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ABSTRACT

The generation of seismic attributes hadledato better interpret certain geologic
features. Analysis was on attributes computed f@inseismic data of Bualwan, Dor
Mansour oil fields, with support from well logs. &hultimate goal in this multiattribute
analysis is to produce a more accurate interpogtaiihe integration of the attributes has
increased confidence in the seismic mapping hosibtJpper Cretaceous succession with
their fault polygon, modeled, automatic fault teicjues, fault patches, 3D structural grids
and the other numerous subtle lineaments, whiclk difiicult to identify in the input data.
Seismic attributes like Variance seem to be veitable for defining structural elements.
Chaos attribute highlights areas where the seisimoavs large variation in the locally
estimated dip and azimuth. Structural smoothirig reduce the noise and enhance quality.
Ant tracking is applied on the Chaos and structsnabothing volume attribute to search
of high energy surfaces (fault planes). 3DEE (3Qesdnhancement) helped to increase

number of faults manually detected and enhance tésblution.

In details, the faults which make up in siedy area displayed a complex en echelon
pattern, which is interpreted in terms of riededahmechanics. Anticlockwise orientation
of the shears to the zonal trend NW-SE, indicas they formed by sinistral slip. In a
situation where the maximum compressive stressiefiritial stress field was oriented
toward NE-SW. There is, in addition, marked vaaatin fault pattern and style. In the
west, NW-SE trending fault interpreted as a commexres of en echelon fault with
associated riedel shears formed small scale of hadsgraben structures. In the east, NE-
SW trending fault may reflect Hercynian structuoesgeny, which are limited in length
and not continuous. Discontinuity Attributes wengpgorted by Geoseismic profile
through five cross section. Fault system is exfalgiéeriodic strike-slip, negative to positive
flower structures suggested a significant componeita pull-apart transtantional
movement. Large scale listric faults with minorssehich were mainly associated with the
margins of the horst structures were mostly intetigat,which cannot be fully delineated
using seismic amplitude datéhe fault modeling and pillar gridding processsvetosely

monitored to ensure that the geologic based irgépon is preserved in the modeling
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frame. The automatic fault extraction process wesed as quality control to maintain
interpretation, provide additional overview of fasegments and compare the value of

manual interpretation.

Lithological characterization interpretedfour isochron map, well log cross section,
with several physical attribute include; GLCM (Giegvel Co-occurrence Matrices)
texture attribute. Sweetness to delineate peaketygnCosine of Phase and frequency
filters enhances the continuity of reflectors ieas of uncertainty, and highlights the main
strata relationships. The advantages of AVO pdddion in the convectional studied.
Hydrocarbon implication has been discussed thegorimgation in the plam tree structure
or beside the middle depocenter, referring thevells were out of structure.
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CHAPTER ONE

INTRODUCTION

1.1 Overview

The study is concentrated on using intéggadf 3D seismic reflection data, seismic attrésut
analysis, time structure map, isochron map and leglldata, with numerous techniques have
developed such as visualization, evaluation andetrggl in Upper Cretaceous succession in

Bualawn Dor Mansour Fields, western Sirt Basinyhib

Upper Cretaceous succession is responfiblthe processes controlling the hydrocarbon
traps in the basin. The period was significantlgtoolled by fault kinematics and their patterns.
Seismically defined, constrained stratigraphy, rimé structure and its tectonic evolution within
the framework have been discussed by utilizing ifpestructural and stratigraphic volumetric
attributes. The research is documented stratigrapliye lithological units by observed changes
in their thickness, their syn-kinematic depositideatures and the subsurface fault geometry, then
discuss the spatial variations in fault controlieformation patterns. It provides evidence fortexis
a transtensional and transpresional. Understarttmgariation between the two structure styles

and their related stress is important.

The implications for hydrocarbon explooatihave discussed. The source rock is Sirt Shale
as dominated in the western Sirt Basin. The Dolersitpratidal flat in the upper part of Lidam
Formation represents the primary reservoir. Thersgary reservoir rocks are calcarenite in the
lower part of Tagrift Limestone. The main trap styh the study area is the tilted fault blocks

related to en echelon faults.



1.2 Location of the Study Area

Sirt Basin is considered to be a holotypa continental rift area, bounded by Gulf of $art
the north, to the south by the Tibisti Massif,le tvest by Al Qargaf Uplift, Ghdamis and Murzuq
Basins, and to the northeast by Cyrenaica Plat{éigure 1.1).

The area under investigation is the Bual®wer Mansour Fields located on the western part
of concession 47, which is situated in the cenaat of west of Sirt Basin. Its cover an area about
450 Kn?, which is located between (latitude; 28° 30" a835" north, and longitude; 18° 35" and
18° 45" east). Topography of the Concession hdsshagd lows, which is subdivided into three
parts in the north Haram Ridge, in the east Kotlab@n, and in the west Bualawn, Dor Mansour

merged fields in which the study area have beetyiogrout, illustrated in Figure (1.2).

1.3 History of Concession

On December 1953 was granted to CalifoAststic Oil Company and Texaco Overseas
Petroleum. American Overseas Petroleum Limited ewiks an operator and started drilling from
1958 to 1973 about fifty-three wells , seven ofsthavells are oil producers; (Beda B1-47, Labiba
K12-47, Kotla C2-47, Haram S1-47, Sarab T1-47, Bwal GG1-47, and Warid HH1-47) and the
others are dry wells. In 1974, the American compaayg nationalized and all its concessions and
oil fields were turned to the National Oil Corpaoat (N.O.C) of Libya. Between 1975 and 1979,
Umm-al-Jawa by Oil Company started exploration drilling in the concession. On December
4, 1979, the two national companies Umm-Al-Jawaihg Arabian Gulf Exploration Company
(AGECO) formed the Arabian Gulf Oil Company (AGOC®Jow, the concession belongs to
AGOCO.
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1.4 Previous Work

A number of studies discussed regional ev@na of the structural and stratigraphic of the
Sirt Basin. Regionally, the tectonic phases washiged corresponding to plate reorganization
related to the evolution of the Atlantic and thehls (Finetti, 1982); Futyan and Jawzi, (1996);
Guiraud and Bosworth, (1997). Abadi (2002) subddidhese tectonic into four main stages,
summarized; the first during the Late Jurassidhh®Early Cretaceous (144.2-112.2 Ma), which
represents the subsidence in the southeast ofigie Along an E-W structural trend. The second
is related to the Late Cretaceous (93.9-65 Ma) fiuthtime interval including Cenomanian (98.9-
93.5 Ma), Turonoain (93.5-89 Ma), Coniacian andt&aian (89-83.5 Ma), Campanian (83.5-71.3
Ma) and Maastrichtian (71.3-65 Ma). Phase (3)letee to the Palaeocene until early Eocene (65-
49 Ma). Phase (4) is related to the Middle Eocarté the present day (49-0 Ma).) .He suggested
that phases 1, 2 and 3 were caused due to faiditi@st which are related to renew rifting during
these pahses, while the phase 4 was caused byesgdilnad and thermal relaxation within the
basin. Anktell, (1996) has introduced a tectoniasian the basin, include first intercontinental
rifting (Late Carboniferous-Early Cretaceous). Seteinistral wrenching fault (Middle Jurassic-
Early Cretaceous). Third dextral wrenching faulat@ Cretaceous-Middle Eocene) and Fourth
dextral lateral wrenching and N-S compression aktenfrom Late Eocene to the present. He also
explained structural history of the Sirt Basin atslrelationships to the Sabratah Basin and
Cyrenaican Platform, which suggested the firsttfaatcurred in the southern part of the basin is
the Sabratah-Cyrenaica Fault Zone, which identifiedE-W and WNW-ESE trends, causing the
pull apart in the basin. Kroner, (1993) discusdeactural weakness as a series of N-S to NW-SE
of uplift and subsidence commencing with the ParicAh orogeny, then Hercynian orogeny in
NE-SW trends. Abadi, (2002) studied the stratigrapimits, their distribution and thickness
variation, to find out that controlled by basemstrtictures related rift complex configuration,
which is divided the whole Sirt Basin into discreteuctural features. Harding, (1984) discussed
Graben hydrocarbon occurrence that aided to fegiu dmiea by vertical migration. Roohi, (1996)
introduced agreement to hydrocarbon migration patt8inha and Mriheel, (1996) suggests the
Upper Cretaceous period appears to have beenvedjatnore eventful from the view point of
tectonic evolution and the attendant sedimentdtistory. El Shari (2008) confirm that result by
subsidence analysis at the eastren margin of SisinB He concludes that a large subsidence
combined with a sedimentation rate occurred dutvegUpper Cretaceous times.
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1.5 Software and Data Used

1.5.1 Software Used

As the main targets of this study are tegnate attributes analysis and their benefit, tans

time maps and subsurface correlations, and modehedgollowing software were used:

» Petrel Software-2015this software used to visualize and interpressuface seismic data
by using attribute analysis, extracting differenbsurface maps; as well as constructing
cross sections to improve structural and stratigamterpretations.

» Corel Draw: used for create geoseismic to illustrate a cariiplof subsurface geology in

easy view.

1.5.2 Database
The main dataset used in this study are:

e Seismic data

3D Seismic reflection data of Block @882000), has inline (880 - 1420) and crossline
(868 - 1458), which is covered 450 Km

« Well Database

The data included well logs for 7 wedlsattered through the study area ranging in TD
about 6900 ft. In the table (1.1) list of the walised for calibrate them with seismic through

synthetic seismogram. Table (1.2) shows the folnatps of the Upper Cretaceous succession.

Table-1.1: Data list of the wells in Block-A1A2 (@®, 2000) used in this study.

Well Number V5P DT GR 0 Status
W-A7 Ves ves yes - Ol well
W-B3 ves ves yes - Ol well
W-B4 ves ves yes - Water well
W-A2 ves ves yes - Ol well
W-B2 ves ves yes ves Ol well
W-C4 ves ves yes - Ol well
W-C1 ves ves yes - Ol well




Table 1.2 Formation tops in selected wells

Formation Tops (ft.) W-A7 W-B3 W-B4
Sirt shale 5187 4964 5064
Tagrifet 5434 5258 5337
Etel 5584 5497 5512
Lidam 5957 5768 5854

1.6 Statement of Problem

» Deteriorates notably at Lidam Dolomite reservoithivi fault zones.

* The complicated tectonic style and small size ofisalosures.

1.7 Objectives

The main objective of this study is focusedextended 3D seismic interpretation by using
attributes to gain better understanding of geoléeatures and reveal the ability of attribute taypl

important role in further exploration to avoid sk
The Specific objective of this study can be sumpgeatin the following points.

* ldentify the structural style and recognize thaaegl implication.

» Using multi visualization techniques to enhancedttrral and stratigraphic features.

* Optimize synthetic seismograms to calibrate thed deghth with seismic times.

* Improve results and accuracy of structural andigtegphic identification and delineation.

» Using stratigraphic attribute in interpreting hais, seismic facies and zonation.

» Using discontinuity attributes to enhance intertieth of fault modeling, pillar gridding
and 3D structural grids by manual and automatitt &draction.

» Using texture attribute to understand the litholobgracterization.

» Study the achievement of polarization AVO (Ampliéwndith Versus Offset).

» Using well log correlation to define the structuaald thickness variation of formations.

* Using statistical attributes to measure brightndeBneate closures and fluid location.

* Qualitative and quantitative of fault displacement.

 Recommend potential hydrocarbon prospect for futydrocarbon exploration.
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2.1 Introduction

approximately 600,000 km2 and is mainly composedisdrete of horsts and grabens. The origin

CHAPTER TWO
GEOLOGICAL SETTING

Sirt Basin represents a major part of N@entral African rift systems, it covers an aréa o

of the rift is believed to be related to the opgnaf Atlantic resulted in an apparent eastward
movement of Africa relative to Europe (Anktell, B9Geology and structure of the basin was
developed as a result of extensional regime witfer@dint orientation subjected to strike slip
movement (Abadi, 2002). The tectonic features aprasented from east to west by Ajdabiya
Trough, Hameimat Trough, Sarir Trough, Marada Thou{ptla Graben, Zellah Trough, Dor El
Abida Trough and finally Hun Graben. They are safgt by Amal Platform, Rakb High, Zelten
Platform, Beda Platform, Dahra Platform, Waddanift(Figure 2.1).

aze
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28"

agge
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Figure 2.1, Structure map showing the tectonic &aork of the Sirt rift complex (Abadi, 2002).
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2.2 Tectonic Setting

The Sirt Basin is a part of the Tethyan sigstem development include plate tectonics of

relative motion between Africa and Europe (Futya dawzi, 1996; Guiraud and Bosworth,

1997). The structural weakness of the area is ek#edpby a series of N-S to NW-SE of uplift

and subsidence originating in Late Precambrian,tcoenmencing with the Pan African orogeny

that consolidated a number of proto-continentajrfrants into an early Gondwanaland (Kroner,
1993), which controlled sedimentation in the e®&aeozoic (Bellini and Massa, 1980; Anketell,

1996), followed by Carboniferous deltaic depositidtercynian orogeny during Permian to

Jurassic resulted uplift remove Paleozoic sediraadtthe deformation in NE-SW trends (Hallet,

2002).

Sirt Basin experienced multi-phase subsiddram Cretaceous to recent periods in response

to the changes of regional crustal stress, whiclmains may mechanisms are combined to form

the basin and affect in its deposition. It wasiatly believed that main phases could be

distinguished as following;

The first phase of subsidence was fairly activewsiaidspread, characterized by early stage
of rifting and Late stage of thermal contract saggiHallet, 2002). The combination of
strike slip movement of sinistral shear zone relate Sabratah-Cyrenaica Fault Zone
(SCFZ) toward E-W and WNW-ESE structure domain, amginal extension mechanisms
that strongly controlled clastic deposition in sebeift troughs (Anktell, 1996). In Aptian
age, concurrent transtension subsidence set oSMEfaults (extension direction) initiated
in syn-rift stage related to a paleostress fiethamited with the interaction between Europe
and Africa (Anktell, 1996; Gras, 1996; Guiraud aBdsworth, 1997; Ambrose, 2000;
Hallett, 2002).

The next phase is compressional event at the Santage was dominated by the northern
motion of Africa (closuring the Tethys) and movermehthe Arabo-Nubian block toward
the west. Theses has been effect the attributedlbdion the African with Europe plate.
During this phase the basin uplifted (structura&ension) by dextral transform movement
and was exposed to erosion. As a result of thisptession event, negative and positive

flower and numerous hydrocarbon traps have beeeloj@ed (Anktell, 1996).



In Campanian, the second stage of subsidence raathazed by NE-SW developed the
reactivation of extension. The extension was ragufrom sharp change of the direction
motion of Africa from east to northeast. As a resiilthe NW-SE crustal compression
stared during Santonian period by produced sinistr@aring, movements along the main
faults (Hallett, 2002).

