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ABSTRACT 

Interpretation of structures and reservoir characterization using 3D seismic cube and well data 

pose great challenges in mapping because of their complexities especially in structural 

deformations, and where identification of reservoir facies is a major challenge to plan 

delineation, field appraisal and development drilling.  Thus, the project work takes a model 

approach. The ―DIBA‖ Field in the Niger Delta contains hydrocarbons that are largely trapped in 

sandstones and unconsolidated sands in the Agbada Formation – which comprised of multiple 

vertically-stacked reservoir sequences. The aim of the project work was to discover and delineate 

structural trends and traps with hydrocarbon accumulations and delineate petrophysical 

properties for field development and appraisals. The work took a multi-disciplinary style which 

saw seismic, well logging and petrophysical methods integrated to achieve these goals. Seismic 

data were integrated with well logs to define the subsurface structural geometry, stratigraphy and 

hydrocarbon trapping potential of ―DIBA‖ Field, Niger Delta. Lithologic units were identified on 

the logs and correlated across the wells. The stratigraphic trends show a general lateral continuity 

of the lithologic units across the field. Seismic-to-well ties were very good. High amplitude 

reflection events correspond to sand units while low amplitude reflection events correspond to 

shale units. Two horizons, H1 and H2 were mapped, and structure contour maps produced for 

each of the horizons. The study of faults showed a complex pattern of subsurface structures. The 

northern area has chiefly extensive simple rollover structures bounded by growth faults. Faulted 

rollover anticlines exist in the middle zone while the southern area is featured by collapsed crest 

structures. Structural closures considered as good hydrocarbon prospects were identified and 

delineated. The petrophysical result showed that the identified reservoir units are high quality 

sands with porosity values ranging from 27-31% for Sand A and 25-27% for Sand B respective, 

coupled with high net-to-gross values ranging from 76-100% (Sand A) and 75-91% (Sand B) and 

low water saturation values. The integration of seismic data with well logs proved to be a useful 

tool in structural and stratigraphic mapping and in predicting lateral and vertical variations in the 

lithologic units. Key exploration risk is that normal faults subdivided anticlinal traps that are 

growth-faulted; which may lead to trap failure and wrong interpretation as the true faulting is 

masked. Other risks associated with this prospect include lack of amplitude support in the 

reservoirs, possible fault seal failure and the lateral extent of some of the reservoirs. 
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CHAPTER ONE 

     

INTRODUCTION 

1.1 Background Information 

The Niger Delta is ranked one of the major hydrocarbon provinces in the world. The basin has 

preserved thick sedimentary deposits and prominent geological features favorable for petroleum 

generation, migration and entrapment from the onshore through the continental shelf and to the 

deepwater terrains. It is the largest basin in the West African continental margin and is noted 

among the major prolific deltaic oil and gas accumulations.  

 

Hydrocarbons are largely trapped in sandstones and unconsolidated sands in the paralic clastic 

Agbada Formation, which consists of multiple vertically-stacked reservoir sequences. However, 

the traps and structures pose great challenges in mapping because of their complexities largely in 

structural deformations. The identification and delineation of reservoir facies also forms part of 

the major challenges faced by the exploration geoscientist during field planning, appraisal and 

development drilling owing to the heterogeneous nature of the subsurface. The characterization 

of these reservoirs therefore requires the integration of different datasets for accurate building of 

reservoir models. 

 

Technological advances in seismics and borehole geophysics have made it easier to map 

structural and stratigraphic patterns with high degree of consistency and exactitude. With the 

objective of hydrocarbon exploration being to discover and delineate structural traps with 

commercial accumulations and characterize it reservoir in field appraisals and development,  

seismic profiles define the subsurface geometry and make fair computation of the acoustic 

impedance - formation densities and velocities – thus providing nearly its continuous lateral 

view. This is against the vertical details being constrained as a result of prolonged timing of the 

individual seismic wavelet and the occurrence of overlapping wavelets from closely spaced 

reflectors. Conversely, well logs provide vertical resolution of the physio-chemical features of 

the geologic formations of wellbores but are limited in their characterization of the lateral 

variations of subsurface consideration. Seismic interpretation is therefore aimed at preparing 

contour seismic maps showing the two way travel time to a reflector as picked from seismic 
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events. The isochron (time map) must be converted to isodepth (depth map) via synthetic 

seismograph; a time-depth conversion model. 

 

The present study is based on sixty-four 3D seismic reflection lines at a spacing of 25m: forty-

one in-lines (ranging from 5800 to 6200) shot parallel to the strike direction and twenty-three 

cross-lines (ranging from 1480 to 1680) shot parallel to the direction of dip, and composite logs 

of six wells in the field. The composite logs comprise of gamma ray, resistivities, sonic and 

neutron and density logs. Commonly, the seismic and well log data have been used 

independently in hydrocarbon exploration, exploitation and production activities. But, a better 

result can be obtained by combination of the two methods. An integrated seismic interpretation, 

volumetric approach and petrophysical assessment was used to delineate the structural and 

stratigraphic trends and evaluate the possible reserves contained in the ―DIBA‖ Field. 

 

Several authors have carried out structural and stratigraphic interpretations, reservoir 

characterization, petrology, provenance, depositional environments and petrophysical studies of 

the reservoir sandstones of the depobelts including the offshore to determine the hydrocarbon 

potentials of the area. The ―DIBA‖ Field rollover structure is situated in the distal part of the 

northern depositional belt of the Niger Delta. A system of antithetic and synthetic normal faults 

classifies the reservoirs into several blocks of variable sizes. The producing sequences consist of 

stacked hydrocarbon reservoirs characterized largely by oil rims with few gas caps. The risks 

associated with these prospects include lack of amplitude support in the reservoirs, possible fault 

seal failure and the lateral extent of some of the reservoirs.  

 

1.2 Aim and Objectives 

The main goal of this research was to identify and delineate structural trends and traps with 

hydrocarbon accumulations and evaluate the petrophysical properties of the reservoirs for field 

development and appraisals. 

 

The objectives of the study include: 
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I. To image subsurface structures, explore deeper prospects and investigate the impact of 

internal syn-sedimentary structures on the deposition and distributions of reservoir sand 

deposits in ―DIBA‖ Field area using seismic modeling attributes and well data. 

II. To determine if the structures and their closures are favorable for hydrocarbon 

accumulation and characterize the reserve potential. 

III. To make use of available wireline log data to delineate reservoir components in the wells, 

resolve the geometric properties (porosity and permeability) of the reservoir rocks, and 

deduce reservoir geometry distribution and reservoir quality trends using the reservoir 

correlation. 

IV. To set-up an iterative workflow model from the study and review its efficiency and 

effectiveness as a viable tool for assisting hydrocarbon exploration, exploitation and 

production in similar project locale. 

 

1.3 Statement of the Problem 

I. What is the control of the underlying shale layers on the sand depositional pattern and 

distribution within "DIBA" field? 

II. What are the natures of the structural deformations variations within this part of the Niger 

Delta? 

III. What is the commercial viability of hydrocarbon accumulation? 

 

1.4 Justification of the Study 

The ―DIBA‖ Field in the Niger Delta contains hydrocarbons that are largely trapped in 

sandstones and unconsolidated sands in the Agbada Formation – which comprised of multiple 

vertically-stacked reservoir sequences. Thus, this research is a model approach which integrates 

3D seismic and well log data in order to achieve the setS goals. By using the available data sets, 

the subsurface structural geometry, stratigraphy and hydrocarbon trapping potential of ―DIBA‖ 

Field in the Niger Delta have been defined with some level of confidence in this study. 

 

1.5 Scope of the Study  

This study entails integration of all the available data set for detailed seismic interpretation of the 

field including well-to-seismic overlay, well-to-seismic tie, time-to-depth conversion, horizon 

mapping, structural analysis, seismic sequence analysis, petrophysical properties estimation, 
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seismic facies mapping, depositional environment interpretation, isochore map generation and 

hydrocarbon volume calculation. 

 

1.6 Limitation of Study 

The major limitations faced in carrying out this project are outlined below; 

1. Due to poor resolution (image quality) of the seismic data in some areas, the planes of 

minor faults were not well defined. 

2. Lack of core photo and core samples hampered the effective lithologic and petrophysical 

interpretation of the given data. 

3. As a result, petrophysical crossplots which would have been used to show comparism 

between core permeability and core porosity, core permeability and log permeability and 

core Sw and log Sw were not created. 

4. The poor resolution of the seismic section also hinders the identification of bright spots 

which is an indication of high amplitude and low amplitude denotes dim spots. As both 

the bright and dim spots is acoustic impedance dependent. 

These have contributed to the uncertainty in the interpretation of an active reservoir study. 

 

1.7 Location of the Study Area 

The location of ―DIBA‖ Field is such that it has origin latitude of 4.0˚N and origin longitude of 

4.5˚E in the Gulf of Guinea. 

The map projection editor is ‗Nigeria Minna (DMA regional - Mol) TM Wbelt CM 04.5E; 

Greenwich Prime meridian; coordinate system as Transverse Mercator; Datum as Minna; 

Spheriod as Clarke 1880.  

