Open Journal of Geology, 2014, 4, 718-735 ’0:0 Scientific
Published Online December 2014 in SciRes. http://www.scirp.org/journal/ojg ’02:0 Research
http://dx.doi.org/10.4236/0jg.2014.412052

Seismic Imaging and Reservoir Architecture
of Sub-Marine Channel Systems Offshore
West Nile Delta of Egypt

Essam Sharaf?, Ibrahim Korrat!, Hamdy Seisal, Eslam Esmaiel?

1Geology Department, Faculty of Science, Mansoura University, Mansoura, Egypt
’Department of Production Management, PETRONAS (PICL) Egypt, Helwan, Egypt
Email: jslam esmaiel@yahoo.com

Received 19 October 2014; revised 15 November 2014; accepted 8 December 2014

Copyright © 2014 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).

Abstract

Offshore Nile Delta gas reservoirs are dominated by slope-channel systems of Plio-Pleistocene age.
High-quality, three-dimensional seismic imaging has significantly helped in defining the geomor-
phology and architectures of these channels. Integrating seismic, logs and core data from four
wells resulted in understanding of different stages of channel development and reservoir quality.
The studied reservoirs that are largely controlled by episodes of transgressive-regressive events
resulted in deposition of fine grained sediment and shale. Sienna channel complex consists of un-
confined channel system with clearly defined development stages. The stages include amalga-
mated or stacked channels followed by channel abandonment phases and local flooding events.
The depositional pattern continued through the Late Pliocene-Pleistocene. SimSat-P1 and Sim-
Sat-P2 reservoirs are characterized by isolated sand bodies, most probably relics of fan deposi-
tional setting. The depositional scenario that is largely controlled by successive transgression and
flooding events resulted in deposition of interbedded, sheet-like, fine grained sediment and shale.
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1. Introduction

Rapid increase in the industrial activities soars the demand for huge additional energy sources especially the
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fossil fuel. As a result, the exploration started in frontier areas such as deep marine, structurally and stratigraph-
ically complex and unconventional areas looking for additional recoverable reserves of both oil and gas to satis-
fy the growing demand of energy.

An increase in the hydrocarbon exploration of deep-water Tertiary Basins, coupled with the acquisition of
large, high-quality 3-D seismic data sets, has led to a considerable focus on deep-water depositional systems.
Well documented seismically-based examples include offshore Angola [1]; offshore Nigeria [2]; the Gulf of
Mexico [3] [4].

Models for deep-water slope settings and classifications for the associated channel elements are provided by
[5]. The role of these slope turbidites as hydrocarbon reservoirs has been emphasized by [1] [6] [7].

Despite the numerous seismically-based examples of deep-water systems in the literature, there is a relative
scarcity of published examples about detailed 3-D architecture of composite canyon fills that have been de-
scribed using high-quality seismic data. Few examples are derived from Pleistocene sections offshore Nile Delta
of Egypt where it is possible to integrate several data types (e.g., cores, logs, pressure data, etc.). The seis-
mic-stratigraphy of the Pliocene deep-water canyon-filling reservoirs of the offshore west Nile Delta was first
described by [8].

The Nile Delta is one of the classical deltas in the world, with a great history created by the different civiliza-
tions. Beside its great history, the Nile Delta area is one of the major gas provinces and one of the most promis-
ing areas for future petroleum exploration in north eastern Africa. Offshore exploration, using high quality 3-D
seismic data, has resulted in the discovery of significant reserves up to 42 TCF with approximately 50 TCF
(Trillion Cubic feet) yet to find [9].

The Nile Delta is located in northern Egypt (Figure 1), where the Nile River spreads out and drains into the
Mediterranean Sea. It has an area of about 12,500 km?, very flat at the north and reaches up to 18 m above sea
level at Cairo. The Nile Delta is considered one of the world’s largest river deltas. It covers approximately 230
km of Mediterranean coastline from Alexandria in the west to Port Said in the east. The outer edges of the delta
are eroding, and some coastal lakes such as ElI Manzala and Burulls have experienced an increasing salinity le-
vels as their connection to the Mediterranean Sea increases.
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Figure 1. Satellite map for onshore and offshore Nile Delta part showing West Delta Deep marine (WDDM) concession lo-
cation relative to the current shore line and a pop up map showing Simian/Sienna development lease (study area).
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2. Field Locations and Exploration History

The study area is part of the West Delta Deep Marine (WDDM) license which extends from 90 to 100 km off-
shore (250 - 1500 m water depth) of the present Nile Delta.

