبترول، جنوب فردوس حقل الصدوع المسدودة في تركيبى وتحليل نموذج بناء

 مصر  ، الغربية الصحراء
وت(مثةةل  تشمل نمذجة الخزان الهيدروكربونى  نوعين رئيسيين: النمذجة الجيولوجيةةة لالنمةةولإس اتيةة( تيمىج ونمذجةةة المل مةة   لالنمةةولإس الةةد ن  يم ج    :الخلاصـة

ييةةةن أنهةةة   همةةةة جةةةدا  ةةة  تحيةةةيل  –ج OOIPوإي(يةةة اى الو(ةةةروو  الموجةةةول ل   أهةةةدام نمذجةةةة الخةةةزان تخ يةةة  تحيةةةيل لييةةة  لفيجةةة ز ال  يةةةة وال ةةة  ية ل خةةةزان  
تن(ةة س يينمةة   ةة(ل اي( ةة لت خ ة ةةة ت ةةوزر الخةةزان   ةة(ل ونشةة س النمةةولإس اتيةة( تيمى يوايةة ة الجيولةةوجيين والجيو يززةة ئيين ل(حةةدتل و ةة  ويةة( تيمى ل خةةزان يوةةل ا

 ةة  ن(ةة ئت ال( سةةير ونش س النمولإس الد ن  يم   ن يول  هندي  الخزان لمل م   تد   الموائع لاةل الخزان ع ةةى  ةةدار عمةةر اتن(ةة س   ةة  هةةذا ال مةةل اللةة ل    ت 
جنةةو  ةةةرت  وتمةةةذ   دةةل ال ةةدو  -غةةر السيز ى ال(ركيةةا الجيولةةوجى للحةةل  ةةرلول ل و(ةةروو وهةةو ة ةة ر  عةةن ك( ةةة ةةةد د  الميةةوو   ةةدوعة  ةةى وتجةة   ةةةم و 

جنةةو   وز(  ةةا ينةة س النمةةولإس ال(ركيوةةى النهةة ئى الاةةى اال ةة ل الخ ةةواخ ال( ليةةة: عم يةة خ -غةةر  و ةةةم و-جنةةو  ةةةرت و ةةةرت -الرئيسةةية وتجةة   ةةةم و غةةر 
السةةيز ية  تةةل اة( ةة ر ةمسةةة ولةة ر  ل ةةور   ةة  يحةةل نمذجة ال د   وة م خ ااعمد   وعمل أي ح ا ح خ وعمل ن  ي خ ل(مميد ال(راميا الم سر   ةةن الوي نةة خ 

  ااويةةو والسةة    وت ةةوزن ال لرزةةة G رلول ل و(روو وتلد د الوضع اتي يم  لهذا الجزس  ن ال لراس الغربية  وتشةةمل أهةةدام الخةةزان الرئيسةةية  ةة  أيةةو روا   
ل  ةةن تح يةةل  ةةخور الخةةزان ر  ةةع  ةةخور الغيةةر الخةةزان  وتةةل ايةة(خداز ارزحةةة ال  ي  ك(ل  دةية   ئ ة لح  ةةة   ئ ةةة  ةةى الاةةة وتج هةة خ  وزدهةةر ال ةةد  المسةةدو 

اللةة ئو ال  ةةو   الريل الوي نى ل   لل ألان ل(لد ةةد الخزانةة خ الم(ح ي ةةة ل(حيةةيل جهةةد تةةد   الموائةةع عوةةر  رةةر  ال ةةد  وريةةل ةرز ةةة لمسةة(و  ال ةةد   ةةع تح ا ةة خ
   ااويو والس  ى وال لرزة ال  ي     الل ئو الس  ى  ى الج نا ال  ةةو   جن ةة  ولةةى جنةةا  ةةع G   والل ئو الس  ى ع ى ي ح ال د   وزح يل ةزان خ أيو روا

  ال  ةةوو   ةة  اللةة ئو ال  ةةو  ل ج نةةا السةة  ى ليةةد G  و ةةخور ا  ةةة السةةد ايةةو روا   F   واللجةةر الجيةةرو ايةةو روا   Eأعرةة س امةة  وا  ةةة أيةةو روا   
   لاةل ال( وزنج  

ABSTRACT: Reservoir modeling typically falls into two main categories: geological modeling (static model) and 

reservoir simulation modeling (dynamic model). The objectives of the integrated reservoir modeling are to create a 

reliable evaluation of the bulk and net reservoir volumes, and the original hydrocarbons in place - which are of utmost 

importance in assessing the economics of a reservoir development project. Static model is created by geophysicists and 

geologists to provide a static description of the reservoir, prior to production whereas dynamic model is created by 

reservoir engineers to simulate the flow of fluids within the reservoir, over its production lifetime.  

In the present study, seismic interpretation yields Ferdaus oil field structure which is a northwest-southeast oriented 

highly faulted tilted block. Most faults are trending northwest-southeast or east-west, while a few trend north-south.      

Fault modeling, pillar gridding, make horizons and make zones processes were created and added together to build the 

final 3D structural model. The obtained final 3D structural model confirms the interpreted structure yielded from the 

seismic interpretation.  

The five wells drilled in the Ferdaus oil field tested and identified the regional setting of this part of the Western Desert 

by having northwest-southeast structure trend at Middle and Lower Abu Roash  “G” and Bahariya Formation target 

levels as a big horst block which is divided into smaller three-way dip closure tilted fault blocks by different fault 

trends.  

