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ABSTRACT

Naturally fractured reservoirs produced hydrocarbon from several localities throughout the world. The fractured
reservoirs can be fractured sandstone, fractured carbonate or fractured basement. In this concern, four types of
fractured reservoirs were identified according to the contribution of fractures. The fractured basement reservoir is
the one, in which fractures provide the essential porosity and permeability. In the southern Gulf of Suez, Egypt,
several oil fields have been produced hydrocarbon from fractured basement, such as Zeit Bay, Hilal, Ashrafi and
Shoab Ali. In this study, we used conventional geophysical well logs, routine core analysis and 2D seismic data to
identify the fractured basement in some bore holes distributed throughout the southern Gulf of Suez, Egypt. The
results indicate that the productive wells from fractured basement usually overlain by a hydrocarbon column from
which they are sourced. The results show also that all the studied wells contain fractured rocks at the top of the
basement interval with varying of thickness from one well to another. It can be concluded also that the well logs are
powerful toolsto identify the fractured basement especially resistivity and FIL logs.
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INTRODUCTION

Fracture reservoirs are common in petroleum exptoraand production despite their difficulties ietdction and
evaluation for geologist, geophysicists and engme€he term “fracture” referred to any series @icdntinuous
features in rocks such as joints, faults, fissued/or bedding planes. The fractured lithology ddu$ sandstone,
carbonates or basement. According to Nelson [1yrally fractured reservoirs can be classified ifdar types.
Type 1: fractures provide essential porosity amineability. Type 2: fractures provide essentialnpeability. Type
3: fractures provide assistance permeability inaleady producible reservoir. Type 4: fracturesvgte neither
additional porosity nor permeability but createndigant reservoir anisotropy. The fractured basetmeservoirs
are corresponding to reservoir type C, as classtie Aguilera [2]. He stated that this type of m¥e& started with
high production rate declined in a short periodim@conomic rate. Luthi [3] stated that the mo#fadilt problem
associated with fractured basement reservoir isvaluate their capacity and reserve. In this cancseveral
contributions were introduced to evaluate the framd basement reservoir characterizations [4-9].

In this study, Landes et al. [10] definition of basent is adopted, in which basement rocks are derexd as any
metamorphic or igneous rocks in spite of age umoonébly overlain by sedimentary sequence. Assatiapdift or
structural highs are common in basement reserasira consequence, basement rocks have sufferedafiong
period of weathering and erosion. Such weathenmbexosion, provide the way to create porosity @ewmneability,

in which hydrocarbon can be accumulated and soufomu the permeable rocks. Basement reservoirs are
documented in several countries such as AlgeriaacWietnam, Canada, India, Yemen and Egypt [5-6].

In 1981, Zeit Bay field, Gulf of Suez, Egypt, wasabvered by drilling QQ 89-1 well in the westerangin of the
southern Gulf of Suez with a new reservoir discpdasement). Since then, pre — Cambrian baseroeks$ have
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been considered as a tertiary reservoir in the &GuBuez Province. The production started in tlakifwith about
20000 BOPD reached apex in the mid 80’s with al8@@00 BOPD and declined to about 50000 BOPD in 2011
[11]. It must be noted that this rate of productammes from a long hydrocarbon column extended frlammam
Faraun Member of the Belayim Formation (Middle Méae) to the pre — Cambrian basement. Accordingatoah
and Askary [12], the flow rates per well for fractd basement vary from 7000 to 9000 BOPD. The dradt
basement of the Zeit Bay field has been capturedittention of the researchers, in which numertudiess focused
on this field [12-14]. However, several other fielth the southern Gulf of Suez were documentedréalyre
hydrocarbon from basement, such as Ashrafi, HBabab Ali Geisum [15]. The Gulf of Suez basemenksocare
highly heterogonous usually capped by high dersigcciated zone and consists mainly of metavolcagranitic
and metasediments. In this study, we used theablailwell logs, 2D seismic data as well as theimeutore
analysis results to identify and evaluate the basgmeservoirs in the southern Gulf of Suez.