The WDDM license covers 8200 km? on the north-western margin of the Nile delta cone. Exploration activi-
ties at WDDM started in 1997. A series of successive successful exploration and appraisal wells were drilled by
British Gas (BG)-Egypt and Rashpetco. The main drilling target was the Pliocene gas-bearing sands in slope
canyon settings on the concession. Several wells were drilled along these canyons namely, from west to east—
Saurus, Sequoia, Saffron, Scarab, Sapphire, Serpent, Simian and Sienna (Figure 1). Sequoia, Saffron, Scarab,
Serpent and Sienna are of Early Pliocene. Saurus and Sienna canyons were drilled in the Middle Pliocene age.
Sapphire reservoir is another relatively deeper reservoir of the Late Pliocene age.

The studied area contains Simian and Sienna fields, located in WDDM in Simian/Sienna development lease.
The fields are approximately 120 kilometers offshore Idku, near Alexandria (Figure 1).

The Simian field was discovered by BG-Egypt. The first well, the Simian-l was drilled in 1999. Simian is a
combined stratigraphic-structural trap with dip-closure along the northern and southern margins. The Simian
field consists of a number of deep marine channels constrained within a NNE-SSW trending initial channel val-
ley cut. Simian channel system consists of two main branches which merge to the north where the maximum
width of the field is over 4.5 km [10]. The SimSat-P1 reservoir is a thin, sheet-like channel system. The reser-
voir is located at the eastern side of the study area; it is shallower than the main Simian Field (Figure 2). The
first discovery well is SimSat-P1 which is located approximately 125 km NE of Alexandria in the Eastern por-
tion of the WDDM concession. Water depth at the well location is approximately 891 m.

The Sienna field is located to the east of Simian. The Sienna field trends NNW-SSE and directly overlies the
northernmost part of Simian. Sienna is also a combined structural-stratigraphic trap and has two main branches.
The western branch is a typical WDDM channel trend (NNE-SSW) and is confined within a canyon cut. The
eastern branch is a combination of channel and sheet sand, which have spilled from the main western channel.

The importance of this study is that it provides an example of integrating different pieces of subsurface data to
build a comprehensive geologic understanding of one of the most promising gas potentials in Egypt. The objec-
tives of this paper are to: interpret the main depositional environments of the Plio-Pleistocene reservoirs at the
studied area based on seismic, logs and core data; define the depositional architectures and evolution through
time; map the regional extension of the reservoir channel bodies by using detailed seismic interpretation; and
evaluate the reservoir quality based on the available petrophysical analyses.
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Figure 2. Arbitrary Seismic Section across the studied reservoir targets showing their intervals relative to each other.
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3. Geological Setting and Stratigraphic Framework

The geologic evolution of the Nile Delta (Figure 3) can be traced back to the Late Eocene-Oligocene time [11]-
[13]. Recent exploration activities focused on Plio-Pleistocene sequences where the main gas reservoirs are en-
countered.
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Figure 3. Generalized lithostartigraphic column of the West Delta Deep Marine (WDDM) field (Raslan, 2002).
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The structural configuration of the western side of the offshore Nile Delta is dominated by a major NE-SW
striking/NW down throwing normal fault. Seismic interpretation indicates that the maximum throw reaches
around 900 ms. This fault throw decreases northward and eventually dies out against a series of NW-SE striking
faults. Thickness of the Pliocene-Pleistocene succession remains considerable even in the northern part of the
concession. The present slope has a gradient of around 1:25. Regional seismic profiles reveal presence of large
scale clinoforms and shelf-slope break. Seismic profiles show that the shelf-slope break was migrated northward
with time and evidence of back stepping phases.