The False Easting is 230738.3m; False Northing: 0m; and Meridian Scale Factor: 0.999749999 

unitless. The Shift Method is Molodensky, with Nigeria as the Shift Mnenonic. Delta X: -92m; 

Delta Y: -93m; and Delta Z: 122m 
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                           Figure 1: Seismic Base map (in meters) of the study Area with well locations 
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Figure 2: (a) Location of Niger Delta (after Burke et al., 1971). (b) Separation of Africa and South America 

showing the triple junction in the early cretaceous (modified after Burke et al., 1971). (c) Map of the Niger 

Delta showing the current coast (full line) and dated stages of delta growth (dashed lines) (after Short and 

Stauble, 1967). 

 

“DIBA” 
FIELD 
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Figure 3: Location map of the study area (Modified from Owoyemi, 2004 and Microsoft Encarta, 2006). 

"DIBA" field is shown. 

 

1.8 Geological Setting 

1.8.1 Geology and Petroleum System of the Niger Delta 

The naming convention of Magoon and Dow, 1994, applies to the Akata-Agbada petroleum 

system as the source rock is given first followed by the reservoir rock containing the main 

accumulation of hydrocarbons. The petroleum systems contain rocks that are from Paleocene to 

Recent in age and as the deposition of overburden rock began in the Middle Eocene and 

continues to the present.  

The Niger Delta borders an area between longitude 4
0
- 9

0
 E and Latitude 4

0
- 6

0
 N., and is made 

of fresh water swamps and mangrove swamps with relief that increases towards the north. 

According to Klett et al., 1997, the Niger Delta is situated in the Gulf of Guinea (Figures 2a, b 

and c) and extends throughout the Niger Delta Province. 

“DIBA” 
FIELD 
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Doust and Omatsola, 1990, stated that from the Eocene to the present, the delta has prograded 

southwestward, forming depobelts that represent the most active portion of the delta at each 

stage of its development. These depobelts form one of the largest regressive deltas in the world. 

Kulke, 1995, states the depobelt has an area of some 300,000 km
2
, while Hospers in 1965 states 

sediment volume is 500,000 km
3
, and Kaplan et al., 1994, stated that the basin‘s sediment 

thickness is over 10 km. 

According to Kulke, 1995; and Ekweozor and Daukoru, 1994, the Niger Delta Province contains 

only one identified petroleum system, known as the Tertiary Niger Delta (Akata –Agbada) 

Petroleum System (classified as number 701901).  This field, which is not a single gigantic field, 

is composed of thousands of individual reservoirs, most of which are sandstone strata, trapped 

within oil-rich shale strata. Oil & gas fields are abundant but are not outsized. 

Petroconsultants, 1996, viewed the maximum extent of the petroleum system to coincide with 

the boundaries of the province as shown (figures 2a, b and c), and the minimum by the areal 

extent of fields. This contains known resources, i.e., cumulative production plus proved reserves 

of 34.5 billion barrels of oil (BBO) and 93.8 trillion cubic feet of gas (TCFG) (14.9 billion 

barrels of oil equivalent, BBOE). A few giant fields occurs about 1.0BBO (highest discovered) 

while nearly all the discovered petroleum is in fields that are onshore or on the continental shelf 

in waters less than 200 meters deep (figures 2a, b and c).  

 

About 574 fields have been discovered: 481 oil and 93 natural gas fields. The largest field 

contains just over 159 million m³ (1 billion barrels). 45% success rate has been recorded to hit oil 

previously. The total production of the Akata-Agbada system is about 320,000 m³ (2 million 

barrels) per day. Proven reserve in 2002 is about 3.5 to 3.8 10
9
m³ (22 to 24 billion barrels). 

Future discovered oil is as much as 6.4 10
9
m³ (40 billion barrels), ranking the province as the 

twelfth largest in the world with 2.2% of the world‘s discovered oil and 1.4% of the world‘s 

discovered gas (estimated by U.S. Geological Survey's World Energy Assessment  - 

Petroconsultants Inc., 1996). 

In 1997, 96% of the Niger Delta recoverable petroleum, i.e., produced plus proved reserves was 

in Nigeria, 3.5% in Cameroon, and 0.5% in Equatorial Guinea. 

http://en.wikipedia.org/wiki/Crude_oil
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In the Niger Delta, oil was first discovered in Oloibiri by Shell-British Petroleum in 1958 at 

5,100 barrels per day. However, in 1908, the German Nigerian Bitumen Corporation drilled the 

first wells in the vicinity of the tar seep deposits in the northern portion of the delta (Frost, 1997), 

without much success. According to Kulke in 1995, the overall success ratio for exploration 

drilling is as high as 45%. 

 

1.8.2 Province Geology 

The onshore boundary of the Niger Delta Province is delineated by the geology of southern 

Nigeria and southwestern Cameroon (figures 2a, b and c). The northeastern boundary is defined 

by outcrops of the Cretaceous on the Abakaliki Anticlinorium-High and further east-south-east 

by the Calabar flank -- a hinge line bordering the adjacent Precambrian. The northern boundary 

is the Benin flank -- an east-northeast trending hinge line south of the West Africa basement 

massif. 

The offshore boundary of the province is defined by the Cameroon volcanic line to the east, the 

eastern boundary of the Dahomey basin (the eastern-most West African transform-fault passive 

margin) to the west, and the two-kilometer sediment thickness contour or the 4000-meter 

bathymetric contour in areas where sediment thickness is greater than two kilometres to the south 

and southwest. The province covers 300,000 km
2
 and includes the geologic extent of the Tertiary 

Niger Delta (Akata-Agbada) Petroleum System. 

 

1.8.3 Tectonics 

Cretaceous fracture zones depicted as trenches and ridges in the deep Atlantic control the 

tectonics of the continental margin along the West Coast of equatorial Africa. The fracture zone 

ridges subdivide the margin into individual basins, and, in Nigeria, form the boundary faults of 

the Cretaceous Benue-Abakaliki trough, which cuts far into the West African shield. The trough 

represents a failed arm of a rift triple junction associated with the opening of the South Atlantic. 

In this region, rifting started in the Late Jurassic and persisted into the Middle Cretaceous 

(Lehner and De Ruiter, 1977). In the Late Cretaceous, rifting ceased. Thereafter, gravity 

tectonism became the primary deformational process. Shale mobility induced internal 

deformation and occurred in response to two processes (Kulke, 1995). First, shale diapirs formed 

from loading of poorly compacted, over-pressured, prodelta and delta-slope clays (Akata Fm.) by 

the higher density delta-front sands (Agbada Formation). Second, slope instability occurred due 
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to a lack of lateral, basinward, support for the under-compacted delta-slope clays (Akata 

Formation). For any given depobelt, gravity tectonics were completed before deposition of the 

Benin Formation and are expressed in complex structures, including shale diapirs, roll-over 

anticlines, collapsed growth fault crests, back-to-back features, and steeply dipping, closely 

spaced flank faults (Evamy et al., 1978; Xiao and Suppe, 1992). These faults mostly offset 

different parts of the Agbada Formation, and flatten into detachment planes near the top of the 

Akata Formation. 

 

Figure 4: Index map of Nigeria and Cameroon.  Map of the Niger Delta showing Province outline, (maximum 

petroleum system); bounding structural features; minimum petroleum system as defined by oil and field 

center points; 200, 2000, 3000, and 4000 m bathymetric contours; and 2 and 4 km sediment thickness 

(Petroconsultants, 1996) 
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Figure 5: Crossplots for cumulative number of oil fields and gas fields versus cumulative number of total 

new-field wildcat wells in the Niger Delta Province (Data from Petroconsulants, 1996). 

 

Figure 6:  Schematic of a seismic section from the Niger Delta continental slope/rise showing the results of 

internal gravity tectonics on sediments at the distal portion of the depobelt. The Late Cretaceous-Early 

tertiary section has low-velocity gradient, probably marine shales, whereas the Late Tertiary has a normal-

velocity gradient, suggesting a much sandier facies (Modified from Lehner and De Ruiter, 1977; Doust and 

Omatsola, 1990). 
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The lithologies of Cretaceous rocks deposited in the present Niger Delta basin can only be 

extrapolated from the exposed Cretaceous section in the next basin to the northeast -- the 

Anambra basin, because the Cretaceous section has not been penetrated beneath the Niger Delta 

Basin, the youngest and southernmost sub-basin in the Benue-Abakaliki trough (Reijers et al., 

1997); shale distribution in the Late Cretaceous cannot be told. From the Campanian through the 

Paleocene, the shoreline was concave into the Anambra basin (Hospers, 1965), resulting in 

convergent longshore drift cells that produced tide-dominated deltaic sedimentation during 

transgressions and river-dominated sedimentation during regressions (Reijers et al., 1997). 

Shallow marine clastics were deposited farther offshore and, in the Anambra basin, are 

represented by the Albian-Cenomanian Asu River shale, Cenomanian-Santonian Eze-Aku and 

Awgu shales, and Campanian/Maastrichtian Nkporo shale, among others (Figures 11, 12 and 13) 

(Nwachukwu, 1972; Reijers et al., 1997).  

The Sokoto transgression – a major transgression, in the Paleocene started with the Imo shale 

being deposited in the Anambra Basin to the northeast and the Akata shale in the Niger Delta 

Basin area to the southwest (Reijers et al., 1997). In the Eocene, the coastline shape became 

convexly curvilinear, the longshore drift cells switched to divergent, and sedimentation changed 

to being wave-dominated (Reijers et al., 1997). At this time, deposition of paralic sediments 

began in the Niger Delta Basin proper and, as the sediments prograded south, the coastline 

became progressively more convex seaward. Today, delta sedimentation is still wave-dominated 

and longshore drift cells divergent (Burke, 1972). 