2. Data and methods:

Eight bore holes distributed throughout the south@ulf of Suez, Egypt, were selected. These wedssB374-2C
(374 field), SDK7 (Sidki field), GS392-2, Hil -A3Bnd Hil —A9A (Hilal field), AS404-C1X (Ashrafi fiel) and
GH395-1 and D3 (Shoab Ali field). These wells bgjda two different structural trends; B —Trend fre tcentral
trough of the Gulf of Suez and Ghara Trend towde éastern margin of the Gulf of Suez (Fig. 1).hBiwénds
represented structure highs. The available datgarena ray, natural spectral gamma ray (for SDKAR40-C1X
wells), resistivity (induction medium and deep;elaiog shallow, deep and microspherical focused, lsgnic,
density, neutron, Pe curve, dipmeter (cluster siog and FIL processing), repeat formation te@®T) and
variable density log (VDL for Hil —A3B). Beside gelaysical logs, some 2-D seismic lines are availaBleutine
core analysis was available for SDK -7, Hil —A9A| H A3B, and AS 404-C1X wells. These core analyisetude
description for the rocks and determination of payo permeability, fluid saturation and grain digns

GH392-2 GH395-|
+ +

Studied wells index:
158374-2C 5 HIL-ASB &y oiFeo

2 SDK7 6 AS-C1X
3GS392-2 7 GH395-1
4 HIL-A9A 8 SA-D3

Structural trend

Fig. (1): Location map of the study area showing th main structural trends and oil fields, studied whs distribution and the used seismic
lines

In Hil —A3B well, the basement rock consists ofsyodark pink, cracked, sharp edged hard feldsfmtisoclase),
with up to 10% dark grey, occasionally light greyartz grains, with trace of strained mafic occaally black
mafic minerals, with no oil staining. Downward, thercentage of feldspars decreased to 60% with ¢eayse
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crystals of dark pink, rosy, hard — very hard cemtksharp edged feldspars (orthoclase), with 208k deeen,
pearly luster 10% light grey to dark grey, gravigksvery coarse grained of quartz, with 10% daikcklmafic
minerals, with no oil shows. Further downward, fesement rock composed of 50% dark black, peasteidu
soapy feeling, glassy, very hard, mafic mineratsssibly chlorite, 20% pink rosy occasionally redidisown, very
hard, sharp edged feldspars ( or thoclase) with igbdark grey coarse grained hard quartz grains.

In AS40-C1X from 1844.6 -1848.4 m depth, the bagemeack consists of fractured granite with— lightlwn, buff,
pink, orange; white consisted of orthoclase, feddspquartz, with clear crystalline mafic minerélbaotite, mica,
muscovite, holocryst in part, fractured. At 1848849 m depth, altered granite is fractured, whiteyggreen,
occasionally brown, orange, buff, mainly quartz aedondary chlorite, with oil smell, stain, withryeyood golden
yellow direct florescence. Between 1849-1852 m ladegtanite is reddish brown to grayish white. Quéstwhite to
translucent, coarse to medium grains Orthoclag@nik, orange, coarse crystalline, also containiiaite, mica,
muscovite and mafic minerals. Notes, the core hearea fracture allover the 3 meters with hydrocarkmell in
fracture, with good golden yellow direct fluorescenwith good yellow crush cut fluorescence. Betwd866-
1867.8 m depth, granite is reddish brown to grayibite. Quartz is white to translucent, coarsengdium grains
Orthoclase is pink, orange, coarse crystallinep antaining biotite, mica, muscovite and mafic enals. Notes,
the core has some fracture mainly vertical moren tbare interval from 1849-1852 m depth. Shows iaticolil
smell in fracture, with good golden yellow diretddrescence, with good yellow crush cut fluoreseer@etween
1970- 1970.5 m depth, granite description as irati@ve interval (1866-1867.8 m depth) with hydrboarsmell in
fractures, with poor to very poor fluorescence.

