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Abstract

The use of seismic attributes for understanding reservoir complexity has been proven to work in several fields. Thus, we
demonstrate applications of seismic attributes for evaluating the oil and gas reservoirs in the eastern portion of the Rio del
Rey (RDR) Basin. The presence of these fluids in twenty-six (26) reservoirs of the study area was confirmed with the help
of Larson VizEx Pro software using well and seismic data. The 3D merged seismic data reprocessed in 2011 were used to
extract the root-mean-square (RMS) and maximum amplitude attributes for each of the reservoirs. Forty-seven (47) RMS
and maximum surface attributes were generated using Petrel E&P 2014 software. Seven (7) of these attributes have been
presented. Quality control using Interactive Petrophysics (IP) software was applied on the reservoir fluid type found in each
well. These fluid types were later superposed on each of the amplitude maps to match the corresponding amplitude responses.
A good match could be observed between some well tops and their corresponding amplitude values. The results obtained
indicate that GH and WX concessions could be the best concessions in the eastern part of the RDR Basin since most of their
reservoirs, especially WX S6.3 maximum amplitude map, matched with their well fluid contents. The results obtained have
been used to propose potential areas for further drilling.
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Introduction

Cameroon’s geology has revealed that the country has many
sedimentary basins belonging to the active petroleum system
in Central Africa (Abolo 2008). These basins are subdivided
into two categories; coastal basins which include: Rio Del
Rey (RDR) and Douala/Kribi Campo (DKC) Basins; and the
intra-continental basins which include: the Mamfe and the
Logon Birni Basins. The coastal basins are known to host
hydrocarbons, and no petroleum is known to occur in the
inland basins so far. Taking this into account, the govern-
ment of Cameroon has decided to subdivide these basins
into blocks or concessions to put them at the disposal of
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the private petroleum companies. Presently, the Cameroon
mining domain has about thirty concessions mainly located
in the RDR and Douala Basins which are managed by the
National Hydrocarbons Cooperation (NHC).

Seismic attributes have been applied differently in res-
ervoir studies. So far, in the RDR Basin, this has not been
done. The primary objective of this work is to identify and
select the attributes that work best in predicting hydrocarbon
presence in a reservoir. These will then be used to make an
inventory of the hydrocarbon reservoirs of the eastern por-
tion of the RDR Basin. However, care must be taken when
choosing the seismic attributes, because it is not unusual
to find spurious or false correlations that do not reflect any
physical basis for the relationship.

Geologic setting
Geographical location of the RDR Basin

The RDR Basin is a divergent passive margin basin found
in the southwest of Cameroon (Longmore and Lee 2010)
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and represents the southeastern extension of the Niger Delta
in the Gulf of Guinea (Coughlin et al. 1993). It is located
between 4° and 5° of latitude north and between 8°20" and
9°10’ of longitude east (Fig. 1). This Basin is further limited
in the north and northeast by the Tertiary and Cretaceous
outcrops; in the northwest, it is limited by the Niger River;
in the south, it is limited by the Equatorial Guinea bound-
ary and finally in the southeast by the Cameroon Volcanic
Line (CVL). This line also separates the RDR Basin from
the DKC Basin (Ntamak-Nida et al. 2010). The RDR Basin
is a coastal basin and has a surface area of about 7000 km?
offshore. It is one of the basins from which hydrocarbons
are produced in Cameroon with about 90% of the country’s
production (SNH 2010).

Structural setting

The RDR Basin is one of the Equatorial Atlantic marginal
basins of the Gulf of Guinea of the Atlantic Ocean formed by
the separation of the South American block from the African
continent block (Tuttle et al. 1999). The RDR Basin has a
geologic history that can be divided into three (3) stages of
basin development: Pre-rift stage (late Proterozoic to Late
Jurassic, with the deposition of about 600 m? of continental
clastic rocks of Carboniferous to Jurassic age (Villemin and

Tarreserence 1990); Sync-rift stage (Late Jurassic to Early
Cretaceous, with the deposition of thick sequences of fluvial
and lacustrine rocks); and Post-rift stage (Late Cretaceous to
Holocene, which is made up of younger rocks and deposited
as transgressive units consisting of shelf clastic and carbon-
ate rocks followed by progradational units along the conti-
nental margins and as open-ocean water units (Brownfield
and Charpentier 2006).