The major structural feature within the concession is the SW-NE-trending Nile Delta Offshore Anticline
(NDOA). It has been active at various periods during the Pliocene and Pleistocene (Figure 4). Absence of sig-
nificant thickening of Plio-Pleistocene sequences in the seismic sections indicates that the NDOA did not have a
major impact on the depositional geometries [8].

Early to Late Pliocene is represented by the Kafr El Sheikh Formation. It started with the deposition of the
Early Pliocene sediment during marine flooding. This Formation is incised at the top by low-stand and progra-
dingclastics of the Plio-Pleistocene age (El Wastani Formation). The old paleogeography and tectonic elements
play an important role in the thinning of the formation onshore. The paleobathymetry of the Kafr El Sheikh in-
dicates an inner to middle tides and it goes outer and upper bathyal northward.

Late Pliocene to Early Pleistocene is represented by EI Wastani Formation. It forms a regressive sequence that
unconformably overlies the Kafr El Sheikh Formation. The depth of El Wastani Formation ranges from 900 m
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to 1000 m. The thickness appears to be controlled by the Rosetta fault that was active in the top of the Kafr EI-
Sheikh Formation due to the dipping of the formation to the NW and SW.

El Wastani Formation was deposited as low-stands channels extending towards the north in Scarab and Saf-
fron areas. It reflects fan deposits and overbanks on some areas. The paleobathymetry of El Wastani Formation
shows a shallow marine, inner to middle neritic southward that changes to outer to upper bathyal in the north.

Pleistocene to Holocene is represented by the MitGhamr and the Bilgas Formations. The MitGhamr Forma-
tion was recorded as 464 m thick in the MitGhamr well#1 [13]. It consists of thick layers of sand and pebbles at
its base with clay and carbonaceous interbeds of limited thickness. This Formation grades in facies to interbed-
ded sand with clay. The sand is rich in peat, coastal and lagoon fauna. It constitutes a fill-up of the top basin
with shelly sands, coquina beds, clays and peat and deposits from the Nile flood. The depositional environment
of this formation is probably shallow marine to fluvial environment.

The Bilgas Formation covers the whole Nile Delta area with type section of 25 m at the Bilgas well#1. It is
composed of interbedded sand with clay and is rich in molluscan fragments. The clay beds contain plant remains
and carbonaceous debris mixed with windblown sand. The faunal association reflects a lagoon, brackish swamp,
environment interrupted by beach sand [15].

The studied wells penetrated a stratigraphic sequence extends from Pleistocene to Pliocene. The rock unit
boundaries are identified based on foraminiferal and Nannoplanktonic analyses. The stratigraphic analysis of the
studied wells is illustrated in Table 1.

4. Methodology

The SimSat-P1, SimSat-P2, Sienna-1 & Sienna-2 reservoirs were covered by 3D surveys in 1998, 2003 and
2006. Seismic features and attributes were identified and subsequently worked up by using the 2006 survey. For

Table 1. Stratigraphic summary of the studied wells.

Biostratigraphic Summary Litho Stratigraphic Summary
Water Total
Well Name Age Formation Depth Depth Interval (MD)
(MD) (MD) Biozones Marker MD
From To
NN19a 1510 2190 Top Sienna Channel 2372
NN18 2190 2230 Base Sienna Channel 2475.2
. . Kafr El ;
Sienna-1 Pliocene Sheikh EM 944.0 m 2575 m NN17 2230 2290 Top Sienna Basal 24752
Slumps
NNi6a 2200 2574  DaseSiennaBasal 2520
Slumps
NN19a 1540 2050 oPof Siennamain 2417
Channel
Kafr El

Sienna-2  Pliocene g np ey 101200m - 2600M  NN17/18 2050 2250 Top of Basal Slumps 25018
NN16a 2250 2600 Base of Sienna Canyon  2540.6
NN19f 891 1470 Top Reservoir 2121
NN19e 1470 1740 Base Reservoir 2160

NN19d 1740 1860
Late El Wastany

SimSat-P1 . 891.00m  2230m  NN19c 1860 2045
Pliocene FM
NN19b 2045 2120
NN19a 2120 2185
NN18 2220 2230
NN19f 1520 1550 Top Reservoir 1904
SimSat-P2 Late El Wastany 994 m 1998 m  NN19% 1550 1670 Base Reservoir 1918

Pliocene FM
NN19d 1670 1998
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all of the seismic surveys, gas-bearing reservoirs in the Pliocene have soft kicks corresponding to peaks as tops.
The bases are marked by hard kicks or troughs. The standard color convention which isused to present all seis-
mic data is a cyan marker on blue to represent a peak (soft kick) and a yellow marker on red to represent a
trough (hard kick).

