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ABSTRACT

The Nullipore reservoir in the fields of Egypt’s is a heavy oil
reefal reservoir located in the Gulf of Suez area.

The Nullipore reservoir is characterized by a high degree of
heterogeneity, which, in addition to the high oil viscosity, has
made it difficult to locate and drain oil effectively. This was
further complicated by the lack of accurate seismic and
geological data.

Reservoir characterization study was made including in:
Chapter (1) relation between the Nullipore reservoir rock and
the major geology of the Gulf of Suez and local geology of
Amer oil field, and illustrating its nature as reefal reservoir
rock.

WEell log analysis to available well logs, including study of
lithology and clay mineral identification was done in Chapter
(2) by using various computer programs. The calculated
parameters were integrated with the results of the following
chapters.

Fractures are one of the most common and important
geological structures, for they have a significant effect on
reservoir fluid flow. Despite their importance, detection and
characterization of natural fractures remains a difficult
problem for engineers, geologist and geophysicists.

The objective of chapter (3) was to illustrate a technique for
the identification and characterization of naturaly fractured
reservoirs from well logs. Conventional well logs are the
most readily available source of information; however they
have not been used in a systematic manner for quantitative
anaysis of naturaly fractured reservoirs. The use of non-
conventional well logs is the best way to characterize the



fracture orientation, its effect on permeability of the reservoir
and the type of the fracture it self.

Seismic properties are affected in complex ways by many
factors, such as pressure, temperature, saturation, fluid type,
porosity, pore type and many factors. These factors are often
interrelated or coupled in a way that many also change when
one factor changes. The effect of these changes on seismic
data can be either additive or subtractive. Chapter (4) is an
attempt to discuss some of the most important, yet practical,
theories of the rock physics models and maor factors that
influence seismic properties of the Nullipore reservoir, and
illustrating the various parameters of the reservoir rock
related to its selsmic properties.



LIST OF CONTENT
Subject page No.

ABSTRACT

CHAPTER (1)
GEOLOGIC SETTING
T O g oo [T o] o 1
1-1-2 STRATIGRAPHY OF THE GULF OF SUEZ: .................... a3
1-1-2-1 Pre-Cambrian ..o e s 3
1-1-2-2. Early Paleozoic (Cambrian-Devonian) ............. eeeenD
1-1-2-3. Carboniferous-Permian ..........cccccevveeviieciie cevceieeieee e .0
1-1-2-4. Late PErmMian-JUraSSIC ....cuveir it e it ee et e eeieieeeenaaeeeans 5
R N O =] 7 (o= o 11 1 o
1-1-2-6. PAEOCENE ...cccvveeeciee e ciieies eeeet it e eeeeiee e teieesae e D
6
6
6
7
7

