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Abstract

This study aims at evaluating the influence of the presence of shale on the
quality of reservoir sand in “CAC-Field”, Coastal swamp Niger Delta by inte-
grating suites of well logs and 3D pre-stack seismic data. Shales in the reser-
voir pose interpretation challenges as they form baffles to fluid flow and re-
duce effective porosity. The data used included well logs (density, gamma ray,
neutron, resistivity) and 3D seismic data. Petrel and Interactive Petrophysics
software were adopted for the analyses. The Vclay/effective porosity
cross-plots were used to determine the clay distribution patterns hence the
influence of shale on the petrophysical properties of the hydrocarbon reser-
voir. Result of the well correlation yielded 12 reservoirs with 4 (RES 4 - RES
7) being hydrocarbon bearing and laterally continuous across the 4 wells,
(CAC-1 - CAC-4) forming the focus of the study. Evidence of an NW-SE
trending delta progradation in the CAC field is represented by the increasing
sandiness downdip, at both intermediate and the shallow horizons. Thicken-
ing of the reservoir in some instances may be structurally controlled due to
faulting. The results from the petrophysical evaluation show Vclay ranges of
13% - 21% and good to very good porosity values that vary from 15% - 25%.
The permeability range from 240.49 - 2406.49 mD except for the sands in RES
7, CAC-3 well where the permeability was low (91 mD). Additionally, the
Vclay/Effective Porosity cross-plots indicate essentially laminated and struc-
tural clay types with few dispersed clay in RES 7, CAC-3 well. The existence
of these 3 clay types did not significantly influence the quality of the sands
containing the hydrocarbon in the area, except in RES 7, CAC-3. The com-
partmentalizing effect of the laminated clay/shale could only possibly affect
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the vertical flow due to possible baffles to the vertical flow, but the horizontal
flow may not have been impeded significantly. The study of the type and pat-
tern of clay has helped to better evaluate the quality and mobility trend of the
hydrocarbon in the CAC field.

Keywords

Petrophysical Properties, Reservoir Quality, Shaliness, Permeability, Cross-Plot,
Hydrocarbon

1. Introduction

Petrophysical study deals with the physical and chemical properties of rock and
their interaction with fluids [1]. Some of these properties include lithology, po-
rosity, net-to-gross thickness, water saturation, permeability and shale volume
content. These are very crucial that they are used as input data for reservoir
characterization. Incidentally, the Agbada Formation is host to the hydrocarbons
accumulations in the subsurface formation in Niger Delta region.

One of the earliest studies of the relationship between log responses and the
physical properties of the rock was a pioneer work by [2] in which he showed
that the electrical resistivity log is useful in determining certain reservoir cha-
racteristics. Reference [3] showed various methods of formation evaluation of
hydrocarbon reserves in Nigeria, most of which are based on logs couple with
core sample as well as wireline formation tests. Studies on the clay distribution
development trend have been applied to illuminate the behaviour of reservoirs.
The log responses of different clay distribution patterns in reservoir have been
studied and show that detrital clays such as structural and laminated clays gen-
erate similar log responses on thick shale beds, hence a shally-sand equation is
developed that requires shale-resistivity value to be used. On similar studies, ref-
erence [3] described three common distribution patterns of clay heterogeneity
observed in reservoirs, namely; structural, laminated and dispersed clays each
exhibiting different effects on reservoir properties. Conversely, although lami-
nated clays are usually thinner than the interbeded sandstones, there is usually a
disproportionate change in resistivity and porosity arising from these clays not
commensurate to their thickness in a proportion comparable to that of structur-
al clays [4]. Reference [5] described the significant impact which dispersed clays
can have on reservoir’s producibility. In the latter’s view, a given quantity of
pore-filling clay has more debilitating effect on the permeability of sandstone
than the same quantity in a laminated shale lamina interlaminated between clean
sandstone bed. According to him, a clean sandstone with a good porosity of val-
ue of 30% can have the porosity reduced to 0% if the pore spaces of the sand-
stone are clogged by dispersed clay, but if the clay/shale is a lamina only within
the clean sandstone, about two-thirds of the permeability could be retained. Ref-

erence [6] identified growth fault and rollover anticline as the major petroleum

DOI: 10.4236/ijg.2022.131005

72 International Journal of Geosciences


https://doi.org/10.4236/ijg.2022.131005

C. C. Ugboretal.

traps in the Niger Delta. He described them as arising from compressional uplift
very close to the slope and having extensional growth faults which were devel-
oped on the modern shelf and slope.