The Tertiary Niger Delta is divided into three formations, representing prograding depositional 

facies that are distinguished mostly on the basis of sand-shale ratios. 

 

1.8.3.1 The Akata Formation 

The Akata Formation underlies the entire delta and is of marine origin. It is made of thick shale 

sequences (potential source rock), turbidite sand (potential reservoirs in deep water), and minor 

amounts of clay and silt (figs 11, 12, and 13) and is overpressured. Beginning in the Paleocene 

and through the Recent, the Akata Formation formed during lowstands when terrestrial organic 

matter and clays were transported to deep water areas characterized by low energy conditions 

and oxygen deficiency (Stacher, 1995). Little of the formation has been drilled; therefore, only a 
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structural map of the top of the formation is available (figure 15). It is estimated that the 

formation is up to 7,000 meters thick (Doust and Omatsola, 1990).  Turbidity currents likely 

deposited deep sea fan sands within the upper Akata Formation during development of the delta 

(Burke, 1972). 

 

1.8.3.2 The Agbada Formation  

The Agbada Formation is the major petroleum-bearing unit and overlies the Akata Formation. 

From the Eocene and until the Recent, its deposition started (figures 11, 12 and 13). The 

formation consists of paralic siliciclastics over 3700 meters thick (figure 15) and represents the 

actual deltaic portion of the sequence. The clastics accumulated in delta-front, delta-topset, and 

fluvio-deltaic environments. In the lower Agbada Formation, shale and sandstone beds were 

deposited in equal proportions, however, the upper portion is mostly sand with only minor shale 

interbeds. The Agbada Formation is overlain by the third formation, the Benin Formation, a 

continental latest Eocene to Recent deposit of alluvial and upper coastal plain sands that are up to 

2000 m thick (Avbovbo, 1978). 

The Agbada Formation has intervals that include organic-carbon contents sufficient to be 

considered good source rocks (Ekweozor and Okoye, 1980; Nwachukwu and Chukwura, 1986). 

But the intervals scarcely reach thickness sufficient to produce a world-class oil province and are 

immature in various parts of the delta (Evamy et al., 1978; Stacher, 1995).  

 

1.8.3.3 The Benin Formation 

The Benin Formation is the third Formation  overlying the Agbada Formation - a continental late 

Eocene to Recent deposit of Alluvial and coastal plain sands of about 2000m thick 

(Avbovbo,1978). 
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Figure 7: Schematic diagram showing the development of successive growth-fault bounded depobelts during 

progradation of the unstable Niger Delta clastic wedge (After Knox and Omatsola, 1989). 
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Figure 8: Stratigraphic section of the Anambra basin from the late Cretaceous through the Eocene and time 

equivalent formations in the Niger Delta (Modified from Reijers et al., 1997). 
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Figure 9: Diagrammatic east-west (A-A’) cross section and southwest-northeast cross section through 

the Niger Delta region. Isopachs (km) in location map are total sediment thickness (Kaplan et al., 

1994). Stippled pattern in A-A’, continental basement. Cross section A-A’ and B-B’ (from Whiteman, 

1982). 
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Figure 10: Diagrammatic east-west (A-A’) cross section and southwest-northeast cross section through the 

Niger Delta region. Isopachs (km) in location map are total sediment thickness (Kaplan et al., 1994). 

Stippled pattern in A-A’, continental basement. Cross section A-A’ and B-B’ from Whiteman, 1982. 
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Figure 11: Stratigraphic column showing the three formations of the Niger Delta (Modified from Shannon 

and Naylor, 1989 and Doust and Omatsola, 1990). 
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Figure 12: A structural map of the top of Akata Formation (A) and thickness contours of the Agbada 

Formation (B). Contours in 2000 foot intervals (Modified from Avbovbo, 1978). 
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1.8.4 Depobelts 

Six depobelts have been deposited each with its own sedimentation, deformation, and petroleum 

history from early Miocene to present, (figure 13), namely; Northern delta, Ughelli, Central, 

Coastal 1, Coastal 2 and Offshore. The depobelts tend to be fine grained laterally away from 

areas of most deltas progradation and basinward away from most rapid growth faults 

developments (Doust and Omatsola, 1990). They are defined by syn-sedimentary faulting 

formed as a result of variable rate of subsidence and sediment supply which corresponds to break 

in regional dip of the delta, bounded landward by growth faults and seaward by large counter-

regional faults or the growth fault of the next seaward belt (Evamy et al., 1978; Doust and 

Omatsola, 1990). These syn-sedimentary structures include simple non faulted anticline roll over 

structures, faulted roll over anticline with multiple growth faults, complicated collapse crest 

structures, sub-parrallel growth fault and structural closures along back of major faults (Fig: 20; 

Evamy et al, 1978).  

Stacher, 1995 opines that these depobelts are 30-60 kilometers wide, prograde southwestward 

250 kilometers over oceanic crust into the Gulf of Guinea, and deposition of the three formations 

occurred in each of the depobelts. 

Evamy et al., 1978 views the main control on the depositional system in the Niger Delta Clastic 

wedge as enforced by the continental margin collapse structures which extends laterally along 

depositional strike across nearly the entire Niger Delta group up to hundreds of Kilometers and 

are thus defined as mega structures, and the associated depobelts which are perpendicular to the 

shorelines, ranging tens of Kilometers (Knox and Omatsola, 1989; Doust and Omatsola, 1990).  
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Figure 13: Cartoon showing how the coastline of the Niger Delta has prograded since 35Ma. The delta has 

advanced seaward over 200 km and has broadened from a width of less than 300 km to a width of about 500 

km. The shorelines approximate the Doust and Omatsola’s (1990) depobelts (Figure modified from 

Whiteman, 1982). 

 

 

 

Figure 14: Schematic development model of successive growth faults bounded depobelts during progradation 

of unstable Niger Delta clastic wedge (after Knox and Omatsola, 1989). 
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Based on structures, Doust and Omatsola, 1990, recognized three depobelt provinces: 

 (1) the northern delta province, which overlies relatively shallow basement, has the oldest 

growth faults that are generally rotational, evenly spaced, and increase their steepness seaward.  

(2) the central delta province has depobelts with well-defined structures such as successively 

deeper rollover crests that shift seaward for any given growth fault.  

(3) the distal delta province is the most structurally complex due to internal gravity tectonics on 

the modern continental slope. 

Structural complexity increases from the north (earlier formed depobelts) to the south (later 

formed depobelts) in response to increasing instability of the under-compacted, over-pressured 

shale. 

 

1.8.5. Source Rock   

1.8.5.1 Agbada-Akata 

Based on organic-matter content and type, Evamy et al., 1978, proposes that both the marine 

shale (Akata Fm.) and the shale interbedded with paralic sandstone (lower Agbada Formation) 

were the source rocks for the Niger Delta oils.  

Ab-hopanes and oleananes were used to fingerprint crude with respect to their source -- the shale 

of the paralic Agbada Formation on the eastern side of the delta and the Akata marine-paralic 

source on the western side of the delta (Ekweozor et al, 1979).  More light was thrown on this 

hypothesis using geochemical maturity indicators, including vitrinite reflectance data that 

showed rocks younger than the deeply buried lower parts of the paralic sequence to be immature 

(Ekweozor and Okoye, 1980). 

Ejedawe et al., 1984, used maturation models to conclude that in the central part of the delta, the 

Agbada shale sources the oil while the Akata shale sources the gas. In other parts of the delta, 

they believe that both shales source the oil. Doust and Omatsola, 1990, conclude that the source 

organic matter is in the deltaic offlap sequences and in the sediments of the lower coastal plain. 

Their hypothesis implies that both the Agbada and Akata Formations likely have disseminated 
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source rock levels, but the bulk will be in the Agbada Formation. In deep water, they favour delta 

slope and deep turbidite fans of the Akata Formation as source rocks. The organic matter in these 

environments still maintains a terrestrial signature; however, it may be enriched in amorphous, 

hydrogen-rich matter from bacterial degradation.   

Stacher, 1995, proposed that the Akata Formation is the only source rock volumetrically 

significant and whose depth of burial is consistent with the depth of the oil window. 

 

1.8.5.2 Cretaceous 

Marine Cretaceous shale beneath the Niger Delta is a viable source rock as suggested in pre-

Albian super source rock (Frost, 1997). Due to its great depth, this Cretaceous section has never 

been drilled beneath the delta, hence this is no data to justify its source-rock potential. Migration 

of oil from the Cretaceous into the reservoirs in the Agbada Formation would have required an 

intricate fault/fracture network as the Akata shale reaches a thickness greater than 6,000 meters.  

 

1.8.5.3 Source Rock Chemical Characteristics 

Bustin (1988) agreed that there were no rich source rocks in the delta when he carried out 

comprehensive source-rock study on side-wall core and cuttings from the Agbada-Akata 

transition or uppermost Akata Formation. With respect to oil potential, Bustin claims that the 

poor source-rock quality has been more than compensated by their great volume, excellent 

migration pathways, and excellent drainage. The oil potential is further enhanced by permeable 

interbedded sandstone and rapid hydrocarbon generation resulting from high sedimentation rates. 

