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Abstract

Unveiling the lithological and reservoir mapping, well correlation, petrophysical analysis and structural
mapping of "FEMTOP FIELD" offshore Niger Delta,the data used includes;FieldBase Map, Four wells
with Spontaneous Potential (SP), GR Log, Density Logs, Resistivity, andSeismic data in SEG-Y format.
The Petrophysical analysis, Structural interpretation of ‘‘Femtop field’’was carried out to identify the reservoirs
and map faults from the 3-D seismic volume using Schlumberger (PETREL™) software (i.e. Well data input,
Delineation of lithology and Seismic to well tie). Time and depth structure maps in combination with well logs
were used to map four reservoirs (A, B, C,and D), and four horizons (H1 to H4).Calculated petrophysical values
of the reservoirs in each of the wells show that each formation has varying degree of petrophysical parameters.
The average water saturation in these reservoirs is low, ranging from 27% to 45% with a corresponding
hydrocarbon saturation ranging from 56% to 72%. Two major growth faults (F3 and F5), three antithetic faults
(F1, F2 and F4) also were mapped. Therefore, structural closures identified as rollover anticlines, are displayed
on the time/depth structure maps, suggest probable hydrocarbon accumulation at the downthrown side of the
fault F3 attesting to the structural characteristics ofidentified reservoirs within the subsurface of study area.
Hence, the integration of well logs with seismic data has largely enhanced the success of the petrophysical
analysis and structural mapping in identifying theprobable growth faults and other structural closures
responsible for hydrocarbon accumulation within the study area.
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INTRODUCTION and interpretation of this data is as much an art as a
Niger delta terrain is a complex basin which is science as it requires an understanding of geology,
deformed by large synsedimentary faults, roll-over chemistry, physics, electronics, mechanics and
anticlines and diapairs that makes hydrocarbon drilling technology. (Steve 2015).
accumulation to be controlled largely by growth
faults (Chukwu 1991). Reservoir characterisation of ~ Structural interpretation of seismic data is an
the basin is not easy due to the complicated important aspect of the progressiveanalysis of a field.
subsurface hydrocarbon plays within the region. For It has diverse usage in many areas of 3-D seismic
effective and successful characterisation of the interpretation among which include: helping to
reservoir units within the basin complex, integration effectively analyse controlling influences on reservoir
of proven geophysical and geological techniques is geometry, position and hydrocarbon migration
highly pertinent. Petrophysical and structural pathways (Doust and Omatsola, 1989).
mapping approach have been proven to be very
reliable in the delineation of the reservoir units of ~ The aim of this research is to characterise the
“FEMTOP FIELD” in the Niger delta. reservoir unit of “FEMTOP field” wusing the
integration of petrophysical analysis and structural
Petrophysics is the science of evaluating the rock and mapping of the study area. Effective determination of
fluid properties of oil, gas and water reservoirs petrophysical evaluation and structural mapping of
through the acquisition of physical samples, any reservoir unit demands the combination of well
electrical, chemical, nuclear and magnetic data log and seismic data to analysis the reservoir
acquired by surface logging, downhole coring, and properties with the use of porosity, permeability,
drilling and wireline sondes. The evaluation, analysis formation thickness, subsurface structural traps,
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water and hydrocarbon saturation etc within a
specified field. Evaluation of productive capabilities
of the reservoir formation, identification of formation
fluids and identification of hydrocarbon-bearing
reservoirs in each well using resistivity, porosity and
gamma ray logs which is highly essential for the
successful characterisation of the reservoir unit.
Reservoir models are derived through deterministic
approach with the use of well logs, seismic and core
data as input parameters (Parashis 1986: Tearpock
and Bischke 2003: Emujakporue 2016).

However, well logs are limited in their definition of
variation of subsurface parameter. Furthermore,
vertical details are limited as a result of prolong
period of the individual seismic wavelets and the
natural events of the overlapping wavelets from
closely space reflector.