1-1-2-7 OligOCENE ..ot ettt
1-1-2-8 Early - Middle MiOCENE: ......ccceevees eveeiiei e e e e ee e e
1-1-2-9. Late Mid-Miocene-Pliocene ..........ocoviiiiiei i
1-1-2.10. Quaterernary ...
1-1-3 Structura pattern of the Gulf of Suez ce
1-1-4 TECTONISM ..o e eeeitie et eeesreeesaeees eee aeaes 11
1-1-5. GEOLOGIC HISTORY .. cooiiciiiciieet eeeetieeeis cevvteeeieeeene ceveeens 13
1-2 AMEROIL FIELD ooeeeee i, 15
1-2-1 Location oOf the StUdy @rea . ......cccceveeeiee cvvieiiies cerreeienees cerees o 15
1-2-2 AiM Of the SEUAY .....ovveeiies v e e e ceeens A5
1-2-3 Exploration & Development history ... .....ccce voeeveniiniees e A5
1-2-4 PreViOUS WOTKS ...oeeiiiieiic et aeeeeeities cvvveeessinnees ceaveeeens 16
1-2-5 Stratigraphy of the Amer field ........ccooe e e e, 18
L= r= 010 U 18
1-2-5-1 Malha FOrmation.........cccueeiiueeieieeccee et 18
1-2-5-2 RANAFOrMELION ...cocvveeciiiecieeeciies eeeeeiie e eeeiaeeen e es eeeeanes o 18
1-2-5-3 Abu Qada Formation ..........ccccecveet vevieevieens ceveeeieeseees cevieeens 18
1-2-5-4 Wata FOrmation .........ccccvueeeiiiiiiies ciiieeeiins ceeviiiieees se s seesinnnns 18
1-2-5-5 Matulia FOrmation ........cccceeiiiiiies civiieeciis ceveiiieeees e ceeeieens 20
1-2-5-6 Sudr FOrMation ........ccoocivieiiiiiiiies cveieeeiis ceeeiiiees e ae ceeenees 20
1-2-5-7 ESNa FOrmation........covv i e e e e 20
B IS =0T 1 21
TheMIOCENE. .. .v it e e . §
1-2-5-8 Kareem FOrmation........c.cooviiiiiiiii s e, 21
1-2-5-9 Belayim FOrmation ... ......cccocevveieeieeiesie e seeseerieans eee 22
Belayim EVAPOIITES ......cceeieeee ettt e et s e e 22
Hammam Faraun MEMDET .. .......cccveiiiiiiiiee et e 22
Middle to Upper MIOCENE .......cccooeeiierienienienie e e e 23
1-2-5-10 Zeit and South Gharib FOormations ...........ccccceveeeeviieevieeee e 23
1-2-5-11 Pliocene to Recent .SedimentsS .......ccvveeieeveie i e 23

1-2-6 Structure of the AMEr Ol 1€ld ...oeeeeeeeeeeeeeeeee e e, 23




1-2-6-1 Gravity SUIVEY ......ccoveeieeiienieeie et 227

1-2-6-2 SEISMIC IINES ...ceeieiiieieeee s .27
1-3 THE NULLIPORE RESERVOIR ROCK .....ccccevieviiereninens .31
1-3-1 CLASSIFICATION OF CARBONATES .......covevvvviieeen 2031
1-3-2 The Nullipore reservoir description ..........cccceeeevveereeieeseennns .34
1-3-3 Classification of carbonate PoroSity ........ccccceveerveerieenerinseesennns 35
Choquette and Pray's classification of carbonate porosity: ........ccc... ... 35
1-3-4 Nullipore porosity description and Diagenetic history from previous
WOTK S, o 36
1-3-5CarbonateS Facies: .......cooee veii s 39
Carbonate buildup ......ccoovveee e e 20 39
1-3-6 Categorization of reefs ., 41
1-3-7 Types of ancient reef facies.. .........ccovviviiii i 42
CHAPTER (I1)
[I-METHODS OF STUDY
[1-1-MATERIAL OF STUDY ...ttt e e e e 43
L F gL oo [ ¥ o o o PP 43
[-1-2-WeEll datal.. oo e e e 43
[1-1-2-1 CALIPER ...t e 44
11-1-2-2 The gamma ray log and the Natural Gamma Ray
SPeCtrometry,(NGS) ... ... oo e 44
GamMmMa RaAY 100 ... vev e 44
The Natural Gamma ray Spectrometry. (NGS).... .......coovviiivveeeen 44
[1-1-2-3 DENSITY LOG. ..ttt ettt et e e et e 45
Litho-Density Sonde (LDS) /LOG......uovvieiieiie e e e e 46
[1-1-2-4 THE NEUTRON Llog.......cooeoviiiii e 46
The Accelerator Porosity Sonde APS........ooiiiiiiiiiee e e 47
[1-1-2-5 ACOUSTIC LOGGING......coiviiiiiiieie e e 47
Dipole Shear SoNiC IMager........c.ouv i e, 48
[1-1-2-6 ReSIStIVItY TOOIS: ... et e e 48
[ 0= 0] [ 1S 48
AIT Array Induction Imager ToOol:...... .coooiii i 48
[1-1-2-7 IMAGING DEVICES......coiiiii e e 49
Ultrasonic Borehole Imager UBI............... oo e, 49
[1-2-PRINCIPLESOF LOG INTERPRETATION....ccccoevviiiinnnn. 50
[1-2-1-Determination of Shale content VSh)............ccoeiv e i, 50
Amer 48 well €ase StUdY.........vveiieiiiiii i 52
[1-2-1-2 Clay Mineral Identification ..............cccoovviiiiii i, 55
[1-2-1-3Clay Mineral Identification Crossplots. ........ccovvviiveienininnnns 55
1-NGSchartsof well Amer-45........cooiiiii i 55
2-NGS charts of well AMer-47-St.......c.ooeiiiiii i 55
3-NGSchartsof well Amer-49.........cooviiiiii e 58
4-NGS charts of well Bakr-107.........coooiii i e 58