The total organic-carbon (TOC) content of sandstone, siltstone, and shale in his study is 

essentially the same (average of 1.4 to 1.6% TOC). The higher TOC contents are limited to thin 

beds and are only easily recognized in conventional cores (Doust and Omatsola, 1990). 

 

1.8.5.4 Source Rock Potential 

Demaison and Huizinga (1994) approximated the average source potential index (SPI) for the 

Niger Delta at 14 t HC/m
2
. Since the Niger Delta is a vertically drained system (drainage area 

small), the SPI value is in the upper portion of the medium range of worldwide values. Thus, 

calculation of SPI is: 
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SPI (in metric tons HC/m
2
) = h(S1+S2)r/1000  

where h is thickness of source rock in meters, S1+S2 is the average genetic potential in kilograms 

of HC per metric ton of rock, and r is the rock density in metric tons per cubic meter (Demaison 

and Huizinga, 1994).  

Evamy et al., 1978, considered both the Akata and Agbada Formations as source rocks for the 

Niger Delta oil for they are different facies within the same depositional system and possibly 

have resembling organic matter, and due to burial depth and location within the delta, each 

Formation gives uneven ratio to the generation of hydrocarbons. This may be evident as the two 

Formations can also be reservoir rocks in varying proportions. Consider the recent shale oil 

where source rocks are reservoirs. 

 

1.8.6 Reservoir Rock 

Hydrocarbon in the Niger Delta is mainly produced from sandstone and unconsolidated sands 

majorly in the Agbada Formation. Depths of burial and depositional environment control the 

features of the reservoirs in the Agbada Formation. Evamy et al. (1978) stated that the reservoir 

rocks are Eocene to Pliocene in age, and are often stacked, ranging in thickness from less than 15 

meters to 10% having greater than 45 meters thickness. 

Doust and Omatsola (1990) stated that the thicker reservoirs likely represent composite bodies of 

stacked channels. 

Kulke (1995) depicted the most important reservoir types based on reservoir geometry and 

quality as point bars of distributaries channels and coastal barrier bars intermittently cut by sand-

filled channels. The distribution, thickness, shaliness, and porosity/permeability characteristics of 

these fans are poorly understood. 

Edwards and Santogrossi (1990) expressed the primary Niger Delta reservoirs as Miocene 

paralic sandstones with 40% porosity, 2 Darcys permeability, and a thickness of 100 meters.  
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Weber and Daukoru (1975) suggested that the lateral variation in reservoir thickness is strongly 

controlled by growth faults; the reservoir thickens towards the fault within the down-thrown 

block.  

Kulke (1995) viewed that the grain size of the reservoir sandstone is highly variable with fluvial 

sandstones tending to be coarser than their delta front counterparts; point bars fine upward, and 

barrier bars tend to have the best grain sorting. Much of this sandstone is nearly unconsolidated, 

some with a minor component of argillo-silicic cement. Porosity only slowly decreases with 

depth because of the young age of the sediment and the coolness of the delta complex. 

Beka and Oti (1995) viewed that in the outer portion of the delta complex, deep-sea channel 

sands, low-stand sand bodies, and proximal turbidities create potential reservoirs. 

Burke (1972) explained three deep-water fans that have likely been active through much of the 

delta‘s history (figure 19). That the fans are smaller than those associated with other large deltas 

because much of the sand of the Niger-Benue system is deposited on top of the delta, and buried 

along with the proximal parts of the fans as the position of the successive depobelts moves 

seaward. 

Smith-Rouch et al. (1996) using tectono-stratigraphy computer experiments showed that local 

fault movement along the slope edge controls thickness and lithofacies of potential reservoir 

sands downdip.  

 

1.8.7 Petroleum and Its Occurrence 

1.8.7.1 Petroleum Distribution 

All over the Agbada Formation of the Niger Delta, Petroleum is present. Although, many 

directional trends form an "oil-rich belt" with the largest field and lowest gas:oil ratio (Ejedawe, 

1981; Evamy et al., 1978; Doust and Omatsola, 1990). 

The Niger Delta band spans from the northwest offshore area to the southeast offshore and along 

a number of north-south trends in the area of Port Harcourt and is delineated by the transition 

between continental and oceanic crust, and is within the axis of maximum sedimentary thickness. 

The timing of original trapping features shaped petroleum distribution, migration and 
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accumulation. Notable states include Rivers, Bayelsa, Akwa Ibom, Delta, Edo, Cross Rivers, 

Ondo, Abia and Imo, including the recent Anambra and Kogi states. 

In arriving to the fact that growths along a fault and petroleum distribution do not relay, Evamy 

et al., 1978, stated that in many rollovers, movement on the structure-building fault and resulting 

growth continued and was relayed progressively southward into the younger part of the section 

by successive crestal faults. 

Ejedawe, 1981, agreed that the two controlling factors are an increase in geothermal gradient 

relative to the minimum gradient in the delta center and the generally greater age of sediments 

within the belt relative to those further seaward, and linked the position of the oil-rich areas 

within the belt to five delta lobes fed by four different rivers; these reasons gave the sediments 

within the belt the highest "maturity per unit depth." 

 Weber, 1987, pointed out that the oil-rich belt ("golden lane") coincides with a concentration of 

rollover structures across depobelts having short southern flanks and little paralic sequence to the 

south.  

The distribution of petroleum is likely related to heterogeneity of source rock type (greater 

contribution from paralic sequences in the west) and/or segregation due to remigration as 

suggested by (Doust and Omatsola, 1990).  

Haack et al., 1997, marched the position of the oil-rich belt to oil-prone marine source rocks 

deposited adjacent to the delta lobes (figure 16), and viewed that the accumulation of these 

source rocks was controlled by pre-Tertiary structural sub-basins related to basement structures. 

According to Doust and Omatsola, 1990, the gas:oil ratios (GOR) are high outside of the "oil-

rich belt" (central, easternmost, and northernmost parts of the delta). The GOR within each 

depobelt increases seaward and along strike away from depositional centers. The causes for the 

distribution of GOR‘s are speculative and comprise remigration induced by tilting during the 

latter history of deposition within the downdip portion of the depobelt, updip flushing of 

accumulations by gas generated at higher maturity, and/or heterogeneity of source rock type. 



27 

 

Stacher, 1995, used sequence stratigraphy to develop a hydrocarbon habitat model for the Niger 

Delta (figure 17). The model, which relates deposition of the Akata Formation (the assumed 

source rock) and the sand/shale units in the Agbada Formation (the reservoirs and seals) to sea 

level, was constructed for the central portion of the delta, including some of the oil-rich belt. Pre-

Miocene Akata shale was deposited in deep water during lowstands and is overlain by Miocene 

Agbada sequence system tracts. The Agbada Formation in the central portion of the delta fits a 

shallow ramp model with mainly highstand (hydrocarbon-bearing sands) and trangressive 

(sealing shale) system tracts--third order lowstand system tracts were not formed. Faulting in the 

Agbada Formation provided pathways for petroleum migration and formed structural traps that, 

together with stratigraphic traps, accumulated petroleum. The shale in the transgressive system 

tract provided an excellent seal above the sands as well as enhancing clay smearing within faults. 

 

Figure 15: Schematic showing the location of lobes of the early Niger Delta, prolific centers, and 

shale prone areas (Modified from Ejedawe, 1981 and Reijers et al., 1997). 
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Figure 16: Sequence stratigraphic model for the central portion of the Niger Delta showing the relation of 

source rock, migration pathways and hydrocarbon traps related to growth faults. Te main boundary fault 

separates megastructures which represent major breaks in the regional dip of the delta. (Modified from 

Evamy et al., 1978 and Stacher, 1995). 

 

1.8.7.2 Features of Petroleum Field 

In the Niger Delta, hydrocarbon is of different compositions in gas/oil ratios in the reservoirs. 

Kulke (1995) viewed that primary production is chiefly from gas expansion, while water coning, 

unconsolidated sands, wax deposition and high gas/oil ratios (see below) are general problems of 

oil production, with ultimate recovery rates up to 30%. The size and depth distribution of oil and 

gas fields is shown in (figure 18). Gas caps are prevalent and many reservoirs are overpressured. 

Gravity field data show that the Niger Delta is in near-isostatic equilibrium and represents a load 

accommodated by subsidence of the crust (Hospers, 1965). 
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Figure 17: Histograms showing the distribution of size and average reservoir depth in (A) oil fields and (B) 

gas fields (Data from Petroconsultants, 1996). 

  

1.8.7.3 Features of Oil and Gas 

The physical and chemical properties of the oil in the Niger Delta are extremely unpredictable.  

Whiteman (1982) stated that the oil within the delta has a gravity range of 16-50° API, with the 

lighter oils having a greenish-brown colour. 

Thomas in 1995 views that 56% of Niger Delta oils have an API gravity between 30° and 40°, 

and that oils with less than 25° API account for only 15% of the Niger Delta reserves.  

Majority of oils fall within two groups. The first being: light paraffin based, waxy oils from 

deeper reservoirs (wax content up to 20%, but commonly around 5% ; high n-paraffin/naphthene 
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of 0.86). The second being: oils that are biodegraded and from shallow reservoirs. They are of 

lower API gravity (average API of 26°; Kulke, 1995) and are naphthenic non-waxy oils (n–

paraffin/naphthene = 0.37. Biodegradation and washing is extreme in some Pleistocene sands of 

the Agbada Formation, forming extra heavy oils (API 8-20°) (Kulke, 1995; Doust and Omatsola, 

1990).   