Thus, successful and effective petrophysical analysis
and structural mapping in mapping complicated
structural play would be improved greatly by
combining seismic data with well logs. (Adejobi and
Olayinka, 1997; Barde et al. (2000 and 2002)).

Geology of Study Area
The Niger Delta is situated in the Gulf of Guinea on
the west coast of central Africa (Figure 1.0) and

extends throughout the Niger Delta Province as
defined by Klett etal; (1997). During the Tertiary it
built out into the Atlantic Ocean at the mouth of the
Niger Benue river system, an area of catchment that
encompasses more than a million square kilometres
of predominantly savannah-covered lowlands. The
delta is one of the world’s largest, with the sub-aerial
portion covering about 75,000 km® and extending
more than 300 km from apex to mouth.The regressive
wedge of clastic sediments which it comprises is
thought to reach a maximum thickness of about 12
km. From the Eocene to the Present, the delta has
prograded south-westward, forming depobelts that
represent the most active portion of the delta at each
stage of its development (Doust and Omatsola, 1990).

These depobelts formone of the largest regressive
deltas in the world with an area of some 300,000km?
(Kulke, 1995), a sediment volume of 500,000 km®
(Hospers, 1965), and a sediment thickness of over 10
km in the basin depocenter (Kaplan etal; 1994).The
two rift arms that followed the south-western and
south-eastern coast of Nigeria and Cameroon
developed into the passive continental margin of
West Africa, whereas the third failed arm formed the
Benue Trough which is located under the Gulf of
Guinea, offshore Nigeria.
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Figure 1: Map of Niger Delta s (After Evamy et al., 1978)
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Figure 2.0: Survey Base Map of Femtop Field (Modified after Owoyemi, 2004).

After an early history of rift filling in the late
Mesozoic, the clastic wedge steadily prograded into
the Gulf of Guinea during the Tertiary as drainage
expanded into the AfricanCraton with consequent
subsidence of the passive margin. These upward-
coarsening strata, offlapping this continental margin,
have been divided into three diachronous
lithostratigraphic units, namely the Akata, Agbada,
and Benin Formations (Short & Stauble, 1967; Doust
&Omatsola, 1990). The Akata Formation is the oldest
of the units and composed mainly of marine shales
which range in age from Eocene to Recent. The
Agbada Formation overlies the Akata Formation and
comprises mainly alternating deltaic sandstones with
shale. Its age ranges from Eocene to Recent.

The Benin Formation is the youngest in the
lithostratigraphic ~ succession, and  comprises
sandstone, grits, claystone and streaks of lignite. Its
age ranges from Oligocene to Recent. The Niger Delta
is subtly disturbed at the surface but the subsurface is
affected by large scale synsedimentary features such
as growth faults, rollover anticlines and diapirs
(Doust & Omatsola, 1990; Stacher, 1995). The
structural style, both on regional and on the field
scale, can be explained on the basis of influence of
the ratio of sedimentation to subsidence rates. The
different types of structures are namely, simple non-
faulted anticline rollover structures, faulted rollover
anticline with multiple growth faults, or anticline
faults and complicatedcollapse crest structures
(Evamy et al., 1978). Others are sub-parallel growth
fault (k-block structures) and structural closures
along the back of major growth faults.
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Local Geology of The Study Area

The area of study is located on latitude 4° to 6° North
and Longitude 3° to 9°Eastcovering an area of 55
km?within the western margin of offshore Niger
Delta (Figure 2.0).The in-lines and cross-lines are in
the ranges of 5800 to 6200 and 1480 to 1700
respectively and with a spacing of 25 m between
lines.The study area consist of thick sand at the upper
part and alternation of sand and shale at basal part.