In SDK — 7 well, the cored interval is about 58Hick revealed that both vertical and horizontalnpeability are
less than 0.01 md except for two samples (0.37 & Ond). Helium porosity ranged from 0.002 to 0.14th an
average value of 0.023. The grain density rangaah 2.67 to 2.79 g/cc with an average value of @.g/2c. The
core analysis revealed also that the upper 30rftagio hydrocarbon saturation ranged from 0 to 36.%vith an
average value of 15.8%.

In Hil — A9A well, two core plugs were analyzedthis well. The upper plug was located at the tofpagement
interval, and is about 7 ft thick. Air permeabilitgnged from 0.007 to 0.65 md with an average vafu@ 18 md.
The helium porosity ranged from .0.05 to 0.114 withaverage value of 0.085. The grain density rchifigen 2.62

to 274 with an average value of 2.68. The oil sdaton ranged from 5.5 to 20.4% with an averageevalu12.3%.
The lower core plug, with no logging data, is l@chtt the end drilled basement interval, in whibbu 39 ft thick
were cored in the basement rocks. The core anahdisated that the air permeability ranged frofd13. to 69.2
md with an average value of 6.3 md. Helium porosityged from 0.018 to 0.115 with an average vafu@.@b5.

Grain density ranged from 2.55 to 2.82 g/cc withagarage value of 2.65 g/cc. The oil saturatioryeainfrom 0 to
73.5% with an average value of 27.7%.

Before using the logs, the following steps weregiedrout:

» The logs are first depth matched

» The logs and core are depth matched

» The logs are digitized

» The raw logs are then environmentally corrected

» Data presentation and statistics results wereethoiit using IP software program.

3. Geologic setting

The Gulf of Suez is the northern tip of the Red B&4. It is about 300 km long, while the red Ssalbout 2000 km
long. The Gulf of Suez stratigraphy ranges in agenfPrecambrian to Recent. This long geologic hystf
sedimentation was influenced by several factorsh sas tectonism and sea level changes, in pantithéaSuez
rifting during the late Oligocene-Miocene and prolyathrough the Pliocene and Recent, which lefirthearks on
the sediments.

Due to the rifting, the stratigraphic successiortha Gulf of Suez was divided into pre-rift, syft;rand post-rift
sequences (Fig. 2). In this context, the pre-rftjieences represent the strata deposited priorifthehich are
separated from the overlying synrift strata by urfoomity. The synrift sequences represent the sedisndeposited
during the extension phase of the rift. The pdstsgquences represent the sediments depositetleopast-rift
unconformity. There is a continuous debate aboethibundary between the synrift and the post-rifioud this
boundary be placed between the formational unite&m and Belayim Formations? The last formationks#ine
waning of the siliciclastic sediments and predomagaof evaporites. Other views place the boundatyéen the
Belayim Formation and the overlying salts of So@Gtharib Formation. In other words, it is placed wittle almost
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domination of evaporites. Either view place thetpdswith the halting of the extension and thgtisubsidence of
the Gulf of Suez.
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Fig. (2): Generalized stratigraphic column for thecentral trough of the southern Gulf of Suez
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That is implying the evaporites deposition of b8iuth Gharib and Zeit formations was under shattonditions
with presumption of restriction and separationhaf Mediterranean and the Red Seas. Under suchrageflgamal
et al. [17] argued against such presumption anddated the concept of the Tethys Miocene Saltteveatording
to this concept, Tethys Miocene evaporites demositivas taking place under active changing in thetepl
boundaries. Therefore, they considered the evasodeposition in  the Gulf of Suez as a synrittrgvduring
which the shoulders of the rift were going undeemse uplifting to allow the thick evaporites depios. The
synrift nature of the evaporites and younger PlecRecent sediments would exclude the post-rifeetsp The
inclusion of the South Gharib and Zeit formatiossweell as the younger units in the synrift sediratoh process
has been expressed by many authors.