Fault seal can arise from reservoir/non-reservoir juxtaposition. Allan diagram method was used to determine the 

juxtaposed reservoirs for evaluating the flow potential across a fault strike and mapping the fault plane with the 

hanging wall and footwall intersections superimposed on the modeled fault surface. 

The Middle Abu Roash “G”, Lower Abu Roash “G” and Upper Bahariya reservoirs in the footwall upthrown are 

juxtaposed by Abu Roash “E” silt and shale, Abu Roash “F” Limestone and Upper Abu Roash “G" shale seal 

Members in the hanging wall downthrown side. 

INTRODUCTION

The North Bahariya Concession lies on the 

southeastern part of the Abu Gharadig Basin which is 

one of the main petroleum producing basins in the 

Western Desert about 150 km west of Cairo as shown in 

the study area location map (Fig. 1). The concession 

was first explored by Amoco, from the late 60's until the 

early 90's. The area was then awarded to IPR in April 

1998 for an initial exploration period of three years. The 

first exploration success came with the drilling of well 

NB-1X in May 2000, on a structure previously drilled 
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by Amoco (well WQ56/4-1, drilled in 1990). The 

modest results of the NB-1X well did not justify a 

stand-alone development. 

The Ferdaus Oil Field (Fig. 2) is contained within 

the stratigraphic sequence of Abu Gharadig Basin. 

Ferdaus oil field is mainly producing from the Upper 

Cretaceous (Cenomanian): Upper Bahariya, Middle and 

Lower Abu Roash G (ARG) sandstones, as shown in 

(Fig. 3). These reservoirs were deposited in a fluvial to 

shallow marine environment exposed to tidal influence 

and eustatic fluctuations in sea level. The Upper 

Bahariya represents a shoreline depositional 

environment, characteristics of barrier bar and for the 

channel sands. The environment of deposition for ARG 

reservoir sands was a wide long-shore tidal ridge, 

resulting in the deposition of sand bars and beach 

ridges. These bars and ridges can be connected, 

resembling a sheet-like sand deposit. 

Methodology 

1) Seismic Interpretation 

The geologic horizons were picked along all of the 

available seismic sections using computer program 

(Petrel 2014) software developed by Schlumberger 

Service Company and tying loops using intersection 

points of these lines and composite wells passing 

through them. These seismic reflection horizons are 

arranged from young to old and representing the 

following geologic formation tops: Top Middle and 

Lower Abu Roash G members and Upper Bahariya 

Formation reservoir targets.  

Fig. 4 shows a 2D seismic line 5462 in the dip 

direction (S-N) passing through Ferdaus-1 and Ferdaus-

12 wells that are used for geological formation tops 

identification and correlation during a well-to-seismic 

tie. This seismic line shows three normal faults (F1, F2 

and F3) in the central part dissecting the interested 

formation tops. F1 and F2 normal faults are 

downthrown to the SW with different throws and 

heaves, while F3 normal fault is downthrown to the NE.  

Ferdaus-12 well was drilled to explore Middle and 

Lower Abu Roash "G" reservoir sands as a primary 

targets in a separate three-way dip closure block (Fig. 5)  

 

 

Fig. (1): Location map of the North Bahariya Concession.  
 

 

Fig. (2): Ferdaus Oil Field location map. 
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Fig. (3): Abu Gharadig basin stratigraphic column (after Abdel Aal and Moustafa, 1988). 

 

 

Fig. (4): Interpreted S-N seismic line 5462 

passing by Ferdaus-1 and Ferdaus-12 wells. 

Fig. (5): Depth structure map on the top of Middle  

Abu Roash G.  
 

 

along the main up-thrown side block of the Ferdaus-1 

well E-W/WNW-ESE trending play fault (F2). The  

 

Middle and Lower Abu Roash "G" sands are completely 

missed in the Ferdaus-1 well.  
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2) Reservoir Modeling  

The main types of reservoir modeling are typically 

the static modeling and dynamic modeling. 

Construction of the reservoir model benefited from 

many discussions of the reservoir team: geologic 

modeler, geologists, petrophyscist, geophysicist and 

reservoir engineer. The goal was to construct a reservoir 

model that was adequately representative of the 

heterogeneities seen within the reservoir, detailed in its 

description, yet allowed easy modification of individual 

parameters through its evolution (Abdul Azim et al., 

2003). 

Static model is created by geophysicists and 

geologists to provide a static description of the 

reservoir, prior to production whereas dynamic model is 

created by reservoir engineers to simulate the flow of 

fluids within the reservoir, over its production lifetime. 

The main objectives of the 3D reservoir static 

model are to predict the reservoir stratigraphic edges 

and evaluate its hydrocarbon potentiality. Moreover, 

static model construction aimed at the delineation of 

geological structure, reservoir management, 

petrophysical properties distribution, risk reduction and 

heterogeneity investigation (Merletti and Torres-Verdin, 

2010). The areal extent of the reservoir, hydrocarbon 

thickness (net pay), porosity and saturation provide the 

volumetric estimate of the in-place hydrocarbon 

reserves and constitute the key inputs from seismic 

interpretation, facies and wireline logs to initiate the 

reservoir static modeling (Niranjan, 2016). 

Building a 3D geological model from field and 

subsurface data is essential to enhance the subsurface 

geological understanding and provide more vital 

information and accuracy throughout exploration, 

development and production cycles. Static model 

provides the skeleton to capture and combine the 

seismic structural interpretation and well petrophysical 

data in a numerically consistent way with known 

depositional characteristics (Noureldien and Merghany, 

2015). 