The third phase of subsidence occurred betweenlenktatene to Paleocene periods. The
extension movements create a sag phase relatefi¢carAplate motion toward west then
north east (Gumati and Kanes, 1985).

In Latest Eocene ages, a major compressional exantrred along Tethyan African—
Arabian margin, reactivated the NWSE faulting akstslip feature associated with the
relative motion of two plates (Gumati and Kanes85)91n Oligocene-Early Miocenéhe
change in the relative movement between Africa Bndope seemed similar to those
recorded during the Paleocene, bringing a dextrétesslip reactivation, a structural
reversal (Gumati and Kandg985). In Miocene to Presertlarge tectonic movements are
responsible for another reactivation of NW-SE fait response to the dextral strike-slip
motions of the Sabratah-Cyrenaica Fault Zone (SCHz9 African Plate moved distinctly
towards the north (Gumati and Kanes, 1985).

2.2.1 Major structural elements impact in the Bualvan, Dor Mansour feilds

The study area is located in the south wegpart of Dahra Platform, where it occupies a
40,000 kmz2 area (Figures 2.1). Located in the vmegtart of the Sirt Basin between the Dur El
Abida and Zallah Troughs to the west and the Mdraldaugh to the east and is bounded on the
south by the NNE-SSW trending Kotlath Graben wiselparates it from Al Bayda Platform.
Major fault zones as following;

Gedari fault is one of major fault zone in the westSirt basin, which lies close to the
assumed junction between the basement west and\gastn plates. Gedari fault was

active during the Cretaceous and reactivated astrsihwrench faults in Paleocene and
early Eocene time (Anketel, 1996; Jerzykiewicalét002). The next phase of extensional

faulting combined with strike-slip movements alahg Gedari fault is recorded in late



Eocene and post-Eocene times, which is definedMigISSW trending, which provide a
sense of relative down throw across the fault zone.

On the southwest margin, the Gattar Ridge is foriogdlown faulting to the WSW
(Anketel, 1996).
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Figure 2.2, Tectonic interpretation of Sirt riftraplex (Anketell, 1996).
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2.3 Depositional Setting and Stratigraphy

In the Bualwan, Dor Mansour fields, three rift ligcbase on W-B3 composite well log data
are recognized and dates (Figure 2.5). Each tectymles seems to consist of a rift initiation

phase, active rifting phase and thermal sag plaasi|lowing;
The first cycle is Pre-rift sediments (Paleozoita$sic).
The second cycle is Syn-rift basin, subivied ifieeé stages are;

* Syn-rift (1) began with continental-marine silidiasocks.
* Syn-rift (2) deposition characterized by marinékiktics and carbonate rocks.

» Syn-rift (3) finally characterized by continentéldastic strata.

The third cycle is Post-rift basin fill, depositicharacterized by carbonate and evaporate strata.

In this progress work, the study is limitedUpper Cretaceous marine sediments. Many
authors suggested this period have more eventfulettonic evolution and the attendant
sedimentation history, which was probably contibley a combination of tectonic, structural

movement and sea-level changes (Sinha and Mrih@86).

Upper Cretaceous Syn-rift basin fill (2),newsts of four formations are Sirt shale, Tagrift
limestone, Etel and Lidam. The total thickness 880" feet. Deposited above the unconformity
includes the Gergaf Group represents stable slsietiimentations unconformably on the Pre
Cambrian basement., which is filling grabens anglsl@areas as a result of transsgressive and

reggressive depositional cycles (Gumati and Kaheg5).

2.3.1 Lidam Formation (Cenomanian)

The first distinctive marine formation oweng the Gergaf (Early Cretaceous deposits) and
overlain by Etel open marine deposits, as an exaetiap for the oil entrapment. The thickness
based on well W-B3 about 380 ft. The environmerdegosition is lagoonal to intertidal based on
W-C5 composite well (Figure 2.4). As the firsttuoii the Cenomanian marine transgression, acts
as good indicators for paleogeography of the Sagii (Hallet, 2002).

11



The diagenetic history of the Lidam Formatin the northwest Sirt Basin was studied by El-
Bakai (1992). He concluded that the Formation hesnbgreatly affected by diagenesis which
began shortly after deposition with the burrowireghaties of algae and fungi, and ended with
extensive dolomitization which occurred after fikation and compaction. He interpreted
limestone and dolomite as accumulating units oabidn tidal flat settings of supratidal, intertidal
and subtidal environments. The upper part of Lidamservoir section) is shallowing up-ward
sequences dominated by intertidal-upper subtidat@mment, which is considered as a significant
oil reservoir in several areas (Hallet, 2002). duodis the primary reservoir in the study area.

2.3.2 Etel Formation (Turonian)

Lidam overlain by thin bedded open marine carbgnatech is gives a distinctive contrast
during the interpretationThe Etel thickness variance from 150-365 ft, whishconformably
overlain by the Tagrift Limestone Formation. Theiesnment of deposition is sabkha /logoonal
(Hallet, 2002).

2.3.3 Tagrift Formation (Late Santonian-Early Campnain)

Tagrift Limestone is the secondary resengan the area, which is deposits in very shallo
water deposits. The lower part consist mainly ol welurated, porous calcarenite, and the upper
part is usually a more argillaceous calciluttiessd porous with occasional shale interbeds with
limestone/ anhydrite beds. The distinct limestoagzon, which is conformably overlain by the
Sirt Shale and overlies the Etel formation. . Hogrelimestone stringers occasionally develop in

the basal Sirt Shale giving the contact a gradatiappearance as shown in Figure (2.4).

On the well cross section, the log interpretabf Tagrift Limestone was indicating that three
intervals in W-B3 well, consists of argillaceousmdéistone are common and glauconitic and pyritic
in parts in the lower part. The GR log responassigally high against the limestone, according to

the high radioactive contents in the limestone ajrift beds.
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2.3.4 Sirt Shale Formation (Campinain-Maastrichtan)

Sirt Shale at the top of the Upper Cretacsogsession, is conformably overlain by the Gheriat
Formation, and the contact can be picked cleatiyeeby lithologic or electric-log characteristics,
and it disconformably overlies Tagrift Limestoneaation. The formation was initially deposited
in a shallow restricted marine environment, rapsgilpjected to deepening (Duronio and Colombi,
1983). According to Barr and Weeger (1972) Siral8ltonsists of a shale sequence with thin
limestone interbeds and consider as sealing limedtr Tagrift Limestone reservoir. On the well
cross section (Figure 2.3), Sirt Shale has reflery high reidoactive value, the upper limestone-

rich part consists of argillaceous limestone irtgand changes to pure shale upward.
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Figure 2.3, Well W-B3 profile shows five differefarmations where interpreted based on the
wireline- log lithology changes and composite vagta of well W-C5 within Lidam Formation
(AGOCO, 2009).
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Figure 2.4, Summarized of stratigraphy and strattaharacterization in the study area. The

characterization based on well-Bfhe rift terminology from Gras and Thausu, (1998) dhe

tectonic phases from Baird, et al. (1996).
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2.4 Petroleum System in the Study Area

The significant source rock and different tyjeseals such as anhydrite, and salt/evaporates
related to El-Kotla Graben has a production poattom carbonate reservoirs rocks up to 5000
BOPD per well (Hallett, 2002). Roohi, (1993) suggdsthe charged by vertically migrated
pathway from El-Kotla graben along the fault zoae§acent to horsts and grabens. However,
impermeable rocks are the most importance to petnel accumulation because of forming
essential seals for the hydrocarbon migrating 6theUpper Cretaceous to fill Lidam and Tagrift
reservoirs (Barr and Weeger, 1972). Hallett, (2Q@&)ure 2.5) simulated the petroleum system
as the vertical migration of oil in the westernt®asin from major troughs to the horst. In the
study area the charged oil vertically pathway fielaKotla Graben.

VWADDAN
PLATFORM

D Mature source kitchen

~— Basin outlines
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—

Figure 2.5, Petroleum system in the western SisirBgHallett, 2002).
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CHAPTER THREE

SOFTWARE METHODOLOGY AND VISUALIZATION
TECHNIQUES

3.1 Seismic data inputs/ Co-ordinate systems

The 3D seismic data volume Seg Y files impoihto Petrel 2015 work station and the location
of the seismic volume referenced to the geograpba@dinate system, The Universal Transverse
Mercator (UTM) coordinate system was applied by AG®DProcessing Department using grid
method to specify locations on the surface of thetiEand a practical application of a 2D Cartesian
coordinate system (as shown in Figure 3.1 A). preged seismic data have been useddiymic
volume and attribute analysis includes the inlitress line, arbitrary line and time slideigure 3.1 B).

The 3D seismic data volume contains 500 inline nenad from 859 to 1459 and 600 crosslines
numbered from 880 to 138Figure 3.2). The interpretation concentrates onddyretaceous

succession ranges from 600 ms to 1200ms basedrovation tops and established synthetic

seismogram.

3.2 Well Log Data

The data includes well logs for twenty onellsvecattered through the investigation area
(Figure 3.2). A set of logs for each well includenic, gamma ray logs, well velocity survey

(check shot) (Appendix, table 1) and formation tops
3.2.1 Lithology Calibration

This step was very important in order to iptet Upper Cretaceous lithologies accurately. GR

logs were used in the calibration and correlation.
3.2.2 Formation Analysis

Upper Cretaceous succession were identifrethe basis of trends of lithologic interpreted
from wireline logs. These orders indicate the démrsl environmental change in variable scales.
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3.3 Seismic to Well Tie

The fundamental inputs are sonic logs, cHlects, density log and extracted wavelet from
seismic data, it is a critical step because poatitydog input to synthetic seismogram generation

can give inconsistent results.
3.3.1 Log Editor (Despike Sonic Log)

Sonic correction used to remove spike val{@espike), because error readings will
accumulate when integrating the sonic value aneceff velocity measurement. On the well W-

B3 used 0.4 Std. deviation and 3 length givesfsdisesult (as shown in Figure 3.3).

(A) (B)
At Log editor “Sonic_despiked” =@ ]| =77 -
F2) Y2 () (=3) (8) (@ (&% o) (B Soor ) [ D) B |y
Sp G Imn om  acwess
2 [ |  mo  Joocococo |6s32.000 | Cespike ] 1

‘ Toptim 4
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Figure 3.3, Log editor setting to correct soniaiags (A) parameter settings, (B) Despike Well

log profile of W-B3 aid to recognize easily Uppae@ceous sequence by remove spike values.

3.3.2 Import Check Shots

Checkshots (CS) are used to place the sogianlalepth and time correctly, based on total
vertical depth (TVDSS) referenced to mean sea I@Mé&L). The average and interval velocity
values are derived from the input time-depth paidsile sonic time and sonic interval velocity

come from the input sonic log, and drift is thef@liénce between the two data sources.
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3.3.3 An Estimated Density Log

The density log of well W-B3 was unavailalde,the Gardner approximation equation used
to establish an estimated density log (RHOB) fraspiked sonic log. (Figure 3.4).

Gardner approximation equation: Density (%) = Constant * Sonic® (g)

Constant (imperial) is 0.229907; Exponent is 0.25.

3.3.4 Wavelet Extraction

Wavelet extraction was created based on 3Bnseicube and well W-B3. However, the
calculation of acoustic impedance as the ratio betwdensity and despiked sonic log and
reflection coefficient derived from acoustic impada. This was applied by time shift plus half
sample operation in Petrel. So that an impedargama reflection coefficient are generate from
the velocity and density profile, (Figure 3.4).

3.3.5 Synthetic Seismogram

Generation synthetic seismogram was perfortadee seismic reflections data with specific
well data. Bulk shift has been used to set a gasaby matching of individual peaks and troughs
seismic reflection and their patterns of formatimundary near well W-B3, (Figure 3.4) Interval
velocity profile and density log with seismic sectiinline 1040 have been used which gives
critical value for delineating lithology accuratelijhe higher interval velocity at Sirt Shale and
Etel more than reservoir interval Tagrift and Lidaks well as the higher density value at reservoir
sections more than Sirt Shale and Etel formatiémgufe. 3.5).
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3.4 Volume Visualization/Volume wall display

Visualize 3D volume used to enhance quafiip@rpretation by viewed relation of geological
features with attributes. In this study, three teghes have been used including normal wall
displays, transparent and inside displdgrmal wall displays viewed solid 3D volume prowsde
outward frame of general trend of interest featstesh as large fault planes, listric normal fault,
horst and graben structures (Figure 3.6 A). Tramsy inside wall displayed the internal
relationship of features in the seismic to othéadi@mr example, first viewed seismic volumes with
the internal well geometries and spatial positgayes information of the well target depths either
shallower or deeper when compare to the reserepthd to determine the suitability of the wells
for correlation purposes (as shown in Figure 3.6 8)cond provides better understanding of
seismic features with fault sticks interpretatiding(re 3.6 C). 3D view of transparent displayed
interested section with grid surface, which is gaveeference dimension of segment (Figure 3.6
D).

3.4.1 Color and Opacity Filters

Visualizing seismic property applied by rangoaior scales related to amplitude spectrums
or frequency distribution, with different attributiéis continuity of reflectors were easy to defin

with specific color scales for seismic interpragatiFigure 3.7).

3.4.2 Cropping

Cropped used to isolate specific depths intean@lideUpper Cretaceous successi@nging
from 600 ms to 1200 ms entire seismic volumes (Ei@ud), to allow extra advantage of speed in
carrying out interpretation by minimize size ofrstto be much easier and quicker, and to validate
properties of the sub volume before making genapalications. Attribute analysis such as ant
track process of fault extraction cropped at spetafget zones to pre tested before final paramete

application to the whole seismic volume.
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Seismic section displayed with embedded normal wall Transparent inside wall display of seismic sections with
volume well path visnalized

Transparent seismic section with visualize grid.

Figure 3.6, (A) seismic section displayed with eddsrl normal wall volume. (B) Transparent
inside wall display of seismic sections with wedltlp visualized. (C) Fault stick display with

transparent section. (D) Time slices. (E) Transpiaseismic section withisualize grid

Figure 3.7, Color display of realized section, difterent seismic attribute.
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Figure 3.8, (A) Create a cropped volume of thevacsieismic cube and interactively use handles
to manipulate size and shape. (B) Cropped resepamtion realized for ant track process and

visualization.
3.4.3 Volume Realization

Realize volume used by create exact physical sagfi¢ghe original seismiFigure 3.9, A)
to make final comparison between original volumel @hanges in the value resolution. The
realization of time slice used with typical diffaces in color to observe property changes, such
as detecting structures effective, and determieextent of fault planes, (Figure 3.9, B). Realized
seismic section introduce more advantage by ingéedr structural and stratigraphic features

easier, such as view the continuity of reflectors.