Reference [7] characterized the reservoirs of “Paradise Field” from well logs
data. They suggested that with good structural and stratigraphic traps basin
ward, the offshore depobelt holds better prospect for the Paradise field (Niger
Delta). They concluded that the reservoirs for the discovered hydrocarbons are
sandstones within the Agbada Formation, while the reservoirs for undiscovered
petroleum below currently producing intervals in the distal portions of the delta
system may include turbidite sands within the Akata. Reference [8] used the
combination of density and neutron responses to estimate shale volume and
found out that is often more accurate than estimating Vsh from single log
measurement. In the study, it was found out that a volume of shale in laminar
mode may prove helpful in reducing water coning while the same amount of
shale in dispersed mode may influence permeability significantly and reduce
production. Reference [9] carried out a detailed formation evaluation of an
appraisal well in the “Green field” onshore Niger Delta. Reference [10] eva-
luated the effects of clay heterogeneity on reservoir properties. However, this re-
search uses open-hole logs to evaluate petrophysical parameters of the succes-
sions penetrated by the four wells in the Dulga field, onshore Niger Delta. Ref-
erence [11] employed an integrated interpretation of seismic and well log data
over “Y” field in the Niger Delta area of Nigeria with the aim of characterizing
reservoir rocks using quantitative seismic attributes and petrophysical proper-
ties. The maximum and RMS attributes were used to characterize three reser-
voirs. They concluded that seismic attributes could be used to predict and cha-
racterize reservoir rock properties. References [12] and [13] assessed the hetero-
geneity and petrophysical evaluation of reservoirs in the “Akbar Field”, Niger Del-
ta Nigeria. They found out that reservoir qualities of the reservoirs are rarely af-
fected negatively despite the occurrence of the three clay types. They noted that
“inasmuch as the horizontal fluid flow may not have been affected due to good
porosity, the vertical flow could be impaired as a result of the presence of numer-
ous laminated clay/shale baftles compartmentalizing the reservoirs”. Furthermore,
they concluded that well logs could be used as an alternative to core data in deter-
mining the clay distribution trend sands and the degree of their negative effects of
their reservoir qualities. Reference [14] studied the effects of shale volume distri-
bution on the elastic properties of reservoirs in Nan tin Field Offshore Niger Delta.
Reference [15] successfully evaluated the hydrocarbon reservoirs rocks contain-
ing shale streaks in the eastern Niger Delta basin using geophysical well logs.

However as accurate delineation and development of reservoirs become very
necessary coupled with high cost of hydrocarbon production in the Costal
Swamp Niger delta, there is need to properly characterize reservoirs from old
and producing fields. The knowledge of petrophysical properties such as porosi-
ty, permeability, net pay and net thickness is required for accurate simulation of
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field performance. Such information about the reservoir will help improve pro-
duction rates, rejuvenate old depleting oil fields, predict future reservoir perfor-
mance, minimize cost and help management of oil companies draw up accurate
financial models. Usually, the deposition of clastic sandstone reservoirs seldom
occur alone, they occur alongside finer clay minerals which are often of varying
morphology and distribution pattern. Such clay minerals significantly affect im-
portant reservoir properties such as porosity, water saturation and permeability.

Local documentation or published works on “CAC-field” appears scarce ex-
cept for the documentations of individual prospecting companies in the study
area. Therefore, it becomes paramount that complete evaluation of reservoir of
interest must be done while exploring for hydrocarbon in Niger Delta. This will
help recover bypassed hydrocarbons from old and producing fields and thereby
maximizing yield and boosting the country’s economy. Hence, the objectives of
this study include reservoirs correlation, detailed characterization of reservoirs
using their petrophysical properties, clay distribution patterns determination
and their effects within delineated reservoirs in “CAC-field”, Costal Swamp,
Niger Delta.