The RDR Basin is made up of four structural provinces
showing different features (SNH 2015) (Fig. 2). These
include the Cretaceous onshore province, the growth fault
province in the north, the shale ridge province in the south-
west, and the Delta Toe-thrust in the south central area.

Regional petroleum system

This is a combination of certain elements capable of accu-
mulating and producing potential hydrocarbons. These ele-
ments are the source rock and migration path, the reservoir
rock, and the trapping mechanism.

The source rocks are made up of upper prodeltaic marine
shale of the Paleocene Akata Formation (Evamy and Harem-
boure 1978). We may also have interfingering shales belong-
ing to the base of the Eocene Agbada Formation. Type III/IT
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Fig. 1 Location map of the entire Rio Del Rey (RDR) Basin
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Fig.2 Regional structural setting of the RDR Basin showing the four provinces (Kumar 2012)

kerogens (humic to mixed type) have mostly been docu-
mented, indicating a predominantly terrestrial origin for the
organic matter (Stacher 1995).

The reservoir rocks in the RDR Basin are made up of
sandstones and paralic non-consolidated sand from the
Agbada Formation. The characteristics of these reservoirs
are controlled by depositional environments and depth of
burial. Oil is produced from the sand facies of the Agbada
Formation (Short and Stauble 1967). Nevertheless, turbiditic
sands from the Akata Formation are the main offshore target
in deep water.

The alternation of sand and shale in the eastern portion
of the RDR Basin confirms the presence of a high and effec-
tive seals. The efficiency of the seals is more advantageous
when it concerns turbiditic sand deposited in the presence of
paleogenic clay. These clays form top seals for some impor-
tant fields encountered in the eastern portion of the RDR
Basin (Doust and Omatsola 1990).

In the RDR Basin, structural traps dominate but we
also have some stratigraphic traps such as pinch-outs and

turbiditic fans lenses (Beka and Oti 1995). These structural
traps developed during syn-sedimentary deformation of the
Agbada paralic sequence (Evamy and Haremboure 1978).
Minor faults favor the migration of hydrocarbons in the
basin (Fig. 3).

Exploration history in the RDR Basin

Since 1970, 90% of the crude oil produced in Cameroon
comes from the offshore portion of the RDR Basin in the
southwest region of the country (SNH 2010). Petroleum
exploration in Cameroon began in the late 1940s. The
first significant oil discovery was made in 1972 with the
Ekoundou field, developed by former France’s Elf (now
MRS). Since then, an intensive activity led to more discov-
eries of larger fields, such as Kole, Kombo and Bavo Marine
by Elf, Lokele by former Shell-Pecten, and Moudi by former
Total. Oil fields in the RDR Basin have been, so far, the
main source of oil production in Cameroon since 1977. Elf
was the pioneer of oil production and was by far the largest
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Fig.3 Cross section through the
RDR Basin showing traps and
plays (SNH 2015)
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producer, contributing approximately 75% of the country’s
yearly production. It was followed by Addax Petroleum with
22% and Perenco, which, as Kelt, acquired Total’s assets in
1994, with the remaining 3%.

Geophysical concepts

The presence of oil and gas can be observed in seismic sec-
tions by different indicators such as (i) amplitude anomaly
(i1) flat spot (iii) polarity reversal (iv) bright spot (v) dim
spot (Fig. 4). These indicators are also known as direct
hydrocarbon indicators (DHI) (Tanveer 2012). Amplitude
anomalies show a difference in amplitude along a continuous
reflector. An amplitude anomaly can be strong and posi-
tive, strong and negative, or weak. Flat spots occur at the
reflective boundary between different fluids, either gas—oil,
gas—water, or water—oil contacts (Friedrich 2000). Flat spots
are generated by contrast between small acoustic impedance
(AI) of gas-filled porous rock and greater Al of liquid-filled
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Fig.4 Hydrocarbon indicators shown as bright spots, dim spot, and
flat spot in a reservoir (Lgseth et al. 2009 in Tanveer 2012)
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porous rock at horizontal gas—liquid contact. It is recogniz-
able because it is discordant with the surrounding structure’s
non-horizontal reflections (Railsbacks 2011). These fluids
are revealed directly on true-amplitude seismic sections by
localized zones of anomalously strong reflections known
as bright spots. These high-amplitude reflection events are
attributable to the large reflection coefficients at the top and
bottom of gas zones (typically, gas-filled sands) within a
hydrocarbon reservoir (Kearey et al. 2002). Nevertheless,
dim spots (local decrease in reflection amplitude when the
Al of the rock is reduced in magnitude) also help in the
identification of hydrocarbons.