3.4.4 Volume Rendering

Volume rendering used by sum total ofvadlualization techniques have been discussed,
which is applied for corrections, quality assurantanterpretations of faults, and to provide
collection of the interesting geologic elements ¢omplete interpretation, such edation of
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interpreted surface seismic horizon to the seismicme (Figure 3.10, A),automatic fault patches
module derived from ant track volurtieigure 3.10, B)fault model derived from manual fault extractions
(Figure 3.10, C), angkndering provides a dynamic property change mtirad position of features in 3D
view, which is not available in display functi@Rigure 3.10, D).

B u o Inline 1

Figure 3.10, Relation of seismic volum with (A)dith map, (B) fault patches, (C) fault model,

and (D) display the gains of rendering process.
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CHAPTER FOUR

SEISMIC ATTRIBUTES AND THEIR SIGNIFICANTS

4.1 Introduction

Seismic attributes defined as all the infoiorabbtained from seismic data, either by direct
measurements or by logical or experience basedmaas (Liner et al, 2004). The concept of
attribute is to provide a dynamic, geometric andekmnatic characteristic of a seismic volume.
Critical parameter for attribute analysis couldsbecture related petrophysical properties, interna
architecture and hydrocarbon properties (CosenB000).

Seismic attributes were introduced in the eB#ly0’s as a display form and later combined with
seismically derived measurements to become antaliool for interpreters to study reservoir
characteristics (Taner, 2001). In the mid 1970’'stéy introduced there were three attributes are
reflection strength, mean frequency attributes simalved color overlays of interval velocity, by
compute rate of change of any of these with resfmetime or space, Taner et al (1979). Today
there are over 300 defined attributes (Taner, 2001).

4.2 Science of Seismic Attributes
The Hilbert transform is used to calculaterilaites in seismic interpretation includes
amplitude, phase, and frequency instantaneouslydéde, 2010), where the computed in the

manner of radio wave reception like wave propagadiod simple harmonic motion.

The recognition of the recorded signal espnting as the kinetic portion of the energy flux,
Koehler proceeded and development of the frequendyime domain Hilbert transform programs
to compute the potential component from its kingact, then realizing the potential component
for extracting useful instantaneous information,jclhmade possible practical and economical

computation of all of the complex trace attributes.
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The complex trace z (t) is comprised of thal seismic trace x (t) and an imaginary seismic
trace y (). The imaginary trace y (t) is calcuthtesing the Hilbert Transform to apply a 90 degrees
phase shift to every sinusoidal component of aadigrhe real trace x (t) and the imaginary trace
y (t) calculated using the Hilbert transform areledl to generate the helical complex trace z (t)
has 3 dimensional space (X, y, and t), t is timig,tke real data plane, and y is the imaginarg dat
plane (Figure, 4.1). At any time on this trace, extor a (t) can be calculated that extends
perpendicularly away from the time axis to intetcp) from this point, instantaneous amplitude,

instantaneous phase, and instantaneous frequendyeazalculated.

Complex
seismic
trace

Real data plane “x”
Instantaneous amplitude  A() = X (% y (1) 4

Instantancous phase o(t) = tan™! (%)

Instantancous frequency w(t) = % [o(f)]

Figure 4.1, Calculate instantaneous seismic atggtrom the complex seismic trace (Hardage,
2010, Modify).

Many of attributes have been used in both &Bnsic volume as well as to time structure map
for each formation within Upper Cretaceous sucoessis surface attributes. These attribute
measured successfully plenty of geologic critdré tiid for enhancing the interpretation. Twenty
-nine attributes were generated to analyze morplgsace they aligned best with structural and
stratigraphic variations. The attributes were gategl for 3D volume and then applied to top of
Lidam surfaces, which subdivided based on Schlugdrer Petrel 2015 Software into several

categories contain types of attribute.
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4.3 Classification of Seismic Attribute

Seismic attributes were classified basecdeir tharacteristics and measurements, which each
kind of attributes introduce advantages that enamd guide the interpretation to bring more
details form seismic data. The attribute analyaigebeen used in this study divided into different
categories, such as physical, geometric, amplitugface attributes, texture attribute, statistical
attribute, and AVO attributes. The long list ofrétites combining all the categories means that
its application has to be managed to produce tlsiregk effect so as not to disabuse their
application.

Table 4.1, Different attributes with specific phgadiand geometrical classsed in the progress

work.
Classification of seismic attributes
Physical Attributes Geometrical Attributes
Related to the wave propagation and lithology. Relate to shape of horizon as lateral continuity to emphasize
discontinuous events.
Instantaneous wavelef attributes Structaral Smoothing ) o
computed sample by sample and indicate instantaneous |  computed at the peak of the trace | *  AAPplied in local features to improve lateral continuity of
variations of various parameters. envelope (energy ), represents seismic horizons  especially fault surfaces, by smoothing
characteristics of wavelet and their the input signal.
amplitude spectrum. Cosine of Phase Attribute
+  Indelineating structural events as a guiding in

Phase ) ) Signal Envelope interpretations in areas of poorly defined amplitudes,

*  amplifudes independent +  amplitude independent of phase | *  thin beds indicators.

* Measured in degree o +  useful in highlighting 3D Edge Enhancement

+ showing lateral continues /discontinues of event discontinuities, «  Enhance spatial discontinuities by measuring changes in
relates to the phase component of wave-propagation |, changes in lithology, the signal amplitude.

*  detailed visualization of stratigraphic elemeats, + changes in deposition, sequence | « Inthe local dip estimate of the reflection layers. Changes
because wave fronts are defined as lines of constant boundary and gives packages of in the direction of the reflector will produce vectors with
phase amplitudes. larger magnitudes.

Variance Attribute (edge method)

Frequency Sweetness «  Measures the similarity of waveforms or traces adjacent in

«  time derivative of the instantaneous phase and is + s best though of a relative value lateral and/or vertical windows. Therefore, it is a very
measured in hertz for ease of understanding effective tool for delineation faults on both horizon slices

+  Its related to the centroid corresponds to average physically, calculated and vertical seismic profile.
frequency of the power spectrum of the seismic signal eavelope amplitude | Time Gain
wavelet . zjmst frequency > Vhertz «  Allow to increase the amplitude gain to better understand

+  responds to both wave propagation effects and in a more complicated area.
depositional characteristics, as discriminator. Chaos Attribute

« used in delineating directly positions of reflector
disruption, by signal pattern within seismic data

ANd B ANd b dd VAACLE AL NE WNAEN
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Table 4.2 Types of surface attribute used to imetrpidam time structure map.

Surface attribute

Lidam Surface interpretation

Loop Kurtosis

Measures the loop surrounds the interpreted horizon of Lidam reservoir
Formation; It uses the trapezoidal approximation as the basis to provide the
amplitude response on the seismic trace peaks as a statistical distribution.

Root mean squared (RMS)
Amplitude

» RMS attnibute aided to reduce the background noises and amplitude which are
irrelevant to the main amplitudes. So that it 1s introduced a better capabilities
to define geologic features and shed light to Direct Hydrocarbon indicator
(DHI) from the surfaces.

» structural trends interpreted of higher amplitudes within parts of the structures
indicated with red colors.

Average energy

used to map direct hydrocarbon indicators as 1t represents in the hot color, which
the most o1l wells are drilled

Measurable interval Helpful 1n indicates Lidam thickness above tumng when using peak and trough,
(Window length) based on mterpreted Lidam horizon.
Amplitude Attributes Lidam Surface interpretation
Most of Captures the most commonly occurring data value within the analysis window.
A histogram 15 computed from the input window, and the value from the bin
with the highest count 1s output for each trace location.
Median All arrangement from the lowest to highest value not picking distinguished
trend. where 50% of the values 1 the window are below the median value. The
Median 15 less sensitive to extreme values than the computation of the Mean
Average magnitudes Because of having large numbers than RMS amplitude, the measures of

reflectivity 1s less sensitive. But this attribute could 1solate geologic features that

express themselves as anomalous amplitudes relative to background values as
shown 1n the middle and SW direction.

Harmonic mean

The attribute 15 used with the averaging of rates and delineate the lateral
changes in thickness and lithology, as closure dark blue express oil pool.

Statistical Attributes

Lidam Surface interpretation

Sum Amplitudes

Measure of brightness as reflect of Lidam thickness, which 1s gives the heights
value within closure 1 the NW direction.

Sum Magnitude Measure reflectivity with amphitude independent. It 1s clear that low value
within o1l well dnill location.
Threshold Value High amplitude patches of green color was preserved in areas of structural

reliefs, this could be due to fluid properties.

Positive to Negative ratio

Measures number of positive values divided by the number of negative values.
The negative values were found in the interval, so can not used as a divisor.

Standard Deviation of
Amplitude

Measures the variability of the seismic amplitude values within the extraction
window. But this attribute undefined, because the mumber of samples within the
extraction window 15 less than 2.
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4.3.1AVO attributes

Amplitude variation with offset (AVO) attribess are considered valuable for evaluating
anomalous seismic amplitude responses on large &@sets, which have been used in
discriminating hydrocarbon filled reservoirs (Osttan 1984), characterization of fractured
reservoirs (Ramos, 1996), and in lithology deteation (Nada and Shrallow, 1994). In Figure
(4.2 A) explanation of the resulting AVO intercép) and gradient (B) traces are crossplotted,

from the convolution of the reflectivity series walwavelet.
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Figure 4.2, (A) Schematic diagram of a reflectioa abundary, (B) AVO crossplot, (C)
polarization angle and (D) AVO strength (PatricgéQ2).
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Crossplotting AVO attributes helps in e$isiting trends against or separations from a
background trend, which anomalous amplitude behaan be seen (Ross, 2000) (Figure 4.2 B).

Successful use of an AVO crossplot requires a tieviaf anomalous events “background” trend.

An alternative approach to identifying A\dDomalies is to consider the AVO polarization
in the AVO intercept—AVO gradient (A-B) plane, tlapproach does not require deviations from
a background trend and takes into consideratiow#welet as it is convolved with the reflectivity
series. At any given interface, sample points tagyufrom a reflection have a preferred orientation
and can be spread across the four quadrants &-Biplane (intercept-gradient space). The angle
defining any preferred orientation in the intercgrdient space is called the polarization angle
(Figure 4.2 C) and in Figure (4.2 D) AVO strengéhest sample point from plot to enhance the

interpretation.

Table 4.3, categories of texture, statistical, AN and their objectivesised in the progress

work.

Classification of seismic attributes

Texture attribute AVO attributes
Grey-Level Co-occurrence Matrices conventional polarization
(GLCM)
" related to the geologio environmentin [ 4 it de Versus Offset (AVO) attributes | AVO Strength AVO Fluid Strength

which their constifuents were deposited

* tepresent the joint probability of
occurrence of grey-levels for pixels
with a given spatial relationship in a
defined region.

* 1o generate statistical measures of
properties like contrast and
homogeneity of seismic textures, which
are useful in the interpretation of oil and
gas anomalies.

The basic physics of the strength of a
reflection not depend on the acoustic
impedance, but it depends on the angle
of incidence. Which 1s useful for define
geological features related to Lithology,
fluid, and porosity.

General concept : collect data from
different angles. It's clear that some of
the ray paths bounce off the geological
strata at relatively small incidence angles,
closer to straight down-and-up, when this
angle 1s 0, produce a vertical or zero-
offset, ray. Others, arriving at receivers
further away from the source, have
greater angles of incidence.

measure of the distance of the
hodogram points from the origin
within the time window of the
analysis.

The sample points, from the
intercept (A) and the gradient (B)
traces, on the plot can be
considered as a cloud of points of a
certain length to enhance
mterpretation of structure and
stratigraphic mterest section
(Figure 4.2).

The stronger the seismic event
with large gradient value, the larger
L is. While the weaker the event
with small value, the small L 1s.
When there 1s no data, L=0.

+  The AVO polarization angle
computed along a time window
that slides down each trace for the
whole volume, and the background
trend angle can be determined by
fitting a background trend line
from a box probe cross plot
window, the background trend will
then be the arctangent of the
change in gradient divided by the
change in intercept and the AVO
strength volume.

30




4.3.2 Time Slices Attribute

Time slices are horizontal sections in a 8ei3mic volume, which is provide an internal view
on the horizontal geometric pattern of interprétedzons to aid in seismic interpretation on the
2-D vertical sections. Visualizing time slices vithihe interested interval proved that structural
events like fault surfaces could be fitted into sieésmic interpretation workflow from time slice
based realizations

In the progress study using time slices planseful for study different subtle and sub-sétsm
structures features, missed by conventional seisrtegpretation such as closures and faults, also
to lithology distributions patterns without a priknowledge of velocity and/or density. seven
attributes includes Amplitude, Structural smoothp&s, Cosine of phase, Envelope, Ant truck,
Variance, Sweetness and AVO (Figure 4.3) were etddaand displayed as flattened maps at
slices for each of the interpreted horizons, at@@p of Sirt Shale), 886 (top of Tagreft), 922n(to
of Etel), 974 (top of Lidam), and 1066 (top of Gafig

Figure 4.3. Display different time slices at Lida@servoir level used in this study (A) input
seismic, (B) AVO, (C) envelope, (D) sweetness,qt)ctural smoothing, (F) variance and (G)

cosine of phase.
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CHAPTER FIVE

SEISMIC DATA INTERPRETATION AND MODELLING

5.1 Regional Structural Overview

The Bouguer gravity map in the concessiorfHgure 5.1) delineated the regional structures
are different due to the location and orientationselation to tectonic events. The concession
subdivided into three main oil fields are Harangeadn the north, Bualawn, Dor Mansour fields
in the southwest and El-Kotla Graben in the NW-&Bd. The gravity interpretation (Figure 5.1)
shows the Haram ridge and Bualawn, Dor Mansouldiake considered to be a positive anomaly
reflect high area, whereas the El-Kotla Grabennegative anomaly. Based on G. de snoo (1961)
the seismic reflection data confirmed this result e suggested that dips of sedimentary
formations caused by basement, which seems tdfloemmced to a large extent by faulting, some

faults remained active or reactivated during theodéion of Cretaceous sediments.
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Figure 5.1 Bouguer gravity anomaly map over Corioesé/ (Cl: 1 mg) (modified from
AGOCO, 2009).
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Fault patterns can be Determine by residoatralies (Narrow bands of isogals) to produce
maxima along the up-thrown side of a fault anonflasement highs) and minima along the down
thrown side. The rock density in general about 8/267 were used in various blocks for elevation
correction factor, which it is increase laterallyay from the center of the maximum, but the

influence of the basement high would be the doremh&ctor.