A complex variety of Precambrian metamorphic angtalline rocks, which dominated by NW and NS, ini&dd

foliations, fractures, faults, and dikes and crappat on both Gulf of Suez sides form the basernéthe Gulf of

Suez. The crust was formed during the widespread-p&frican tectono — thermal event. It was devetbthrough
the progressive cratonization and accretion of momeintraoceanic island arcs and Andean — typenmatig arcs
during the interval of 780-580 Ma [18]. This evenarks formation of the Arabian — Nubian shield.hbibgical

and structural properties of basement played varnioles in rifting [19-21], in which basement rodkBuenced the
quality and volume of clastic material deliveredtite Neogene basin, the Clysmic and Duwi trendsrdrerited

from basement structural discontinuities, baserfaic controls on the location of the accommodationes, the
segmentation of coastal faults and the zig -zatppabf the tilt — fault blocks.

According to Stern et al. [22], the abundance ot é@ northeast trending dikes and bimodal volcardicates that
the crust activity extended and stretched durintpast the period 600 —575 Ma. The reactivatioprafexisting
discontinuities and their orientation control thelgtion of the main fault orientation distributidhrough time, the
geometry of the relay fault zones and the locatibiiault-controlled basins and depocenters [23]cakding to
Patton et al. [24], basement rocks formed thougiwatphases; orogenic and anorogenic. The anorogearase
began with a period of regional NW — SE extensibhis extensional period imparts strong fracturergjth
anisotropy to the basement, which becomes impoitadéformation during the Mesozoic and tertiary.general,
the basement rocks can be divided into competeamitip intrusions surrounded by less competent goofe
metamorphic rocks with intense, NW striking foltats [21].

Generally, the Gulf of Suez tectono — sedimentaptugion passed through the following stages [25]:
» Cambrian - Lower Cretaceous Nubia sandstone stageifental to alluvial deposits).

» Upper Cretaceous - Eocene stage (open to shallaimeha

» Oligocene - Lower Miocene stage (initial rift stdg

» Horst and graben stage ( Lower Miocene)

» Quiescence stage (Middle Miocene)

» Evaporites stage ( Middle — Upper Miocene)

» Pliocene — Recent stage.

4. Well logs response to the naturally fractured rservoir:
Well logs can be utilized effectively in identifgrthe naturally fracture reservoirs. More detada be found in [2,
26-28]. In the following, a brief summary for thesponse of the well logs to the fractures:

Caliper: formation of mud cake opposite a fracture.

Correction density: highp curve when the hole in gauge.

Natural gamma ray spectroscopy: high uranium canten

Density: decrease density

Neutron: increase neutron.

Sonic log: cycle skipping and used to calculate (SBtondary porosity index)

Induction resistivity: usually not response

Laterolog resistivity: separation between shallow deep.

Microspherically focused log (MSFL): low reading.

Pe curve: effective only when mud contains bahitehis condition, Pe gives abnormal high

Cluster dipmeter: fractures appear as zones wheasinot been possible to make correlation or @swhich seem
spurious (abnormal high)

Fracture identification log (FIL): separation o&ttwo pairs of curves

Variable density log (VDL): sudden changes — vagublurred zones, chevron patterns.

Sonic amplitude: reduction of wave amplitude

According to Schlumberger [26], the best tools étedt fractures are temperature, VDL, MSFL and @igmFIL.
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RESULTS AND DISCUSSION

Eight drilled bore holes were selected to studyrémponse of different logging tools to the fraetum basement
rocks. All the wells are located on structures hiflong the B-Trend, the structure high is cappgdsalt diapirs,

while along the Ghara Trend; the structure highigeally capped by salt pillows (Figs 3&4). Thedséd wells

reached basement at different depths (Fig. 5). Shtadlowest one was encountered in the southerroktite B —

Trend at C-1X well, in which basement encountered@85 ft TVDss. The deepest one was encounter@92-2

well, northern Hilal field (Fig. 6).

