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ABSTRACT 

The present study deals with a comprehensive seismic interpretation 

and available digital well-log data using computer program (IP software). 

Corresponding well-log data have been processed through computerized 

through available computer software. 

The interpretation of seismic data was done by using SeisWorks 

software (Halliburton). Seismic data were integrated with well data, VSP 

data, and check shot data and well to seismic tie also applied which is a 

useful tool to detect exactly the response of the drilled anomaly in the seismic 

and to interpret it easily. Interpretation was also guided by some nearby 

surface geological models derived from surface geologic mapping in the Gulf 

of Suez by previous workers. 

The lateral variations of the petrophysical characteristics are 

represented in the form of iso-parametric maps (effective thickness, shale 

content, effective porosity and hydrocarbon saturation). It is worth-

mentioning that, also the litho-saturation cross-plots inferred from computer 

processed interpretation. The Vertical Profile for both Measured and 

Calculated Petrophysical Parameters were performed. 

The petrophysical characteristics of Kareem Formation reflect the 

ability of these rock to store and produce hydrocarbon fluids. The 

measured e ffective porosity ranges between 2.0 to 17.0%, t h e  shale 

content i s  r a n g e d  from 6 to 75% and hydrocarbon saturation ranges 

between 0 .0 - 80%, which reflect the studied reservoir characterization. 

Several petrophysical models were introduced in order to estimate some 

important reservoir parameters. 



III 

LIST OF CONTENTS 

     SUBJECT PAGE NO. 

Acknowledgment .......................................................................................................................... I 
Abstract ....................................................................................................................................... II 
List of Contents  .........................................................................................................................  III 
List of Figures  .............................................................................................................................  V 

 List of Tables  ............................................................................................................................. VII
 List of abbreviations  ...............................................................................................................   VII

   CHAPTER 1: INTRODUCTION  ................................................................ 1 

1.1   Location of the Study Area  ......................................................................................... 2 
1.2   Aims of the Present study  .......................................................................................... 3 
1.3  The Hydrocarbon Habitat of Gulf of Suez  .................................................................. 4 
1.3.1   Source Rocks  .............................................................................................................. 4 
1.3.2   Reservoirs  .................................................................................................................. 4 
1.3.3   Traps, Seals and Migration of Oil  ............................................................................... 5 
1.3..4   Nature of Hydrocarbons  ............................................................................................ 5 
1.4  Pervious Related Works  ............................................................................................ 6 

   CHAPTER 2: GEOLOGY SETTEING  .................................................... 11 

2.1  Generalized Stratigraphic Column of Belayim Land  ................................................ 11 
2.2  Tectonic framework and structural setting  ............................................................. 17 
2.2.1    Tectonic origin of the Gulf of Suez  .......................................................................... 18 
2.2.2    Regional overview  ................................................................................................... 18 
2.2.3    Structural setting of the Gulf of Suez rift  ................................................................ 18 
2.2.4    Dip provinces in the Gulf of Suez  ............................................................................ 20 
2.3  Sedimentology of Main Reservoir In Belayim Land 

     Field  ...................................................................................................................... 24 

   CHAPTER 3: SEISMIC AND GEOLOGICAL INTERPERTATIO ..... 28 

3.1  Work Summary  ....................................................................................................... 28 
3.2  Seismic to well tie  ................................................................................................... 29 
3.3  3D Seismic Interpretation  ....................................................................................... 31 
3.3.1    Interpreted seismic sections  ................................................................................... 32 
3.3.1.1      In-line Seismic section  ............................................................................................ 32 
3.3.1.1.1     In-line Seismic section section no. 1 ....................................................................... 32 
3.3.1.1.2     In-line Seismic section section no. 2 ....................................................................... 32 
3.3.1.1.3     In-line Seismic section section no. 3 ....................................................................... 33 
3.3.1.2      Cross-line Seismic section  ....................................................................................... 33 



IV 
 

3.3.1.2.1     Cross-line Seismic section section no. 1 .................................................................. 33 
3.3.1.2.2     Cross-line Seismic section section no. 2 .................................................................. 33 
3.3.1.2.3     Cross-line Seismic section section no. 3 .................................................................. 33 
3.3.1.2.4     Cross-line Seismic section section no. 4 .................................................................. 34 
3.4               Depth Structure Contour Map on Top Kareem Fm  ................................................ 42 
3.3               Geological interpretation  ....................................................................................... 44 
3.3.1           Geological cross section no. 1 .................................................................................. 47 
3.3.2           Geological cross section no. 2 .................................................................................. 47 
3.3.3           Geological cross section no. 3 .................................................................................. 47 
3.3.4           Geological cross section no. 4 .................................................................................. 48 
 