5.2 Discontinuity Attributes for Structural Interpr etation and Modelling

The research aimed to use different tealesadn carrying out manual interpretation of faults
and automatic fault extraction methods which arentp@athered to creating fault patches in the
3D model frame. Structural surfaces and grid skaketait each phase of the model building, which
form the necessary framework for the models. Deffie attributes functions were applied on 3D
seismic reflection data. The process of applying techniques starts by first creating physical
copies or realizing the seismic reference lines govides the opportunity to compare and contrast
the impact of the attribute application to the sresline. Creating a virtual copy of the seismic
line from the realized copy to run several typesitfibutes on the virtual copy and erase their
impact if does not provide the relevant results.

5.2.1 Structural Smoothing

Smoothing attribute played an importaoié to understand structure revolution and their
effects in Cretaceous deposits by delineating featun terms of horizons and faults, extending of
faults in the deeper depth with different interesitand styles, reflect activity tectonic deformtio
The advantage displayed in Figure (5, 2).

5.2.2 Chaos Attribute

The study used chaos attribute to dististylithology variation based on different sediment
facies, Upper Cretaceous marine deposits includiesrdte, limestone and shale, can be either in
continuity or discontinuity bed. As shown in Figu&3) uncolored values indicate minimum
chaoticness correspond to continuity, and zonesaximum chaoticness indicate discontinuity of

reflector character, which forms a basis to ddtadts for automatic extraction.
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Figure 5.2 (A) original seismic associated with pa@onplitude (B). The attribute Structural
Smoothing produces an aggressive noise cancellatidimproves the continuity of the seismic
events
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Figure 5.3. 3D view display inline crossed by tigtiee, (A) original seismic (B) chaos attribute.
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5.2.3 3D Edge Enhancemen{BDEE)

Applied 3DEE attribute helped to increase tienber of faults and fractures have been
identified and further enhance their resolutionisTinakes workload easier to get effective fault
interpretation. 3DEE in Inline 1040 detected thiedi fault blocks related to extension normal
fault with strike slip, produce negative flowenstture below TWT 600 ms because of Cretaceous
rift, which ends in Paleocene. The overburden logdif Paleocene accumulation caused to

increase tectonic reactivation of fault intenskygre 5.4).
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Figure 5.4. Shows 3D Edge Enhancement attribute

5.2.4 Automatic fault extraction technique/ant tradking

In this study, ant tracking used as seedgs#opret areas with discontinuity, to deliver auttima

fault extraction process for the models.
Generating ant track volume starts by preconditigrihe seismic volume, as following steps:

» Used visualization techniques includes realizedreate physical copies.

» Applied structural smoothening attribute to achigkie continuity of the reflectors to
enable the ants to isolate easily discontinuougzohhe next step

» Created chaos or variance volumes attribute, terogtbe the amount of disorganization in
dip and azimuths as a basis to determine localtihigxtures and displacements for fault

interpretation, as structural realized attributiazes.
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Select aggressive mode which is applied to deiecbdtinuities, and to see how much it
could illuminate uncovered major regional fault audbtle faults.

Used Stereonet tab to provide an orientation §ltear the ant agents which places
restriction to the azimuths and dips that the agyemuld allow for searching the seismic
inlines and crosslines. Areas that are marked gty shades are ignored by the ants.
(Figure 5.5).

Create fault patches which is gives informatiothifault details as to their trends /nature
and provides a much faster of structural overview ihterpretation, modeling, and
provide a quicker step to generate the fault ineo3D structural grids.

The ant agent parameters listed destribedoased on determining spacing, direction, and

distance of the ant agent would pass through iseigsch for discontinuities (Appendix, Table 2).

Observations of Ant truck fault interpretation

In the study area, the lack of adequate dip andwah made a difficult prospect to achieve
in Stereonet, to solve this challenge, crop volumege tested within Upper Cretaceous
zones with different parameters as a basis to th@mnts to optimize the actual parameter
that would preferred in the whole volume. For exempelected 15 increment of azimuth
and dip, as localized within the interest sectidaalt zones were automatically generated
a distinctive fault patches.

The fault patches accuracy was a challenge duactodf data in defining the stereonets
and the accurate ant parameters. This means fremalvobservation that some manually
interpreted faults with clear fault displacemengrevnot picked by the ants, in this case
editing the fault patches can be used, in ordaséoextracted patches forms as direct inputs
into the pillar grid proces@igure 5.6).

The fault planes that were interpreted includedniiaén horst associated faults and other
minor faults which were captured by the ants, wiitehelped to localize the interest zone
with more fault patches, It also gives informatimnthe fault details as to their trends
/nature and provides a structural overview of thétfsystems (Figure 5.7). Again it proves
to provide a much faster interpretation and modeiirhich provides a quicker step to
generate the fault into the 3D structural grids.
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Figure 5.7, Extracted fault patches with the chattrbute within cropped seismic section.
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5.3 Manual Fault Interpretation

The fault picked manually starts by assigfeult segments picking on inline sections of
seismic with the trace appearing on the correspandioss lines, within the Upper Cretaceous
succession into basement from 600 ms to 1400 msotah of thirty faults were identified and
interpreted as fault sticks then converted to fadtygon. These represent line data of the
interpreted faults and their geometry, some extendnrough the extent of the field known as

major regional growth faults, few flank faults appag on few of the lines (Figure 5.8).

A large regional faults are observed in cgaje direction, an uplifted fault-bounded structure
with triangle shaped feature, the faults have tsegither in NE-SW or NW-SE directiomhe F2
is the regional fault trending NW-SE parallel mordess to Gedari Fault (Anketell, and Kumati,
1996). According to its movement it can be dividiei three major segments (F3, F4, and F5)
(Figure 5.8) are transtensional (oblique) faultsede fault was initiated during the rift cycle et
Early Cretaceous and reactivated again during épeslition of all other formations. The NE-SW
faults trend (F1, F7, F8, and F9) are most likelated to the tectonic movement below and
reactivated processes. Both two trends cuts throlighhorizons but the degree of intensity is
absolutely different. The segmentation of sevexalt§ show relatively diversity as shown in Table
(5, 1) are always occurring with steep and straighlt surface, those faults are trending mainly
east or west. Other faults are small and minort$ablut are very important because they control

and form the structural hydrocarbon traps.

X1 4249

Figure 5.8, fault sticks shows main fault segmenthe Bualawn and Dor Mansour merged

fields.

38



Table (5.1) Showing interpreted faults with cor@sging seismic coverage

FAULTS | DIP DIRECTION INLINE FAULT TYPE
COVERED

F1 West—Northwest 1000-1300 Major Regional Growth Fault

F29 East 1040-1250 Flank Fault (Antithetic)

F30 East 1040-1090 Flank Fault (Antithetic)

F2 East 1060-1270 Major Regional Growth Fault

F11 West 1040-1280 Flank Fault (Antithetic)

F12 West 1040-1280 Flank Fault (Antithetic)

F13 West 1040-1280 Flank Fault (Antithetic)

F14 East 1030-1270 Flank Fault (synthetic)

F3 East 1150-1350 Major Regional Growth Fault

F15 South 1250-1300 Flank Fault (Antithetic)

Fl16 South 1230-1320 Flank Fault (Antithetic)

F17 South 1240-1340 Flank Fault (Antithetic)

F4 East 1200-1390 Major Regional Growth Fault

F19 West 1250-1310 Flank Fault (Antithetic)

F5 East 1300-1390 Major Regional Growth Fault

F18 south 1300-1390 Flank Fault (Antithetic)

F6 West 1250-1380 Major Regional Growth Fault

F26 South 1260-1350 Flank Fault (Antithetic)

F27 South 1250-1360 Flank Fault (Antithetic)

F7 East 1500-1310 Major Regional Growth Fault

F28 west 1270-1310 Flank Fault (Antithetic)

F8 East 900-1180 Major Regional Growth Fault

F21 west 1100-1160 Flank Fault (Antithetic)

F22 west 1000-1140 Flank Fault (Antithetic)

F23 west 1140-1180 Flank Fault (Antithetic)

F24 west 980-1000 Flank Fault (Antithetic)

F25 west 920-990 Flank Fault (Antithetic)

F9 West 1180-1280 Major Regional Growth Fault

F20 west 1200-1350 Flank Fault (Antithetic)
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5.4 Structural architecture

The internal structure of the investigatamea have been studied along six seismic profiles
(A-A’ through F-F"). The study delineate along-dipd across-strike variations in the distributions
and thicknesses of the stratigraphic units, udiegwtell-recognized seismic interfaces, and map

the fault geometries and patterns affecting tregtigiaphy at depth.

5.4.1 Profile A-A’

Inline 1040 seismic profile in the south@art of study (Figure 5.9) area represents major
faults have divergent style showing a negative @owtructure of strike-slip fault , however
produce a pull apart opening in E-W blocks with @fife upthrown horst structure trending to
NW-SE, steeply dipping in south western part asrdisve depression, and to NE-SW dipping in
the northwest as a subsidence in the north cqrarabetween to master fault (F1 and F2), which
was related to the extension, accumulate sedinoent, land reactivation in Paleocene period.
These two faults intersect in the basement at yd&00 ms, with high angle faults that bound
horsts and grabens, which is represent extenslatedefragmentation (Figure 5.9). The second is
low-angle detachments faults with associated baserB®th types of faults are related to the
development of two superimposed stress fields, mrlated to tectonic and the other to
gravitational collapse. The NW-SE faults that aaeafiel to the major structural trend of the basin
controlled the rate of rifting and subsidence. \asrthe NE-SW structure modifies the pattern

formed by previous system to form the block streesu

Geoseismic model speculative possibleggapon of secondary faults above major faulting
resulting in horst and grabens and half grabemrsgtsecondary faults have parallel and subvertical
geometry influenced on sedimentary arrangement.n@s of stress on both side of fault
gravitational sliding in transtesional stress t® ¢last, and contracted vertical and lateral dupdexi
in the transpressional stress to the west, thieate€hanging in the tectonic event, because of

strike- slip fault system corresponds to anciemfpdult related to basement.
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5.4.2. Profile B-B’

Inline 1080 profile is divided into two sttural domains by the oblique-slip fault. The NW
(F1) and NE (F2) Master Faults with moderately teeply dipping planes begin to increase
amount of depression toward the central north. $tractural domain to the east side is
characterized by a series of high-angle normaltgathlat are antithetic to synthetic to the NE
Master Fault. The sedimentary strata in the hangiaty of this boundary fault show a major
rollover anticline that is more clearly definedtire younger formations, and thicken toward the

fault plane as a result of syn-depositional grofatiiting (Figure 5.10).

The structural domain to the west side aNetisplays a well-developed negative flower
structure, associated with steeply-dipping obliglig-fault branches that conjugate at the depth
(Figure 5.10). The seismic reflectors in this damstiow local anticline-syncline features as part
of the negative flower structure. The deposition Sift shale Formation during the Upper
Cretaceous exhibit significant thickening, indiogtithat a major episode of tectonic subsidence
occurred within the basin. The western domain @sfithe South west Sag, whereas the eastern

domain to its east characterizes the Central Upithiin the middle segment (Figure 5.10).

5.4.3. Profile C-C’

Inline 1100 seismic profile C-C’ fartherrtto within the middle segment of the study area.
The seismic reflectors below the Sirt Shale Foramain the eastern domain of the basin are either
tilted toward the NE or NW Master Fault directiand show eastward thickening towards it,
typical of growth faulting (Figure 5.11). Negatiflewer structures related to the sinistral Fault
are more pronounced in the western domain in coisgrato those observed along Profile D-D’
and E-E’. However, significant thickening of theiseentary sequences from east to west, toward
the Faults, is well developed in the western domaims feature interpreted as a result of
tectonically induced subsidence and rotational me&tion associated with a transtensional stress
regime along the NW-SE fault. Thus, the interpretatnfer that transtensional deformation
played a major role in increasing the accommodatpate within this part of the study area in the

Upper Cretaceous periods.

42



.
x
500 I BT e
£
4 1
oo A N i
o R AT T W 3 : - N ‘ o b« Sirt Shale
B | S —— m— — -~ 0l —~ |~ {
N ————— = P — - - o »:
o : N R AT eSE .. — 1 aoreft
A - _— 2 —— — - ] - 7 ﬁ t—
= s T T T - - - “ Etel
~ e v - - |
t‘ = d e - i — /;
NS R : =
=D - - o
e » 1ts R LS = E e—f AN T - - - Gergaf
- [ 4 - . A p— - _— 4 g VA
L e B FA— ==\ =ik SRR =N Z g
2= D —t - A - - ':‘-.-\ ..-.Y A — o . - o - - 4
. . S e T - T ~ e sl
- a -1 - -f - -
o e e S NEA IR = A\ s S TSR /
— - " ~ - [’a—.- /.._ - — el e 0 ~ & o 4
> Naov= - - = | — - X < . .
‘\ e - o Py - - g s+ — o N B T po ’3 :;_ -
e =\ AT] 7 Y=\ = L\ b Vo ~
~ - You ~— V= D, v ¥ ot ) 3\ e ol
e R A W 2 R v 1 £ R e ik T e, @ N IS )
- Y ~— . 3 1. » - - N o S 3
L N\ I b % "\ = H e —= - "?‘N.-:;'J’ ~ > :
ox ) o - S SN ML A == | 5
No— o] ¥ | N SRR — £ g =~ (0 R
~000 \ - - N S s T - - - T NI\ — -
§:--—-# -~ ” Y B~ 0 S k e Ty - — ‘-:. 7
“_.... = v,‘\" \jlx 8 P :.4 ‘: " :?. :’ - ---..- \.\ ‘:" . . = ’ I‘
Ao TR - E - B e e e e A ST s {

i \—Sm@“ﬂ 1R NW-SE Uphﬂ: IEIG 1 M&Lw‘m 1B

b - =]
07

B —\ -‘F4

; IS

ILB é}) i
i
[ ] [ T ] 1 2 i i
e Current direction

j]]ireclion of Movement ’

3 B )

: ok | ="
.*;-'-“ v vy NESW ORIt |
i i I o [} i |9 ¢ 1

N

[nline 1080

— — —

F11

¥ i i
M M T p— '_'?' Current direction
i 218
F29 T N

Fil -

|

\E Master Fault
®

Deep seated an ancient
Listric Fault

3 /

T

f

5500 Sirt Shale
5600 Taprift Limestone
5700 E‘;l
= Lidam
:m i Basement
m Legend
6200
6300 Structural domatn
6400 Current direction
Direction movement
Listric Fault
/ Boundary fault
Rollover anticline

Antithetic

®
9

Synthetic
Seistic

A7 sezmentation
@ Producer well
() Dry well

Truz well place
| Projection well place

Figure 5.10 B-B" Seismic reflection profiles wittrugtural interpretations. The major seismic

reflectors recognized.