Nwachukwu et al. (1995) opines that the concentration of sulfur for few sample oils is as high as 

0.6 %, Mbendi (1996) suggested a low sulphur concentration for most oils between 0.1 % and 

0.3 %. 

Some degree of data set proofs a negative correlation between API gravity and sulfur content, 

which is suggestive that sulfur content is likely related to oil degradation (Mbendi, 1996; 

Nwachukwu et al., 1995).  

The oils we get from terrestrial organic matter as we have in the Niger Delta have high 

pristane:phytane ratios (figure 21). If the oils are gotten from terrestrial organic matter younger 

than mid-Cretaceous, then the oleanane:C30-hopane ratios are high as well (figure 18). 

According to Nwachukwu et al. (1995) the concentrations of Ni and V in Niger Delta oils are 

less than 100 and V/(V+Ni) values range between 0.01 and 0.41 with an average of 0.12 ppm 

This is similar to values in oils gotten from Type III organic matter (Lewan and Maynard, 1982). 

Considering the source-rock depositional conditions, the concentrations of sulfur and V/(V+Ni) 

in known oil puts the Niger Delta source rocks in Lewan‘s (1984) Regime II. Therefore, the 

Niger Delta source rocks are known to contain terrestrial organic matter due to the presence of 

these trace-metal elements, organic geochemistry and the physical properties of the oil. 

Organic matter was deposited in suboxic-anoxic bottom waters where the presence of vanadyl 

and nickel for bonding was constrained partly by formation of hydroxides and complexing with 

metastable sulfide ions, respectively. These conditions encourage good preservation of the 

organic matter. 
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Associated gas in the Niger Delta is thermal in origin (
13

C values of -36 to 40‰; Doust and 

Omatsola, 1990), with low concentrations of CO2 and N2. Hydrogen sulfide is not problematic; 

relatively high concentrations of mercury have been noticed.  

Presently, 75% of the gas produced from the Niger Delta is flared, 10% is re-injected to maintain 

reservoir pressure, and only 15% marketed. (Energy Information Administration, 1998b). 
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Fig 18: Geochemical data for a nonbiodegraded oil (A) and a partially biodegraded oil (B) from the Niger 

Delta. Data include crude gas chromatograms, chart showing relative proportions of bulk composition and a 

variety of physical and chemical analyses and ratios. Data from Geomark Research, Inc. (1998). 
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Figure 19: Physiographic sketch of the deep marine sediments in the Gulf of Guinea off the Niger Delta. 

Modified from Burke, 1972 and Reijers et al.,1997. 

 
1.8.7.4 Trap-Seal Systems 

Gravity tectonics is related to trap and seal formation within Niger Delta. Most traps have 

favoured structural type although; stratigraphic traps are more likely to be favoured in distal and 

deeper portions of the delta. 

Doust and Omatsola (1990) described a variety of structural trapping elements, including those 

associated with simple rollover structures; clay filled channels, structures with multiple growth 

faults, structures with antithetic faults, and collapsed crest structures. 

Evamy et al. (1978) and Stacher (1995) saw structural traps developed during synsedimentary 

deformation of the Agbada paralic sequence. 
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Beka and Oti (1995) suggested that stratigraphic traps are likely as important as structural traps 

on the flanks of the delta, where pockets of sandstone occur between diapiric structures. Towards 

the delta toe (base of distal slope), this alternating sequence of sandstone and shale gradually 

grades to essentially sandstone. 

Doust and Omatsola (1990) describe the primary seal rock in the Niger Delta as the interbedded 

shale within the Agbada Formation. The shale provides three types of seals—clay smears along 

faults, interbedded sealing units against which reservoir sands are juxtaposed due to faulting, and 

vertical seals). On the flanks of the delta, major erosional events of early to middle Miocene age 

formed canyons that are now clay-filled. These clays form the top seals for some important 

offshore fields. Structural and stratigraphic traps are the main traps in Niger Delta (figure 

20).

 

         Figure 20: Examples of Niger Delta oil field structures and associated trap types (Modified from Doust     

          and Omotsola, 1990 and Stacher, 1995). 
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1.8.7.5 Petroleum Generation and Migration 

Generation of petroleum within the delta began in the Eocene and continues today. Generation 

occurred from north to south as progressively younger depobelts entered the oil window. 

According to Evamy et al., 1978, the top of the present-day oil window in the Niger Delta at the 

240°F (115° C) isotherm.  

In the northwestern portion of the delta, the oil window, i.e, active source-rock interval- lies in 

the upper Akata Formation and the lower Agbada Formation as shown in (figure 21). To the 

southeast, the top of the oil window is stratigraphically lower (up to 4000‘ below the upper 

Akata/lower Agbada sequence) (Evamy et al., 1978).  

The thickness and sand/shale ratios of the overburden rock (Benin Formation and variable 

proportions of the Agbada Formation) are the reasons for the distribution of the top of the oil 

window (Nwachukwu and Chukwura, 1986; Doust and Omatsola, 1990; Stacher, 1995).  

According to Ejedawe et al., 1984, the sandy continental sediment (Benin Formation) has the 

lowest thermal gradient (1.3 to 1/8°C/100 m); the paralic Agbada Formation has an intermediate 

gradient (2.7°C/100 m); and the marine, over-pressured Akata Formation has the highest 

(5.5°C/100 m). 

The migration of oil was late and that subsidence did not occur after migration because of the 

distribution of biodegraded oils with depth; no biodegradation below 82° C (Evamy et al., 1978; 

Doust and Omatsola, 1989).   

Inside any depobelt, the depth to any temperature is dependent on the gross distribution of sand 

and shale. If sand/shale ratios were the only variable, the distal offshore subsurface temperatures 

would be elevated because sand percentages are lower. Conversely, the depth of the hydrocarbon 

kitchen is expected to be deeper than in the delta proper, because the depth of oil generation is a 

combination of factors: temperature, time, and tectonic deformations (Beka and Oti, 1995). 

Sandstones reservoirs are predominate throughout the Agbada Formation for discovered 

petroleum while beneath presently producing intervals and in the distal portions of the delta 

system may include turbidite sands and shale oil within the Akata. Shale oil as recently being 
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produced in the USA is partly as a result of sophistication in exploration and production 

technology. 

 

  

Figure 21:  Subsurface depth to top of Niger Delta oil kitchen showing where only the Akata Formation is in 

the oil window and where a portion of the Agbada is in the oil window.  Contours are in feet. Modified from 

Evamy et al., 1978. 
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Figure 22: Burial history chart for the northern portion of the Niger Delta (Akata-Agbada) petroleum 

system. Data from Oben-1 well in Northern Depobelt (Modified from Ekweozor and Daukoru, 1994). 

 

1.9 Hydrocarbon Recoverable Factor 

Recovery production can be improved by engineering techniques such as water flood and 

enhance oil recovery. During the primary stage, recovery factor is about 5-15%, and reservoir 

drive may come from a number of natural mechanisms which are: natural gas expansion at the 

top of the reservoir, natural water displacing oil downward into the well, gas expansion initially 

dissolved in the crude oil, and gravity drainage which results from the movement of oil within 

the reservoir from the upper to the lower limits where the wells are situated.  

 

During Secondary recovery, external energy in the form of fluids are injected to increase 

reservoir pressure, which has been reduced, to replace or increase the diminished natural 

reservoir drive with an artificial drive. The fluid injection can be by injection of water, natural 

gas reinjection and gas lift, which injects air, carbon dioxide or some other gas into the bottom of 

an active well, thus reducing the overall density of fluid in the wellbore. For water-flood 

operations, recovery factor can be about 30%, owing to the properties of oil and the 

characteristics of the reservoir rock. On average, the recovery factor after primary and secondary 

oil recovery operations can be about 35-45%. 
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For enhanced or tertiary oil recovery methods, extraction of oil is increased by increasing the 

mobility of the oil. In thermally enhanced oil recovery methods (TEOR), oil is heated to reduce 

its viscosity making it easier to extract. A good example is steam injection which is always done 

with a cogeneration plant. Specifically, and the waste heat from a gas turbine used to 

generate electricity is used to produce steam, which is then injected into the reservoir. Another 

example of TEOR is fire flooding (In-situ burning), where instead of steam, some of the oil is 

burned to heat the surrounding oil. 

 

Surfactants (detergents) are injected to adjust the surface tension between the water and oil in the 

reservoir, thus mobilizing oil which would ordinarily remain in the reservoir as residual oil. 

Another carbon dioxide flooding is another method used to reduce viscosity. 

 

Another tertiary recovery method is microbial treatments, where certain kinds of the microbes 

are used to treat and break down the hydrocarbon chain in oil thereby making the oil easy to 

recover as well as being more economic as compared to other conventional methods.  

Tertiary recovery may allow another 5% to 15% of the reservoir's oil to be recovered. 

 

Recovery methods are dependent on the cost of the extraction method and the current price of 

crude oil, as the wide variance is due mainly to the diversity of fluid and reservoir characteristics 

for different hydrocarbon deposits. 

Formerly loss-making wells are brought back into use during high prices while extraction is 

shortened when low. 