The interpretation of the reprocessed seismic data indicates that the upper most Plio-Pleistocene sequence
consists of broadly parallel and continuous reflector that was produced by prograding oblique/complex clino-
forms of deep marine shale. This shale represents the major delta outbuilding phase. Formation micro imaging
(FMI) was used as a main tool for lithology and sedimentary structure interpretation. The interpreted lithologies
were grouped into lithofacies associations that are directly related to certain depositional environments. The FMI
have added fine scale details such as vertical facies variations and stratigraphic dip changes, which are both cru-
cial for defining the main lithofacies paleo-slope and paleo-current orientations. FMI tool also provided strong
clues for identification of key depositional surfaces.

5. Sedimentological Interpretation

Detailed sedimentological interpretation was performed over the study area by using FMI along the drilled wells,
core data and seismic attributes. The main objectives are to describe lithofacies and determine the depositional
environment based on the interpreted sedimentary structures.

The following is a description of each field and the type of channel features existed:

5.1. SimSat-P1 Reservoir

SimSat-P1 reservoir is represented seismically by thin parallel bright reflector. SimSat-P1 reservoir is shallower
than the deeper Simian channel trend. The reservoir was penetrated by SimSat-P1 well that was drilled as a ver-
tical hole to a total depth of 2230 m MD (2208 m TVDss). The top SimSat-P1 reservoir is seismically picked
at —2328.55 ms and the base at —2379.82 ms which is equivalent to 2121 m MD (-2098.7 TVDss) for the top
and 2160 m MD (—2137.7 m TVDss) for the base. The reservoir, at well location, consists of 39 m of successive
argillaceous sandstones (sheet-like), interbedded with claystone and siltstone.

Biostratigraphic analysis of the SimSat-PI well indicates that the reservoir is of Late Pliocene-Pleistocene age.
The Pliocene sequence is represented by NN19a and NN18. The topmost part of the seismic profile represents
the upper most Plio-Pleistocene sequence. Depth converted maps of both top and base SimSat-P1 reservoir by
using 2003 Average velocity cube indicate the reservoir is dipping toward NW direction. Generated isopach
map (Figure 5) indicates that SimSat-P1 reservoir thickness varies from 15 m - 55 m with the maximum thick-
ness in the western part of the reservoir around SimSat-P1 well. Attribute map of SimSat-P1 reservoir shows
that it extends to approximately 16.5 km? area and is oriented to NE-SW direction with an average thickness of
39 m (Figure 5).

Facies analysis of the SimSat-P1 well based on wire line logs and FMI resulted in number of units with dif-
ferent characteristics indicating various depositional features (Figure 6). The facies are:

5.1.1. Pre-Fan Background

This interval extends from depth 2201.0 m to 2159.9 m in SimSat-P1 well with an average thickness of 41 m.
The facies is striking ESE-WNW and is characterized by dominance of laminated mudstone that grades to silt,
with few carbonate and small pyrite nodules. Some silt intervals are defined by FMI and are characterized by
steep dip and chaotic azimuths. The contact of the top most part of this facies and the overlying sand unit is an
erosional event marked by dewatering deformational structure. FMI analysis also shows that this mud succes-
sion is punctuated with two cohesive shale debris flow intervals with chaotic internal fabric, and floating clasts.
The mudstone-shale facies is most probably accumulated as a pre-fan background pelagic to hemi-pelagic mud
deposited from suspension fall out. The siltstone-rich intervals have many deformational features most probably
due to dewatering process. The base of the onset of the overlying unconfined sand sheets is marked by a sharp
lithologic contact.