 

CHAPTER 4: PETROPHYSICAL EVALUATION  .................................. 53 

4.1             Computer Processed Interpretation  ........................................................................ 53 
4.1.1          Reservoir Output Data  ............................................................................................. 54 
4.2             Results and Discussion  ............................................................................................. 55 
4.2.1          Introduction  ............................................................................................................. 55 
4.2.2           Vertical Variations of Petrophysical Characteristics  ............................................... 56 
4.2.2.1       Litho-Saturation Cross-Plot of 113-A-32 ST Well  ..................................................... 57 
4.2.2.2       Litho-Saturation Cross-Plot of 112-54 Well  ............................................................. 58 
4.2.2.3       Litho-Saturation Cross-Plot of 113-69 Well  ............................................................. 59 
4.2.2.4       Litho-Saturation Cross-Plot of 112-54 Well  ............................................................. 60 
4.2.2.5       Litho-Saturation Cross-Plot of 113-24 Well  ............................................................. 61 
4.2.3          Lateral Variations of Petrophysical Characteristics  ................................................. 62 
4.2.3.1       Net Pay Thickness Variation  .................................................................................... 62 
4.2.3.2       Shale Content Variation  .......................................................................................... 63 
4.2.3.3       Effective Porosity Distribution  ................................................................................. 64 
4.2.3.4       Hydrocarbon Saturation Variation  .......................................................................... 66 
4.2.3.5       Combined Petrophysical parameters  ...................................................................... 67 
4.3             Water Saturation Calculation Using El-Sayed’s chart  .............................................. 68 
4.4     Determination Comparison between Sw measured by Archie 
   and El Sayed equation ............................................................................................... 74 
4.4             Prediction of the compressional velocity from Porosity  .......................................... 78 
4.6             Vertical Profile for both Measured and Calculated 
    Petrophysical Parameters  ........................................................................................ 84 
 
 

SUMMERY AND CONCLUSIONS  ............................................................ 89 

REFERENCES  ............................................................................................... 94 

Appendix  ........................................................................................................  99 

 

ARABIC SUMMARY  ....................................................................................  1 



V 
 

LIST OF FIGURES 

Figure No.                             Page No. 

1                   Location of the Study Area  ...................................................................................... 2 
2.1                 Stratigraphic column of the Gulf of Suez  .............................................................. 16 
2.2                 Belayim oil fields, Gebel Ekma, Gebel Abu Rat, regiona  
        geological cross section  ........................................................................................ 17 
2.3                 Structural map of the rift Gulf of Suez showing major the South Central Gulf of 
        Suez showing major faults and regional dip. Cross sections show the half 
        grabens and change in tilt direction along the length of rift  ............................... 22 
2.4                 Tectonic map of the GOS rift showing major faults and regional dip  .................. 23 
2.5                 Depositional settings of the Kareem Formation along the 
        gulf of Suez  ........................................................................................................... 27 
3.1                Synthetic seismogram of well (113-60) showing Kareem and Rudeis formation  
        tops  ...................................................................................................................... 30 
3.2                 Base map for the Belayim Land oil field with locations of key seismic sections 
           displayed in the study ........................................................................................... 31 
3.3A               In-line Seismic section (3614) showing the western part of 
       Belayim Land field  ................................................................................................. 35 
3.3B              In-line Seismic section (3614)- Zoomed section showing the western part of 
       Belayim Land field  ................................................................................................. 35 
3.4A             In-line Seismic section (3770) showing the center most part  
        Belayim Land field  ................................................................................................ 36 
3.4B              In-line Seismic section (3770), Zoomed section showing the center most part  
        Belayim Land field  ................................................................................................ 36 
3.5A               In-line Seismic section (4016) showing the eastern part of  
        Belayim Land field  ................................................................................................ 37 
3.5B               In-line Seismic section (4016), Zoomed section showing the eastern part of  
        Belayim Land field  ................................................................................................ 37 
3.6 A              Cross-line Seismic section (11284) showing the southern part  
        of Belayim Land field ............................................................................................. 38 
3.6 B               Cross-line Seismic section (11284), Zoomed section showing the southern part  
        of Belayim Land field ............................................................................................. 38 
3.7A               Cross-line Seismic section (11438) showing the central part of  
        Belayim Land field  ................................................................................................ 39 
3.7B               Cross-line Seismic section (11438), Zoomed section showing the central part of  
        Belayim Land field  ................................................................................................ 39 
3.8A               Cross-line Seismic section (11680) showing the northern part  
        of Belayim Land field  ............................................................................................ 40 
3.8B               Cross-line Seismic section (11680), Zoomed section showing the northern part  
        of Belayim Land field  ............................................................................................ 40 
3.9A               Cross-line Seismic section (11726) showing the northern part  
        of Belayim Land field  ............................................................................................ 41 
3.9B               Cross-line Seismic section (11726), Zoomed section showing the northern part  
        of Belayim Land field  ............................................................................................ 41 
3.10                 Depth contour map on top Kareem Formation  .................................................. 43 
3.11               Correlation panel between wells 113-A-14, 113-69, 113-58 and 113-60 ............. 45 