 

The water must be treated in order to be well-matched with the producing formation and not 

cause reactions that will reduce the permeability of the formation being flooded. Filtration can be 

used to remove suspended solids that can plug the pores, as boicides to neutralize organic matter 

and bacteria that produce slimes while oxygen should be guided in the water to prevent 

corrosion.      
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Review of Previous Study 

Several authors have carried out works using 3D seismic and well data to interpret the structures, 

stratigraphy, petrophysics and volumetrics of oil & gas fields in the Niger Delta and beyond. 

Below is an examination of some of these works. 

 

Abe and Olowokere (2013) used 3D seismic data, checkshot data and suite of well logs for 3 

wells with Petrel software to analyze the formation evaluation and reservoir characterization of 

the field in some Parts of Niger Delta. In the method adopted, they delineated lithologies from 

the gamma ray log, identified reservoirs from the resistivity log, well correlation, determined 

petrophysical parameters, mapped horizon and fault, time to depth conversion, analyzed attribute 

and estimated the reserve. One reservoir was mapped from the well logs with the top and base at 

depth ranging from 1729m to 1929m. The petrophysical analysis gave porosity values ranging 

from 0.19 to 0.46 across the reservoir. The permeability values range from 14.53md to 

496.61md. The Sw values for the reservoir range from 5.6% in well A, 6% in well B and 24% in 

well C. The volume of shale ranges from 0.02 to 0.07 across the reservoir. One horizon was 

mapped and two growth faults, one major and the other minor. The depth structure maps 

generated showed an anticlinal structure at the centre of the surfaces and the mapped faults with 

the 3 wells located on the anticlinal structure. They extracted amplitude and interval average 

attributes on the surfaces which revealed the bright spots on them. Envelope attribute was also 

extracted on time slice close to the surfaces which also shows the location of the bright spots. 

The reserve estimate for the reservoir is 40.1mmbls. The results of the petrophysical analysis 

revealed the presence of hydrocarbon in the reservoir at quantities favorable for commercial 

exploitation. The result of this analysis has proved that the integration of attribute analysis with 

structural interpretation is a reliable and efficient way of carrying out formation evaluation and 

reservoir characterization, and has also enhanced hydrocarbon exploration for optimal well 

placement and reserve estimation.  

 

Anthony and Aurelius (2012) used 3D seismic data and well logs to map the structure and 

stratigraphy and characterize reservoir in Z-Field Niger Delta where identification of reservoir 
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facies is a major challenge to plan delineation and development drilling. They identified and 

mapped a network of faults and four horizons, A, B, C and D. Time and depth structure maps of 

the top of the reservoir of interest show the hydrocarbon bearing structure is a fault-assisted 

anticlinal dependent structure. Gamma ray and resistivity logs in four exploratory wells were 

utilized to delineate formation lithologies (facies). The target horizon C (top of sand) was 

selected for seismic structural mapping. They identified two major faults (F1, F2) on the time 

and depth structural maps and a network of other fault structures which were interpreted on the 

seismic sections. According to them, the quality of the reservoirs in the ―Z-field‖ Niger Delta is 

moderate to good and in some distal reservoirs, they are excellent. The average porosity values 

are approximately the same, but have variations in permeability which could be as a result of 

compaction of the older reservoirs on the proximal part of the field (Wells A-20 and A-30). 

 

Aizebeokhai and Olayinka (2011) mapped the structures and stratigraphy of Emi field, offshore 

Niger Delta, integrating seismic data with well logs to define the subsurface geometry, 

stratigraphy and hydrocarbon trapping potential of Emi-field, off shore Niger Delta. Lithologic 

units were identified on the logs and correlated across the wells. According to them, the 

stratigraphic cross-sections produced show a general lateral continuity of the lithologic units 

across the field, and seismic-to-well ties revealed that, high amplitude reflection events 

correspond to sand units, whereas, low amplitude reflection events correspond to shale units. 

They mapped four horizons, H1, H2, H3 and H4 and structure contour maps produced for each 

of the horizons. Closures considered as good hydrocarbon prospects were identified and 

delineated, and stratigraphic plays such as pinch-outs, unconformities, sand lenses and channels 

were suspected. Consequently, they held that the integration of seismic data with well logs 

proved to be a useful tool in structural and stratigraphic mapping and in predicting lateral and 

vertical variations in the lithologic units. 

 

Ameloko and Omali (2013) carried out reservoir characterization and structural interpretation of 

seismic profile: a case study of Z-field, Niger Delta, Nigeria.   

They used 3D seismic data and well logs to map the structure and stratigraphy in Z-Field Niger 

Delta where identification of reservoir facies is a major challenge to plan delineation and 

development drilling. A network of faults and four horizons, A, B, C and D were identified and 
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mapped. Time and depth structure maps of the top of the reservoir of interest show the 

hydrocarbon bearing structure is a fault-assisted anticlinal dependent structure. Gamma ray and 

resistivity logs in four exploratory wells were utilized to delineate formation lithologies (facies). 

The target horizon C (top of sand) was selected for seismic structural mapping. Two major faults 

(F1, F2) were identified on the time and depth structural maps and a network of other fault 

structures were identified and interpreted on the seismic sections. The quality of the reservoirs in 

the ―Z-field‖ Niger Delta is moderate to good and in some distal reservoirs, they are excellent. 

The average porosity values are approximately the same, but have variations in permeability 

which could be as a result of compaction of the older reservoirs on the proximal part of the field 

(Wells A-20 and A-30). 

 

Amigun and Bakare (2013) evaluated the reservoir of Danna field, Niger Delta using 3D seismic 

interpretation and petrophysical analysis. They correlated five wells, delineated the lithology and 

established the continuity of reservoir sands as well as the general stratigraphy of the area. In 

their petrophysical analysis, they showed three sand units that are hydrocarbon bearing reservoirs 

(Sand J, Sand M and Sand P) which were further evaluated using seismic interpretation. Time 

and depth structural maps were generated from seismic data which helped studied the trapping 

subsurface structures and estimation of the prospect area of the reservoirs in acres. They 

computed the field‘s hydrocarbon reserve using parameters like net pay, water saturation and 

porosity i.e. derived from well logs together with estimated prospect area as obtained from 

seismic interpretation. The gas reserve was estimated to be 225,997 bbl/ft
3
 while the oil reserve 

for the three reservoirs (Sand J, Sand M and Sand P) was computed as 6,566,089.09bb/acre, 

14,006,716bbl/acre and 42,746,580bb/acre respectively. 

 

Ayolabi and Adigun (2013) carried out an integrated structural interpretation of the structural 

patterns and seismic attributes on the Z-field using a 3D seismic data covering approximately 56 

Km2 of western belt of the Niger Delta, checkshot data for well to seismic tie and log 

information for six wells from the field. They investigated the available prospects, the responses 

of the basic seismic attributes to structural and stratigraphic elements within the study area. Six 

hydrocarbon bearing levels were delineated from well logs and correlated across the field, and 

these horizons were analyzed and petrophysical parameters estimated. The application of time-
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depth relationship was done to identify where the hydrocarbon bearing sands from well posts on 

the seismic lines. Two major regional growth faults (F1 and F5) dipping in the NE-SW directions 

and crestal faults (F4) dipping in the northern direction were showed. According to them, the 

north dipping crestal fault F4 is responsible for holding the hydrocarbon in the proven closure A, 

while the northernmost regional growth fault F1 is responsible for trapping the hydrocarbon in 

the prospect closure B in the north eastern part of the field. They stated that the closure C 

prospect is a four way dip closure to the spill point but becomes fault assisted on regional growth 

faults F1 and F5 at deeper levels. Their interpretation indicated that the trapping mechanism 

identified from the field is characterized mostly by fault assisted closures and a few four way 

closures. Also, that the fault zones were identified by distinct displacement of walls and 

amplitude distortions towards the fault zones identified on the seismic sections and the extracted 

amplitude maps. According to them, using only seismic Stratigraphic approach at the south-

western part of the field, a part of fault F5 was too subtle to be identified  which may lead to 

missing out on the potentials of the identified closure C prospect. They concluded that seismic 

attribute analysis complements where conventional seismic interpretation has failed. 

 

Eshimokhai and Akhirevbulu (2012) in a work on reservoir characterization using seismic and 

well logs data in the Niger Delta revealed the petroleum potential and computed the 

Petrophysical results for reservoirs in three (3) selected wells which helped enhance the 

characterization of the reservoir sands. They used resistivity, density and neutron logs for 

quantitative analysis; gamma ray (GR) and calliper logs for lithological identification, as Vsh 

was evaluated using linear and Steiber methods while Archie‘s equation was used determine 

water saturation. The Petrophysical results showed a good porosity (0.26 – 0.34), water 

saturation (0.09 – 0.32) and hydrocarbon saturation (0.77 – 0.83). 

 

Ihianle et al., 2013, carried out a 3D Seismic/Well Logs and Structural Interpretation over ‗X – 

Y‘ Field in the Niger Delta Area of Nigeria. They used the following data:  well logs, seismic 

section and the structural map of the top of the sand to determine the reservoir properties and 

volume of hydrocarbon contained within the sand interval at the depth investigated. The 

Interactive Petrel Software was used in the Interpretation. Utilizing data from well logs, the 

reservoir bed boundaries, lithology with local knowledge, petrophysical parameters, hydrocarbon 
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type (gas or oil) and geometry were determined. The seismic section and structure map revealed 

fault assisted closures at the center of the field, which corresponded to the crest of rollover 

anticlines and served as the trapping medium. The estimated volume of hydrocarbon in place 

within the interval ranging from 3,909.06m (12,825ft) to 4,053.84m (13,300ft) was calculated as 

289,227,007 bbl (37,281acre-ft) of oil. The study showed the feasibility of integrating borehole. 