5.1.2. Distal Mid Fan Sheet Sand

This facies association extends from depth 2126.7 m to 2159.9 m with thickness around 33 m. It is characterized
by very low dip reflector that is consistently propagating to the NE. It consists of amalgamated and stacked sand
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Figure 5. SimSat-P1 reservoir. (A) Seismic section at SimSat-P1 location; (B) Isochore map for SimSat-P1 picked horizons;
(C) Horizontal time slice over SimSat-P1 area and (D) Extracted Maximum Magnitude Attribute map.
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sheets with frequent clay lenses. These amalgamated sand sheets are deposited punctuated by mud. The flat,
bedded sand with parallel bases and tops form unconfined sheet sand unit. Seismic and FMI data indicate un-
confined sheet sand deposition.

5.1.3. Post Fan Background Mud
This unit consists of massive pelagic to hemi-pelagic shale with unrecognizable sedimentological features. It is
occasionally silty, especially towards the top. FMI analysis shows that there is a minor deformational structure
within the silt interval, most probably due to bottom current reworking and dewatering. This entirely mud-
dominated unit was most probably deposited from suspension and may represent post-fan background mud de-
position i.e. non-turbiditic shale. Many shale intervals are washed-out with E-W trend pointing to the actual ho-
rizontal minimum stress. This facies association is most probably related to maximum sea-level rise and desig-
nate transgressive systems tract TST of the third order sequence [16] (Figure 6).

The SimSat-P1 reservoir intervals were subdivided into different zones based on rock properties. The petro-
physical analysis of the processed zones can be summarized as follows (Table 2).

5.2. SimSat-P2 Reservoir

The top SimSat-P2 reservoir was picked at 1904 m MD (-1879.69 m TVDss), equivalent to —2628.98 ms on
seismic. The reservoir base was picked at1918 m MD (—1893.7 m TVDss) equivalent to —2687.69 ms on seis-
mic. The structural mapping was done based on 3D seismic survey in 2006. Structure maps based on average
velocity cube for both top and base SimSat-P2 reservoir show dipping toward NW direction. The reservoir
thickness varies from 18 m to 57 m. Maximum thickness is around the SimSat-P2 well location.

The reservoir is subdivided based on maximum magnitude amplitude between the top and the base of the re-
servoir into two main parts. The two parts are, one to the west, oriented to NW-SE, and of approximately
1805.25 m length and 450.7 m width. The other part is to the east, oriented to NE-SW direction, and of approx-
imately 2920.37 m length and 874.76 m width (Figure 7).

Facies analysis of the SimSat-P2 well based on wire line logs and FMI resulted in number of units with dif-
ferent characteristics indicating various depositional features (Figure 8). The depositional facies are:

5.2.1. Channel Base
This interval extends from depth 1985 m to 1972 m and is represented by massive shale and silt with rare lami-
nations. It is marked at the top by a sharp erosive surface which may probably stands for a channel base.

5.2.2. Inner Fan Slump

This interval consists mainly of 15 m thick (1972 m - 1917.8 m) of massive and laminated shale grades to silt-
stone and sandstone. The sandstone is mainly fine to medium size with a maximum thickness of 0.5 m and
forms isolated bodies that might have been deposited as gullies. The interval is characterized by predominance
of slumped mud and scoured surfaces as interpreted from the FMI. FMI analysis also shows steep dip and chao-
tic azimuths indicative for probable dewatering and deformational structures. Mud succession is truncated by
three cohesive debris flow intervals with chaotic internal fabric, and floating clasts. These features represent
possible inner-fan slumps regime deposited from diluted turbiditic flows that were responsible for depositing
these small isolated (gully-scale) sand units [17]. FMI analysis indicates also that, all scour surfaces that mark
the base of these gullies are high in dip magnitude (~30°), which most probably defines a relatively high ener-
getic flow that cut into the shale beds. This unit might have been deposited as inner fan (passive channel deposi

Table 2. Summary of petrophysical analysis of SimSat-P1 final well report.