Geology of Study Area (Niger Delta, Nigeria)

The Niger Delta basin also called the Niger Delta province is situated on the
continental margin of the Gulf of Guinea between latitude 3°N and 6°N and
longitude 5°E and 8°E. The Niger Delta is ranked one of the world’s major hy-
drocarbon province with an area of 300,000 km? [16] and the most important in
the West African continental margins [17]. The 12 km thick Niger Delta clastic
contains the 12" largest known accumulations of recoverable hydrocarbon with
reserve exceeding 34 barrels of oil and 93 trillion cubic feet of gas [17]. The basin
has been identified to contain only one petroleum system referred to as the Ter-
tiary Niger Delta petroleum system [18]. Detailed investigation has been carried
out in the Niger Delta basin for the past decades because of its economic impor-
tance. The Niger Delta geology systems: structural and stratigraphic setting, in-
cluding its petroleum system, have been investigated and summarized by some
earliest researchers. Notable among them are [19]-[26] and several others. Ref-
erence [24] noted that both major and minor structures characterized the region
till present. These structures are simple non-faulted anticline rollover structures,
faulted rollover anticline with multiple growth fault and complicated collapse
crest structures. References [6] and [16] identified only one petroleum system in
the Niger Delta known as the Tertiary Niger Delta (Akata-Agbada) Petroleum
system. Reference [27] reviewed the Niger Delta hydrocarbon habitat in his re-
port. Majority of the petroleum is sourced from the Akata Formation while the
Agbada Formation serves as the reservoir rocks. The maximum extent of the pe-
troleum system coincides with the boundaries of the province while the mini-
mum extent is defined by the areal extent of fields and contains known resources
of 34.5 billion barrels of oil (BBO) and 93.8 trillion cubic feet of gas (TCFG)
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[28]. Reference [29] also showed that the petroleum traps were mainly of growth
faults. Reference [30] showed that variations in composition with depth and
product of migration and not source rock organic matter input or thermal ma-
turity; buoyancy is the driving force for migration of hydrocarbons, while [31]
observed that the mode of hydrocarbon trapping in the Niger Delta is a combi-
nation of structural and stratigraphic trapping. They also maintained that
Opuama sedimentary infill forms part of the Niger Delta stratigraphic succes-
sion and exhibits itself as a clay plug set within the paralic Agbada Formation.

The stratigraphy of the Niger Delta is a direct product of the various deposi-
tional processes prevalent in the area and comprises an upward coarsening re-
gressive association of Tertiary clastics up to 12 km thick. The delta displays a
concentric arrangement of terrestrial and transitional depositional environment
[32]. In Niger Delta, as in many delta areas, it is very difficult to define a strati-
graphic nomenclature. The occurrences of small number of differing lithologies
make it almost impossible to define units and boundaries succinctly to constitute
separate formations in a formal sense. However, evidence from all the deep wells
in the Niger Delta shows three lithostratigraphic successions in which a regres-
sive sequence is properly defined [33] (Figure 1).

Reference [19], divided the Tertiary deltaic complex into 3 major facies on the
basis of the dominant prevailing environmental. The major depositional charac-

teristics include marine, paralic and continental environments.
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Figure 1. (a & b) Outline Map of the Study Area (Modified from [33]).
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1) Marine shales/claystones of variable thickness occupying the deepest part of
the Niger Delta basin, designated as the Akata Formation.

2) A paralic deposit consisting of alteration of sandstones, silt stones and clay-
stones at the middle of the basin, with the shaliness increasing with depth until it
grades into the majorly undercompacted shales of the underling formation. This
is known as Agbada Formation.

Continental/Alluvial sands at the top known as the Benin Formation.

2. Materials and Method of Study

The dataset for the study includes, pre-stack 3D seismic data; well log and
checkshot, The detail of the well logs used is shown in Table 1. The software
used include: Interactive Petrophysics, ArcGIS, and Petrel. This study involves
the use of wireline logs, checkshots, deviation and 3D pre-stack seismic data.
The Interactive Petrophysics and the Petrel software were employed for the ana-
lyses; These were obtained from Oil company (Shell Petroleum Development
Co. Ltd), operating in the Niger Delta. This was facilitated through the Depart-
ment of Petroleum Resources.

The co-ordintates of the exact location is not revealed for proprietary reasons,
the survey inline is 55,000 to 5891 and crossline is 1480 - 1720 as shown in Fig-
ure 2.