 

Johnson (2011) studied the depositional and tectonic control of clastic reservoir developments - 

offshore Niger Delta Clastic Wedge. He investigated the influence of internal syn-sedimentary 

structures on the pattern of deposition and distributions of deltaic clastic reservoir deposits in the 

Tomboy Field Area, offshore Nigeria using seismic modeling attributes (deposit thickness, root 

mean square (RMS) and maximum amplitude, structural contours, time slices, reflection 

intensity) and well logs.  

Seven fault modeled surfaces created from mapped seismic horizons in Agbada Formation were 

depth converted with pseudo interval velocities generated from layer cake velocity model to 

analyze the effects of structural deformations on depositional pattern. 

He indicated that depositional and tectonic control of clastic reservoir developments are mainly 

influenced by thickness and weight of the prograding clastic sediments, the shale diapirs 

geometry that triggered up fault formations and mini basins, the shape of the faults, the 

proximity of sediments load to the mobile shale layer, and the rate of basin creations, deposition 

and destructions of accommodation space. The stacked onlap relationship and stacked erosional 

channel observed in seismic and well data suggest that the geometry of the shale structures 

influences sedimentation patterns. Evidences from structural contours and reflection intensity 

maps reveal complex structural deformations at increasing depth and proximity to the mobile 

Akata shale. The presence of roll over anticline at the downthrown side of fault F1, Fault F7 and 

F3 suggest that the upwelling of Akata shale triggers up the creation and destruction of 

accommodation space. 

Results from time slices, reflection intensity and their cross sections show that sand deposits with 

high amplitude are trapped at the roll over structures at the downthrown block of growth fault, 

F3, F1 and synthetic faults F7, and that the formation of fault, F3, F1 and F7 with respect to thick 

prograding delta front has created ‗graben‘ like depression most likely due to changes in slope 

equilibrium profile by the uprising mobile shale layer. Turbidity current by hydraulic jump 
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model emanating from these topographic highs was proposed to fill these basins. Evidences from 

window based isochore thickness map show that increasing sediment thickness is associated with 

the downthrown side of fault F3, F1 and F7 where roll over anticline structures are formed and 

grow larger within areas where great fault interplays occurs. 

As analyzed from root mean square (RMS) and maximum amplitude, higher amplitudes occurs 

mostly at the roll over structures at the downthrown side of fault F3, F1 and synthetic faults F7. 

The ratification of the roll over structures at the downthrown block of growth fault F3, F1 and 

synthetic faults F7 as reservoir sand deposits by seismic modeling attributes is further validated 

by critical evaluation of the gamma ray and resistivity logs at this mapped interval. Results show 

that these sedimentary fills are mainly channel fills, distributaries channel fill, tidal channel and 

point bar, stacked vertically with an upward coarsening sequence which are generally blocky, 

cylindrical shaped, with sharp contact at the top and base to the shale interval. 

 

Nyantakyi et al. (2013) integrated seismic data with well logs to define the subsurface structural 

geometry, stratigraphy and hydrocarbon trapping potential of Delta field, off shore Niger Delta. 

According to them, lithologic units were identified on the logs and correlated across the wells, 

and the stratigraphic cross-sections produced showed a general lateral continuity of the lithologic 

units across the field. They mapped five (5) sequence boundaries namely SB1, SB2, SB3, SB4 

and SB5 and structure contour maps drawn for each of the sequence boundaries. As fault 

closures of high quality hydrocarbon prospects were identified and delineated, stratigraphic plays 

such as pinch-outs, unconformities, sand lenses and channels are also suspected. They held that 

the integration of seismic data with well logs greatly improved the extent of accuracy and 

exactness of structural and stratigraphic mapping in predicting lateral and vertical variations, 

hydrocarbon prospects and its development in Delta Field. 

 

Odoh et al. (2012) carried out an integrated seismic reservoir characterization (ISRC) in Amboy 

Field of Niger Delta Oil Field to extrapolate petrophysical parameters away from the existing 

wells to other parts of the Amboy field. Benin and Agbada Formations are the two Formations 

underlain in the study area. According to them, the massive Benin Sands outcrop at the surface 

with the base of fresh water sands at -7440ft., and the Agbada Formation was down to the total 

depth @ -12975ft. They mapped four reservoir sand packages: C01, D01, D06 and D07 within 
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the Agbada reservoir unit, but C01, D01 and D07 formed reservoirs of interest. And the three 

sands: C01, D01 and D07 are of Miocene age, and formed a 3-way dip structural closure trapped 

against the up-thrown side of the NE - SW antithetic fault. The sands are relatively clean and 

well developed, and computed reservoir characterization parameters showed: - porosity = 24 - 

29.8%; hydrocarbon saturation. = 69 - 89%; permeability = 379 – 613 md and oil gravity ranges 

from 23 to 35 API (Normal Oil). They stated that the structural style of the area consists of 

growth faulting alongside other crestal relief faults, as the D07 sand package is the largest 

reservoir observed. Moreso, they observed that an increase in porosity, net/gross and 

hydrocarbon saturation to lower the reservoir acoustic impedance of D07 sand package 

compared to the shallow reservoir sands.  

 

Opara (2010) used 3-D seismic and well log data to carry out a prospectivity evaluation of 

―USSO‖ field, onshore Niger Delta basin. He showed the ability of seismic data to image 

subsurface structures, explored deeper prospects, ascertained if the structures and their closures 

are favorable for hydrocarbon accumulation and obtained reserve estimates which helped to 

determine the economics of the field. The target for the study was the -7480ft sand of A-4 well in 

――Usso‖ field which from petrophysical evaluation contained a reasonable percentage of 

hydrocarbons. Within the Northern depobelt, the Agbada Formation consists of vertically 

stacked reservoir sequences with reservoir thicknesses from the correlating intervals ranging 

from 25–250 ft. The structural style is dominated by widely spaced simple rollover structures 

bounded by growth faults .The -7480ft sand was interpreted to contain non-associated oil trapped 

in an annealment phase trap. Only about 77.6mb can be recovered from the original oil in place 

which was estimated at 1,207.5mb. This is attributed to insufficient drive mechanism. 

 

Opara et al. (2011) illustrated the processes of iterative 3D seismic interpretation and structural 

analysis of Ossu Oil Field, Northern Depobelt, Onshore Niger Delta, Nigeria and showed how 3-

D seismic data acquired in the study area was used in imaging sub-surface structures. They 

undertook a multi-disciplinary approach which included petrophysics, seismic, and volumetric 

methods to achieve these objectives. The interpretation was constrained by a combination of 

structural based geometric models with seismic and well data. They revealed a complex pattern 

of subsurface structures with the northern area having predominantly widely spread simple 
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rollover structures bounded by growth faults. Faulted rollover anticlines prevailed in the middle 

zone while the southern area is characterized by collapsed crest structures. The -7480ft sand 

contains non-associated oil trapped in annealment phase trap while the -4540ft sand contains 

associated oil. The oil in reservoir A is not in commercial quantity; whereas only about 1.7 

million barrels is recoverable from the estimated 8.6 million barrels for reservoir I. 

 

Ologe et al. (2013) determined the complexity of faulted subsurface structural features and 

retentive capacity of the reservoir for hydrocarbon in a 3D seismic structural interpretation of a 

part of Aloo-Field, Southwestern Niger Delta. And thus used the methods of analysis of 3D 

seismic data using Petrel software were horizons and fault deductions from the seismic section to 

generate structural maps which revealed different structural styles present in the studied area. 

They mapped three distinct horizons. Depth structural maps generated for all surfaces of interest 

show subsurface features such as the geometry of the identified horizons, W-E trending growth 

fault, and fault echelons of which most of them dip to the east and fault assisted closures at the 

north-western-central part of the studied section. The dipping pattern of the identified faults 

coincides with that of the growth fault which enhances trapping mechanism for the hydrocarbon. 

Two principal structural trapping mechanisms present are growth fault and rollover anticline 

which are synonymous with Niger Delta. According to them, the study demonstrated the 

importance of seismic structural interpretation in understanding the structural styles present and 

their retentive ability for hydrocarbon. 

 

Oyedele et al. (2013) carried out seismic and petro-physical evaluation of EMI field which 

revealed typical structural features of the Niger Delta, namely the roll over anticlines and growth 

faults with a promising good hydrocarbon accumulation. The extensive faults F2, F3 and F4, 

which were structure building faults, support suspected hydrocarbon prospects (P2 and P3) 

which could be explored in the future. The deeper of the two horizons mapped in this study, have 

better structures for hydrocarbon accumulation with supporting growth faults. The shallower 

horizon, H1 does not have any faults intersecting it. The two horizons marked the tops of 

reservoir sands in the field and they both correspond to sequence boundaries as observed on the 

seismic sections. The Petro-physical values – the Porosity, Net to Gross, Water saturation, 

Hydrocarbon saturation that were calculated from the POWERLOG software, were almost ideal 
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for the Niger Delta reservoir sands with average porosity values of 0.25, water saturation of 0.42 

and average Net to Gross value of 0.85. According to them, the lower the water saturation, the 

higher the hydrocarbon saturation in the reservoir sand, and also the higher the net to gross value, 

the higher the hydrocarbon saturation. 