SB374-2C well is produced hydrocarbon from MatuNabia sandstone and washed basement [15]. SB37eliC
is located at the northern part of the study ateagathe prolific B- Trend. The SB 374 field strur is represented
by NNW — SSE faulted block on top Nubia, dipping Sli¢sected by cross fault trending ENE. Hydrocarbon
column of more than 1000 ft thick is overlain thased basement. More than 250 ft thick of basemerg drilled

in this well (Fig. 7). The response of well logslitates two obvious facies. Upper facies, from D@y 11218 ft
depth, is characterized by high interval trangiteti AT) with an average value of 71 usec/ft. This fades
characterized also by high neutron and low denditywever, the most distinctive feature that inthsgpresence of
fracture is the FIL curves response where shaddwseair of resistivity curves indicate fractuidne lower facies

is characterized by low interval transit time wéih average value of 52.7 usec/ft, with high deresity low neutron.
The FIL log indicates no fracture. We can noterthgponse oAp in both facies which supporting fractured rocks of
upper facies. Gamma ray and SP can’t be consideyaddicators for fractured basement in this witlere is no
obvious separation between ILD and ILM inductiog.l@he net pay is 111 ft thick with an average pityoand
water saturation values of 0.138 and 0.12 respagtiv
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Fig. (3): Seismic line GOS87 -214 interpretation siwing high structure in Hilal field. For location refers to Fig. 1
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Fig. (4): Seismic line H-41 interpretation showindnigh structure in Ashrafi field. For location refers to Fig. 1

AS 404- C1X well is located at the southern enthefstudy area. The well is situated on horst aireqFig. 4). It
represents the shallowest encountered basemenigahtbe studied wells (Fig. 5). The basement iglaieby the
Nukhul clastics. Both Nukhul clastics and basenagatproduced oil. According to EGPC [15], the Nuktiastics
produced oil at rate 5800 BOPD and basement at2@®® BOPD. Beside the core description, whichdattis
presence of fracture containing hydrocarbon, frestean be detected from LLS & LLD separation, {pgsivalues
of Ap curve when the hole in gauge, uranium contentfandation of mud cake (Fig. 8). The separation leetw
LLD and LLS is in the best condition amongst thed&d wells. According to Aguilera [2], the largbe separation
between LLD and LLS, the wider of fracture openilmgthis context, two benefits can be extractednfld D —LLS
relationship; i.e. plotting of LLD/LLS versus LLDnd the fracture plausibility as indicated from I /R, .s).
Rasmus [29] introduced the previous mentioned ptotdiscriminate between fractured, unfractured and
hydrocarbon — bearing fracture zones (Fig. 9). fidigre indicated that most of the basement inteisvdractured
with tendency to bearing hydrocarbon. The threshalldie, according to Aguilera [2], for the abovgdathmic
expression is 0.05, indicating the minimum valudagture plausibility. This corresponds to a reist ratio equal
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to 1.12. A median plausibility is 0.10 indicatingesistivity value equal to 1.26 and correspondmthe half of the
fracture plausibility. A maximum plausibility is®corresponding to a resistivity ratio equal to12.5According to
this approach, most of the basement interval in @&X is a median plausibility. Some points areraofured rocks
locating mostly at the lower part and other poguts threshold plausibility and occurred at the wpyzat. Plotting
of uranium versus thorium indicates the same resuth shift most of the plotted points toward fxaed area (Fig.
10). From this plot, basement rocks in his well posed mainly of granite and granodiorite.

B -Trend Ghara Trend

N N S
374-2C SDK7 392-2 A9A A3B CiX 395-1 D3

1000
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11000

— Top basement

12000

Fig. (5): Depth of top basement in studied wellslistrated shallow depth for Ghara Trend and deep dpth for B — Trend
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Fig. (6): Depth contour map of the top basement ithe southern Gulf of Suez in 2D and 3D