MATERIALS AND METHODS

Well logs and seismic data using the step by step
procedures as shown in Figure 3 was carried out with
the use of petrel software.The lithologies within the
studied wells were observed by settingthe cut-off
point at 70 APl on the GR logs. On the seismic
section major and minor faults were highlighted,
traced and pickedusing the Petrel software. Faults
werepicked at an interval of 10 m on the in-lines
section and were subsequently reflected on the cross-
lines sections for a detailed analysis.Seismic to well
tiewas also carried out in order to link the well and
seismic data together for proper horizon picking. The
horizons were picked in all the inlines and crosslines
across the seismic volume. It was later auto-tracked
and converted to surface to obtain the time structural
map. Check shot data was used to convert the time
maps of each horizon to depth maps. Four horizons
(H1 to H4) corresponding to the tops of the
delineated reservoirs (A, B, C, and D) were picked
and their structural maps were generated and
analysed.
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Figure 3: Work flowchart of study

RESULTS AND DISCUSSIONS

Data obtained from the field were qualitatively and
quantitatively interpreted. Petrophysical data were
computed and presented in tabular and statistical
forms. GR logs were used for lithology correlation.
Interpretation of seismic data in 3-Dimension
provides an adequate information of geologic
structures that may serve as favourable hydrocarbon
trapping system. Seismic interpretation and reservoir
mapping involves adequate analysis of processed
seismic data in order to identify areas of geologic
significance from 3D-data. The interpretation of
displacement of rocks along a shear surface called
faults on the interpreted seismic sections were

i

Lithostratigraphic Description of Each
Reservoiracrossthe Wells

After the lithologic correlation of the Four well, four
reservoirs were delineated using resistivity logs and
designated as reservoir A, B, C, and D (Figure 4).
Reservoir A was mapped in Fem-2, Fem-1, Fem-4
and Fem 3, at the depth intervals of (2275-2391 m),
Reservoir B, in Fem-2, Fem-1, Fem-4 and Fem
3,within a depth range of (2456-2702 m), while
Reservoir C, Fem-2, Fem-1, Fem-4 and Fem 3, is at a
depth range of (2772-3109 m), Reservoir D occurs in
Fem-1, Fem-2, Fem-3 and Fem 4, at depth interval of

(3201-3480 m).
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Figure 4: Lifhostratigraphic correlation section of the reservoirs across the wells.
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Petrophysical Evaluation of Reservoirs

The petrophysical evaluation of the reservoir units
forms a qualitative approach of interpreting the well
logs. The logs were used to determine the
petrophysical parameters of each reservoir across the
wells. All computations were done using relevant
equations and the results obtained for the reservoirs
from each of the wells are presented in Table 4.1-4.4.

Petrophysical Evaluation of Mapped Reservoirs
Reservoir A is located within a depth range of 2294 —
2440m and extends across Fem-2, Fem-1, Fem-4 and
Fem 3. The volume of shale of 12%, net to gross sand
ratio of 0.99 The reservoir has an average porosity of
28%, which is a good and significant characteristic of
prolific reservoir according to criteria of the porosity
(2) grades by Buller etal, 1970. The reservoir is also
characterized by good permeability ranging from
612md, 600md, 952md, 500md in Fem-2, Fem-1,
Fem-4 and Fem 3 respectively. The hydrocarbon
saturation in the reservoir is 59%, 58%, 64%, and
58% in Fem 1- Fem 4, (Table 1)which are good
indication of oil.

The reservoir in sand B was penetrated at depths
(2459-2563m) for Fem 1, (2458-2727m) for Fem 2,
(2477-2691m) for Fem 3, and (2478-2684m) for Fem
4.Gross reservoir thickness of (108m),(269m),
(372m),(133m) in Feml, Fem 2, 3 and Fem 4
respectively (Table 2). Net to gross ratio are 100% in
Fem 1, Fem 2,3 and Fem 4 respectively. The average
volume of shale is 8%, and a maximum porosity of
28 % which is a clear indication that the reservoir has
a large volume of sand deposit than shale. The
hydrocarbon saturation in the reservoir is 70%, 72%,

70%, and 72% for Fem 1, Fem 2, 3 and Fem 4
respectively. The estimation of effective and relative
permeability to oil hydrocarbon of Fem-2, Fem-1,
Fem-4 and Fem 3 are 0.559, 0.61, 0.56, and 0.61
respectively.