BAVO DIGICON

Fig.5 3D PSTM seismic data on a base map (Perenco 2006)
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Table 1 Wells and reservoirs data

Er102H ErUM1 | ErDM1 [ErDM2|
545 | sa5 |s4s
Wwell 1 132D 1 12 | 1J21D | 1J19D | EF1 EF3D EFAD EFS5D EFAD-ST EF6D EF8D 115D H1 113D 116D 1123
Salb Sd.e Sd.e Sd.e Selv. Selv. Sd.b Sd.b
Salc Sd.c Sd.c
R sd.d sd.d
Sd.e
Sd.f
well 18D | 114D [ 107D | 133G | 15180 15110 | 13200 | 135D [1334D | 11320 1)120 [ 122 | 137D | 125D | 1J403G | 1J24 | 1J406D
Sallc Sd.a Sd.a Sd.c Sd.c Sala Sallc Salc Sala Sala Sala Sala Sala
salf | sd.b | sd.d sdd | sd.d | salc sald | sald sald Salb Salb salc
Sd.a sd.f Sd.e Sd.e Sd.e Sald Salla Salla Salla Salc Salc Sald
Sd.b salla Sallc | sallc | sallc Sald Sald Salla
. Sd.c Sall3 Sd.e Salif Sallf Salla Salla Sallc
Reservoir
sd.d sallf Sd.e sallc_| salic sallf
sd.d sallf sallf
sd.e
Sd.f
Well | 1J405D | 1J401D | 1J404D | 1J403D | 1J35D UV35D | UV37D | UV37G [ UV38D | UV39D [ UV1ID | UVI3D | UV14D | UVISD
Sala Sala Sala Sala Sd.a Sd.a Sd.a
Salb salb Salb Sd.e Sd.e
salc sallf
| sald
salla
Sallf Sallc Sallc
salif sallf

B1

AB11D | AB12D | AB13D | AB14D | AB15D

Well | UV16D | UV18D | UV2 | UV20D | UV21D | UV22D | UV24D | UV25D | UV26D | UV27D | UV27G | Al
Sc Sd.e Sd.e Sd.e Sc Sd.e Sd.e Sc Sc Sc Sc
Sd.e Sd.e Sd.a Sd.a Sd.a Sd.a
Reser] Sd.e Sd.e Sd.a Sd.e
voir
Well | AB18B | AB19D | AB2 | AB20D | AB21D | AB22D | AB31D | AB32D | AB33D | AB35D | AB36D | AB37D | AB38D | AB39D | AB058G1 | ABOGOD

ABO62T1T2 | ABO64_T1

AB559 [ABS63-T1| AB51

AB53D | ABS54D

ABSS5D | ABO61

Reservoir

well [ cp103 ]| cpio4 | cp106 | coio7 [cp108] cpios CD111 | €D112 c02G | cp3p [ cowb [ vzo0s [ vz2 | vza | vziip
Sda | Sell Sca sevil Sevil Sevil | Selv | Selv | Selv
sdc | sevi sevill
Sevil
Reservoir St.bll
Sf.c
Sd.gii
Selll
[ [
Well YZ12D0 | YZ13D | YZ14D | YZ15D Y2156 YZ16D | YZ17D Y176 YZ18D
SE.bll Sf.Bii Selll Selv
Sfe Sfe Sfe SF.Bii. Selv
Reservoir
LEGEND _ _ Water Not Interpreted
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A seismic attribute is a measurable property of seismic
data, such as amplitude, dip, frequency, phase, and polarity
that facilitates seismic data comprehension and interpreta-
tion. Seismic attributes reveal information, which are not
readily apparent in the raw seismic data. A valuable seis-
mic attribute is one that enhances geologic features includ-
ing faults or depositional and stratigraphic elements such
as channels and lobes (Chopra and Marfurt 2005 in Rubio
2010).