SDKY7 well is located in the northern part of thedst area along the B —Trend. The basement is andslaabout
700 ft of hydrocarbon productive Nubia sandstonikisTwell provides a good opportunity to correlagtvieen
fractured and unfractured rocks in the same interfFaactures can be detected from FIL log whiatidates about
35 ft thick of fractured basement at the top of Hesement interval (Fig. 11). Neutron can be usedonfirm

presence of fractures. Uranium versus thorium aieis a weathered zone located at the top of thesrizad interval
(Fig. 10). This plot indicates that basement rooésiposed mainly of granodiorite. The uranium cotregion in

the fractured zone is the same as in C1X well @yevalue of about 7 ppm) (Table 1). While in tidractured
interval, the average U concentration decreaseéd2@pm. However, density log can't be differetitig between
fractured and unfractured rocks. Sonic log indisadecreasing interval transit time from above 6Gbout 52
usec/ft in the unfractured interval. The most intpaot feature can be observed in this well is thepoase of
induction resistivity log in both fractured and tadtured rocks. In the former, Rt ranges from 1Qaohm.m. In the
later, resistivity responses similar to the anhedrdock with 2000 ohm.m. This means that, in basgmek, it is so
easy to differentiate between fractured and unfireck rocks using resistivity logs.

A3B well is located in the southern part of thedstarea on a horst structure (Fig. 3). The wefireduced oil from
the Nubia sandstone which unconfromably underlgildsement rock. This well provides a good chaocgtudy

the response of FIL and cluster dipmeter processiigl and sonic amplitude to the fractured rockshed

conventional well logs are available (Fig. 12). uden log indicates increasing porosity at the upmat. Density,

Pe and sonic logs cannot assess in detecting ffeaictthis well. Dipmeter of cluster processingigades two sets of
trends. However, dipmeter of FIL processing, VDLldaonic amplitude put our hands on the locationshef
fractures. The fractured zones appear on VDL aswaywwattern. This wavy pattern of the interval adlas low

resistivity (maximum value of 174 ohm.m) arguedffactured basement for the entire interval (Fi®.12
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Fig. (8): Basement rock interval in AS404-C1X wellThe entire interval is fractured as indicated fromLLD — LLS separation, +ve
DRHO, and high uranium concentration
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Fig. (9): Plotting of LLD/LLS versus LLD differenti ated between fractured and unfractured zones in AS#-C-1X well. Hydrocarbon
bearing zones can be identified from this crossplot
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Fig. (10): Plotting of Thorium versus uranium conteits in both AS404-C1X and SDK7 wells illustrated tpe of igneous rocks as well as
identified the weathering effect [30]
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Fig. (11): Basement interval in SK7 well. Two zonesan be identified. Upper zone, fractured rocks, wi high NPHI, high U, low ILD and
shadows in FIL log. The lower zone, unfractured onewith two distinctive features associated with ths interval; high ILD (2000 ohm.m)
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Table (1): Statistics of well logs response to tHeactured and unfractured basement

well parameter] GR| RHOB NPHI DT PE URAN THOR POTA
Min 2 2.32 0.001 48 7 6.1 1
AS404-C1X Max 149 2.95 0.161 95 0.7 26 5.9
Avg. 80 2.55 0.03 58.4 3.1 16.9 4.3
Min 259 2.4 0.057] 52.8§ 2.3Y 1.6 9.5 0.5
. Frac. Max 107 2.76 0305 69.8 6.9 7.2 39.2 5
SDK7 Avg. 147 2.67 0.182 60.4 4.5 3.4 13.2 3.8
Min 154 2.7 0.022] 51.§ 3.5 1 10 3.5
Unfrac Max 104 2.72 0.072 5583 5.2 3.8 17 4.
Avg. 123 2.7 0.041] 52.% 4.2 2.2 11.3 3.7
Min 591 2.02 0.004] 50.4
GH395-1 Max 52 2.79 0.488 11(Q
Avg. 124 2.5 0.113 619
Min 100 2.55 0.057| 51
GS392-2 Max 55 2.77 0.18 58
Avg. 81.5 2.66 0.112 55
Min 187 2.16 0.107] 59.7 2.1
Frac. Max 54 2.7 0.417| 83 5.3
Avg. 93 2.41 0.179 70.§ 2.9
SB374-2C Min 155 2.36 0.023 49 3.9
unfrac. Max 84 2.85 0.29 89 6.2
Avg. 103 2.72 0.0759 54.% 415
Min 150 24 0.016] 56.9
Hil-A9A Max 62 2.73 0.254 88.%
Avg. 110 2.61 0.124 67
Min 307 2.39 0.06 51.§ 2.3
Hil-A3B Max 71 2.68 0.46 75 5.9
Avg. 112 2.6 0.201] 604 4.1
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Fig. (12): Integration between conventional logs ahVVDL, FIL and sonic amplitude illustrated the response to fractures in Hil-A3B well