Zone Name Top Bottom Thickness Net Pay NTG Vsh ¢ (Phi) Phi x h Sw  HPVxh
Fan mud 2121.32 2129 7.68 0 0 0 0 0 0 0
Sheet Sand 2129 2150 21 13.89 0.66 041 0.21 291 0.57 1.24
Shaly Sand 2150 2160.2 10.2 0.03 0 0.34 25 0.01 0.69 0
Total -- -- 38.88 13.92 0.66 0.39 23 2.92 0.63 1.24
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tion) which is defined by presence of inner-fan characteristics such as slumps, gully sands and scouring with no
remarkable turbiditic event. The base of the onset of the overlying unconfined sheet sands is marked by a sharp
lithologic contact.

5.2.3. Proximal Mid Fan Sheet Sand

This facies is described from 1917.8 m to 1903.5 m and is characterized by dominance of sand lithology. The
sand is mainly fine to locally medium size. FMI analysis of this facies is dominated by stacked sand sheets with
locally occurred clays lenses (most probably flaser bedding) and internal laminations. Deformation (dewatering)
is not evident. Seismic data shows flat bedded sands with parallel bases and tops suggestive for unconfined sheet
sands.

FMI analysis shows that the basal part of this succession is characterized by presence of sharp lithologic con-
tact which may be an evidence for reactivation surface with low dip magnitude nature. This high density to di-
luted turbiditic unconfined flow is mostly shale sandstones. FMI analysis indicates also that these amalgamated
sand sheets are characterized by very low dip magnitude and consistently propagating to the NE. The sand unit
is massive at the base and contains some shale lenses at the top. The unit is characterized by a fining upward
succession defining the transition from proximal to distal mid-fan deposits. This association is interpreted as low
stand system tract (LST) of third order magnitude [16].

5.2.4. Distal Mid Fan Mud

This facies (1903.5 m - 1895 m) is characterized by 8m thick of thin laminated silt with few slumped shale beds
and minor erosive intervals of low-density turbiditic flow. This unit is interpreted as having been deposited
within the mid-fan setting at the proximal part, more distal than the unit above.

5.2.5. Post Fan Background Mud

This interval consists of 95 m of shale, mudstone and siltstone beds. It extends from depth 1895.0 m to 1800.0 m.
The interval is occasionally silty towards the top. Minor deformational features were described form these silts-
dominated beds. These features are most likely to indicate bottom current reworking and dewatering. Many
shale intervals are washed-out. This unit represents a flooding surface that was deposited from suspension.
Based on the regional depositional setting of the area, it most probably represents post-fan background mud de-
position due to maximum sea-level rise.

Petrophysical analysis for the processed interval in SimSat-P2 well can be summarized as follows (Table 3).

5.3. Sienna Reservoir

Sienna reservoir is one of the major channel systems that make up the mid-Pliocene submarine channel complex.
Sienna forms a combined stratigraphic/structural trap with updip (southern) fault closure. Down dip, the reser-
voir is a combined dip and stratigraphic closure along the length of the channel. The reservoir pinches out at
both eastern and western channels margins. The seal is the Kafr EI Sheikh Formation claystone of the Late Pli-
ocene age.

Sienna channel complex commenced deposition in the Late Pliocene as indicated form high resolution bios-
tratigraphic analysis carried out on Sienna-1 and Sienna-2 wells [18]. The channel complex occupies an area
around 54.68 km?. It consists of 123 m thick of thin shale, interbedded with siltstones, claystones, and thick
coarse sandstone beds.

Core description of Sienna-2 well indicates that the reservoir is characterized by interbedded fine grained

Table 3. Petrophysical analysis of SimSat-P2 well.

Zone Name Top Bottom Thickness Net Pay NTG Vsh ¢ (Phi) Phi x h Sw  HPVxh
Fan Mud 1860 1904 7.68 0 0 0 0 0 0 0
g:;g;;’(?r:g 1904 1918 14 12.65 09 005 032 406 019 331

Bottom Shale 1918 1965 47 03 001 035 023 007 069 002

Total Interval 1860 1965 105 1295 012 006 032 413 019 333
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sandstones and siltstones with shale. Few intervals show micro faults, ripple cross laminations and evidences of
sliding and soft sediment deformation such as convolute bedding (Figure 9).