A static reservoir model typically involves three 

main stages, carried out by experts in the various 

disciplines (Cosentino, 2001) as follows: structural 

model, facies model and petrophysical model. The 

results of these three stages are integrated in a three-

dimensional (3D) context, to build an integrated final 

geological model of the reservoir. This model represents 

the reference frame for calculating the quantity of 

original hydrocarbons in-place (OOIP or OGIP), and on 

the other, forms the basis for the initialization of the 

dynamic model.  

Quality of the static model depends on the quality 

of facies, wireline logs evaluation and how many input 

data used for model building. Static model construction 

aimed at the structural delineation, reservoir 

management, petrophysical properties distribution, risk 

reduction and heterogeneity investigation. Three types 

of models can build the static model according to 

(Merletti and Torres-Verdin, 2010): Structural model, 

facies model and petrophysical model. 

Structural modeling 

The 3D structural model is the process of 

integrating the geological interfaces such as horizons 

and faults honoring the fault cuts and throws that have 

been identified from the well correlation (Mitra and 

Leslie, 2003). These surfaces should fit the data within 

an acceptable range, depending on data precision and 

resolution. 

In other means, structural modeling is the 

reconstruction of the geometrical and structural 

properties of the reservoir, by defining a map of its 

structural top and the set of faults running through it. 

This stage of the work is carried out by integrating 

interpretations of the geophysical surveys with the 

available well data. 

Steps for Building 3D Structural Model  

The 3D structural model is developed according to 

the following steps (Abdel Gawad et al., 2016; Zhang et 

al., 2015): 

1) Fault modeling 

2) Pillar gridding 

3) Make horizons 

4) Make zones 

1) Fault Modeling 

Fault modeling is the process of defining faults 

from seismic interpretation implemented into the 

geological model by generating fault pillars of network 

faults connected to each other which are known as key 

pillars (Du et al., 2015). Key pillars are lines that define 

the slope, angle and shape of the fault. Along each of 

these lines there are shape points to adjust the shape of 

the fault to match the input data. The key pillars are 

generated based on the input data such as fault sticks 

and fault polygons.  The fault modelling starts with 

picking the faults on the 2D seismic sections to create 

the fault sticks. Then, the faults sticks are grouped by 

Petrel software to construct the fault surfaces. These 

fault surfaces indicate the dip, azimuth, length and 

orientation of the interpreted faults. 

In the study area, the interpreted fault polygons on 

the tops of the Middle A/R “G”, Middle A/R “G” 

Limestone, Lower A/R “G”, Lower A/R “G” 

Limestone, Upper Bahariya and Lower Bahariya 

surfaces had been loaded into Petrel software and 

utilized to build the fault model. Fault sticks (Fig. 6) of 

the major faults were used to guide the 3D fault 

modelling process. Then, the faults sticks are used to 

construct the fault surfaces (Fig. 7).  
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2) Pillar Gridding 

Pillar gridding is the process of generating spatial 

framework of the grid skeleton for the 3D model and to 

limit the model in the I and J directions (Zhang et al., 

2015). The skeleton grid is constructed to detect the 

volume of the model in the space. The grid is 

represented by pillars (coordinate lines) that define the 

corners of the 3D cells. Trends and directions are used 

to guide the gridding process and to control the 

orientation of the grid cells. The 3D grid consists of top, 

mid and base skeleton grid each is attached to the top, 

mid and base points of the key pillars. In addition to the 

three skeleton grids there are pillars connecting every 

corner of every grid cell to their corresponding corners 

on the adjacent skeleton grids.  

The resulted fault planes from the fault modeling 

can be given in two directions, I and J, where the I 

direction is parallel to faults direction, while the J 

direction is perpendicular to them. There is also another 

given direction which is called A (arbitrary direction) 

this direction is given to the faults that do not follow 

either I or J direction (Noureldien and Merghany, 2015). 

The resulted 3D skeleton grid should be edited from any 

inconsistency in the input data (seismic surfaces, well 

tops, and dip angle) to get more accurate 3D grid. 

The goal of the pillar gridding process is to create 

distributed rectangular shaped grid cells. The grid used 

in Ferdaus oilfield is 50 m × 50 m × 1 m (Fig. 8). There 

are three skeleton grids as a result of the pillar gridding 

of the Ferdaus oil field model; the top, middle and 

bottom skeletons. These skeletons are the architecture of 

the structure model and will be used in building the 

horizons and zones.  

 

 

Fig. (6): Fault sticks of Ferdaus oil field in a 3D view. 

 

  

Fig. (7): Fault surfaces of Ferdaus oil field in a 3D view. 
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3) Make Horizons 

The make fault framework model and pillar 
gridding processes are completed, adding horizons is the 
next step in the workflow. The make horizons is the 
process of inserting the surfaces of stratigraphic 
horizons in the model (3D grid) from XYZ input data, 
while honoring the faults defined in the fault modeling 
(Zhang et al., 2015). It is considered as a first step in 
defining the vertical layering of the 3D grid in Petrel 
software. The 3D grid will have many main layers than 
the number of seismic surfaces inserted into the three 
grid skeleton. Fig. (9) represents the horizon model of 
the five interested seismic horizons: Middle A/R “G”, 
Middle A/R “G” Limestone, Lower A/R “G”, Upper 
Bahariya and Lower Bahariya. 

Fault model, pillar gridding, and make horizons 
processes are always considered together. It is normally 
checked in go, back, and forth between them. Problems 
with the fault model are often not obvious before the 

beginning of pillar gridding, and problems with the 
pillar grid may not be obvious before building the 
horizons with make horizons process. Similarly, many 
problems identified when using make horizons process 
will require an edit of the pillar gridding options or even 
the fault model . 