B5-NGSchartsof Well Bakr-111........ouveeireii e e, 58




[1-2-2-Determination of Formation lithology.............cccoviiiiii i 62

A-CIOSSPIOLS. ettt 62
A)-1 Lithology CrossplotS..........euvieiieiieie e e e e e e 62
1-Neutron-Density Crossplots..........covveiieiiiiie e 63
1- Neutron-Density chart for well Amer- 17A......... e 63
2- Neutron-Density chart for well Amer-19...............ooeiieinie 63
3- Neutron-Density chart for well Amer-27.............ccooveiieiiinie 63
4- Neutron-Density chart for well Amer-28.............cccoiviinnnn. 63
5- Neutron-Density chart for well Amer-29......  ................ 63
6- Neutron-Density chart for well Amer-44.............cceeiiinn, 63
7- Neutron-Density chart for well Amer-45................. cooenen, 63
8- Neutron-Density chart for well Amer-46................cooevvenee. 64
9- Neutron-Density chart for well Amer-47..........cccoeeeveeen ooiis 64
10- Neutron-Density chart for well Amer-48...........................64
11- Neutron-Density chart for well Amer-49..........ccccvvvevvennee. .64
12- Neutron-Density chart for well Bakr-111... ........ccooeinnnnnnn, 64
General remarks on Neutron-Density plotS..........cccvvvvvevie e i v iennne, 64
B) Sonic (At) —Density/Neutron porosity crossplot...... ... 71
C) Density — Photoelectric cross section crossplot............cccoevevvneen. e, 75
The density — Photoel ectric cross section index charts for the Nullipore
=SS AV o | PPN 75
D) M-N plot .. P £°)
2-2-3 Determi natlon of remalnmg Ilthology Fractlons ......................... 81
2-2-4 Determination of formation POrosity...............ccoovveiviiinnnnns 83
2-2-4-1 Density Log (FDC)/Litho-Density Log (LDL)... ....cccc........ 83
2-2-4-2 Compensated Neutron Log (CN L)/Accelerated Porosny Sonde
(APS) .. SRR . &
2-2-4- 3 Borehole compensated sonic Iog (BHC) ........................... 84
2-2-4-4 Determination of the total porosity (PT)......... oeevveiiiienn 84
2-2-4-5 Cores measured POrOSItY..........vevveiiiieee i e v eaea 85
2-2-4-6 Determination of cementation factor (m) .............cocveeevnnnns 86
2-2-5 Determination of trueresistivity (Rt)...... ....coooiiiiiiii i 87
2-2-6 Determination of fluids saturations...............cocoo i, 87
2-2-6-1 Water saturation (SW).......ccoovviiiir iviiee e e e 87

A-Water saturation in clean formations................ccccceeeveeevene.... 88
B-Water Saturation in a Shally Formation....................................88

2-2-6-2 Hydrocarbon saturation.........cccovvvvie e ie i v eveeseenieenen ... 88

2-3 Presentation of ReSUltS..........coouiiii i, 89
2-3-1- Introduction:- . . U o 1o
2-3-2 Vertica Dlstrlbutlon of Hydrocarbon Occurrences .................. 90

A- Litho-Saturation Cross Plot of Well Amer-46.............ccccee ... 90




B- Litho-Saturation Cross Plot of Well Amer-47 st.. SN ©
C-The weighted average determined petrophysical parametersfor
N TU T o To =T = T1=T Y/ | 9