In most exploration and reservoir seismic surveys, the
main objectives are, first, to correctly image the structure
in time and depth and, second, to correctly characterize the
amplitudes of the reflections. Assuming that the amplitudes
are accurately rendered, a set of additional features can be
derived and used for interpretation. Collectively, these fea-
tures are referred to as seismic attributes. The use of color
is very important in attribute displays. The attribute color
scale can be modified so that the display is using the full
dynamic range of the data (Tanveer 2012). Some of these
features include the root-mean-square (RMS) amplitude and
the maximum amplitude.

RMS amplitude is the square root of the sum of the
squares within a desired volume interval divided by the
number of live samples in the interval (Kumar 2012). RMS

shows the strength of amplitude over a given volume interval
(Tanveer 2012). This attribute is used to map hydrocarbon
indicators within a zone by providing a statistical measure
of the magnitude of variation in amplitude throughout a
data set. Generally, higher Al variations will result in higher
RMS values (Tyler 2013).

Maximum amplitude measures the maximum positive
or negative amplitude of a trace and potential low velocity
medium within a time or depth window. It is a good indi-
cator of hydrocarbon accumulations (Daber et al. 2010 in
Tanveer 2012).

Data sets and methodology
Data sets
The data sets used in this study include:

Pre-Stack Time Migration (PSTM), FULL STACK and
3D MERGE. The study area (860 km? of surface area) is
made up of eight 3D surveys collected in east—west direc-
tion, acquired between 1980 and 2006 (Fig. 5). Based on
seismic data, the area was divided into 12 concessions:

Flg' 6 MethOdOIOgy workflow Determination Quality Control
RDR o and Realization of of wells, and
Prospect | inszz:;a'it;:rzvfrfell Reservoir fluid Reservoir fluid
map e ) —— | content/inventory ”| content using
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using Larson VixEx Interactive
Pro as software Petrophysics
(IP) as
| CONCESSIONS l software
| Fields |
Wells
Importation
of wells and
reservoir
data
Petrel ® E&P
Import Platform 2014
Well logs data v software
<
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Extraction of Seismic
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attribute maps
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(AB, CD, EF, GH, 1], KL, MN, OP, QR, ST, UV, and
WX).

e Wells. 12 concessions, 43 fields and 44 prospects were
listed in the area of interest. From a detailed study of
these fields, 112 wells and 26 sand reservoirs were iden-
tified (Table 1). Well data were collected using Larson

VizEx Pro software in a CGM format. Quality control
(QC) was applied on the well data using IP software.

e Well Log Parameters. This includes sonic log, density
log, resistivity log, and gamma log. These logs play a
role in determining the type of fluid in the reservoir.
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Methods

The methods used in this work involved three steps, namely
creation of inventories, data quality control, and finally seis-
mic amplitude computation and well display.

A concessions-field inventory of the eastern portion of
the RDR Basin was created using Microsoft Excel 2013 and
the RDR Basin prospect map. Using this procedure, a second
inventory made up of fields and wells was created. The third
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inventory involved the use of Microsoft Excel and Larson
VizEx Pro software, and included fields, wells and their cor-
responding reservoirs and/or reservoir series. Larson VizEx
Pro software provided information on the fluid content of the
various reservoirs.

A series of QC was applied on the third inventory. This
QC enabled the elimination of unreliable or non-interpreted
fields, wells, and reservoirs.

The analysis for the 3D seismic data set, well data, and
well log data for the purpose of acquiring the set objectives
of this work was carried out using Petrel® E&P software
Platform 2014. After gathering well and reservoir data, they
were imported and quality checked together with 3D seis-
mic data into the interpretative tool. Seismic attributes such
as RMS amplitude and maximum amplitude were extracted
from seismic data. Seismic attributes were extracted as sur-
face attribute maps for each of the reservoirs. These maps
show amplitude anomalies used in identifying the presence
of hydrocarbon fluids. Wells and well tops were later dis-
played on the seismic attribute maps. This intersection is
also referred to as “data matching” and helps in confirming
the tops of the various oil reservoirs. A workflow that sum-
marizes the steps involved is shown in Fig. 6.