Generated Maximum Magnitude Attribute map between the top and the base reservoir shows that Sienna
channel system is broadly oriented north-south. Numerous, meandering channels are concentrated within the
main branch. The Sienna channel trend is mainly NNW-SSE and consists of two main branches to the east and
the west. The main meandered channel branch trend is NW-SE direction with approximately 16.88 km length.
The channel width varies from 1.064 km at Sienna-2 well location to 1.13 km at Sienna-1 well location. The
minimum width is approximately 476 m (Figure 10).

Sienna channel complex was penetrated by Sienna-1 and Sienna-2 wells in the deep water (250 - 1500 m).

10 cm .
2460.10 2463.70

0 g 8 B 2463.80

Figure 9. Examples of sedimentary facies described from Sienna-2. (A) Massive, fine grained sandstone
overlain and underlain by thick shale; (B) Interbedded siltstones and mudstones with slumped facies due
to soft-sediment deformation; (C) Thin-to medium-bedded sandstone, and mudstone facies. This sand-
stone is generally parallel and ripple cross-laminations in the finer grained material.

Sienna-1 &%

377

Figure 10. Sienna reservoir. (A) Cross line sections through the high amplitude area in sienna reservoir
passing through Sienna-1 well and Sienna-2 well; (B) Thickness map for the picked Sienna horizons; (C)
Horizontal time slice; (D) RMS attribute between top and base picked horizons.
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The major tectonic controls on the area are the SW/NE Rosetta fault trend and the ENE-WSW NDOA anticline
trend. Sienna-1 was drilled as vertical borehole, with a TD of 2575 m MD (-2551.5 m TVDss). It penetrated
successfully 103 m of gas bearing Sienna channel unit.

The spatial distribution of seismic amplitude over the Sienna reservoir was interpreted by using a horizontal
time slice, generated over interval with 10 ms time increment (Figure 11).

Petrophysical evaluation for all reservoir intervals which are indicated as pay based on conventional logs can
be summarized as follows (Figure 12, Table 4).

6. Depositional Scenario and Reservoir Architecture

The depositional setting of the Plio-Pliestocene, Wastani Formation, is largely controlled by both relative sea
level changes and slope generated by major structural trends (Rosetta and NDOA). The channel evolution
through time is not very clearly defined due to the lack of drilled wells, cores and stratigraphic heterogeneities of
the reservoirs. High resolution seismic coverage of the Simian-Sienna lease along with FMI data of the available
wells provide an excellent opportunity to understand the depositional evolution, reservoir architectures and sand
body geometries. The channel architectures and evolution stages are not different from those described nearby
fields within WDDM concession such as Scarab [8] and Sequoia fields [19].

Seismic cross sections across the study area indicate that the sandstone units are characterized by uncon-
strained sheet-like sandstone and siltstone beds referring most probably to a fan (lobe) deposition. The flat-
bedded sand facies is most probably supportive of a more distal, possibly mid-fan setting. Seismic cross sections
and FMI show variable types of unconfined and confined channels complexes across the study area. The chan-
nels are either single story that refer to a short lived progradational event or multi-story that refer to successive
aggradational process. Seismic maximum attribute maps show that laterally amalgamated sinusoid channels are
the main channel feature within the unconfined type.

Sienna channel complex is stratigraphically the oldest channel complex in Simian/Sienna development lease.
Seismic time slices indicate that Sienna channel complex consists of unconfined channel system with clearly de-
fined evolution stages (Figure 13).

4) Laterally progradtional amalgamated channels 5) Aggradational and sinus channels 6) Abandonment and flooding

1) Aband and imum flooding 2-3)Laterally progradtional ch Is with fan deposition at the west and mud-fill channel at the
east

Figure 11. Series of time seismic time slices showing, in ascending order, the depositional evolution of the Sienna channel

system.
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Figure 12. Composite logs for both Sienna-1 well and Sienna-2 well with displaying seismic line through each well.

Table 4. Summary of petrophysical analysis for Sienna-1 well and Sienna-2 well.