CHAPTER (I11)
The Reservoir Fracture Characterization

X o0 I 1 g1 0o [0 ox i o o PR 96
A- Induced Versus Natural Fractures .........cccccocevcencinieiies covvveeneenn .. 96
B- Naturally Fractured réServoirs ........cccecveceveeneeieeneeies e eneeeeaennns 97
C- Fracture's generation and formation ...........cccceecevevevivnicens vevvenenn.. 98
D- Fracture morphology .......coceveereneneeieseesee e e e ....99
E- Fracture classifiCation ..........coccoveeieniiiieneee s e eieeeenns 101
F- The influence of open fractures on the reservoir quality ............ 102

3-2 Fracture 1dentifiCation ...........ccooeeeerenieese e e e eee ..103
3-2-1 Sometools used in identifying fractures ... ceveeeee. 2103
1- The Gamma Ray and Natural Gamma Ray Spectrometry Iog ............ ....103
2- The Density measuremMents ..........coevveeveerierienneaneaneenennn ....103
3- Resistivity measurements ........ccccoviiiiiiiiieiiee e e 104

4- Neutron MeasUremMENtS ..........cooceeerieeeiiieee e sree s eeeen s ...105
5- Litho-density [0g ........ coeveeieeeceeseee e e e ...105
6- SONIC MEASUIEIMENES . ..ot reee e ens ...105
7- M-N Plot. . e RSP 10 ¢
8- Ultra Sonic Borehole Imager (UBI) ................................ ...106
9- TheDipole Shear Imager DSI ... e e 107

3-2-2 The Fracture System in Amer Field Nullipore Reservoir.. 107

A) AMEr-17A WEIL ..o e e aane 109

B) AMEr-45 Well .....ocoooeeee e e e 110

C) AMEr-47 StWEL. ..o e e 117

3-3 Fracture ElastiC ANISOIOPY ...cceevveeieeeeeseeieseesieesiesieenes cneene e 119
3-4 Fracture preSentalion ........coccoeeereereneeseeniesee e seesee e one e 125
A) AMEN-A5 WE ..o e eaeann 128
C)Amer47stwell.. ......ooooiii e, e 128

HOMZONtal WEIIS ... veneaeeenes 128

CHAPTER (1V)

The Reservoir’s Rock Physics

4-1 Introduction.. e e e 129

4-2 ROCK- PHYSICS MODELS ................................................ 129

4-3 SHEAR WAVE VELOCITY PREDICTION.......ccccvviine e, 130

4-3-1 Shear wave Equation of the Nullipore Reservoir ................... 136

4-3-1-1 Example Well AM-47 ..o 136
4-4-1 ELASTIC CONSTANTS (Elastic Moduli)... ......ccovvviiennnenn. 138
A-4-2 VPIVS TALIO o.ee et et e e e e et e e e 139

4-4-3 ACOUSEIC IMPEAANCE. ... et eitie v et et e reeeieans 139




4-5 Some factors controlling elastic propertiesin the Nullipore reservoir
0] P {0
4-5-1: Relations between seismic properties and rock properties.........141
A-Compaction, Consolidation, Cementation and Age:............... ....141