It is recommended to build the model simply at 
the beginning and go right through these three processes 
before progressively adding more complexity to the 
fault model. This helps to identify which features cause 
problems and how best to solve them. 

4) Make Zones (Zonation) 

The make zone process creates zones above, 
below or in between the resulting horizons (Zhang et al., 
2015). The zone generating process defines the roof and 
floor for each formation created in the making horizon 
process. Zones were added to the model by introducing 
thickness-isochore data created by the isochore points 
from well tops. Each formation was set to be one zone.  

 

Fig. (8): Pillar skeleton grids at Ferdaus oil field. 

 

 

Fig. (9): Horizon model of the Ferdaus oil field. 
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The zones construction process mainly relied on 

the petrophysical analysis to better estimate the sub-

layering system of Middle A/R “G”,  Middle A/R “G” 

Limestone, Lower A/R “G”, Lower A/R “G” Limestone 

, Upper Bahariya and Lower Bahariya. Well tops from 

correlation and isochore maps were used as input data to 

generate the needed zones in this area. 

The model has been divided into six zones (Fig. 

10): 

• Middle Abu Roash “G” member as two (layers) 

zones (reservoir and non-reservoir). 

• Middle Abu Roash “G” Limestone member as one 

zones (non-reservoir). 

• Lower Abu Roash “G” member as two zones 

(reservoir and non-reservoir).  

• Lower Abu Roash “G” Limestone member as one 

zones (non-reservoir). 

• Upper Bahariya was divided into two zones 

(reservoir and non-reservoir). 

• Lower Bahariya was divided into one zone (non-

reservoir). 

The confidence of the horizons picking is highly 

dependent on the quality of the data.  The confidence is 

high where the data quality is good and moderate where 

the data quality is fair and the horizons are highly 

faulted. In general, the quality of the seismic data is fair 

to good over the study area. The resulted depth structure 

map (Fig. 5) suggests that the Ferdaus oil field can be 

divided into separate blocks.   

Considering the above-mentioned four processes 

of the fault modeling, pillar gridding, make horizons 

and make zones were added together to build the final 

3D structural model (Fig. 11). The obtained 3D 

structural model confirms the interpreted structure from 

the seismic interpretation. It shows the regional tectonic 

uplift occurred in the study area and a typical tilted fault 

block indicated by the mapped faults. 

The five wells drilled in the Ferdaus oil field has 

been studied and confirmed the regional setting of this 

part of the Western Desert by having northwest-

southeast structure trend at Middle and Lower Abu 

Roash “G” and Bahariya Formation target levels as a 

big horst block which is divided into smaller three-way 

dip closure tilted fault blocks by different fault trends.   

Generally, Ferdaus structure is a northwest-

southeast oriented highly faulted tilted block. Most 

 

Fig. (10): Zonation model of the Ferdaus oil field in a 3D view. 

 

Fig. (11): Final 3D structure model of Ferdaus field. 
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faults are trending northwest-southeast or east-west, 

while a few are trending north south. 

The structural framework on top of the main 

reservoirs is provided by three seismically interpreted 

horizons, namely Middle A/R “G”, Lower A/R “G” and 

Upper Bahariya. The structure on top of the reservoir 

zones is generated by well tops and isochore maps. 

3) Ferdaus Fault Seal Analysis Juxtaposition 

Fault seal analysis means the study of the 

possibility of a fault to allow the fluids to move across 

the fault plane, whether it is a leak or seal (Yielding et 

al., 1997). A fault can be a transmitter of/or a barrier to 

fluid flow and pressure communication. Fault seal can 

arise from reservoir/non-reservoir (permeable/non-

permeable) juxtaposition or by the development of fault 

rock having high formation pressure. The controlling 

factors of a fault seal analysis are:  

1) The juxtaposition of reservoir against sealing 

lithology. 

2) Deformation during the fault displacement. 

3) Subsequent evolution and the current state of stress 

of the fault/proximity to failure (Yielding et al., 

2001). Whilst the stress state of fault relates to the in-

situ stress state of fault and the critical stress state, at 

which a fault may leak (Barton et al., 1995), 

juxtaposition relates to detailed mapping of an area 

to identify the reservoir-non reservoir juxtaposition 

and the possibilities of a non-permeable lithology 

forming a side seal to reservoirs, across a fault plane. 

Although in reservoir-reservoir juxtaposition, the 

possibility of seal still exists, if the fault zones have 

capillary pressure higher than the reservoirs on either 

side of it. 

A first-order seal analysis involves identifying the 

reservoir juxtaposition areas over the fault surface, by 

using the mapped horizons and a refined reservoir 

stratigraphy defined by isochores at the fault surface.  

The second-order phase of the analysis assesses, 

whether the sand/sand contacts are likely to support a 

pressure difference. We define two types of lithology 

dependent attributes: gouge ratio and smear factor. 

Gouge ratio is an estimate of the proportion of fine 

grained material entrained into the fault gouge from the 

wall rocks. Smear factor methods (including clay smear 

potential and shale smear factor) estimate the profile 

thickness of shale drawn along the fault zone during 

faulting. All of these parameters vary over the fault 

surface, implying that faults cannot simply be 

designated sealing or non-sealing (Yielding et al., 

1997).  

A number of mechanisms have been recognized 

whereby the fault planes can act as a seal or leak (Watts, 

1987 and Knipe, 1992):  

1) Juxtaposition, in which reservoir sands are 

juxtaposed against a low-permeability unit (e.g., 

shale) with a high entry pressure.  

2) Clay smear (i.e., entrainment of clay or shale) into 

the fault plane, thereby giving the fault itself a high 

entry pressure.  