Results and interpretation

The inventory in the east of the RDR Basin initially gave 12
concessions, 43 fields, 44 prospects, and 112 wells. After
a series of QCs, 5 concessions, 17 fields, and 26 reservoirs
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were considered and used to generate the attribute maps. A
total of 49 attribute maps were generated for all the fields
and superimposed on their corresponding wells. Seven of
these attributes are shown in Figs. 7, 8, 9 and 10. The color
scale for the attribute maps has been adjusted to each ampli-
tude map in order to define the anomalous area distinctly
caused by impedance contrast of the different fluids (glob-
ally in RDR Basin, low amplitudes stand for water, average
amplitudes for oil, and highest amplitude for gas (Perenco
2012). The results obtained by extracting attributes (maxi-
mum amplitude and RMS amplitude) from the 3D seismic
data in the study area alongside with the wells (light black
lines) and well tops (colored circles indicating the fluid con-
tent) of some fields are presented in Figs. 7, 8, 9 and 10.

The RMS amplitude map SeVI (Fig. 7a) is defined
within the time window + 10 ms. It is expressive and
matches with almost all fluid contents of the well. High-
amplitude anomalies are widely distributed within the
highlighted areas. These high-amplitude anomalies are
interpreted as bright spots, indicating the presence of oil
and gas, as explained by Tanveer (2012). The fluids are
well distributed within the reservoir as in respect to their
densities. Gas with the lowest density is found at the top
(at lower isochrones values), followed by oil with a higher
density is found at higher isochrones values and finally
water with highest density is found at very high isochrones
values.

The very high-amplitude anomalies (bright spots) found
within the black highlighted zones may indicate the presence
of a potential hydrocarbon fluid, principally gas. New wells
could be drilled in these areas.

The RMS amplitude map Salla (Fig. 7b) has as time
window + 5 ms. The amplitude responses match with
almost all fluid contents of the wells as illustrated in the
highlighted zones. A lateral extension of a high-amplitude
(bright spot) response is observed from the east (crest) of the
reservoir map which ends in conformity with the isobaths
line 1250 ms and a drastic change in amplitude is observed.
This drastic change in amplitude is caused by a change in
Al existing between the oil and water areas (Veeken 2006).
Above this isochrones, there are low amplitudes correspond-
ing to the water-filled wells concentrated in the NW. It is
also seen that the oil-filled wells are found at the crest (less
dense), while the water-filled wells are found at the trough
(denser) except Well 1J36D. This is because of the fault. This
fault alters the arrangement of fluids within a given layer.
The black highlighted zone in the north of the area illustrates
high-amplitude anomalies. These high-amplitude anomalies
(bright spots) may be due to the presence of a potential gas
fluid in the zone, thus a well could be drilled in this area.

The RMS amplitude map SeVII (Fig. 8a) has a time win-
dow of + 10 ms. The high-amplitude anomalies responses
in the red highlighted areas are seen to match with their

corresponding oil-filled wells, while the gas wells YZ01 and
YZ3D in the yellow highlighted areas do not match with
their corresponding amplitude responses. The faulty nature
of the reservoir affects arrangement of the fluids as in a con-
ventional reservoir (gas—oil-water).

Defined within the time window + 10 ms, the RMS
amplitude map Sf.c (Fig. 8b) shows amplitude anomalies
that do not correlate with the well fluid contents (high-
lighted yellow portions), except for the water well AB12D
(highlighted red portion) that matches well with its cor-
responding low-amplitude anomalies (dim spot). High-
amplitude anomalies (bright spots) found in the black
highlighted zone may be caused by the presence oil or gas
in that area (Tanveer 2012). The lateral extension of these
high-amplitude anomalies that terminate on the isochro-
nes 1600 ms may illustrate a possible contact caused by a
change in Al related to the nature of the fluids (with higher
amplitudes for oil and gas and lower amplitudes for water)
(Veeken 2006).

The maximum amplitude map PSc (Fig. 9a) has + 12 ms
as time window. This maximum amplitude map shows
amplitude anomalies that match with the fluid content of
the wells. In the highlighted red zone, the high-amplitude
anomalies correctly match with the oil-filled wells. The
black arrows show areas of very high anomalies which might
be due to the presence of gas. The highlighted yellow zones
illustrate low-amplitude anomalies that do not match with
the wells fluid content. Along the isochrone lines 1250 and
1370 ms, a clear conformity termination of high-amplitude
is observed and drastic anomaly changes are seen (to lower
amplitudes). These changes are caused by the change in
fluid type from gas to oil and to water. Such conformities
increase the certainty of the interpretation. These fluids are
well arranged as in a conventional reservoir with oil at lower
isochrones and water at higher isochrones values.