B- BUIK DENSILY ..ot e e e e e 141
C-Clay CONENT. ...t et e e e e e 144
D-Fractures and aniSotropY........couevesveienienieieee e e e e e 146
Genera remarks on Velocity —density relation ..................ccoevennee. 144
E-Porosity and Pore Shape..........ccooiiiiiiiiiiii v e e 146
F-Lithology..... oo 150
ANEI-45 e e e 150
4-5-2 Relations between seismic properties and fluid properties... ....... 154
A-Viscosity and DensSity.......ccvvvieie e e 154
B-Wettability ... ..o 154
C-Fluid composition, Type, and Fluid phase..................ccoveeeene, 154
D- Gas-Oil and Gas-Water Ratios..........o.vveiiiiieiiiiiiiie i, 155
E-SatUration.......ocuieeie i e 155
4-5-3 Relations between seismic properties and environment............... 158
A-WaVve freqQUENCY... ... cviieie i it ie e e ie e e eeeeeeeee 2. 1D8
B-Stress NISTOrY ...t 158
C- Depositional environmMent..........c.voeeeisir i e e sieaeeans 158
D-TeMPEIatUIE. .. .. e e e e e e e 158
E-Reservoir process and the Production history................cccoveeeene 159
F-NEt reSErVOIr PrESSUIE ... ...t ieee et et e e e e e e e 159
4-6 The vertical distribution of the Nullipore reservoir elastic properties
....................................................................................... 160
Genera remarkson fig (4-10a, D) ......coviiii 160
SUMMARY AND CONCLUSION 163
REFERENGCES........co oottt 167

ARABIC SUMMARY




LIST OF FIGURES

Subject Page No.

CHAPTER (1)

GEOLOGIC SETTING
Fig(1-1) Gulf of Suez map with the Study arealocation ...........ccccceeerivnnnnene 2
Fig(1-2) Stratigraphic column of Gulf of SUEZ ...........ccceevveviiiiice e 4
Fig(1-3)  GUI Of SUEZ ....oceeeieceiee ettt e eteeaeaen e e 10
Fig.(1-4)  Gulf of SUez teCtONIC STAJES ......ccceerverierrerieeeeeeeeee e e 12
Fig (1-5) Location map of AMEr CONCESSION .......cccvevvieeeiieiieeie e seesesreenens 17
Fig (1-6) Ideal stratigraphic sequence of Amer field ........ccoeeevvieececnenee, 19
Fig(1-7)  Geological Cross SECHON ....ccccceveererieeienerieeie e eee e 25
Fig (1-8) Depth Structure contour map on Nullipore reservoir. ................... 26
Fig (1-9) Bouguer ANOMaly Map ......cccceveeieiecieie e 28
Fig (1-10) Interpreted TWT arbitary seismicline ......cccccveveeeee il .29
Fig (1-11) Classfication of carbonates (FOIK) .........ccooviriiiiciciciciiice 33
Fig (1-12) Classfication of carbonates (Dunham) ...........cccoeveieiiinienicniens 33
Fig (1-13) Carbonates Porosity interpretation .............cocoeoeeerereeieeienienieneens 37
Fig (1-14) Carbonate ramp standard lithofacies ..........ccccoccevveeenenecceneeene, 40
Fig(1-15) Reef faciesand sedimentary environments ..........c.ccocceeeereeeeeenne 42

CHAPTER (I1)

METHODS OF STUDY
Fig (2-1) Spectral gamma-ray data from Hole 1172D  ............... 53
Fig (2-2) Chart comparing the maximum values of CGR ... ................. 53
Fig (2-39) K- PE (AM-45) ..ottt 56
Fig(2-3b)  Th/Kratio-PE(AM-45) ..o e 56
Fig(2-3c) K%- Thppm(Am-45) ... 56
Fig.(2-4a)  K%- Pef (AM-47) oo et e nenen e DT
Fig (2-4b)  TH/K ratio-PE (AM-47) oot 57
Fig(2-4c) K%-Th pPm (8M-47) .ot 57
Fig(2-5a) KY0-PEF(AM-49) ..ot 59
Fig(2-5b)  TH/K —Pef (AMF49) ..o 59
Fig (2-5¢) K%-Thppm (AmM-49) ... 59
Fig(2-6a) K%-PEf (BAKER-107) ...coeiiiiiirieieieirienesieseee e 60
Fig (2-6b)  TH/K-PEF (BaKEr-107) ....cccoviriirriiniciniesinieseee et 60
Fig.(2-6c) K%-TH ppm (Baker-107) ..o 60
Fig.(2-7a)  KY%-PEf (BAKEr-111) ....ccooviieeiiieierieineeeseeesee e 61
Fig(2-7b)  TH/K -Pef(Baker-.111) .......ccoiviiiiiiiiiiiiie e e, 61