3) Cataclasis, which is the crushing of sand grains to 

produce a fault gouge of finer grained material, 

again giving the fault a high capillary entry 

pressure.  

4) Diagenesis, when preferential cementation along an 

originally permeable fault plane may partially or 

completely remove porosity, ultimately creating a 

hydraulic seal. 

There are several methods for fault seal analysis 

utilizing detailed seismic mapping and well analysis.  

1. Allan diagram to determine the juxtaposed 

reservoirs (Allan, 1989).  

2. Shale smear factor to predict the possibility of 

continuous shale smear on the fault surface 

(Lindsay et al., 1993).  

3. Pore pressure distribution and clay smearing, to 

detect the seal strength of faults (Berg and Avery, 

1995). 

4. Shale Gouge Ratio to predict the sealing capacity 

of faults (Yielding et al., 1997). 

5. Identify the fluid composition using geochemical 

studies of fluid types and pressure (Alexander, 

1998). 

The most commonly used method in fault seal 

analysis is the construction of Allan maps (Allan, 

1989), by using the detailed seismic mapping and well 

analysis of the different mapped horizons that are 

defined by isochores at the fault surface.  

An important tool for evaluating the flow potential 

across a fault is a strike view, or map of the fault plane 

with the hanging wall and footwall intersections 

superimposed on the modeled fault surface. Allan 

diagrams use this technique to show the possibility of 

fluid migration pathways, leak points or sealing areas 

across the fault. Well tops that identified from 

correlation of seismic depth maps and well analysis 

were used as input to generate the needed zones in this 

area to build the following reservoir and non-reservoir 

zones.  

The zones construction process is mainly relied on 

the petrophysical analysis to better estimate the 

reservoir and non-reservoir zones of:  

• Abu Roash “F” member as one zone (non-

reservoir),   

• Upper Abu Roash “G” member as one zone (non-

reservoir), 

• Middle Abu Roash “G” member as two zones 

(reservoir and non-reservoir), 

• Middle Abu Roash “G” Limestone member as one 

zone (non-reservoir), 

• Lower Abu Roash “G” member as two zones 

(reservoir and non-reservoir),  
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• Lower Abu Roash “G” Limestone member as one 

zone (non-reservoir), 

• Upper Bahariya Formation as two zones (reservoir 

and non-reservoir).  

Fig. 12 shows Allan’s diagram of the major 

normal fault trending nearly E-W to NW-SE (F-1). This 

diagram illustrates the Middle Abu Roash “G” reservoir 

in the footwall upthrown side juxtaposed by the Upper 

Abu Roash “G" shale seal Members in the hanging wall 

downthrown side at stations 1-6, then it is juxtaposed 

again by a seal silt and shale Abu Roash “E” Member 

and Abu Roash “F” Limestone at stations 6-17, finally 

F-1 is juxtaposed at stations 17-21 by Upper Abu Roash 

“G" shale seal Member. 

The Lower Abu Roash “G” reservoir in the 

footwall upthrown side is juxtaposed by the Middle Abu 

Roash “G” Sandstone and Limestone seal Member in 

the hanging wall downthrown side at stations 1-6 and 

18-21, then it is juxtaposed again by the Abu Roash “F” 

Limestone and Upper Abu Roash “G" shale seal 

Members in the hanging wall downthrown side at 

stations 6-18.  

The Upper Bahariya reservoir in the footwall 

upthrown side is juxtaposed by the Middle Abu Roash 

“G” Sandstone and Limestone seal Member and the 

Lower Abu Roash “G” Sandstone and Limestone seal 

Member in the hanging wall downthrown side at 

stations 1-6 and 16-21, the topmost part 200 ft of Upper 

Bahariya reservoir is juxtaposed by the Upper Abu 

Roash “G" shale seal Member in the hanging wall 

downthrown side at stations 6-16.  

Conclusions 

The five  wells drilled in the field tested/identified 

the regional setting of this part of the Western Desert by 

having northwest-southeast structure trend at A/R “G” 

and Bahariya Formation target levels as a big horst 

block which is divided into smaller three-way dip 

closure tilted fault blocks by different fault trends. 

Ferdaus structure is a northwest-southeast oriented 

highly faulted tilted block. Most faults are trending 

northwest-southeast or east-west, while a few trend 

north-south. The structural framework on the tops of the 

main reservoirs is provided by three seismically 

interpreted horizons, namely Middle A/R “G”, Lower 

A/R “G” and Upper Bahariya by construction of depth 

structure maps. 

Fault elements were detected from these depth 

structure maps. F-1 is a major normal fault element 

trending nearly E-W to NW-SE selected to study the 

fault seal analysis. Fault seal can arise from 

reservoir/non-reservoir juxtaposition. Allan diagram 

method was used to determine the juxtaposed reservoirs 

for evaluating the flow potential across a fault strike and 

mapping the fault plane with the hanging wall and 

footwall intersections superimposed on the modeled 

fault surface. 

The Middle Abu Roash “G”, Lower Abu Roash 

“G” and Upper Bahariya reservoirs in the footwall 

upthrown are juxtaposed by Abu Roash “E” silt and 

shale, Abu Roash “F” Limestone and Upper Abu Roash 

“G" shale seal Members in the hanging wall 

downthrown side. 