Reservoir in sand C with thickness ranging from
depths of (2778-3126 m) for Fem 1, (2783-3155 m)
for Fem 2, (2870-3203 m) for Fem 3, and (2798-
3159 m). Gross reservoir thickness of (372 m), (348
m), (361 m), (333 m), in Fem-2, Fem-1, Fem-4 and
Fem 3 respectively (Table4.3). It is characterized by
an average gross thickness and Net to gross ratio of
(230) m, with net to gross ratio of 84% in Fem-1,
Fem-2, Fem-3 and Fem 4, respectively. In Fem3,
Fem 4, the resistivity log gives a little increase which
is an indication of gas and oil contact, while in Fem 3
the resistivity log yields a minute increase which is
an indication of an oil and water contact (Figure 4.4).
The average volume of shale in reservoir C is 15%.

Reservoir in sand D was penetrated with thickness
ranging from depths of (3206-3501 m) for Fem 1,
(3256-3389 m) for Fem 2, (3246-3496 m) for Fem 3
and (3210-3320 m) for Fem 4.Gross reservoir
thickness of (133 m),(295 m), (110 m), (250 m) in
Fem-2, Fem-1, Fem-4 and Fem 3 respectively ( Table
4.4). It was characterized by an average volume of
shale of 18% Fem 1, Fem 2, Fem 3, and Fem 4
respectively. The reservoir is thin in the SE and
thickens toward the NW,; this probably could be
attributed to deformation or tectonic activities in the
area of study

Table 1: Computed Petrophysical Parameters Of Reservoirs In FEM-1

Reserv | GRO | Net/Gr | @p Vin(%) | lor Sh Sw BVOwm | HCP | K Krw Kuw Kro Ko

oir SS(m | oss % | (% | ov(%) |V (md) (md) (md)
) (%) ) ) (%)

A 119 92 0.297 | 11.17 0.332 | 59 41 13 15 221 0.05 42.836 | 0.283 378

B 108 88 0.303 | 12.38 0.356 | 70 30 15 21 1097 | 0.01 15.564 | 0.559 613

C 348 92 0.290 | 14.04 0.386 | 56 | 44 12 16 825 0.06 46.824 | 0.361 298

D 111 94 0.310 | 17.50 0.442 | 55 45 12 17 525 0.07 84.588 | 0.334 421

Table 2: Computed Petrophysical Parameters Of Reservoirs IN FEM-2

Rese | GROSS( | Net/Gr | @p V(%) | lor Sh(%) | Sw BVOm | HCP | K Krw Kw Kro Ko

-voir | m) 0SS (%) ov(%) | V (md (md) (md)
(%) %) |)

A 104 82 0.277 9.13 0.29 57.93 42.07 | 12 16.1 | 600 | 0.05 | 29.6 0.39 | 236

B 269 84 0.277 6.89 0.24 72.26 27.7 14 20.0 [ 600 | 0.01 |54 0.61 | 376

C 372 82 0.245 14.6 0.40 71.82 38.8 11 152 | 300 | 0.03 |83 0.46 | 124

D 206 88 0.271 20 0.48 56.33 43.7 11 153 | 500 | 0.05 | 28.9 0.36 | 192

Table 4.3: Computed Petrophysical Parameters Of Reservoirs In FEM-3

RESE | GROS | Net/Gros | @o | Van(%) | ler | Sn Sw BVOw | HCP [ K K | Ku | Ke Ko
VOIR | S(m) | s (%) (%) | () | ov(%) | V(%) | (md) (md) (md)
A 348 82 027 | 1447 [039 [64 |36 12 18 612 | 004 |17 047 289
B 372 86 030 |17.07 [043 [ 70 30 14 21 1096 | 0.02 [ 16 0.56 613
C 333 82 027 | 1671 [043 |63 37 12 17 525 | 003 |16 0.46 241
D 361 84 028 | 1357 [038 [60 |40 12 17 712 | 004 |29 041 294
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Table 4.4: Computed Petrophysical Parameters Of Reservoirs In FEM-4