Fig.(2-7¢)

Fig (2-12)
Fig (2-13)
Fig (2-14)
Fig (2-15)
Fig (2-16)
Fig (2-17)
Fig (2-18)
Fig (2-19)
Fig (2-20)
Fig (2-21)
Fig (2-22)
Fig (2-23)
Fig (2-24)
Fig (2-25)
Fig (2-26)
Fig (2-27)
Fig (2-28)
Fig (2-29)
Fig (2-30)
Fig (2-31)
Fig (2-32)
Fig (2-33)
Fig (2-34)

Fig(2-35)

Fig(2-36)
Fig(2-37)

K%-TH ppm Baker-111.......cccoiviiie i 61
FDC-CNL Crossplot for Nulliporein Am-17A  ..........ccoe..e. 65
FDC-CNL Crossplot for Nulliporein Am-27 .............coceuene 66
FDC-CNL Crossplot for Nulliporein Am-28 .........ccccoeovveeienene 66
FDC-CNL Crossplot for Nulliporein Am-29 .........cccccovovveeineene 67
LDL-APS Crossplot for Nulliporein Am-44 .........ccccoeeevvneenen. 67
LDL-APS Crossplot for Nulliporein Am-45 ........ccooceeevvvnenen. 68
LDL-APS Crossplot for Nulliporein Am-46 ........................ 68
LDL- APS Crossplot for Nulliporein Am-47st. .......cccovevveieennne. 69
SDT - DSNT Crossplot for Nulliporein Am-48 ...................... 69
SDT - DSNT Crossplot for Nulliporein Am-49 ....................... 70
SDT - DSNT Crossplot for Nulliporein BK-111 ........cccccoceeieens .. 70
FDC-BHC Crossplot for Nulliporein Am-17 A ..........cccoiennen. 72
FDC-CNL Crossplot for Nulliporein Am-17 A ....ccoooveveevvveeen, 72
FDC-BHC Crossplot for Nulliporein Am-19 .........................73
FDC-CNL Crossplot for Nulliporein Am-19 .........cccocvvinineneene 73
LDL-DSI Crossplot for Nulliporein Am-45 .........ccovvevevvicienes o 74
APS-DSI Crossplot for Nulliporein Am-45 ..........cccooevvvvvcvennn 74
Pe-Density Crossplot for Nulliporein Am-45 ........ccooccevviveienes e 76
Pe-Density Crossplot for Nulliporein Am-47 ......coccooeevivvceeccenees o 76
Pe-Density Crossplot for Nulliporein Am-48 .........ccccovviveceenes 77
Pe-Density Crossplot for Nulliporein Am-49 .........ccccovoviieicenes 77
Pe-Density Crossplot for Nulliporein BK-107 .......cccccevvecvevienes 78
Pe-Density Crossplot for Nulliporein BK-111 .......ccccvvvevvenen .. 78
M-N Crossplot for Nulliporein Am-17 A ..o e 80
M-N Crossplot for Nulliporein Am-19 ........ccccooveeiiininieieeeeee - 80
chart for @ measured from cores of wells Am-27, 28 and 29
aNd @ total dENVED ..o 85
illustrates the Pickett plot for Am-17 A well. The calculated
cementation factor (m) is 1/slope=1.9....... ..........ccvvvvivent...... 86
Litho-Saturation Cross Plot of the Nullipore for well A46......... 91
Litho-Saturation Cross Plot of the Nullipore reservoir for well
AMEN-ATSE. et et 93

CHAPTER (I11)
THE RESERVOIR FRACTURE CHARACTERIZATION

Fig (3-1)
Fig (3-2)
Fig (3-3)
Fig (3-4)
Fig (3-59)

TriaXial SITESSES ....ovviivirieieieeeiees e 100
The different types of fracture morphology .........cccceveveeciennne 100
Schematic plot of fracture porosity and permeability ............ .102
Amer 17 A logs used for fracture identification ............c........... 108
Amer 45 logs used for fracture identification ...........ccccoevveneee. 111