 

Fig. (12):  Allan's diagram of F-1 major normal fault seal analysis at Ferdaus oil field. 
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 للكشف عن الفجوات المخفية المحتملة فى أرض زراعية ، نجع حمادى ، قنا ، مصرتطبيق تقنية الرادار 
متر . مربع  الهدددا الرسيسددي مددا هددسة الدراسددة هددو العمدد   ددا ح دد    مدد   600منطقة الدراسة المختارة هي أرض زراعية تبلغ مساحتها حوالى   :الخلاصـة

الددى  32اة الري. تدد  راددراة سددتة  مددر ا مقطعددا اادبيددا ياسددتخدار تقنيددة الددراتار يددمنوا  مختلفددة تتددرا   مددا الفراغ أ  الف وات ال وفية )الم ارى( لمعال ة فقدان مي
متر . يممل التعامددل مددع هددسة البيادددات تفسددمر خطددوط المسددش الددراتارى للعمدد   ددا موا ددع الفرا ددات  العهددوا  1مترا ، مع مسافة فاصلة بني اخلطوط تبلغ   35

ديددد نددرت التعامددل مددع هددسة الموا ددع لتقلمددل الفا ددد مددا ميدداة الددري. توبددش هددسة الدراسددة موا ددع تساينددات ا لددوان المختلفددة  ا دع اسددات فددى المنطقددة المختددارة ،  ت 
فرا ددات د ي مدد   ددا الالعالية  اتساع ا شارات المنع سة  ، مقاردة يالتربة الم يطه ؛ كما أن تمتت ا شارات أ لى مددا الطسقددة ال ا ىددة فددى هددسة الموا ددع ممددا  دد 

متددر . تدد   راددراة ت لمددل عاعددى ا يعددات لم مددوع ملفددات تعرىدد   8.0متددر الددى 7.0 العهوا الم تملة فى منطقة الدراسددة. تتددرا   أ مددات ا هددداا الم تملددة  مددا 
GPR  تددرات فددى ات دداهما( ، كمددا تدد   مددل لتمكمد  اوت الهدا المخفى الم تمل  ا  مات الدقيقة لهسة الموا ددع. تدد   مددل أربددع شددراسش زمنيددة مختلفددة )  ددت ار خ

 .ا يعاتمقطعما فى ا ت اة السمىنى  الصاتى لإظهار الهدا المخفي الم تمل . تتواف  النتاسج مع العم  السي ت  ال صو   ليه ما الصورة عناسية  

ABSTRACT: The selected area is an agricultural land of approximately 600 m square. The main target of this 

study is to detect the size and depth of the subsurface voids or gaps (sinkholes) to treat the problem of irrigation water 
loss. Sixteen GPR profiles of different lengths were conducted ranging from 32-35 m, with a separation of 1 m width. 

The interpretation of GPR profiles reveals the locations of the voids in the selected area, and determine the effective 

ways to deal with these defects. Results showed locations of different color contrasts and high reflections amplitude of 

the reflected signals, compared to the surrounding soil; also the higher scattering compare to the bed layer in these 

locations reveals possible voids in the study area. The depths of the possible targets range from 7.0 m to 8.0 m. 3D 

analysis was performed for the total GPR profiles to confirm the presence of the possible hidden target and the 

accurate depths of these objects. Four time-slicing at different (two-way travel time) TWTT were selected together with 

two X-cut and two Y-cut were done to track the possible hidden target. These results were in agreement with the results 

obtained from the 2D image. Such information reveal the important of Radar technique in handing the geotechnical 

problems. 

1. INTRODUCTION

The area of the present study is located in the Nag 

Hammadi city, Qena governorate (Fig. 1). Where a 

piece l of an agricultural land of approximately an area 

of 600 m square was selected. During the irrigating of 

this agricultural land, water seeps into the ground. The 

downward movement of water may also transport soils, 

resulting in fertilizing ground loss and surface 

depressions called "sinkholes", a GPR survey was 

conducted to determine these subsurface features and 

the possible occurrence of voids (sinkholes) responsible 

for the irrigation water loos. The sedimentary 

succession in the study area belongs to the Nile valley 

succession of the late Cretaceous to early Eocene, a dry 

mud and sandy mud overlying the wet sand layer (Said, 

1981). Ground-penetrating radar is selected to help 

identifying the locations of sinkholes in the selected 

area to determine then options ways to deal with the loss 

of the irrigation water. 

The effectiveness of a geophysical survey is 

typically conditioned by the existence of contrast 

between the measured physical properties among the 

study area. Therefore, considering changes in physical 

properties of material due to dissolution, erosion, and/or 

subsidence involved in the development of sinkholes, 

geophysical methods are excellent tools for indirect 

investigation (Hoover 2003). In general, the use of 

geophysical surveys in the characterization of karst 

terrains consists of the detection and mapping of the 

extension of sinkholes as well as information about the 

depth of the water table, direction of the underground 

flow, and depth of the karst rocks (Chalikakis et al. 

2011). 

Despite the countless geophysical investigations 

carried out on karst terrains worldwide, (mainly for 

mapping cavities) GPR method has proven to be the 

most efficient geophysical method for identifying 

geometric karst features. At the past couple of decades 

the use of the GPR method has increased and many 

improvements have been successfully implemented 

(McMechan et al. 1998; Zisman et al. 2005; Kruse et al. 

2006; Rodriguez et al. 2014; Sevil et al. 2017; Hussain 

et al. 2020). 
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2. Ground Penetrating Radar (GPR) Survey 

2.1. GPR basic concept 

The physical principle and data acquisition of 

GPR methodology are similar to the seismic reflection 

and the sonar techniques, except for the fact that the 

GPR is based on the reflection of electromagnetic waves 

(Casas et al. 2000). According to Annan (2002), this 

method stands out for shallow investigations, due to its 

high resolution and the acquisition of a large volume of 

data in a short period of time. The depth of investigation 

is a limitation of the GPR method, and is influenced by 

many factors including geometric scattering, attenuation 

by the terrain, and partition of energy at the interfaces, 

 

Fig. (1): A location map of the study area.  