The hydrocarbon reservoirs were revealed from the structural architecture in-
terpreted from the seismic data using the reflection and termination patterns
and supported by the study of the direct hydrocarbon indicator. To establish
good well correlation and reservoir continuity across the field, a suite of petro-
physical logs were taken from 4 wells, namely, gamma ray, resistivity, spontane-
ous potential, density and neutron.

Well logs data were imported into the software, namely, the Interactive Petro-

physics (IP) and Petrel software. Identification of lithology and well correlation

Table 1. Well information quality check list.

WELL CAC1 CAC2 CAC3 CAC4

DEPTH (m) 4335 3975 4370 4450
Gamma Ray y y V V
Resistivity log v v l l
Spontaneous Potential Log y y v V
Density Log y y v V
Neutron log v v l l
Spectral Gamma ray log y y v V
Checkshot data v v v l
Deviation log X X X l

KEY: V = Present; X = Absent.
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Figure 2. Well locations and distribution across the study area.

were analyzed on Petrel. Petrophysical evaluation of the wells was done using the
Interactive Petrophysics software. Arc GIS was used in generating some of the
maps of the study area and its surroundings.

Seismic interpretation was carried out starting with seismic to well ties. This
was performed to merge the 2 datasets acquired in 2 different units, the seismic
(in time) and well log in (depth). This helped to validate the location and corre-
spondence of the reflections on the seismic (horizons) by tying them with the
position on the well data (sand tops). A combination of density, sonic/checkshot
was used primarily for this function. In addition other data employed to con-
strain/quality check the results included gamma ray, resistivity, neutron and cal-
liper logs. Hence the synthetic seismogram was for seismic to well integration
which helped in mapping the delineated hydrocarbon bearing reservoirs on the
seismic data. Figure 3 is a display of the seismic to well tie panel.

Following the well-to-seismic match, the reservoirs were delineated on the
seismic as well as the faults. The faults were mostly listric faults. Reservoir tops
were delineated and correlated across the wells and their corresponding horizons
mapped on seismic throughout the study area. A total of four horizons known as
RES 1, RES 2, RES 3 and RES 4 were mapped. These horizons were picked cor-
responded to the top of sands from the gamma ray logs. Figure 4 shows detail of
the target horizons interpreted in the field.

The thicknesses of the reservoirs were determined using the cut-offs from

gamma ray and resistivity logs from the hydrocarbon bearing units of the logs
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Figure 3. Synthetic seismogram showing high correlation between seismic and stratigraphy.
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Figure 4. Section on seismic cross-line showing the overlain GR log of CAC 4 used as a
guide to map horizons on seismic.

from the individual wells and subsequent correlation across the wells provided

in the field. Due to the high resistivity of hydrocarbon and low resistivity of wa-
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ter, the values of resistivity thus is a good hydrocarbon indicator at reservoir
scale, hence it is easy to discriminate hydrocarbon bearing from water bearing
intervals. The principle of density differential among the different state of the
hydrocarbon (liquid or gas), was utilized in the application of Neutron and
Density tools in discriminating the type of hydrocarbon present. Also at some
points where gamma ray log fails to differentiate reservoir rocks (sands) from
non-reservoir rock (shales), it was integrated with spontaneous potential and re-
sistivity log for better lithological identification, hence making correlation much
easier. This is shown at depth intervals 3683 m (RES_5 base) and 3737 m (RES_6
top) where the gamma ray logs values suggest lithology to be sand whereas it is
shale from the Spectral gamma ray and Neutron-density logs. Figure 5 shows
the gamma ray logs showing the distribution of sand and shale at CAC-3 reser-
Vvoir.

Petrophysical analysis of the well logs was done by providing information
about the net-to-gross volume, average porosity, average permeability, water sa-
turation, hydrocarbon saturation and average volume of clay. Clay distribution
patterns were delineated by plotting clay volume against porosity values in order

to evaluate the influence of shale on reservoir properties.