Fig (3-5b)
Fig (3-5¢)
Fig (3-5d)
Fig (3-6a)
Fig (3-6b)
Fig (3-7)
Fig (3-8)
Fig.(3-9)
Fig.(3-10)
Fig(3-11)
Fig(3-12)
Fig.(3-13)
Fig (3-14)

Amer 45 logs used for fractureidentification ...........c.ccccceeen.e. 112

UBI resultsfor Amer-45 well ... oiieninn 114
UBI resultsfor Amer-45 well ..o 115
Amer -47 st well logs used for fracture identification .............. 117
UBI resultsfor Amer 47st Well ......c.ooeeiiiieieeeeeeee 118
The Dipole Sonic Shear Imager (DS]) ....ooccevvveeeenreeeee e 120
Shear wave splitting according to fracture orientation .............. 120
STC ProCESSING-MED ...eeverereeeeeeeeeiesesre st se e s anes 122
DS fOr AMEN-A7SE. ..oeeieiiieieeiee e 123
Fracture PIOtS AM-45 ... 126
Fracture PIOtS AM-A7SE. ..o 126
Bedding PIGtS AM-45 ... 127
Bedding PIOtS AM-47 SE. ..o, 127

CHAPTER (1V)
THE RESERVOIR'SROCK PHYSICS

Fig (4-1)

Fig (4-2)

Fig (4-39)
Fig (4-3b)
Fig (4-3c)
Fig (4-3d)
Fig (4-3¢)
Fig (4-59)
Fig (4-5b)
Fig (4-5¢)
Fig (4-5d)
Fig (4-5€)
Fig( 4-69)

Fig(4-6b)
Fig (4-79)
Fig(4-7b)
Fig(4-7c)
Fig(4-7d)
Fig (4-89)
Fig (4-8b)
Fig (4-99)

Fig.(4-10a)
Fig.(4-10b)

Summarized Rock physics model (Doverkin,200 1) .............. 135
Vp-Vschartsfor Am-45, Am-46 and AmM-47st. .....cocceevvvvenenne 137
Density-Velocity chart for Am-17 A ...ccooveeiieeececeeee e 142
Density-Velocity chart for Am-19 ..., 142
Density-Velocity chart forAm-45 ... 143
Density- V €l0Gi ty chart for Am-46 .......cccccoeovecevvceececen, 143
Density- V eloci ty chart for AmM -4 7 ..o, 143
Porosity versus velocity inwell Am-17 A ......ccooveevvveecienne .148
Porosity versus velocity inwell Am-19 ..., 148
Porosity versus velocitiesinwell Am-45 ........cccoovvvvveveieenns 149
Porosity versus velocitiesinwell Am-46 ..........ccccceeeeevvieennnne 149
Porosity versus velocitiesin well AmA7st ......c.occevveeeveiennns 149
Velocity ratio versus P-wave impedance in well Am-45
NUIIPOrE FESEIVOIT .....eceveiecieee sttt st 151
Velocity ratio versus S-wave impedance in well Am-45
N LU T oo = T 151
VpversusV s (fast) and V s (Slow) AmM-47st .....cccoeveeeevvcnenen. 152
Velocity ratio versus P-wave impedance Am-47st .........cco..... .. 152
Velocity ratio versus S-wave impedance (fast) Am-47st .......... 153
Velocity ratio versus S-wave impedance (slow) Am-47st ......... 153
Water saturation (Brine saturation) versus seismic velocitiesin
AM =45 e 156
Water saturation (Brine saturation) versus seismic velocities
ratio for the Nullipore reservoir inwell Am-45 ................... 156
Water saturation (Brine saturation) versus seismic velocities
of the Nullipore reservoir in well Am-474t. .................... 157
Chart of roCK parameters..........ccceveieeeereese e s seeee e 160
Chart of rock parameters(CoNnt..........ccoocvvvrereernseesese e 161



LIST OF TABLES

CHAPTER Page No.
CHAPTER (1)