In GS392-2 well, basement is overlain unconfromafythe Nukhul Formation, in which Nubia sandstamel
Upper Cretaceous sequence is faulted out. No abymtion was recorded in this well. However, thes ga
composition analysis indicates that the hydrocartmmposition is as the following: C1 = 14400, C2500, C3=
600 and traces for C4. As noted, C1/C2 ratio eqtm.6 and C1/C3 ratio = 24; meaning that the zienal —
bearing, according to Aguilera [2]. Neutron logasts increasing porosity and density correctiorvelgives high
positive values indicating fracture rocks (Fig. .13) this well, laterolog resistivity (LLD and LLSand
microspherical focused log (MSFL) provide the idfécdtion tools of fracture. Resistivity logs arbet main
provider for fracture information. The separatiativeen LLD and LLS as well as low reading of MSRdicates
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fracture of the entire interval. Plotting of LLD/IS.versus LLD indicates wholly fractured intervaligF14).
However, dipmeter of FIL processing indicates uctfieed interval. This means that the fracture systeay be
horizontal rather than vertical, in which FIL logrmot detect it. Mineral solver using IP programi¢ates possible
pay zone at the lower part of the logged intereatesponding to the widest separation between Lhdld S.

GH395-1 well is located along the Ghara Trend tavihe eastern margin of the Gulf of Suez. The basémnock is
overlain unconformably by the Nubia sandstone. Mdrdicarbon production is recorded in this well. Ab850 ft
thick was drilled in this well. Integration betweedensity, neutron, density correction curve, digndgabnormal
high in cluster processing) and resistivity indésafractured basement for the entire interval (Ekj. However,
plotting of LLD/LLS versus LLS indicates considelalpoints located behind the unfractured line (Ri§). This
may be attributed to using of fresh mud filtrate which in water — bearing formation, LLS readsaaur higher
than LLD.
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Fig. (13): Fractured basement in GS392-2 well carebdetected from low MSFL, LLD —-LLS separation, highNPHI, low RHOB, high dip
magnitude. However, FIL log indicates unfractured nterval. This may be attributed to the fracture sysems are horizontal rather than
vertical
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Fig. (14): Plotting of LLD/LLS versus LLD differentiated between fractured and unfractured zones in G302-2 well
CONCLUSION

Basement rocks in the southern Gulf of Suez contpasainly of granite and granodiorite. In all stutligells, the
upper part of the encountered basement is usualtjured. The thickness of fractured interval isadfrom one
well to another. Usually, the produced wells fromctured basement are overlain by a hydrocarbamaolfrom

which they are sourced. Qualitative identificatiof the fractured basement can be carried out usireg
conventional geophysical logging tools. In basemiris easy to differentiate between fractured anétractured
using resistivity logs either laterolog or inductidn unfractured basement, the resistivity respdassimilar to its
response to anhydrite (very high resistivity = 208im.m.). In fractured basement, resistivity giwesiable

readings according to the fluid — filled pores. Nen, density and sonic logs as well as densityeation curve are
responses to fractures but their responses mustggrted by other tools such as FIL processipgdter, which
can be considered as one of the most effective inatlentifying fractures.
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Fig. (15): The drilled basement interval in GH395-1well. All the available logs argued for presencefdractured rocks. Abnormal high
dip magnitude is obvious throughout the entire inteval
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