 
Fig. (2): Location of GPR profiles in the study area. 
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which are all related to the loss of energy during the 

propagation of the electromagnetic wave (Bradford 

2007). The depth of investigation and resolution of GPR 

vary according to the frequency of the antenna. The 

higher the frequency, the higher the vertical resolution 

and the lower the depth of investigation, and vice versa. 

A ground-penetrating radar instrument includes a 

transmitter, a receiver, and a data collection device. The 

transmitter sends radio pulses from an antenna into the 

ground. A receiver picks up reflections received from 

this radio signal, the strength and direction of the 

reflected signal give the size and depth of the reflecting 

object (Daniels, 1996). The advantage of GPR is that it 

records detailed vertical soil profiles rather than just 

generating horizontal plan maps. It must be remembered 

that GPR doesn't only image targets in the subsurface, it 

provides a 2D record of the 3D waves bouncing of 

objects on the ground (Davis et al., 1989). Linear 

features which are aligned with the GPR's electrical 

field will not produce high reflectance values.  

However, this means that GPR is good at distinguishing 

linear features if only run perpendicular to the path of 

the antenna (Sharma, 1997). 

2.2. GPR instrument 

In the present study, a Sweden MALA GPR 

system was used with a 100 MHz antennae (Fig. 3). It 

provides a detailed look at what's beneath the surface. 

The system offers leading-edge GPR technology, with 

full digital control to all setup parameters and a multi-

channel color display. 

2.3. Data collection and processing  

Sixteen GPR profiles of E-W direction were 

conducted of different lengths ranging from 32-35 m, 

with a line separation of 1 m width.. The objective of 

this study is to detect the size and depth of subsurface 

voids (sinkholes) to treat loos of the irrigation water. 

The conducted GPR data were processed using the 

software program (Reflex W, 2D/3D). This program is 

designed for the steps of processing and interpretation 

of 2D and 3D electromagnetic and seismic reflections. 

The program supports most formats of the GPR data. As 

part of the standard filter algorithms, a wide range of 

special methods is available. The raw GPR data were 

processed using several parameters and filters to get 

clear high-resolution 2D GPR profiles (Sato, 2001).  

Using ReflexW software, version 7.0 (Sandmeier 

2012), the 2D data processing routine comprised:  

IMPORT – involve file format conversion (*.dzt - 

output from SIR3000 equipment, to *.dat format -

ReflexW file); 

SET TIME ZERO - adjust of the first arrival of the 

electromagnetic wave; 

ENERGY DECAY (gain) - applied to recover the 

attenuated amplitude of the electromagnetic signal 

during signal propagation; 

BACKGROUND REMOVAL (2D filter) - 

remove coherent noise related to the reverberation of the 

electromagnetic wave within the antenna shield and 

external noises; 

BANDPASS (1D filter) – eliminate of electronic 

and static noise inherent to the system; 

LINEAR GAIN – applied to highlight the 

amplitudes lost with spherical scattering. 

2.4. Data interpretation and analysis 

GPR is a geophysical tool that produces vertical 

cross-sectional images of the shallow subsurface, 

similar to seismic reflection profiles. GPR data 

 

Fig. 3: The used GPR MALA System in the selected area. 
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collection provides the reflection and scattering of high-

frequency electromagnetic waves within the subsurface 

(Gutierrez et al. 2009 and Mustasaar et al. 2012). If the 

subsurface layers were homogenous, the GPR 

instrument could not record any reflections. But earth 

crust is heterogeneous, and therefore gives radar 

reflection data to interpret (Hempen and Hatheway, 

1992 and Daniels, 1996). The analysis of the reflected 

GPR signals is important because it gives notice of 

subsurface changes in lithology and other physical 

properties. The higher the contrast at a buried object, the 

greater the amplitude of the reflected waves. The 

amplitude changes can be related to the presence of 

important buried objects. The location of high and low 

reflectivity at specific depths can detect the possible 

buried objects with the surrounding soil. Areas of low 

amplitude reflections indicate uniform matrix materials 

or background soil, while those of high amplitude 

waves denote areas of high subsurface contrast, such as 

voids or gap features (Conyers and Goodman 1997). 

The gathered sixteen GPR profiles were divided into 

four groups to be processed and analyzed as follows:   

A- Group 1 ( P1-P4) 

The length of each of these profiles is 34 m with a 

separation of one meter (Fig. 4). Observing the 

reflecting signals of the subsurface media provides 

information about the hidden layers of underground in 

these profiles. 

In P1 and P2, the reflected signals are nearly 

similar, indicating the lock of possible hidden targets. 

The arrows in P2 refer to the locations of possible slop 

cracks including wet soil, which gives high contrast 

color for the reflected signals. In P3 and P4, the black 

circles show signals scattering with a different contrast 

color than the surrounded soil, this indicates the 

possible gaps or voids as a collection of underground 

water coming through the slop cracks. The depths of the 

possible hidden voids are estimated to be about 7 and 8 

m for P2 and P4 respectively. 

B- Group 2 (P5-P8) 

These profiles have different lengths that range 

between from 32and34 m with a separation of 1m (Fig. 