43




o e

=

S

08
= 4 E';:
L
oo T
| 5.
: i
T N

e

<=

e

SR
o)
-
g

-w -
TR
oaaGaaTam
N\

FORS A\ |

—
mam—— A\
3

SaMita

NE- 1] e, * N
1] \—{:H?In—h-gjs—vagrtmmlm L *IT!‘!‘I L1 NE Sw Uphft nlm ’i?'i il EaSt sag C ﬂ } I ]c 1100
| | el .| | | | ol e ) i ) nime t
W S = |Currentdivection| — = " )
5500 Sirt Shale
5600 Tagrift Limestone
5700 Etel
5800 Lidam
FZI 5500 Basement
-~ — s 6000
) - = P30 & 6100 -
1 — " - - 6200 egen
RN Ay T O el
t - ol | B \ YT o F23 || 6400 Structural domain
L0 % \ Fi Current direction
o — — Direction movement
T Listric Fault
B T / Boundary fault
—_ A — |/ — Rollover anticline
1l o \ @ Antithetic
irection of Movement @ :Y_mhm
s eismic
-~ segmentation
Deep seated an ancient VE Master Fault ® Dry well
istri Projection well place
! ‘W Master Fault Listric Fault

Figure 5.11 C-C" Seismic reflection profiles witlnustural interpretations. The major seismic

reflectors recognized.

44




5.4.4. Profile D-D’

Inline 1260 seismic profile goes throughesaV structural domains. In the west of the profile
a mild structural high in the pre-Cambrian basenhent been observed, above which the seismic
reflectors are displaced by positive flower struetun the mid-section of the profile, all formatio
and member boundaries display downward sagging, th@dformation thicknesses increase,
particularly that of Upper Cretaceous Formatiorieese observations suggest that a major episode
of subsidence might have occurred in this parhefliasin during the Upper Cretaceous. In the
eastern end of the profile, there are a major upfifthe pre-Cambrian basement beneath the
sedimentary strata (Figure 5.12). A series of faggle, west reverse faults and fault-propagation
folds occur in the pre-Cambrian basement and inCile¢aceous strata, forming the Uplift. The
research interpret these reverse faults and theciassd west, asymmetrical folds as
transpressional structures, which helped creat& it within the field. Diminishing effects of
reverse faulting and folding stratigraphically upd&in the Upper Cretaceous (the Sirt Shale
Formation) sedimentary units indicate that the negisode of transpressional deformation was
completed by the end of the Upper Cretaceous ssictes

5.4.5.Profile E-E’

Inline 1370 profile E-E’ goes across the very nerthend of the field (Figure 5.13). In the
western part of profile (northwest of study are¢lag, reverse fault splays appear to form a positive
flower structure (F5, F16, F17) which is resporesifidr the development closure (located at
producer well W-C1) toward the NW uplift trend, aegted by constrain graben at dry well W-
C1, because of drilled out of structure. In thetidrpart, the stratigraphic features interpreted a
a manifestation of fault-controlled rapid subsidenand increased accommodation space
development in the early to middle Cretaceoushéndastern part, The structural high within the
pre-Cambrian basement, it observed high-angle sgayeverse faults forming a positive flower
structure (F26, F27 and F28), The steeply eastrayppextral master Fault (F1) shows a significant
normal component that was responsible for the dgweént of a half graben structure where the
steeply western dipping Fault dissects the strathigh of the NE Uplift,
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5.5 Time Structure Map

Understand subsurface geology by delineahegstructural features is depend on generating
structural maps for each individual horizon with@retaceous succession, with respect of
interpreted fault polygons. Furthermore these sedaare typical inputs in the make horizon

process in the modeling work flow and for surfattelautes.

The operatiomorkflow summarized by interpreted seismic horizansurately and detecting
fault crossed with driven horizon to produce faudtygons. These polygons operated by eliminate
inside function, which make delineate the dimensiohthe faults easier. Finally, applying the
smooth function to eliminate false positive releddsures and contouring problems. In order to

deliver a geologic reasonable surface and alselteadt prospective drillable locations.

The structural architecture of the Bualwawoy Mansour fields are controlled by two major
fault systems NW-SE related to Cretaceous syn-saasmny faults corresponds to the direction of
the Sirt rift system, branches into uplift closuassshown in Sirt Shale time structure map (Figure
5.14), but the intensity of faults obviously incseahrough Tagrift Limestone, Etel, and Lidam
structure time structure maps (Figure 5.15, 16, Thhe NE-SW Faults being considered as a
reactivation of pre-rift faults basement plaeozoetated to Tethys rifting. The reactivation
interpreted due to master zonal fault NW-SE (siakiisplacement), which cause to reactivate
conjugate faults (NE-SW) bend around the horstkspits considere to be restraining bends along
dextral strike slip fault, their effect diminishestightly toward Sirt Shale (Figure 5.15). The
development extension in the E-W direction, whiohsists major depressions (sags) in the north
center of study area (clearly define in all timeusture map levels). The two structural uplifted
trend in a triangle shape toward NW-SE and NE-SWuffe 5.15-16-17-18) whose occurrence
and distribution are strongly affected by thesdtfsystems, due to deposited after the rift. Normal

faults and fracture zones occur on the side oppasithe bounding fault indicating extension,
especially at north central part during Santonige at Sirt ShaléFigure 5.14) Finally, major

collapse in the south western part very distincitivall time structur maps (in profile AA’, Figure
5.9) the study is interpreted such a depressidsoth side of NW-SE uplift trend related to the
maximum stress in the NE-SW direction (5.18A).
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5.6 Impact of regional stress in the study area

Fault zones display Riedel shears with oaigon, which are consistent with sisnistral
displacement on basement faults. Sinistral strik@ique-slip on preexisting NW-SE directed
maximum compressive stress field (5.18A). The si@isnovement in the study area influenced
locally by Gedari fault zone, as well as can bernmteted in terms of two African sub plate in
which the E-African sub plate moved north at greagtocity than the sahara sub plate (Anktell,
1996; Hallet, 2002).

The study of faults allows to find that eaclajor fault consists of subsystem of several
fractures with minor en echelon arrangement ofrtben. En echelon exist associated with fault
and shear zones, which is development and occ@wr@oag major zones of weakness. Sense of
movement along fault zones can be determine byesmds of antithetic (R), synthetic (R) and
synthetic opposite riedel shear (P) in place o$itamgashes (T). Major en echelon structure like
ridge ranges seem to consist of linear groups abnindividual ridges with a sinistral en echelon
arrangement along NW-SE , because shear movenrerdstithetic with respect to the main fault
(Figure 5.18 B) and dextral en echelon arrangemmlemty NE-SW zones (Figure 5.18 C).

In general the NW-SE trends form a seriesaro elongate fault segments arranged as
overlapping normal faults dipping to the SW, chaggio NW dip where the faults are arranged
in a closely spaced en echelon pattern with NW+8&at NE-SW can be interpreted as major P
shear, viewed as a part of a regional Riedel stysiem. The final E-W orientation of the faults
would imply a local counterclockwise rotation shewidence of left lateral shear, formed by
Miocene deformation and reactivation of older Harap structures especially around the Al
Qargaf Arch (Anketell, 1996). The strike-slip tréarssional model explain that the subsidence

could be related to migration of movement withia tileasing overstep between the main faults.

5.6.1 Variance Attribute

In order to test the accuracy of manuatitelipreted faults represented by fault sticks.
Variance has advantage to reveal the discontisyisie in this study variance used as structural
guide by make the comparison. An over lay of vamarmetection with the manual fault

interpretation sticks and polygons showed excedlgntement between variance attribute showing
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stress model illustrating the structural patterhgiistral displacement toward NW direction and
(C) dextral displacement towards NE direction.

52



fault highlighted by the darkest regions and marfaualt interpretation displayed by fault polygon
(Figure 5.19). Using variance seismic attributgosnan 3D seismic data at different time depths

in order to delineate the fault and fold patterhspecific time frames in plan views (Figure 5.19).

The interpreted map (right) and its tracdt)lef the Sirt Shale Formation at a time depth of
826 millisecond show the linear geometry of the PB&/-master fault with a left bend releasing
bend in the south and propagate to restraining ladmal its strike and the distribution of en
echelon normal faults in its hanging wall. (As dissed in releasing NW-SE through AA",BB and
CC" profiles, while restraining through DD" and [EEThe orientation of these en echelon faults
is compatible with the main strike of extensionatmal faults in the strain ellipse of a left-latera

strike-slip fault system (5.18B).

In the deeper, Tagrift, Etel and Lidam forioas at a time depth of 886, 922, 974 millisecond
respectively, at this higher structural level ie 8tudy area. Figure (5.19) shows geometry of the
NW Fault, which subdivided into two closure in gV of study area. The occurrence of the en
echelon normal faults associated with both the NaMIt-systems indicates that transtensional
deformation continued to affect the Cretaceous sigpoThe NE-SW fault system has a major
left-bend (restraining bend), where transpressidefbrmation produced en echelon fold trains
oblique to the general orientation of the sheaptmuThe orientation of these en echelon faults
with the main strike of extensional normal faulighe strain ellipse of a Right-lateral strike-slip
fault system (Figure 5.18C). This observation iesistent with the transpressional deformation
patterns on seismic profiles D-D’ and E-E’ (Figbr&2-13). The activity strike-slip indicates that
the locally development of transpressional andstemsional deformation domains continued

through all the Cretaceous times.

5.7 Orientation analysis of the structural features

Major part of total displacement may take plalong just generated Riedel shear, the formation
of minor en echelon is possibly to be found in gsawithin major Riedel shear, where the
synthetic shearing cause the minor scale en ecliigloturing. Small-scale releasing bends along
this fault are aligned with negative flower struetst These faults seem to be kinematically linked

to the active strike-slip fault via a common detaent plane.
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Sirt Shale Fault Polvgon
Time Slice at 326 ms

Tagrift Limestone Fault Polygon
Time Slice at 386 ms

C  Etel Fault Polygon i.
Time Slice at 922 ms

D  Lidam Fault Polygon i.

Time Slice at 974 ms

Figure 5.19 Plan view of fault polygons, interggefrom the 3D seismic data for each formation

showing the spatial and temporal changes in UppetaCeous geometry, which faults that
initiated and was re-activated during the Syn-pifase (A) Sirt Shale, (B) Tagrift Limestone, (C)
Etel and (D) Lidam Faults.
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In this study, the quantitative analysivéndbeen studied by create points that define the
maximum throw and the associated length of each faithin the grid (Figure 5.20 A). The
resulting points can be displayed in a functiondew to produce a classic fault threw. length
plot (typically a log-log plot) (Figure 5.20 B). hcan be useful for checking the consistency and
validity of the fault architecture. Understand désements of the interpreted horizons, play an
important role to explain geologic interpretatiafishe faults based on their nature and types, such
as observed fault throws and terminations. Theitgtige curve of an example fault can explain
the peak of displacement (Figure 5.21A). In oraeptganize the interpretation all interpreted
faults gathered in one folder to interpret pretiselength and trend of the faults (Figure 5.21B),
which is evaluate the distance along fault andt fdispblacement in each fault detected (as shown

in an example regional fault, Appendix, table 3)
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Figure 5.20, (A) displacement point for

attribute to trends and lengths. (B) 3D window tigpd fault displacement and distance along

fault.
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Figure 5.21, (A) function window displayed a qutative evaluate fault 1, (B) the rest of faults.

The important knowing their qualitative and quatihite when the interesting site (prospect)
beside the fault.
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5.8 Well Log Correlation

One of the best techniques for determinirgsiibsurface structure is the well log correlation
technique. In the study area, multiple well logsrevavailable to analyze the Upper Cretaceous
Lidam and Etel Formations to identify its lithologgtween wells. This well correlation was along
18,558 m between W-B3 in the south, W-C2 in thehwveest. W-A9 in the east and W-A1 in the
northeast. The gamma ray log was mainly used gimees available for correlation purpose across
the entire inputted wells. Sonic was used as quatihtrol of the gamma ray interpretation. The
gamma ray was interpreted with high values of gartuganterpreted. The interpretation of each
formation surface showed that the Lidam reservais wot purely composed of dolomite with
intercalated shales and limestone observed in sdithe reservoir surfaces. These interpretations
were further delivered to the well correlation pabeessed on different TVDSS (True Vertical Depth
Subsea) of each wells. Well log section cross mgttihne major structure trending in NE-SW and
NW-SE (Figure 5.22, index map at lower left corndrateral changes in Lidam and Etel
formations explain structural deformation. Well $oguggest that the Lidam and Etel Formation
increases in thinker in the W-C2 dry well, becaitises located in the graben structure and other
well are producer due to their locality in the hofighe thickness of Lidam and Etel about 380 ft,

320 ft respectively.
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5.9 Horizon Picking, Making and Interpretation

Zone of interest in this study is the Uppeet@ceous sections subdivided into five horizons
related to stratigraphic variation, which firstipked by formation tops then confirmed by well
calibration. These horizons were picked with a gfmecolor manually every ten seismic sections
spacing, due to great discontinuity in reflectoetated to complicated structural regime. The
horizons and its corresponding time events on seishown in Table. (5.2). Time values of picked

horizons were used to generate structural and ienahaps.

Table 5.2 Horizons with their corresponding evamseismic

Horizon Corresponding event Time (ms)
Sirt Shale Trough 826
Tagreft Limestone Peak 886
Etel Peak 922
Lidam Trough 974
Gergaf Trough 1066

In this study, Seismic facies analysis usedetgcribe depositional environments out of seismic
data, which five horizons were interpreted, Top Shale, Top Tagrift Limestone, Top Etel, Top
Lidam and Top Gergaf. Top (Table, 5.3). Sirt Shalihe seismic section shows a package of high
frequency, strong amplitude and good to medium ioaity, which is easy identified and
regionally traced. Top Tagrift Limestone in thesseic section shows a package of low-moderate
frequency, fair-good amplitude and fair continuifyop Etel shows good frequency, strong
amplitude and good continuity. Top Lidam shows foeguency, weak amplitude and acceptable

to poor continuity. Top Gergaf shows poor with weamplitude and low frequency.

5.9.1 Isochron maps

Isochron maps show spatial variation of thesdsnof a stratigraphic interval, defined as thetim
difference between two horizons, these values aydple amount of sediment deposition to respect
of tectonic activities. Table (5, 4) interpretee tistribution and thickness variation of Sirt &hal
Tagrift, Etel, and Lidam based on their isochrorpsgrigure 5.23).
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Table (5.3) seismic facies analysis and their pregation supported by AVO attribute.

Seismic Facies

Seismic reflection characteristics

AVO Attribute with An
Estimated Density Log

Interpretation

Sirt Shale

Sirt Shale contains two seismic facies.