Table (2-1) Clay Mineral identification................cooiiiiiiiii i e, 54
Table (2-2) values for fluid and matrix properties.............covevveinnnnnne. 82
Table (2-3) measured porosities for cores compared to calculated ............ 85
Table (2-4) Weighted average determined petrophysical parameters ........ 94

CHAPTER (1V)
Table (4-1) Dynamic elastic properties (Schlumberger, 1987) ............... 137
Table (4-2) Factors influencing seismic properties of sedimentary rocks. .139



ACKNOWLEDGEMENTS

Sincere gratitude and great appreciation to Prof Dr. Nasser
Mohammed Hassan, Professor of Geophysics, Geophysics
Department, Faculty of Science, Ain Shams University, for his
supervision, suggesting the point, valuable leading comments
during the progress of this work and critical reading and
reviewing of thiswork, that any good thing in thisthesisrefers
to him.

| also wish to express my deep thanking and gratitude to Dr.

Abdallah Mahmoud El Sayed, Assistant Professor of
Geophysics, Geophysics Department, Faculty of Science, Ain
Shams University, for his supervision, stimulating guidance,
valuable discussion and suggestions.

| wish to thank Dr. Aref Lashin lecturer in geology
department, Faculty of science, Banha University, for his
great help that this work would not be done without his help
and support.

I’m thankful to the former exploration manger Dr. Ahmed
Rashed for his encouragement to begin that work.

I’m thankful to Mr. Mohamed Taha from GEOPIC for his
advices and discussions.

| wish to thank Mr. Nabil El-Said GPC Exploration manger
for his support and consideration. | wish to thank my
colleagues in GPC for their help in editing this thesis: Mrs.
Omaima Abd El-Wahab, Eng. Said Fadel, Mr. Gamal Khedr,
Mr. Tahir El-Zefzaf, Mr.Samy Elbana, Reham Omar, Doaa
Hussein, Randa Al-Halwany, Mohamed EI- Shiekh, Mohamed
Araby and Ahmed Al-Tahawy.

I’m thankful to all my friends in the faculty of Sience Ain
Shams University Mousheera Abd-El Ra’of and Samah El
Nahas for their great help in Editing this Tithes.
My great thanks to my family and all of my friends for their
unconditional love and constant encouragement.

Thanks for believing in me when | doubted myself.



Chapter (I)
GEOLOGIC SETTING

1-1-1 Introduction

The Gulf of Suez

The Gulf of Suez basin is the most prolific and prospective oil
province in Egypt, where the majority of operating oil companies
Is concentrated. Its history of production can be traced back to
ancient times, where oil has been obtained from seepages at
Gebel El Zeit and Gemsa by the Pharaohs. Since the end of the
19" Century when oil exploitation started in the Gulf of Suez
area, numerous wells have been drilled and more than forty ail
fields were discovered. To date, more than four billion barrels of
recoverable oil have been discovered within the Gulf of Suez.
This province constitutes with the Sinai province a zone of
subsidence in the earth's crust throughout the geological history.
The Gulf of Suez started as a big crack in the continental crust of
Africaand Arabia (probably as early asthe Early Cambrian if not
during the Late Precambrian). The E-W tensional stress leading
to the opening of the Gulf had their complementary N-S which
resulted in an E-W basin orientation in Sinal.

Both the Suez rift and the Red Sea formed a continuous,
northwest-southeast—oriented continental rift at the early stages
of separation between the African and Arabian plates. Opening of
the Suez rift started in the Oligocene (Robson, 1971), Oligocene-
Miocene (Garfunkel and Bartov, 1977), or Early Miocene
(Moustafa, 1993; Patton et al., 1994). Extension in the Suez rift
was aborted in the Pliocene when the Dead Sea transform
separated it from the Red Sea, which has continued opening since
that time by sea-floor spreading (Cochran, 1983).

The Suez rift extends for about 300 km in a north-northwest
direction toward Suez city. It is dominated by north-northwest—
south-southeast oriented faults bounding tilted fault blocks.




Figure ( 1-1) Gulf of Suez map with the Study area location. Also major
faults are shown. (After Gupco 1997, edited)