3. Evaluation of Petrophysical Properties

Petrophysical parameters of the hydrocarbon bearing zones were estimated from
well logs using Interactive Petrophysics software. This also involved the use of
empirical formulae to determine the petrophysical parameters such as volume of

shale, net-to-gross, porosity, permeability, water saturation etc. The shale volume
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Figure 5. Gamma ray logs showing shale interval (highlighted) as sand in CAC-3.
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versus effective porosity cross plot enabled the estimation of the shale distribu-
tion patterns present in the reservoir and as well as their effects in the reservoir.
To determine the Formation porosity (¢ ), the bulk density reading obtained
from the reservoir interval was substituted in Equation (1), given the relation-
ship with the matrix density (p..) and formation fluid densities (py). To estimate
the formation porosity the log formation bulk density (ps) value of each reser-
voir was substituted in Equation (1): [34].
b= Pra = Py 1)
Pma = P¢
Similarly, for each depth interval, the Effective porosity (¢ ) was computed

from the relational model in Equation (2) thus: p,

Vsh — Pma — Psn (2)

Prma = Py
where;

¢ = porosity from density log,

Pma = matrix density (2.65 g/cc for sandstone),

pr= formation fluid density (1.0 gm/cc for water and 0.8 g/cc for hydrocar-
bon),

p» = formation bulk density (obtain from density log at 0.5 ft. interval),

Pps» = density of adjacent shale body.

Ideally a typical hydrocarbon reservoir contains the 3 components, gas, Oil
and water in that stratification order, with lower water content indicating higher
hydrocarbon. Therefore estimating the amount of water saturation is key in
quantifying the amount of hydrocarbon in place, while the resistivity log identi-
fies the hydrocarbon column above the fluid contacts. The net to gross provided
by the gamma ray log together with the porosity is combined to compute the
amount of hydrocarbon in place. Water saturation was estimated using the rela-
tionship between the resistivity of formation water and porosity as shown in the
empirical relationship in Equation (3):

_axR,
WSy
S, =1-S

S

, 3)

w

where;

S, = water saturation of the uninvaded zone,

S» = water saturation,

R, = true formation resistivity (from ILD log curve),

¢ = porosity values obtained from a porosity log,

R, = resistivity of formation water.

Permeability is a measure of the ease of passage of fluid in a medium as a re-
sult of the presence of interconnecting pores within it. In rocks, especially sand-
stones, this is controlled by the interconnectivity of the matrix and degree of

cleanliness in terms of clay content. Permeability value for the delineated reser-
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voir is calculated using the [35]’s empirical relationship (Equation (4)).

[250x¢* T
k_{—s } @

wirr

where @ is effective porosity, and S, is the irreducible water saturation.

The Gross reservoir thickness is the total interval of the region recognized as the
reservoir interval, including regions occupied by sandstone and clays within the re-
servoir. This thickness is determined by identifying interval covering both sand and
shale within the reservoir zone under study using gamma ray log and recorded
depth values. Net sand thickness, on the other hand, is the interval of the reservoir
occupied by sand alone. The net sand thickness was determined by subtracting the
thickness of shale/clay baffle within a reservoir thickness. The expressions used for
mapping out interval thicknesses in the wells studied are shown as follows.

GST = Gross sand thickness (Base of sand - Top of sand).

NST = Net sand thickness (Base + top of sand - Thickness of shale baffle).

Therefore Net to gross is estimated from Equation (5).

NTG = NST 5)
GST

Clay Distribution Pattern Prediction

The elastic properties of heterogeneous reservoirs are affected by the clay con-
tents and their distribution within the quartz grain. A good prediction pattern of
shale/clay heterogeneity in hydrocarbon reservoirs help to precisely evaluate as-
sociated petrophysical properties such as water saturation, porosity and permea-
bility. This evaluation is very crucial as it is key assessing the viability or other-
wise of the field in terms of hydrocarbon potential, hence guides management

decision making on investment in the field development.

4. Results and Discussion

Well correlation was carried out along a strike direction and multiple dip direc-
tion as shown in Figure 6 and Figure 7 respectively with two main lithologies of
sandstone and shale identified. Twelve (12) reservoirs pseudo-named, RES1-
RES12, were delineated and correlated in each of the wells except in CAC-1
where RES 1 and 2 were missing. RES 1, 2, 8, 9, 10, 11, 12 were also missing in
CAC-3 while RES 12 was not observed in CAC-3. The extent of the reservoirs
were laterally equivalent at the top of the correlation panel but became structu-
rally controlled towards the base (Figure 5). Also at the shallow and middle por-
tions of the reservoir sandiness becomes greater with increasing thickness Fig-
ure 6 is a well log correlation panel showing stacking patterns and reservoirs of
interest for petrophysical evaluation (multiple dip section). Figure 7 shows a
multiple dip section of Focus reservoirs distribution (highlighted in red colour)
across the 4 wells.