The first facies is composed of parallel, continuous, and high
to moderate-amplitude reflections. It correlates mainly to the
argillaceous carbonate deposits.

The second facies is composed of short, randomly oriented or
domal, discontinuous, variable amplitude reflections.
Laterally, the limestone-rich interval changes from seismic
facies 1 to 2; but seismic facies 1 is volumetrically dominant.

Marine organic-rich shales

Deep marine environment with a
homogeneous dominant deposition of
shale casing low reflection amplitudes

Tagrift Limestone

contains two seismic facies.

The first facies is composed of roughly parallel, continuous,
and moderate to low amplitude reflections. It correlates mainly
to the argillaceous carbonate deposits.

The second facies is composed of short, randomly-oriented,
domal, high-amplitude reflections and correlates mainly to the
limestone. In some areas, the limestone-rich interval changes.
laterally from seismic facies 1 to 2; but seismic facies 1 is
volumetrically dominant.

Carbonates

Etel

The seismic facies has parallel and high-amplitude reflections.

Lidam

The seismic facies is composed of roughly parallel,
continuous, and moderate-to low amplitude reflections.

Marine organic-rich shales

Shallow marine environment

Table (5.4) interpretation of isochron map of thg®er Cretaceous succession.

Isochron maps

Interpretation

* These are many small grabens and lows which in different places
possibly containing local source rocks of Sirt Shale.

Sirt Shale * Laterally, the amount of shale in the upper part of the Sirt Shale

interval increase relate to structure agent, toward southwest. That clear

when comparing wells W-B3 at south and W-AS8 at northeast.

of the study area.

* The thickness varies from a few meters to a maximum of about
hundred meters. Numerous small, irregular-elongate patches of thins

Tagreft Limestone and thicks.

* The overall thickness pattern is rather uniform: and there i1s no regional
thickening. Some irregular to elongate thicks, are appear, in the middle

thick with an elongate shape.
* The other area 1s around 50 m thick with irregular geometry.

Etel * The thickness increases in low area, whereas limited abundant in the
highs, may related to erosion factors.
* Isochron map has two major features. The first is around 90 m thick
and has an elongated geometry.
TLidam * The second feature 1s perpendicular with the first one and around 70 m
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Figure 5.23, Isochron contour map Sirt Shale, Tagmestone, Etel and Lidam
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5.9.2 Plan view evolution of Upper Cretaceous histp

During the Cenomanian Lidam Formation tinst frift-sag cycle was developed, which is
consists of tectonic subsidence and sag phasasdtieron strongly affected at this period by the
tectonic events. Thickness during this phase clihggedually over tens of seconds (about 40 ms)
(Figure 5.23, Lidam). Sudden changes can be rekidithe occurrence of faults. The master fault
NW-SE (F2) (Figure 5.8, fault sticks) is characted by strong differences in thicknesses during
this phase. The strata display thickening towarasfault in all formation (Figure 5.23). The
stratigraphic thickening in the central and soutstem part was produced by movement of F2, F4
and F9 master faults (Figure, 5.8) during the Sgpedition, which likely occurred in oblique
extensional fashion based on the structural setNBgSW Major faults in the eastern part during
this phase were re-activated during the Upper Ceetias period.

The second Rift-Sag was developed. The sea@ing/cle is consists of tectonic subsidence
and sag phase. During this phase, many faults imérated antithetically to the transtensional
(oblique) faults (from F11 to F19) (Figure 5.8).€Ble faults are highly controlled by master fault
F2, F3, F4 and F5 (Figure 5.8). The isochron stiyoaffected at this period by the tectonic events.
Thickness during this phase changed gradually tares of seconds (about 45ms) (Figure 5.23
Tagrift); sudden changes can be resulted to thercerace of faults. The master fault NW-SE (F2)
is characterized by differences in thicknessesngduthis phase. The strata display thickening
towards the fault. The stratigraphic thickeninghe central and southwestern part was produced
by fault movement during the Syn-deposition. Usgmgwth strata as indicators, the faults
orientation and location can be determined durimg Early Cretaceous rift phase. Certain
segments of the master fault (F2) were active duthirs period (Figure 5.23, Sirt Shale).

5.9.3 Surface Attributes

Surface attribute analysis have been usesktiact the different seismic properties to the
corresponding to Lidam time surfaces.There arewdfft types of applied surface attributes, whose
properties ranges from component parameters adelsic to the surfaces, it helps to highlight
specific properties, which could be stratigraphistouctural, to clarify deteriorates and delireat
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prospect within small closure. There were manylattes used to capture common data value, to

arrange all the values, then averaging rates afggyaneasure the reflectivity, etc.
The interpretation of surface attribute as foll;

Figure (5.24) gathered Loop Kurtosis to measloop surrounding Lidam reservoir, to
produce amplitude response on the seismic traceS Rivireduce the background noise, define
geological structure and sheld light to DHI. Avexaanergy by aiding to map DHI interpreted as

hot color. Finally, Window length as indicators fbe thickness.

Figure (5.25) displayed Sum amplitude brightreflection Lidam thickness, by measure
reflectivity with amplitude. Stander deviation feegparate seismic amplitude degrees. Threshold
value detect high amplitude as patches relatedrtictaral relief. Average magnitude like RMS

but it could isolate geological features.

Most of, to capture highest value within analysisdew Median, for arrangement the value to be

acceptable to interpret. Harmonic, for define laltér thickness and lithology (Figure 5.26)
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Figure 5.24, Loop Kurtosis surface attribute fuoie as applied to Top Lidam with the dark color

(red arrows) indicating less heterogeneity in ttegdiency. RMS, average energy afthdow
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Figure 5.25, Display Statistical Attributes inclsd@um amplitudes, sum magnitude, threshold

value, positive to negative ratio, and standardatin of amplitude.
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Figure 5.26, Display amplitude surface attributdudes most of, average magnitudes, median

and harmonic mean at 974 ms Lidam Formation.
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5.9.4 Horizon making

This process is closely linked to the surfatigibutes and horizon interpretations which
provides the needed inputs of surfaces of the otispeUpper Cretaceous interpreted surfaces,
which is involves the creation and inserting thesgaces into the 3D grid. Each horizon modeled
based on geologic rules, whether they are erosgudl as Gergaf surface, and other formation
tops are conformable. Edge control in the 3D frarmekefined by the horizons dimension derived
from surface boundaries of the seismic interpretatHowever, the convergent Gridder method

which is used to fill gaps in any undefined area¢pss pane in PetrEigure , Appendix).

Make zone process proved relevant in diffea¢éing each of the formation tops into their
corresponding formation zonegones added (selection horizons) to models by diokrong
isochrons thickness data. They are also interpratedfitted into well log intervals to provide
detail control to models. The Volume Correctiorapplied as a measure of the deviation of the
isochrons mismatch with the modelled horizons, aswsed as a check to quality in the zone

process (Figure 5.27).
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Figure 5.27, 3D structural grid surfaces o% the &lppretaceous succession, forms the input grids
for property modeling (populating the grid surfagggh other properties) which might include

facies, saturation models, trend, and petrophysicaleling.
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5.9.5 Fault Modeling

The fault modeling process is done by intetipg fault zones of interest manually in the
seismic, which are correspondingly used to creaté pillars and patches needed in the model.
However, these manual fault pick interpretatiomjitddation and triangulation, have been tested

against automatic fault patches derived from Aatkrattribute volumes.

In this study, the interpretation is doneclpture the actual geometrical shape dominated by
minor and major fault planes to provide actual cttital representation, (Figure 5.28 A). Fault
digitization helped to maintain the orthogonalifytlze fault and their geometry across the several
interpreted seismic lines (Figure 5.28 B), to avoédes of faults cross cutting each other when
making pillar grids. The faults are triangulatednt@intain their orientation across the whole
volume, a single fault interpretation folder wasdias the only folder for all the interpreted manua
faults, which means iterative corrections couldapelied to the fault interpretation in a single
swoop which makes the pillar grid process of thatéamore efficient (Figure 5.28 C).

5.9.6 Pillar Gridding

The process of fault modeling leads to fauitlding which is called pillar gridding, which
represents converts the faults with the respebirezon surfaces into pillars in a 3D grid system.
However, the consistency of the pillars must beckbd against the geologic understanding used
in interpreting the faults. The options of the mataf fault planes whether vertical, curve or icstr
are important inputs needed in maintain the strattuterpretations of the fault in the pillar
(Figure 5.29 A). The editing pillar options areedgo maintain the shape points, make relevant
adjustments like cross cutting pillars, truncatidaslt connections and other required adjustments
(Figure 5.29 B).Pillar gridding is used mainly tevélop the skeletal framework of the faults, with
the main purpose to guide the gridding framewor#t arient cells parallel to faults which are
further converted into surfaces. The options ohgghe grids could serve the purpose of Geo-
modeling of creating of static models and alsdawfsimulation grids (Figure 5.29 C) The grid
skeleton is a grid consisting of a Top, Mid and @asich are attached to the Top, Mid and Base
points of the key pillars consisted in the 3D gihiel (Figure 5.29 D). The gridding boundary area

was limited to the time surface, automatic rotabogle by faults using the generated fault sticks.
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Figure 5.28, (a) the modelled fault in 2D and 3Bwinterpretation window, showing the different
fault segments/compartments. (b) Hanging wall arad fvall displayed in the fault model with
the horizon, it is extremely helpful to understatictural and stratigraphic framework. (C) Time
structure map of Sirt Shale, Etel, and Lidam aspldiyed actual structural representation with
fault model.

The observed problems of the grids with dipdieked faults of shorter distances and also
linking faults of different pillar geometry. The@@investigation to control grid increment and the
faults quality of the grid skeleton had been dame¢hie Top, Mid and Base skeleton grids the
particularly folded grid cells and spikes grid etgeMo produce an efficient fault pillar grids, so
that the modeling process must be effective entaigeliver the accurate fault interpretation from
the seismic sections. For the faulted areas, thedies are deleted in area around the faults and

an extrapolation is performed to "stretch" the acefback onto the fault plane. This will ensure
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that rollovers or pull-ups near faults are elimagthind a high quality layering of the 3D grid is

preserved. The final step in structural modeling imsert the stratigraphic horizons into theapill
grid.
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Figure 5.29, Pillar geometry type defined to shberiature of the fault in the 3D frame. (a) Shows
the fault geometry and pillar properties (b) Tharected pillars of the interpreted manual faults

(c). The grid skeleton with the top, base and raeleton, showing the fault patch surface
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5.9.7 3D structural grid Surfaces

The final structural modeling is in the creatof 3D structural grid surfaces, which comprise
both the fault modeled pillar grids and the horizomfaces. The skeletal framework of the base,
mid and top skeletons inputted with the edges whroides the structure frame as geo-modeling
grids. The zones of each models with filters aspldiyed in the 3D grid except for the Gergaf top

skeleton which is an unconformity surface. (Figbs&0)

3D Visualization was performing as a goog whvisual inspection of the 3D structural frame
model as a quality control process which givesttebpicture of the variability of the grid surface
across the seismic inline and cross lines. For pl@amside wall visualization techniques used to
establish well positions by seismic to surface Tieis technique is adequate to farming in new
drillable locations in exploration area where itilcbdetermine the seismic positions to structural
reliefs and closures. This provide a clear cordgropolygons and structure reliefs. It is interegtin
that the positive horst structural reliefs wererekteristically defined as areas within the model

which had positive features in the grid and theatieg relief captured the graben deposits.
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Iéiéufe 5.30, Interpreted 3D structural grid skéilélr’mr‘ the Upper Cretaceous surfaces.
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5.10 Lithology interpretation by using seismic attibutes
5.10.1 Instantaneous frequency

This supported by using instantaneous freqgattribute in many factors. First of all as bed
thickness indicator. The next for lithology recdgm, which is the low frequency anomaly
interpreted as hydrocarbon indicator related toousolidated carbonate, while the higher
frequencies indicate sharp interfaces such as getiby thinly laminated shale. In addition used
as edge indicate, it showed that the semblanceegfiéncy events across geologic features of
faults, reflectors with distinct red colored patsliEigure 5.31). Stratigraphic characteristics such
as lithology recognition, edge indication, and edite consolidate material.

5.10.2 Sweetness Attribute

Sweetness applied to understand major emeftpctors to identify geological events with a
given package (Figure 5.32). Areas of same packatie almost same reflection strength are
characterized by red color, while areas of mainggnesflections have much light patches it shows
packages within the interested sections.

5.10.3 Cosine of Phase Attribute

The attribute used to resolve interferesfosomplicated fault structures, which is sim@di
picking horizons due to capture the continuity ofihons, which is useful in delineating seismic

facies and stratigraphy such as chaotic, onlapntagw(Figure 5.33).

5.10.4 Grey level co-occurrence matrix (GLCM)

In this research, GLCM texture analysis useambrrectly predict and characterize the reservoi
parameters, by evaluating the response of resetwaion-reservoir facies with respect to fluid
saturation in a development field. The GLCM extuliigh amplitude continuous reflections
generally associated with Sirt Shale deposits halagively low energy, and high contrast and low
entropy in general indicative of hydrocarbon acclation. In contrast the low amplitude

discontinuous reflections related to shallow madeposits have low contrast (Figure 5.34).
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Figure 5.31, inline 1040 (F) Instantaneous freqyeatribute (D)reflection intensity attribute
section delineate the strong amplitude as a packetgad laterally by light color
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Figure 5.32, inline 1040 shows sweetness attribute.
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Inline 1040
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Figure 5.33. (A) The raw data with low amplitudeodg solved seismic events. (B) Cosine of

Phase enhances the continuity of the reflectotisase areas and provides a better resolution.
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Figure 5.34, The GLCM attribute of crossline 134plain analysis properties of seismic textures.
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5.10.5 AVO

This study investigated the following polarizatiatiributes: the AVO strength and AVO fluid

strength, in order to compare conventional AVQOilailes with the polarization attributes. One of

the main benefits of this approach is the enhanceafigeismic anomalies that either exhibit small

anomalies or are embedded in the back ground teenshown in the Table (5.5).

Table 5.5comparison between the conventional AVO attribuigls the polarization attributes

AVO Attribute

Interpretation

AVO

Identification of reservoir zones etthanced by predicted hydrocarbon
from amplitude, with consideration of geological structures with rock
physics.

The integration of different derived AVO attribute volumes with other
derived seismuc attribute volumes can provide geologically
meaningful estimates to develop a more comprehensive interpretation

AVO fluid strength

The advantage of this attribute is extremely helpful to define compact
and porous lithology. Distinguished the compact Sirt Shale and Etel
Formation by orange package

AVO strength

AVO strength used in conjunction with the polarization angle (change
in time, and orientation) to characterize the seismic trace events.
Angle of polarization is characterized by weak seismic events with
small values of AVO (L=0), at reservoir interval of Tagrift and Lidam
referred by dashed yellow rectangular, which is the gamma ray log
profile aid to caltbrated W-B3 with attribute section to delineate the
top and base of formations.