The maximum amplitude map SelV (Fig. 9b) has a time
window of + 10 ms. This map is very expressive and shows
amplitude responses that match correctly with all fluid con-
tent of the wells as shown by the highlighted zones. The gas-
and oil-filled wells distributed in the red highlighted zones
correspond with the high-amplitude anomalies while the
water-filled match with the low-amplitude anomalies. The
black highlighted zones show very high-amplitude anoma-
lies that might correspond to the presence of gas. Clear con-
formity terminations of some high-amplitude anomalies are
also observed at the faults which play the role of traps. The
faulty nature of the reservoir affects the arrangement of the
fluids within it.

The maximum amplitude map Sallf (Fig. 10) is found
within the time window + 5 ms. It is not expressive because
the fluid content of the wells does not match with their
amplitude responses in the highlighted areas. Considering
for example the oil-filled wells 123, 1J402D, 1J404D, their
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amplitude responses are expected to be higher (that is, bright
spots), instead they dim, that is low. However, the water-
filled wells are seen to match very well with their corre-
sponding low-amplitude responses except for the well 1J36D
which does not match.

Discussion

The seismic attributes computed from seismic sections
were used to qualitatively characterize the reservoir. The
qualitative study includes the identification of the bright
spot (high-amplitude anomalies) indicating the presence
of oil and gas in the reservoir zone using the maps as
illustrated by the work of Shenghong et al. (2009). Some
maps matched with the fluid contents of the wells while
others mismatched.

Figures 7 and 9 shows some of the maps whose ampli-
tude responses match with their corresponding well fluid
contents. In Fig. 8, some areas match perfectly well,
while others do not. In these maps, their high-amplitude
responses indicate gas and oil while the low-amplitude
responses indicate the water. The same situations are
observed in Tanveer (2012), as shown in Fig. 11. In
Fig. 11b, the highlighted area label A1, A2, and A3 indi-
cate bright spots which are similar to those in Fig. 11a.
The results are also consistent with those of the Kinkkong
gas reservoirs characterized by strong amplitude anom-
aly [O’Brien (2004) in Shenghong et al. (2009)]. Similar
results have been obtained in some parts of the Niger Delta
by Yakub et al. (2013) and Bagley et al. (2004) in the
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Foinaven, Schiehallion and Loyal fields, west of Shetland
Islands. Therefore, it is possible to predict the presence
of hydrocarbons using these attributes in the RDR Basin.
The rest of the maps are characterized by a mismatch
between their corresponding attribute responses and the
fluid content of the wells. There is no correlation between
the attribute maps of the reservoirs and the correspond-
ing fluid content of the wells, that is, the high-amplitude
responses instead indicate water while the low-amplitude
responses indicate oil. These maps do not therefore respect
the conventional interpretation in the RDR Basin and can-
not be used to confirm or predict the fluid properties of the
wells. The mismatch indicated in Fig. 10 might originate
from tight or hard rocks that look the same as hydrocarbon,
the presence of degraded sand reservoir making the hydro-
carbons to be of bad quality or more still a tuning effect
(the small size of the reservoir) (Chiburis et al. 1993).

Conclusion

The aim of this work was to carry out an inventory of the
different hydrocarbon reservoirs and their corresponding
wells in the east of the RDR Basin using seismic attributes
as guide. Seismic attributes (RMS and maximum ampli-
tudes) within the framework of this research have been
used to provide good information about the mapped res-
ervoirs, identify new areas where wells could be drilled
and improve reservoir characterization. It was observed
that some attribute maps matched very well with the fluid
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content of the wells while there was a mismatched between
other attribute maps and their corresponding well fluid
contents. This could be related to the quality of the seismic
data, induced by the presence of some artifacts, and some
reservoir properties. This analysis helped to realize that
the GH and WX concessions were the best concessions in
the east of the RDR Basin since most of their reservoirs,
especially WX S6.3 maximum amplitude map, matched
with their well fluids contents.
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