VI 
 

3.12               Correlation panel between wells 113-A-14, 113-A-12 and 113-A-32 ST  .............. 46 
3.13               Geological cross section (3614) at the western part of the field between  
        wells 113-A-12 and 113-A-32 ST  .......................................................................... 49 
3.14               Geological cross section (4061) at the eastern part of the field passing  
        through well 113-14 .............................................................................................. 50 
3.15               Geological cross section (11438) at the central part of the field passing  
        through well 113-A-12, 113-32 tri  ........................................................................ 51 
3.16               Geological cross section no. 4 (J-J') at the southern termination of the field 
        at well 113-60. ...................................................................................................... 52 
4.1                 Simplified Flow Chart of Techlog Software  .......................................................... 54 
4.2                  Litho-Saturation Cross-Plot of 113-A-32 ST Well  ................................................. 57 
4.3                  Litho-Saturation Cross-Plot of 113-A-12 Well  ..................................................... 58 
4.4                  Litho-Saturation Cross-Plot of 113-69 Well  ......................................................... 59 
4.5                  Litho-Saturation Cross-Plot of 112-54 Well  ......................................................... 60 
4.6                  Litho-Saturation Cross-Plot 113-24 Well  ............................................................. 61 
4.7                  Distribution Map Net Pay Thickness for Kareem formation , (C.I. = 5 m)  ........... 63 
4.8                  Distribution Map Shale Content for Kareem formation, (C.I. = 5 m) .................... 64 
4.9                  Distribution Map Effective Porosity for Kareem formation, (C.I. = 1 m) .............. 65 
4.10                Distribution Map Hydrocarbon Saturation for Kareem, (C.I. = 5 m) .................... 66 
4.11                Combined Petrophysical Parameters for Kareem formation  .............................. 67 
4.12                Water saturation (Sw), porosity (Ø) , and (Rt/Rw) ratio Cross- Plot  ................... 69 
4.13                SW chart show relation between Sw plotted and Sw from CPI of  
        113-A-12 Well  ...................................................................................................... 71 
4.14                SW chart show relation between Sw plotted and Sw from CPI of  
        113-69 Well  .......................................................................................................... 72 
4.15                SW chart show relation between Sw plotted and Sw from CPI of  
        113-24 Well  .......................................................................................................... 73 
4.16               Nomogram to determine Saturation by Archie equation  .................................... 75 
4.17               SW chart show relation between Sw determined by Archie Equesion and Sw  
       from CPI of 113-A-12 Well  .................................................................................... 76 
4.18              SW chart show relation between Sw determined by Archie Equesion and Sw  
       from CPI of 113-69 Well  ........................................................................................ 77 
4.19               Porosity versus compressional Velocity at a = 0.5 ................................................ 78 
4.20               Porosity versus compressional Velocity at a = 1 ................................................... 78 
4.21               Porosity versus compressional Velocity at a = 1.5 ................................................ 78 
4.22               Porosity versus compressional Velocity at a = 2 ................................................... 78 
4.23               Compressional velocity (Vp) versus Effective Porosity 
        (Qeff) at a=1 of 113-69 Well ................................................................................. 80 
4.24               Compressional velocity (Vp) versus Effective Porosity 
        (Øeff) at a=1.5 of 113-69 Well  .............................................................................. 81 
4.25               Compressional velocity (Vp) versus Effective Porosity 
        (Qeff) at a=1 of 113-24 Well ................................................................................. 82 
4.26              Compressional velocity (Vp) versus Effective Porosity 
       (Qeff) at a=1.5 of 113-24 Well  .............................................................................. 83 
4.27              Vertical distribution of petrophysical parameters results of 113-69 Well  ............ 87 
4.28               Vertical distribution of petrophysical parameters results of 113-24 Well  ........... 88 

 



VII 
 

LIST OF TABLES 

Table No.                                                  Page No. 