Rese | GROSS | Net/ | @p Vi lcr | Sn Suw BVO [ HCPV [ K Kw | Kuw Ko | Ko

-voir | (m) Gross (%) (%) (%) MoV (%) (md) (md) (md)

(%) (%)

A 295 80 0277 [ 923 [ 039 [57.93 [ 4207 |12 19.1 500 0.05 | 396 | 039 | 233
B 133 82 0277 [ 709 [o044 [ 7926 [217 |16 20.0 600 0.01 |56 0.61 | 346
C 361 78 0.245 | 146 | 060 | 62.82 | 37.18 | 13 17.2 300 0.03 | 9.3 046 | 111
D 110 80 0.271 | 20 058 | 59.33 | 40.67 | 12 18.3 300 0.05 | 289 | 036 | 142
STRUCTURAL INTERPRETATION With the aid of seismic to well tie, fourhorizons,
Faults and Horizons Interpretation namely: H1 to H4 were picked which enables the
Using the 3D seismic data volume, fault generation of four time and depth structural map.

interpretation was quality checked using the 3D
window(Figure 5b). Picked faults were identified by
assigning names, colour-coded(Figure 5c). Four key
seismic horizons were tied to the seismic section with
the well tops which were defined from the gamma
ray log(5c). Qualities such as continuity, even
strength, amplitude and coherency were used as
guides. These analyses prompted the interpretation of
the seismic horizons(Figureba). Five faults were
picked which reveals growth faults and roll over
anticline.

Seismic Structural Map Generation
Structural interpretation was undertaken to identify
the picked faults found in the 3-D seismic volume.
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Two major growth faults (F3 and F5 which are
normal, listric concave in nature), three antithetic
faults (F1, F2 and F4) were identified. Structural
closures identified as rollover anticlines, and
displayed on the time/depth structure maps; suggest
probable hydrocarbon accumulation at the upthrown
side of the fault F4.

Structural time maps where values are in two-way
seismic travel time were generated for the mapped
horizons using, fault polygons, boundary polygons
and the interpreted horizon.Structural depth maps
were also generated and they show the true position
of structures and fault within the study area for the
mapped horizons corresponding to the time depth
plot.
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Figures (5): Showing (a)Typical seismic section (Inline 6160), showi}’wg Ho;izons and Faults.(b) Tieing of
seismic sections with well tops(c) Typical seismic section (Inline 6190), showing Faults.(d)Seismic to well tie of

the field.

Time and Depth Structural Maps
Time and depth structural contour maps were
generated for all the horizons defined on top of sand

bodies. The structural contour maps delineated from
the field shows similar structural relationship. This
close relationship was probe further by the linear
curve generated from the plot of depth against time
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using the check shot data of the well Fem 4. The
results obtained from the analysis are discussed as
follows:

Time Structure Map of Horizon A, B, C,and D

The time structural map of sand A is shown in Figure
7, the contour lines vary from -2100ms to -2340ms.
The lowest point on this map is at the North-Eastern
part with time values of -2100ms to 2180ms.
Likewisehorizon B hasthe contour lines vary from -
2220ms to -2540 ms. The lowest point on this map is
at the south-western part with time values of -2240ms

- Closures

to -23000ms. Moreover horizon C has the contour
lines vary from -2350ms to -2800ms. The lowest
point on this map is at the South-Eastern part with
time values of -2350ms to -2500ms.The time
structural map of sand D is shown in Figure 7a-d; the
contour lines vary from -3000ms to -3500ms. The
lowest point on this map is at the South-Eastern part
with time values of -3000ms t0 -3200ms. Five faults
cut across most of the mapped horizons and two
major fault was mapped which is the main fault that
aids the accumulation of hydrocarbon.