The attribute used as lithology and hydrocarbon mdicator, which 12
reflect strong setsmic events with large AVO value at Sirt Shale, and
Etel interval. GR log support the these results because of shale
content in this formation
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CHAPTER SIX

DISCUSSION AND PROSPECTIVITY

6.1 Discussion

Process of modeling requires a high quality contfahe input data. The integration of
different data inputs posed challenge in the glititcombine and integrate the knowledge
and skills. Geologic understanding in combinatiothwindow based on visualization and
seismic attributes, were used to interpret faultspper Cretaceous surfaces. These form
the required inputs needed in performing the saimattmodeling framework.

Seismic interpretations were done with the Top&gber Cretaceous succession used as
control surfaces. Faults sticks, with the input2&dwells used alongside in creating the
structural models and defined in most of the liogs$he high structural relief of the Horst.
The effective implementation of the attributes banachieved by collecting two or more
kind of attribute to make sure the accuracy ofrprietation. In such a faulted area, the fault
modeling process is done by interpreting fault zookinterest manually in the seismic,
which are correspondingly used to create faulaglland patches needed in the model.
These manual fault detections tested by ant trakofnatic fault extraction) precondition
process by use chaos and structural smootheningusdis as input data to run the ant
attribute separately to see faults clearly. In Feg(6.1) variance time slice at Upper
Cretaceous succession invested to detect fautldi(re in Figure 6.1A). Cosine of phase
well defined in lateral changes and delineate sirat features such closures (yellow
color), low area (brown color) and uplifted triaeagthape so clear (light color) (Figure
6.1B). Conceptual 3D model stratigraphic successitdh structural framework (6.1C)
shows excellent representation in the paleostrattalief during Upper Cretaceous times.

Transtensional movement (Oblique extension)

Sirt Basin experienced multi-phase subsidefnom the Cretaceous to recent time in

response to the change of regional. The widespitsstidbution of phases were characterized

by early-stage of rifting and a late stage of theroontacted sagging. The combination of

strike-slip movement along (shear) and normal esttenmechanism (regional stretching)

along the study area occurred during this phBlse.regional relationship and fault systems
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Figure 6.1, (A) Variance time slice at Lidam tiniB) Cosine of phase at at Lidam time and (C)

Conceptual 3D model stratigraphic succession witictural framework.

orientation indicated that the possible origin loé study area is a pull-apart that resulted from
oblique shear movement. The study area orignossibly transtensional movement rather than

pure strike movement. This suggestion is baseth@following observations and characteristics;

» Seismic sections and structural maps confirmedntieenal structure interpretation.

» Flower structures (associated with a pull-apattcitire) are associated with the strike slip
fault (F1 and F2) produce collapse due to contrggtie major faults lateral movement.

* The sense of movement (NW-SE extension) of thelufihd the Early Cretaceous Period
first sag phase and the one depocenter controledrd (Figure 5.14), support the
interpretation that F2 formed by oblique restridbeehd. (Figure 5.18).

* The sense of movement of the F1 fault NE-SW congiwas as a result of NW-SE
extension during the upper Cretaceous period, #mel bn F3 (Figure 5.12 , DD cross
section profile), and the one deocentre contrdied2, support the interpretation that F2
formed by strike-slip movement (transtension) ani$ icompatible with the wrenching
restraining bend.

» The regional stress regimes were mainly N-S andSME-which reactivated the basement

lineaments of the central Sirt Baisn shear zongoély.
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6.2 Prospectivity of the Bualawn and Dor Mansour Felds

The purpose of the Upper Cretaceous modéding evaluate the distribution from seismic
volumes with available wells and determine probaivtespect locations. Two prospect locations
were identified based on time structure map, sertdtribute and fault modeled. These prospects
are localized within the closures horst structumss the seismic volume (Figure 6.2). Screening
the prospects further, using fault surfaces witlygrans, several fault segments was observed to

segment reservoir surfaces.

Pre drillable well locations would typicalbe defined based on these structural elements,
where targets would be based on the horst highdaantassisted as the main closure element
from seismic section inline and crossline. Elondaaaticlinal features bonded by a fault, the
bonded faults in the area are providing the oiuawglation migration path to the closures in the

area (Figure 6.2).
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Figure 6.2, Lidam time structure maps prospect ioektion.
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6.2.1 Prospect 1

Prospect oil well located in the eastart pf the study area, roughly in the crossed betwe
Inline 1220 and Crossline 1350. Impact Structurprtmspect interpreted through seismic section
as NE-SW origin in the Hercynian orogeny, whicheactivate during Upper Cretaceous times to
create En echelon related to sinistral movemerdngty influenced by local depression in the

central part of study area, related to W-E extensio

Composite seismic line (SE-NW-NE-N) hasrbesed in order to whole understand of
structure framework. Seismic section interpretediospect as Horst structure bounded by faults
as shown in Figure (6.3). Geoseismic section simedlithe fault recognition, and clearly define
that the strike slip fault is the structure for mavells as pool oil, which the prospect structuas h
been involved. Lidam structure map shows clearbsuate bounded fault, and identified pre-
drillable location within the horst crested are@¥O fluid strength, and AVO strength, support
from lithology point of view the prospect. (Figuse3). 3D structural grid surfaces gives a better

picture of the variability of the grid surfaces @&s the seismic inline and cross lines.

6.2.2 Prospect 2

Prospect oil well located in the westrant pf the study area, roughly in the crossed betwe
Inline 1330 and Crossline 1100. Impact Structarprospect interpreted through seismic section
as NW-SE origin in the Pan African orogeny, whichremained appearance during Upper
Cretaceous times to create En echelon relateahistrsii movement, strongly influenced by local

depression in the central part of study area,edled W-E extension.

Composite seismic crossed well to undedstaverview of structural framework. Lidam
structure map with seismic section, and geoseismoidel prove that the prospect within the horst
crested areas shows clearly closure bounded #avi@ fluid strength, support from lithology
point of view the prospect. (Figure 6.4). 3D stunat grid surfaces gives a better picture of the
variability of the grid surfaces across the seismiime and cross lines. Positive horst structural
reliefs were characteristically defined as areakiwithe model which had positive features in the
grid (Figure 6.4).
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Figure 6.3, Lidam structure map and variance shoealy closure bounded fault, AVO fluid
strength, AVO, and GLCM at corssline 1340 suppamt lithology point of view.
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Prospect 2
L ]

Figure 6.4Composite seismic crossed wells, geoseismic mod#I3@h structural grid surfaces

prove that the prospect within the horst crestedsshows clearly closure bounded fault.
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Conclusion

The combination of wide range procedures and iddaseloped from having an
understanding in a broader view of the regionallggio framework with integrated
seismic attribute for Upper Cretaceous successiotieteloping the model in its finite
dimension in the Petrel workflow.

The seismic visualization techniques enhanced #iemsc interpretations and have
provided better display to view the various datzetyslice in a single window and picture
their relationship in 3D space.

Application of different seismic attributes funaigalongside the visualization templates
providing structural clarity with smoothing of teeismic reflectors, structural events and
horizons. This has really brought a better sensederstanding the response of the seismic
volumes to the different seismic derivative funotias to highlighting geologic events by
illuminating the seismic volumes.

The interpreted horizon of the formations and thespective surface maps allows to create
the surfaces needed in the structural 3D grid.g@8erémoothing application needed to align
the surface to the interpreted structural reliefitfrermore, zones were defined in the 3D
structural modeling frame based on geologic difigegion of each formation surfaces.
These form the necessary skeletons in the 3D stalairid.

The fault modeling and pillar gridding process wéssely monitored to ensure that the
geologic based interpretation is preserved in tleleting frame. The automatic fault
extraction process were used as quality controkgese to maintain interpretation, provide
additional overview of fault segments and comphesvialue of manual interpretation.

Ant Tracker attribute is an effective tool suitaltbeenhanced fault interpretation in 3D
seismic data set, the research also shows thantdracker attributes to work effectively;
one has to apply a fault sensitive attribute swcthaos and structural smoothing attributes
before the application of ant tracker attribute dhd interpreter has to apply signal
enhancing filters to remove residual noise so dmte@ an optimal result.

Variance attributes is more suitable to show megalts that are not seen in the amplitude
data than the chaos attributes, also within a gasea, chaos attributes can show more
fractures than the variance attributes.
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Application of texture attributes confirm that teesttributes enhance understanding of the
reservoir by providing a clearer picture of thetrilgition, volume and connectivity of the
hydrocarbon bearing facies in the reservoir. Sd th& study suggested that texture
analysis can be utilized as an interpretation byojeoscientists during exploration.

The faulting style exhibited in the study areahiattof normal and strike-slip faulting as a
large scale listric faults basement involved witimon sets which were mainly associated
with the margins of the horst structures were myostiterpreted. The existing
interpretations for their origin range from strigp related pull-apart basins to purely
extensional sedimentary basins or hybrid basing widmbined effects of strike-slip
tectonics and tectonic extension.

The conjugate faults at the time of fault formatisrperpendicular to bedding. Normal
fault can be interpreted to be related to the estiteral stage of basin evolution. However,
reactivation of faults as strike-slip or reversalt®iduring the compressional stages usually
precludes interpreting palaeostress orientatioresponding to the extensional stage from
striated faults.

The master faults in NW-SE trend characterized dgimeented normal faults associated
with horsetail splay faults that may indicate a poment of sinistral strike-slip. The NW
trends form a series of an elongate fault segmeméged as overlapping normal faults
dipping to the SW, where the faults are arrangeigtosely spaced en echelon pattern.
The NE-SW faults are limited in length and not @ambus, indicating that the structures
were active for considerable amount of time, reldtethe primary tectonic movement.
Based on their characteristics, the NE-SW faultesyiscan be classified as transfer faults.
Both direction can be interpreted within the sataetonic setting considering the
possibility of NW-SE, whose strike-slip or transg@mal movement is compatible with the
normal movement of the E-W faults.

The highly prospective areas identified based endtudy are the areas of positive flower
(plam tree) structure but they are relatively srpatispects. Two prospect locations were
identified based on time structure map, surfaceate and fault modeled. These prospects

are localized within the closures horst structum®ss the seismic volume.
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Furthermore study

3D structural grid surfaces of the Upper Cretacdouss the input grids for property modeling,
such as lithologies, fluid or saturation using wedj interpretations. Which might include facies,

saturation models, petrophysical modeling etc.

However this modeling could be stretched to inclsaeiration to determine fluid mobility in the
Bualawn, Dor Mansour fields due to the long penbgroduction. This modeling provides a good

basis for prospect analysis and also for dynamnukition of the field.
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Appendices

Appendix (1) Check shot dataset for used wells.

well identifier surface TVDss feet TWT ms
W-B4 Gir/gattar 1314 168
Kheir/Hofra/Nabiha 3368 488
Dahra A/CRA Mbr 4042 581.92
Dahra B/3500 4171 598.66
W-B4 Mabrouk/Beda/3900 4850 684
W-B4 Amin Mbr./4000 5000 704
W-B4 Hagfa SH/Kotla 5708 797.46
W-B4 Kalash/Gheriat 6155 868
W-B4 Tagrift/R2 6648 940
W-B4 Lidam/Dor 9470 1448
W-B4 Bahi/Maragh 9817 1497.25
W-B4 Gargaf 9860 1508
W-B4 Basement 9960 1519.11
R I N
W-A7 Gir/gattar 810 33.61
W-A7 Facha 2290 275.09
W-A7 Kheir/Hofra/Nabiha 2553 318
W-A7 P Mark/Harash/2900 2846 363.94
_ Zelten Mbr./ C Memb./3200 3020 391.23
Khalifa 3306 436.07
W-A7 Dahra B/3500 3435 456.3
W-A7 Mabrouk/Beda/3900 3929 533.76
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W-A7
W-A7
W-A7
W-A7
W-A7
W-A7
W-A7
well identifier
W-A2
W-A2
W-A2
W-A2
W-A2
W-A2
W-A2
W-A2
W-A2
W-A2
W-A2
W-A2
W-A2
W-A2
W-A2
W-A2
well identifier
W-B4

Amin Mbr./4000 4044
Hagfa SH/Kotla 4581
Kalash/Gheriat 5365
Sirte Shale/R1 5536

Etel/R4/Anf 6074

Lidam/Dor 6335

Gargaf 6656

.

Gir/gattar *

Facha 2197

Kheir/Hofra/Nabiha 2467

P Mark/Harash/2900 2744

Zelten Mbr./ C Memb./3200 2930

Khalifa 3216

Mabrouk/Beda/3900 3871

Amin Mbr./4000 3985

Thalith 4342

Hagfa SH/Kotla 4521
Kalash/Gheriat 5349
Sirte Shale/R1 5512

Etel/R4/Anf 6090
Lidam/Dor 6360
Nubian Fm./Sarir 6769
Gargaf 6874

Gir/gattar

88

618

551.8
636
800

829.42
922
963.58
998
272.64
316.69
360.18
389.35
434.19
536.9
554.78
610.75
639.77
810.67
838.72
938.19
974.62
1018.48
1029.74

12.48



W-B4
W-B4
W-B4
W-B4
W-B4
W-B4
W-B4
W-B4
W-B4
W-B4
W-B4
W-B4
W-B4
W-B4
W-B4

well identifier
W-C4
W-C4
W-C4
W-C4
W-C4
W-C4
W-C4
W-C4
W-C4
W-C4

Facha 2183 268.29

Kheir/Hofra/Nabiha 2519 320.74

P Mark/Harash/2900 2846 367.82

Zelten Mbr./ C Memb./3200 3040 395.76

Khalifa 3320 436.08

Dahra B/3500 3474 458.26

Mabrouk/Beda/3900 4024 545.77

Amin Mbr./4000 4147 565.43

Thalith 4405 606.67

Hagfa SH/Kotla 4720 659.42

Kalash/Gheriat 5516 807.61

Sirte Shale/R1 5606 824.69

Etel/R4/Anf 6394 972.94

Lidam/Dor 6675 1018.95

Gargaf 7116 1065.7

e
Gir/gattar ?E

Facha 2270 273.64
Kheir/Hofra/Nabiha 2537 316

P Mark/Harash/2900 2875 368.28

Zelten Mbr./ C Memb./3200 3076 399.36

Khalifa 3386 447.31

Dahra B/3500 3513 466.95

Mabrouk/Beda/3900 4105 558.51
Amin Mbr./4000 4231 578

Thalith 4603 632.16
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Hagfa SH/Kotla

Kalash/Gheriat

Sirte Shale/R1
Etel/R4/Anf
Lidam/Dor

Nubian Fm./Sarir

4790
5474
5676
6482
6777
7154

659.38
804
841.01
988.7
1041.6
1081.76

Appendix (2) list and description of the ant ageamtameters (Petrel, 2015).