5). The four GPR profiles include signals reflection, 

low, medium, and high reflection with a variation in the 

color contrast. The low and medium reflections refer to 

the soil bed layers and the high reflection indicates the 

possible hidden voids. The black arrows show possible 

slop cracks for passing underground water to possible 

subsurface voids indicated by the black circles. By 

visual inspection of the reflected signals inside these 

circles, reflections and scattering inside the circles are 

relatively higher than the surrounded soil, so the circles 

may indicate the presence of possible voids at these 

locations. The high contrast color of the reflected 

signals in these profiles may indicat to the wet parts of 

the soil. The possible hidden gaps or voids have depths 

of about 7m in P5 and P7 profiles and 8m in P6 and 

P8profiles.  

C- Group 3 (P9-P12) 

This group includes four profiles P9, P10, P11, and 

P12 (Fig. 6), with various lengths that range from 32to34 

m with separation of one meters. Observing the 

reflected signals compare to the background reflections, 

there is no marked variation in the strength of these 

reflections and all are relatively similar in the color 

contrast except for some locations that have high pink 

colors. These locations indicate the wet soil and water-

saturated parts of the subsurface soil, P9 and P11profiles. 

For these reasons, there are no clear voids in profiles, 

P10 and P12. 

 

Fig. (4): GPR profiles P1-P4. 
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Fig. (5): GPR profiles P5-P8. 

 

 

Fig. (6): GPR profiles P9-P12. 
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D- Group 4 (P13-P16) 

The length of the GPR profiles in this group is 

nearly similar (34m) with a separation of 1m (Fig. 7). 

Three Profiles (P13, P14, and P15) have no high variation 

in reflection strength and the signals scattering, so the 

presence of any hidden voids observed and appear 

smooth, except for some parts of the soil with high 

contrast color indicating the wet and water-saturated 

parts Thus there are no clear evidence of possible 

hidden targets under these profiles. In the GPR profile 

(P16), there is a relatively high reflection and scattering 

(indicated to by the black arrows and circle) for the 

signals with high contrast color compared to the 

surrounding soil. These features may indicate the 

locations of the possible slop cracks and void in this 

profile. The depth of the possible hidden void is about 

7m.  

3D Analysis  

The GPR data were processed by different filters 

to improve the quality of the profiles for a perfect 

interpretation of the 2D radar images and delineating the 

depths of the hidden features. The results of the GPR 

data interpretation showed that the depths of these 

targets are 7m in profiles (P2, P5, P7, and P16) and were 

8m in profiles (P4, P6, and P80), equivalent to the TWTT 

of (140 - 190 ns). 3D analysis was performed on total 

GPR profiles to confirm the presence of the possible 

hidden features and estimates accurate depths of these 

objects. Four time-slicing at different TWTT were made 

(Fig. 8), two X-cut (10, 14 m. distance) and two Y-cut 

were performed at distances of 6 and 10 m (Fig. 9).  

The time slices, X-cut and Y-cut confirm the 

presence of possible hidden target at TWTT ranges from 

140 ns to 190 ns. These results are in agreement with 

the depth estimated from the 2D images, but the 3-D 

data analysis for the GPR data enabled better realization 

to the hidden features. The total information of the 

possible hidden voids (sinkholes) are gathered for 

presentation in Table 1. 

 

Fig. (7): GPR profiles P13-P16. 

 

Table (1): The total information of the hidden possible voids (sinkholes) in the conducted  

GPR profiles of the study area. 

Profile No. 
Approximately 

TWTT 

Approximately 

Depth 

Approximately 

Size 
shape 

P2 140-190 ns 7m 2.5m oval 

P4 140-185 ns 8m 3m oval 

P5 140-180 ns 7m 3m circular 

P6 140-190 ns 7m 4m oval 

P7 140-180 ns 8m 3m circular 

P8 140-190 ns 8m 3.5m oval 

P16 140-190ns 7m 3m Nearly circular 
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Fig. (8): 3D time slicing for the total GPR profiles. 

 

  

  
Fig. (9): 3D X-cut and Y-cut for the total GPR profiles. 
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CONCLUSIONS 

The aim of the present study is to detect the 

subsurface voids or gaps (sinkholes) in the selected area 

to make up the loss of the irrigation water using the 

GPR technique. For this purpose, 16 GPR profiles were 

conducted of different lengths ranging from 32-35 m, 

with a line separation of 1 m. using the antenna of 100 

MHz. The obtained GPR profiles were processed using 

the software program (Reflex W, 2D/3D) using different 

filters for achieving sound interpretation. The sixteen 

GPR profiles were divided into four groups, each one 

including four profiles.  

The interpretation of GPR profiles from P1 to P16, 

reveals the locations of some possible voids or gaps 

(sinkholes), depending on the strength of wave 

reflections with its color contrast and amplitudes 

relative to the surrounding soil. These locations show 

different contrasts and high amplitudes of the reflected 

signals, compared to the surrounding soil. The 

scattering of the signals may be higher than the 

surrounded bed layers in these locations, which may 

reveal the presence of the possible voids or gaps in the 

study area.  

The GPR data were processed in different ways to 

filter the profiles from noises to be interpreted 

accurately for the 2D radar images and to delineate the 

depths of the hidden possible targets. The results of the 

GPR data interpretation indicated that the depths of 

these targets were at 7m in profiles (P2, P5, P7, and P16) 

and at 8m in profiles (P4, P6, and P8) which are equal to 

the TWTT of (140-190 ns). 3D analysis was performed 

for the total GPR profiles to confirm the presence of the 

possible hidden target and the accurate depths of these 

objects. Four time-slicing at different TWTT were 

made, also two X-cut at 10 and 14 m distance, and two 

Y-cut were done at distance 6 and10 m. The time slices, 

X-cut and Y-cut show the possible hidden target at 

TWTT ranges from (140- 190 ns). These results are in 

agreement with the depth obtained from the 2D image. 
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