Figures 8-11 show the result of the estimated petrophysical parameters of the
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Figure 9. WELL CAC-1 with corresponding petrophysical results of target reservoir.
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Figure 12. WELL (CAC 4) with corresponding petrophysical results of target reservoir
properties.

reservoir such as porosity, water saturation, and net to gross. The implication of
the occurrence or dominance of each shale pattern thus provides a good basis for
establishing the influence of shale on each on the reservoirs under study. This in
turn helped to determine the economic viability or otherwise of the field. The
petrophysical parameters as well as the shale distribution pattern play key role in
the reservoir quality and performance. A dispersed shale will have an adverse ef-
fect on the porosity and permeability of the reservoirs as it tends to block the
pore throats unlike the laminated and structural shale that have little or minimal
effect.

The results from evaluation of the above log parameter indicate that of the 12
reservoirs delineated, only 4 have hydrocarbon accumulation. Variation in po-
rosity and permeability values were observed throughout the reservoirs and are
attributed to the shale distribution patterns present. Effective porosity against
shale value crossplots for the 2 well is shown in the following Figures 13-15.

A porosity average of 21% was computed across all wells in RES4. 17% in
CAC-2 as well as 25% in CAC-4. The average values of permeability are 938 mD
and 2406.49 mD for CAC-2 and CAC-4 respectively (Table 2). This shows a
very good porosity and permeability values which are high enough to allow
movement of fluid within the designated reservoirs. The clay values are 14 and
15% which is below the value at which clay bound water affects resistivity and
water saturation values (Hilchie, 1978) [35]. The average Water and Hydrocar-
bon saturations for the reservoirs are 47% and 53% respectively. In Figure 13,

the cross plot of clay volume against porosity showing prevalent shale distribution
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Table 2. Result of the Petrophysical analysis of “RES 4”.

TOP BASE GROSS NET N/G POR VSH SW SH

WELLS K (mD
(m) (m) THICKNESS (m) THICKNESS (m) THICKNESS (%) (%) (%) (%) (mD)
CAC-2PZ 3207 3295 88 85 0.96 17 14 38 62 938.00
CAC-4 3177 3301 124 92 0;74 25 15 56 44 2406.49
AVG. - - 76.45 73.5 0.96 21 14 47 53 1672.25
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Figure 13. Cross plot of clay volume against porosity showing prevalent shale distribution pattern in RES 4.

pattern in RES 4. The clay distribution shows that the reservoir contains only
laminar clays in both wells Though laminar clays tend to reduce vertical com-
munication of fluids, it has no adverse effect on fluid movement in well CAC-4
unlike in CAC-2 where permeability was reduced as seen from the porosity and
permeability values.

Similarly, the petrophysical evaluation of reservoir RES 5 gave good average
porosity and permeability are 21% and 472.2 mD respectively. On the other
hand, both the average hydrocarbon saturation and a high shale volume of 32
and 19% respectively were recorded for this reservoir. The high value of the pe-
trophysical property irrespective of the high shale value is attributable to the in-
fluence of the type of clay content, being solely laminar clays as shown in the
clay distribution plot (Figure 14). Though laminar clays tend to reduce vertical
communication of fluids, it has no adverse effect on fluid movement in well
CAC-4 unlike in CAC-2 where permeability was reduced as seen from the po-
rosity and permeability values. The result of the petrophysical analysis of RES 5
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is shown in Table 3.

The petrophysical evaluation of RES 6 pay zone shows good average porosity
and permeability values of 24% and 1632.32 mD. The reservoir has an average
hydrocarbon saturation of 81% and a high shale volume of 19%. Irrespective of
this shale value, the reservoir indicates good petrophysical parameters. The
above clay distribution curve shows that the reservoir contains mainly laminar
and structural clays (Figure 15). The laminar and structural clays do not have an
adverse effect on fluid movement in well CAC-2 and CAC-4 as seen from the
porosity and permeability values. The result of the petrophysical analysis of RES
6 is shown in Table 4.