MName Min | Max | Passive | Aggressive | Description

Initial Ant 1 30 7 5 Spacing of the initial ant agents. A larger

Boundary(Voxels) number results in fewer ants ,and less
detail captured

Ant track (o] 3 2 2 Distance to look on either side of the

Deviation(Voxels) tracking direction. Allows more
connections between points

Ant Step Size 2 10 3 3 Distance ant advances on a step(search

(voxels) distance to look for discontinuity),
increasing allows ant to search farther but
lowers resolution

lllegal Steps(voxels) | O 3 1 2 Defines how far beyond its search distance
an ant can look if no edge was detected
within its search distance. Larger value will
connect more discontinuous faults

Legal steps({Voxels) o] 3 3 2 Mumber of the valid steps that must be
taken after an illegal step before another
illegal step can be taken

Stop criteria (8] 50 5 10 Percent of illegal steps (relative to all
steps) that can be taken before an ant is

(26) stopped.
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Appendix (3) evaluate the distance along fault fandt displacement of selected fault.

B B ————————e

= =[=)
xX Y Time Distance along fault Fault displacement

1 1064526.82 274922.49 -956.76 0.00 -
2 1064540.10 274970.10 -955.91 49.43 085 |
3 1064553.38 275017.42 -952.93 98.57 1.40
4 1064557.41 275031.69 -952.03 113.40 0.88
5 1064569.34 275078.64 -947.29 161.84 0.91
6 1064580.85 275126.81 941.62 22137 0.61
7 1064589.44 275175.86 -936.94 261.16 0.48
8 1064596.04 275226.20 -934.00 311.93 0.57
9 1064601.15 275275.89 -933.20 361.88 133
10 1064606.53 275324.29 -934.34 410.58 1.09|=
11 1064607.51 275331.08 -934.52 417.45 0.91
12 1064617.22 275381.93 -934.48 469.22 091
i3 1064631.27 275428.95 -935.89 518.29 1.24
14 1064650.44 275468.77 -936.44 562.48 1.95
is5 1064665.58 275493.00 -936.96 591.06 1.20
16 1064689.50 275524.53 -936.97 630.63 0.82
17 1064711.90 275550.98 -937.68 665.29 1.56
18 1064737.27 275576.03 -938.62 700.94 1.08 | |
19 1064759.76 275597.90 -938.98 73232 2125
20 1064790.14 275622.22 -939.65 771.23 1.34
21 1064822.40 275647.53 -939.91 812.23 1.85

ll 22 1064845.81 275663.36 -939.61 840.49 2.68
23 1064879.94 275686.47 -939.18 881.71 3.85
24 1064903.35 275702.26 -938.63 909.95 4.89
25 1064937.55 275725.35 -937.84 951.21 S5.55
26 1064970.28 275748.63 -937.04 991.38 6.27
27 1064994.14 275765.93 -936.72 1020.85 6.52
28 1065023.31 275789.90 -936.26 1058.61 6.75
29 1065047.88 275811.95 -937.18 1091.62 5.64
30 1065071.28 275835.93 -938.09 1125.12 4.78
31 1065095.60 275864.81 -939.73 1162.88 3.23
Zv 1065112.17 275886.65 -940.90 1190.29 2.26
33 1065134.51 275922.00 -942.15 323222 1.36
34 1065155.38 275960.85 -943.06 1276.21 1.22
35 1065163.99 275979.62 -943.48 1296.86 1.06
36 1065180.30 276020.02 -944.16 1340.43 0.95
37 1065194.01 276065.45 -944.88 1387.88 0.99
38 1065203.24 276113.92 -945.44 1437.23 1.03
39 1065210.39 276163.82 -945.64 1487.64 0.98
40 1065214.62 276213.05 -945.45 1537.05 1.04
41 1065218.84 276262.31 -944 .99 1586.48 1.06
42 1065219.18 276266.37 -944 .96 1590.56 1.04
43 1065224.58 276316.96 -944.28 1641.44 0.85
44 1065232.40 276365.39 -944.32 1690.50 0.89
45 1065245.07 27641265 944 .66 1739.43 1.09
46 1065259.15 276456.29 -945.12 1785.28 1.35
47 1065266.51 276473.99 -945.36 1804.45 139
48 1065284.13 276516.50 -946.32 1850.46 1.08
49 1065302.61 276558.39 -947.69 1896.25 1.29
50 1065321.06 276600.08 -949.17 1941.84 0.54
51 1065329.23 276618.57 -949.83 1962.05 0.65
52 1065347.63 276660.31 -951.67 2007.67 0.53
53 1065363.15 276705.36 -954.04 2055.32 1.30
54 1065368.45 276720.83 -954.85 2071.67 0.82
55 1065379.70 276765.63 -956.00 2117.86 0.70
56 1065388.10 276812.99 -957.29 2165.96 1.00
57 1065392.68 276862.39 -958.04 2215.58 1.40
58 1065391.88 276912.35 -958.05 2265.55 1.87
59 1065384.15 276960.72 -957.52 2314.52 2.64
60 1065374.61 277007 .44 -956.78 2362.21 3.84

[v Apply | [v OK ] [ Cancel |
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(}:: = Point spreadsheet

. —
B EEEEEE E=
xX Y Time Distance along fault Fault displacement

61 1065371.68 277019.10 -956.48 2374.24 4.27 =
62 1065360.18 277065.30 -955.31 2421.34 5.48
63 1065349.66 277112.89 -954.88 2470.58 6.52
64 1065342.10 277161.19 -955.35 2519.47 739
65 1065342.54 277211.02 -956.82 2569.30 7.86
66 1065351.77 277258.61 -958.78 2617.78 7.79
67 1065366.97 277301.21 -959.55 2663.01 6.86
68 1065373.83 277318.35 -959.85 2681.47 5.38
69 1065392.10 277360.89 -958.65 2727.76 3.53
70 1065411.32 277401.831 -957.10 277297 1.54
71 1065420.21 277420.67 -956.38 2793.82 1.48
72 1065439.51 277461.65 -955.60 2839.12 0.57
73 1065457.16 277505.47 -955.31 2886.36 0.61
74 1065471.76 277550.70 -955.03 2933.89 133
75 1065475.16 277563.43 -954.87 2947.07 1.18
76 1065484.78 277611.37 -954.09 2995.97 1.00
77 1065490.67 277660.02 -955.59 304497 1.10
78 1065493.90 277709.89 -957.09 3094.95 1.44
79 1065492.88 277759.98 -958.26 3145.04 185 3
80 1065488.39 277809.29 -958.87 3194.56 2.29
81 1065482.34 277858.42 -958.78 3244.06 262

.I 82 1065476.36 277907.35 957.77 3293.36 292
83 1065470.47 277956.77 -958.09 3343.12 2.52
84 1065469.89 277961.97 -957.77 3348.36 2.85
85 1065465.02 278008.73 -954.82 3395.37 351
86 1065463.75 278057.88 -951.70 3444.53 3.02
87 1065465.60 278104.50 -949.61 3491.20 1.18 |=
88 1065466.14 278109.67 -949.39 3496.39 139
89 1065472.43 278160.52 -949.22 3547.62 1.43
90 1065481.50 278209.49 -952.42 3597.43 2.28
91 1065490.90 278258.52 -956.06 3647.35 3.81
92 1065500.30 278307.31 -958.98 3697.04 4.97
93 1065509.13 278357.38 -960.74 3747.88 535
94 1065514.12 278407.01 -961.55 3797.76 4.54
95 1065517.14 278458.19 -961.60 3849.03 323
96 1065518.67 278509.00 -961.07 3899.86 1.85|
97 1065518.38 278558.74 -960.14 3949.60 0.88
98 1065518.10 278608.44 -958.96 3999.30 0.46
99 1065518.01 278657.56 957.75 4048.43 0.98
100 1065519.09 278707.02 -955.66 4097.90 2.28
101 1065520.56 278756.17 952.27 4147.07 5.03
102 1065522.96 278804.40 -945.10 4195.36 10.70
103 1065523.03 278805.44 94494 4196.41 10.89
104 1065527.68 278854.78 937.34 424597 19.67
105 1065532.91 278904.31 93291 4295.77 26.96
106 1065539.35 278952.93 -930.08 434481 33.79
107 1065547.57 279001.98 -928.89 4394.54 39.11
108 1065556.53 279050.26 -929.02 444365 42.56
109 1065566.79 279098.46 -931.06 449293 43.04
110 1065577.80 279145.64 -934.57 4541.38 40.14
111 1065580.98 279158.50 -935.53 4554.63 38.78
112 1065592.52 279206.53 -940.56 4604.02 32.19
113 1065604.07 279254 .64 -945.88 4653.50 25.88
114 1065616.74 279301.59 -950.01 4702.13 19.95
115 1065620.68 279315.84 -951.26 4716.91 18.16
116 1065634.05 279362.36 -953.17 4765.31 14.58
117 1065647.68 279408.68 -954.98 4813.60 15.23
118 1065663.32 279453.25 -955.46 4860.34 1532
119 1065669.11 279469.45 -955.63 4878.04 14.36
120 1065687.58 279513.04 -953.45 4925.38 1431 .

[v Aoply | [v OK ] [< cancel |
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(t:: S Point spreadsheet

L ==
xX Y Time Distance along fault Fault displacement
121 1065706.12 279553.85 -950.58 4970.20 13.10| -
122 1065716.25 279573.89 -949.23 4992.66 12.37
123 1065736.96 279612.30 -942.24 5036.29 15.40
124 1065757.50 279651.03 -936.56 5080.13 18.59
125 1065767.87 279670.64 -933.68 5102.31 21.26
126 1065786.21 279708.96 -926.82 5144.80 28.04
127 1065803.78 279752.44 92394 5191.70 32.70
128 1065816.66 279801.09 92294 5242.02 36.30
129 1065820.69 279853.36 -924.06 5294.44 37.78
130 1065815.74 279906.47 -927.43 5347.78 37212
131 1065804.75 279955.49 -933.06 5398.03 34.40
132 1065791.53 280004.17 -940.69 5448.46 30.18
133 1065776.25 280055.11 -950.20 5501.65 24.11
134 1065774.00 280064.28 -951.91 5511.09 2297
135 1065761.36 28011461 -961.32 5562.98 16.94
136 1065754.90 280164.24 -968.81 5613.03 H1.51
137 1065754.47 280214.32 -974.49 5663.11 6.93
138 1065759.76 280264.49 -978.34 5713.57 3.90
139 1065769.76 280310.67 -978.51 5760.82 237
140 1065772.62 280322.25 -978.54 5772.74 1.74
141 1065785.93 280369.60 -977.07 5821.93 1.66
.I 142 1065800.61 280415.29 -975.04 5869.92 1.67
143 1065816.17 280460.13 971.12 5917.38 1.55
144 1065821.17 280474.44 -969.86 5932.54 1.54
145 1065837.99 280519.48 -965.54 5980.62 1.88
146 1065855.20 280562.99 -961.92 6027.41 1.67
147 1065874.75 280602.94 -958.21 6071.88 2.23
148 1065884.46 280622.22 -956.40 6093.48 1.46
149 1065907.66 280659.69 954.12 6137.54 0.56
150 1065923.21 280682.53 -952.69 6165.17 1.42
151 1065950.03 28071461 -951.57 6206.99 1.69
152 1065974.96 280741.30 -951.66 6243.51 1.18
153 1065999.13 280765.21 -951.76 6277.51 0.86
154 1066026.60 280789.51 -948.86 6314.19 0.16
155 1066051.95 280811.93 -945.32 6348.02 1.37
156 1066078.11 280836.13 -941.59 6383.66 3.06 | |
157 1066103.89 280859.53 -936.12 6418.48 6.60
158 1066126.43 280883.11 -931.10 6451.10 10.79
159 1066149.71 280912.71 -926.01 6488.76 15.12
160 1066171.64 280953.80 -926.84 6535.33 27.57
161 1066178.00 280970.05 -927.18 6552.78 18.00
162 1066188.86 281014.95 -932.96 6598.97 14.23
163 1066197.02 281064.04 -939.73 6648.74 10.36
164 1066200.27 281115.01 -946.72 6699.82 6.55 |=
165 1066201.95 281166.39 -953.05 6751.22 3.45
166 1066202.48 281217.25 -958.04 6802.09 1.49
167 1066203.53 281267.54 -960.81 6852.39 0.81
168 1066205.99 281316.33 -961.09 6901.24 0.41
169 1066211.09 281364.81 -958.68 6949.99 235
170 1066220.32 281409.04 -952.45 6995.17 1.30
171 1066222.56 281418.20 -951.16 7004.60 1.16
172 1066236.05 281464.10 -942.55 7052.44 2.58
173 1066253.71 281505.87 -936.29 7097.79 3.16
174 1066272.66 281541.72 -931.51 7138.34 3.61
175 1066285.64 281562.88 -928.54 7163.17 492
176 1066307.02 281597.40 -925.82 7203.77 4.78
177 1066323.28 281620.72 -923.95 7232.20 5.96
178 1066345.63 281653.54 -922.29 7271.90 6.63
179 1066367.29 281687.76 -922.39 7312.40 7.52
180 1066381.87 281710.84 -922.45 7339.70 8.25 -
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K 4 ==
X Y

—a%
b

Time Distance along fault Fault displacement
181 1066401.48 281747.90 923.14 7381.63 8.86 -
182 1066409.25 281766.27 923.34 7401.57 9.43
183 1066422.26 281807.50 924.438 744481 10.05
184 1066431.66 281853.21 -925.57 7491.48 1127
185 1066437.39 281901.11 7539.72 12.32
186 106644267 281949.29 7588.19 13.16
187 1066443.70 281997.43 7636.71 13.58
188 1066457.76 282042.57 7682.75 13.27
189 1066461.99 282055.98 7696.81 12.98
190 1066480.19 282098.21 7742.79 10.90

1066501.05 282131.42 7782.01 9.01
1066519.90 282155.63 781269 6.79
1066543.70 282182.26 7848.41 4.69
1066565.99 282207.03 7881.73 264
1066589.95 282233.20 7917.21 1.77
1066612.834 282258.06 7951.00 0.98
1066635.96 282286.28 7987.49 113
1066651.12 282308.06 3014.03 161
1066670.12 282344.12 8054.78 171
1066684.26 282388.58 8101.44 1.55
1066691.66 282437.85 8151.26 134
1066691.76 282490.28 8203.69 1.05
1066688.10 282539.68 8253.23 0.66
1066682.26 282589.63 8303.52 0.07
1066675.18 282639.04 8353.43
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