Figures 6: Showing (a) FEM FIELD Time Structure Map of Horizon A.(b) FEM FIELDTime Structure Map of
Horizon B.(c) FEM FIELDTime Structure Map of Horizon C.(d)FEM FIELDTime Structure Map of Horizon D.

Red rounded shapes showed on the time/depth are the
Structural closures identified as rollover anticlines
which suggest probable hydrocarbon accumulation
and this could serve as new prospects for new
production where well has not been drilled or
explored(Figure 6).

Time-depth Cross plot

The two-way-travel time was plotted on the x-axis
against the measured depth on the y-axis, from this, a
linear equation was derived; (y = 1.396x — 355.1)
where x represents the time map to be depth
converted and y represents the depth map to be
created (Figure 7b).

-1000

1000 |

2000 —

yw=1.396x- 3255.1
B2 = 0.989

e

Depth{m})

3000 +

a000 +

o

Measured Depth

s000

6000 +

N
Figure 7:Plot of MD against TWT

64

TWT



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 11(2):58-66 (ISSN: 2141-7016)

= -
NG T

‘D%\«
& \‘ir% j:!wbv;

® %\réﬁ T
DE T S il =T
B e S A

wono
00m

B =

SR

\D% ol
sl .

:

®
fem 3 Sin
2500 ?’Q
e -\ =
2, 2300~ fiie ~ F e et
el N il el I

w200 0

<

prrme

Figure 8: Showing (a) FEM FIELDDepth Structure Map of Horizon A.(b) FEM FIELDDepth Structure Map of

)
e
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D.

CONCLUSIONS

Well log and Seismic data have been used to analyse
structural characteristics of identified reservoirs
within the subsurface of the Femtop field. This was
possible by generating time and depth structural
contour maps of the picked horizons using the Petrel
interpretational tool. The time and depth structure
maps reveals subsurface structural geometry and
possible hydrocarbon trapping mechanisms within
the study area.

Computed petrophysical parameters of the reservoirs
in each of the wells show that each formation has
varying degree of petrophysical parameters; the
average water saturation in these reservoirs is low,
ranging from 27% to 45% with a corresponding
hydrocarbon saturation ranging from 56% to 72%
indicating that the reservoirs contain more
hydrocarbon than water in all the four wells. The
reservoirs have the average porosity of 25% which is
indication of a reservoir with excellent porosity.

The major growth fault are Faults F3 and F5, dipping
towards southwest and are quite extensive. The fault
F3 is at the central part of the mapped area and covers
up to 85 % of the mapped area. A rollover anticline
formed as a result of deformation of the sediments
deposited on the downthrown block of the fault F3.
The fault F5 is also extensive and shows a parallel
closeness with the fault F3. This sub-parallel
relationship is seen in all the structural contour maps.
The fault F3 is observed to be closer to the shoreline
and can be interpreted as the active fault, while the
F5 is inactive fault, but must have been active in the
past and located in offshore direction of the F3.
Antithetic faults are F1, F2 and F4 and occur at
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different positions at the edge of the mapped area.
Evidence of growth faulting and “rollover” anticline
associated with the field can be deduced from the
time and depth structural contour maps.The trapping
mechanisms of the field can be traced to faults or
anticlines, acting either as fault assisted or anticline
closures respectively.

Conclusively, it is seen from petrophysical structural
evaluation carried out that these reservoirs (Sand A,
Sand B, Sand C and sand D) contain reasonable
quantities of hydrocarbon and based on the
permeability obtained, the well should produce in
commercial quantity. The structural closure at the SE
part of the field can provide additional information
about area where well can be drilled in further
exploration and production of oiland gas.Although,
well log data played a complementary role to justify
the interpretation accuracy of the seismic survey.
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