4.1                Summary Results of Combined Litho-Saturation Cross-Plot  
       of 113-A-32 ST   Well  ............................................................................................. 99 
4.2                Summary Results of Combined Litho-Saturation Cross-Plot 
       of 113-A-12 Well  ................................................................................................... 99 
4.3                Summary Results of Combined Litho-Saturation Cross-Plot of 113-69 Well  ........ 99 
4.4                Summary Results of Combined Litho-Saturation Cross-Plot of 112-54 Well  ........ 99 
4.5                Summary Results of Combined Litho-Saturation Cross-Plot of 113-24 Well  ........ 99 
4.6                Summary of the Petrophysical parameters for Kareem formation  ..................... 100 
4.7                Summary Results of Sw plotted and Sw from CPI of 113-A-12 Well  ................... 101 
4.8                Summary Results of Sw plotted and Sw from CPI of 113-69 Well  ...................... 102 
4.9                Summary Results of Sw plotted and Sw from CPI of 113-24 Well  ...................... 103 
4.10              Summary Results of Sw determined by Archie Equesion and Sw from  
       CPI of 113-A-12 Well  ........................................................................................... 104 
4.11              Summary Results of Sw determined by Archie Equesion and Sw from  
       CPI of 113-69 Well  ............................................................................................... 105 
4.12              Summary Results of Vp from Qeff at a= 1 of 113-69 Well ................................... 106 
4.13              Summary Results of Vp from Øeff at a= 1.5 of 113-69 Well  ............................... 107 
4.14              Summary Results of Vp from Qeff at a= 1 of 113-24 Well  .................................. 108 
4.15              Summary Results of Vp from Qeff at a= 1.5 of 113-24 Well  ............................... 109 
4.16              Summary petrophysical parameters results of 113-69 Well  ............................... 110 
4.17              Summary petrophysical parameters results of 113-24 Well  ............................... 111 
 

 
LIST OF ABBREVIATIONS 

 

AI  Acoustic Impedance 

Cm  Centimeter 

E  East direction 

GWC Gas water contact 

HC  Hydrocarbon 

Km  Kilo meter 

Km
2
  Square kilo meter 

Ma  Million years ago 

Ms  Millisecond 

N  North direction 



VIII 
 

σ  Poisson’s Ratio 

RC  Reflectivity 

S  South direction 

Sw  Water saturation 

TCF  Trillion cubic feet 

TWT  Two way time 

Vp  P-wave velocity 

Vp/Vs  Ratio of P-wave velocity to S-wave velocity 

Vs  S-wave velocity 

VSP  Vertical seismic profile 

W  West direction 

Yr  Year 

Zp  P-wave impedance 

Zs  S-wave impedance 

λ  Thermal conductivity 

ρ  Density 

3D  Three Dimensions 

σ  Poisson’s Ratio 

Zp  P-wave impedance 

KH  Horizontal permeability 

KV  Vertical permeability 

Vshale  Shale Volume 

m  Cementation exponent 

n  Saturation exponent 

a  Tortuosity factor 

 

 

 



 CHAPTER 1                                                                                  Introduction 
 

1 
 

INTRODUCTION 

        Belayim Land field is located in the central part of the Gulf of 

Suez, along the coast of the Sinai Peninsula. Together with Belayim 

Marine and Abu Rudeis Sidri fields, it forms the Abu Rudeis oil district 

operated by Petrobel Oil Company. 

        The Belayim Land Development area is operated by Petrobel Operating 

Company on behalf of the concession shareholders EGPC 50% and IEOC 

Prod B.V. 50%. 

        Belayim Land is a multilayer field with several separated sandstone 

reservoirs interbedded with shales and anhydrite intercalations, ranging from 

Lower to Upper Miocene Age and named (Zeit Fm, South Gharib Fm, 

Hammam Faraun Mbr, Feiran Mbr, Sidri Mbr, Kareem Fm, and Rudeis Fm. 

        From a structural point of view the field can be described as a N-S 

trending anticline (10 Km long and 4 Km wide) cut by 2 main fault systems. 

The main faulting system is parallel to the coast and is related to the rifting of 

Gulf of Suez while a secondary NW-SE trend subdivides the structure in 

several sectors. As a result, this complex structural setting is characterized by 

the presence of several independent structural blocks. On the west side of the 

structure there is communication with its offshore analogue, Belayim Marine 

Field. The two fields resulted to be in dynamic communication through a 

common aquifer. 

        The field was discovered at the beginning of 1954 and it was put on 

production on September 1955. Water injection started in 1985 when the 

field was already partially depleted, with volumes suitable to balance liquid 

withdrawal.  
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1.1. Location of the Study Area: 

        Belayim Land Field is one of the large oil fields in the Gulf of Suez. It 

located in the central part on the eastern coast of the Gulf of Suez, south of 

Abu Rudeis town (Fig. 1.1). 

 

 

Fig.(1):  Location Map of the Study Area:. 