The “RES 7” was laterally extensive across the four wells. Average values of
0.20 and 912.385 mD were computed for the average porosity and permeability
respectively, indicating good petrophysical property for the reservoir. An aver-
age shale volume and Hydrocarbon saturation of 0.19% and 0.63 respectively
was determined for the reservoir. Notably the high shale value apparently did
not affect the petrophysical parameter, which incidentally are high despite this
high shale volume. This was later discerned to be due to the type of clay content

present, being dominated by laminar and structural clays with little dispersed
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Figure 14. Cross plot of clay volume against effective porosity showing prevalent shale distribution pattern in RES 5.

Table 3. Result of the Petrophysical analysis of “RES 5”.

TOP GROSS (m) NET N/G POR VSH SW SH
WELLS K (mD
(m) THICKNES THICK THICK- (%) (%) (%) (%) (mD)
CAC-2 3366 110 42 0.38 25 21 41 59 240.49
CAC-4 3343 97 45 0.46 17 15 96 04 703.91
AVG. - 104 44 0.42 21 18 68 32 472.2
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Figure 15. Cross plot of clay volume against effective porosity showing prevalent shale distribution pattern in RES 6.

Table 4. Result of the Petrophysical analysis of “RES 6”.

WELLS

CAC-2 (Pay zone

CAC-4 (Pay zone

AVG.

GROSS NET
TOP BASE noevess ckwsss NG POR VS swosn o K
(m) (m)
3536 60 57.60 0.96 24 13 23 77 1853.19
3558 34 32.10 0.94 23 18 16 84 1411.44
- 46.05 44.85 0.95 24 16 20 81 1632.32

Table 5. Result of the Petrophysical analysis of “RES 7”.

TOP

BASE

GROSS NET N/G POR VSH SW SH

WELLS () (m) THICKNESS (m) THICKNESS (m) THICKNESS (%) (%) (%) (%) < @D)
CAC-1 3750 3850 100 85 85 18 20 09 91 893.91
CAC-2 3795 3899 104 94 90 23 18 40 60 1411.44
CAC-3 3759 3964 205 145 70 15 20 30 70 91.00
CAC-4 3826 3984 158 113 72 24 16 70 30 1853.19

clays, such as in CAC-3. The laminar and structural clays do not have an adverse
effect on fluid movement in CAC-1, CAC-2 and CAC-4 wells whereas effective
porosity and permeability were affected in CAC-3 well due to the presence of

dispersed clay (Figure 16).

5. Conclusions

A study of the influence of shale on petrophysical properties of some selected
reservoirs in “CAC-field” offshore depobelt of Niger delta was undertaken em-

ploying petrophysical logs, pre-stack seismic, deviation and check shot data.
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Figure 16. Cross plot of clay volume against effective porosity showing prevalent shale distribution pattern in RES 7.

This hence involved an integrated approach of well log correlation, 3D seismic
data analysis, formation evaluation and clay distribution pattern. Well log cor-
relation carried out along strike and multiple dip sections show 2 lithologies of
sand and shale. Of the 12 reservoirs correlated and mapped across the study
area, 4 reservoirs, RES 4 - RES 7, which are hydrocarbon bearing, laterally con-
tinuous and relatively high net-to-gross, formed the focus of this study. Forma-
tion evaluation result shows that the shale values are moderately high in the
range of 13% - 21%. Irrespective of this shale value, the average porosity and
permeability of the reservoirs are 18% - 25% and 0.91 - 1853.19 mD respectively.
This indicates a good to excellent porosity and permeability values for hydro-

carbon production.
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The dominant clay types in the reservoirs studied are the structural and lami-
nated forms. While the structural forms have practically no influence on both
the porosity and permeability of the rocks of the reservoir, the later has only lit-
tle influence on the vertical flow, hence little effect on the permeability and po-
rosity of the reservoir. Dispersed shale, on the other hand, that could impart sig-
nificant baffles to flow, was only present in RES 7 of CAC-3, hence the low per-
meability value. This study has thus shown that understanding the nature of the
shale present in a reservoir is important as it affects the assessment of reservoir

quality.
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