Well

Name Zone Name Top Bottom  Thickness NetPay NTG  Vsh ¢ (Phi) Phixh Sw HPVxh
Core Sand 23795 2398 185 13.82 0747 0263 0.3 4139 0196 3.327
Interbeds (Slumps, 390 2418 20 1128 0564 0492 019 2142 0481 1111
Sienna-1 corecheoics)
Core Sand 2418 2428 10 9.46 0.947 0.161 0.277 2.625 0.19 2.127
TOTAL 23795 2428 485 1152 0237 031 026 2968 0289 2.188
Interbeds 2420.5 2455 34.5 8.99 0.26 0.33 0.23 2.09 0.55 0.94
. Shale 2455 2486 31 0 0 1 0 0 1 0
Sienna-2
Core Sand 2486 2502 16 14.17 0.89 0.1 0.3 4.23 0.22 3.31
TOTAL 2420.5 2502 81.5 23.16 0.28 0.19 0.27 6.32 0.33 4.25

The depositional scenario started with an abandonment stage associated with maximum flooding. This early
stage was followed by a fall in relative sea level that resulted in channel progradation particularly towards the
west side of the field. The channels fan out towards the west and northwest forming sand bodies with small scale
at the west (inner to mid fan) to wide scale, sheet like, at the northwest (outer fan). The east side was only dom-
inated by mud-fill channels and flooding shale due to local changes in seas floor slope at that time (Figure 13).

Progradtional phase widened with time and resulted in accumulation of laterally amalgamated and vertically
stacked sinusoidal channels. The final stage in Sienna channel evolution is represented by abandonment phase
associated with another local flooding event.

SimSat-P1 and SimSat-P2 reservoirs form isolated sheet-like sand bodies as indicated from the horizontal
time slices (Figure 14 and Figure 15). These sheet-like sand bodies form most probably relics of fan deposi-

@)



E. Sharaf et al.

Sienna Field Channel Evolution Stages

N / Inter-channel bar

ateral amalgamation and
channel stacking stage

Progradation stage

Abandonment and
maximum flooding
stage

Figure 13. Sienna channel complex evolution stages.

Figure 14. Seismic time slices showing the spatial distribution of seismic amplitude over
the SimSat-P1 reservoir generated over interval with 20 ms time increment.
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Figure 15. Seismic time slices showing the spatial distribution of seismic amplitude over
the SimSat-P2 reservoir generated over interval with 10 ms time increment.

tional setting. The depositional setting started with flooding event resulted in pre-fan background mudstone and
shale deposition followed by progradational phase and deposition of proximal, inner and mid fan deposits.
Another flooding stage was followed and resulted in deposition of finer grained, sandstone and mudstone beds
of outer fan setting followed by post fan shale beds that indicate the end of the final flooding event.

7. Conclusions

High-resolution seismic coverage of the SimSat-Sienna fields (West Delta Deep Marine Concession) provides a
unique 3-D insight into the sand-body makeup, depositional evolution, and overall reservoir architecture of the
submarine slope channel systems. These upper Pliocene channel systems are characterized by a history of ero-
sional and depositional stages probably related to sea level changes. These stages are represented by laterally
amalgamated, vertically stacked and abandoned channel bodies. The results concluded can be used as a good
analogue to other areas of the world where seismic data is either missing or not of the same resolution.

Integrating high resolution seismic imaging with well data, formation micro images, and core data have sig-
nificantly contributed in understanding the characteristics and evolution of the studied reservoirs.

Sienna channel complex is represented by unconfined channel system with clearly defined evolution stages,
most probably influenced by sea level oscillation. The reservoir is characterized by fine grain siltstones and
sandstone interbedded with mudstones and shale that were accumulated in relatively low energy, slope envi-
ronment. SimSat-P1 and SimSat-P2 reservoirs are characterized by sheet-like sand bodies that also reflect pro-
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gradational, retro-gradational and flooding events. SimSat-P1 and SimSatP-2 reservoirs represent low energy,
less stacked and smaller sand body geometry compared to deeper (older) Pliocene Simian channel system which
may indicate decline of energy regime and/or intensity of clastic sediment that the basin received with time.
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