 
 
2.2 Theoretical Framework  

Seismic reflection surveys are used extensively in exploration for oil and gas, coal and other 

mining, and the study of the earth‘s deep crustal layers. Successful exploration requires the 

integration of information from several disciplines and it is seismic interpretation which brings 

them together (Chopra and Herron, 2010). 

Reservoir rocks, their porosity and permeability are the most important physical properties with 

respect to storage and transmission of fluids. Knowledge of these two properties for any 

hydrocarbon reservoir together with the fluid properties is required for efficient development, 

management and prediction of future performance of the oil field. 

Seismic interpretation is the extraction of subsurface geologic information from seismic data. It 

is the thoughtful procedure of separating the seismic wavelet from noise and various kinds of 

defects. Simply defined, seismic interpretation is the science (and art) of inferring the geology at 

some depth from the processed seismic record. 

Seismic energy is reflected from interfaces where the acoustic properties of the rock change. 

These interfaces follow sedimentary boundaries created at the time of deposition of the 

sediments. While modern multichannel data have increased the quantity and quality of 

interpretable data, proper interpretation still requires that the interpreter draw upon his or her 

geological understanding to pick the most likely interpretation from the many "valid" 

interpretations that the data allow. 

The seismic record contains two basic elements for the interpreter to study. The first is the time 

of arrival of any reflection (or refraction) from a geological surface. The actual depth to this 

surface is a function of the thickness and velocity of overlying rock layers. The second is the 

shape of the reflection, which includes how strong the signal is, what frequencies it contains, and 

how the frequencies are distributed over the pulse. This information can often be used to support 

conclusions about the lithology and fluid content of the seismic reflector being evaluated. 
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The interpretation process can be subdivided into three interrelated categories: structural, 

stratigraphic, and lithologic. Structural seismic interpretation is directed toward the creation of 

structural maps of the subsurface from the observed three-dimensional configuration of arrival 

times. Seismic sequence stratigraphic interpretation relates the pattern of reflections observed to 

a model of cyclic episodes of deposition. The aim is to develop a chronostratigraphic framework 

of cyclic, genetically related strata. Lithologic interpretation is aimed at determining changes in 

pore fluid, porosity, fracture intensity, lithology, and so on from seismic data.  

Petrophysical characteristics of reservoir rocks include porosity, permeability, water saturation, 

hydrocarbon saturation, formation water resistivity and formation factors. These properties are 

determined by grain size, grain shape, and degree of compaction, amount of matrix, cement 

composition, type of fluid present and saturation of different fluids. Among these properties 

porosity, permeability and fluid saturation are the most important and can be measured using 

standard procedures. 

For scientific and economic purposes, laboratory data of high accuracy and reliability for both 

the fluids and the rocks that contain them are extremely useful in Formation evaluation. However 

such data cannot be acquired very quickly, hence the operators in the field need a method of 

acquiring the fundamental properties of the rocks and their fluid contents for a quick 

management decision making. This requirement is easily satisfied by the use of geophysical 

wireline logs. Recent reservoir evaluation involves the study of well cuttings, cores, well log 

data, formation micro scanner (FMS) images and drill stem tests. 

However, the wireline log is basically used for this work in integration with seismic sections. 

The well logs used include Gamma Ray, Density, Neutron,  Sonic and Resistivity logs. The main 

petrophysical parameters evaluated in this work are porosity, permeability, water and 

hydrocarbon saturation as well as sand/shale percentages of these reservoirs. 
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The knowledge of the reservoir dimension is an important factor in quantifying producible 

hydrocarbons (Schlumberger, 1989). Among the needed information includes the thickness and 

areal extent of the reservoir. These parameters are important because they serve as veritable 

inputs for reservoir volumetric analysis, i.e. the volume of hydrocarbon in place (Edward, 1988). 

It is therefore imperative that they are determined with reasonable precision. Precise 

determination of reservoir thickness is best obtained from well logs especially, using the gamma 

ray and resistivity logs (Asquith, 2004). Because all oil and gas produced today come from 

accumulations in the pore spaces of lithologies like sandstones, limestones or dolomites, the 

gamma ray log can come in handy to help in lithology identification, i.e. to differentiate between 

the reservoir rock (sand) and the embedding shale (Asquith, 2004). If core data is available, other 

lithologies like limestone or dolomites can be identified (Kathleen, 1996). The resistivity log on 

the other hand can be used for determining the nature of interstitial fluid i.e. differentiating 

between (saline) water and hydrocarbon in the pore spaces of the reservoir rocks. Since these 

logs are recorded against depth, the hydrocarbon-bearing interval can be determined. Accurate 

mapping of the lateral dimension of the reservoir on the other hand, can be obtained from well 

logs, where abundantly available, or direct hydrocarbon indicators (Brown et al, 1984). To use 

well logs to map the lateral dimension of the reservoir, the gas-oil and oil- water contacts are 

located on structure maps, (Cofeen, 1984). This process can be seriously hampered when, as is 

usually the case, limited borehole information from wells is available.  

Also, in mapping reservoir boundaries, studies of geologic structures that can hold hydrocarbon 

in place must be considered. Hydrocarbons are found in geologic traps, that is, any combination 

of rock structure that will keep oil and gas from migrating either vertically or laterally (Wan Qin, 

1995). These traps can either be structural, stratigraphic or a combination of both. Structural 

traps can serve to prevent both vertical and lateral migration of the connate fluid (Cofeen, 1984). 

Examples of these include anticlines and flanks of salt domes. Stratigraphic traps include sand 

channels, pinchouts, unconformities and other truncations (Folami et al., 2008). According to 

Doust and Omatsola (1976), majority of the traps in the Niger delta are structural and to locate 

them, horizons are picked and faults mapped on seismic inlines and crosslines to produce the 

time structure map. This can reveal the structures that can serve as traps for the hydrocarbon 

accumulations. It is then possible to deduce the relevant petrophysical parameters from well logs, 

for the computation of the volume of hydrocarbon in place. 
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There is an increasing need for reservoir characterization technology within the oil and gas 

industry. The need is mostly driven by economic realities: if reservoirs can be defined better 

using available technology then the end result is higher drilling success and fewer development 

wells. Reservoir characterization technology requires the integration of all available subsurface 

data. These data include well logs, seismic trace and velocity data. The data are the result of 

measurements carried out by sophisticated instrumentation and processed using highly developed 

software. This technology has advanced over the years and the accuracy has greatly improved. 

However, the results are still subject to error and these errors must be properly dealt with in order 

to use the data for reservoir characterization (Kevin, 2006). 

 

Reservoir characterization refers to all the pertinent information that is required to describe a 

reservoir in terms of its ability to store and produce hydrocarbons. This entails knowing the 

complete reservoir architecture including the internal and external geometry, its model with 

distribution of reservoir properties and understanding the fluid flow within the reservoir. Such 

information helps improve production rates, rejuvenate oil fields, predict future reservoir 

performance, minimizes cost expenditure and helps managements of oil companies to draw up 

accurate financial models. Regarded as an important phase between the discovery of an oil and 

gas field and the reservoir management phase, to collate all the information mentioned above, 

reservoir characterization integrates the technical disciplines of geology, geophysics, reservoir 

engineering, petrophysics, and economics and data management. The success of the reservoir 

characterization effort depends on how well the integration of the above disciplines is carried 

out, an elusive goal in some cases, and the success of each project could vary (Chopra and 

Michelena, 2011). 

Any reservoir characterization exercise usually begins with the available geological information 

and knowledge about the depositional and facies environment. Structural interpretation of 

seismic data as well as sequence stratigraphy approach is an important input defining the 

framework of the reservoir model. The contribution of seismic data in populating 3D reservoir 

models in terms of petrophysical properties comes from many derived seismic attributes as well 

as their calibration with log data and the relevant rock physics models. This is supplemented with 

interpretation of available core and log data. 3D reservoir models are often transformed into flow 
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simulation models to validate their ability to predict past and future performance of the field 

(Chopra and Michelena, 2011).   
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Data Sets and Software 

Two principal data used for this study are 3D seismic cube and four out the six well data 

provided. These data belong to Chevron Nigeria, and was released under the approval of the 

Department of Petroleum Resources (DPR), Nigeria. The 3D seismic data is a high resolution 

Pre-Stack Time Migration in SEG-Y format. The base map covers approximate area of 6.16 

sqkm with in-lines range of 5800-6200 and cross-lines range of 1480-1680. The line spacing is 

25m by 25m. The four wells used for the study are named TM001, TM002, TM005 and TM006. 

They were drilled to depth of approximately 2,890m; 2,830m; 2,930m; and 3,210m respectively. 

Each of the Wells consists of gamma ray, resistivity, sonic, neutron and density logs. 

 

The data were loaded into Petrel 2009 software for interpretation of the seismic and well data 

and to generate maps and well log sections.  

 

Figure 23 is a workflow showing the various steps taken to ensure an accurate interpretation of 

the field data in order to identify and delineate subsurface structures that are potential 

hydrocarbon traps as well as to characterize their petrophysical properties. 

 

3.2 Well Log Analysis 

The gamma ray log were used to discriminate shale units from sand units while resistivity log 

was used to determine fluid contents and identifying pore fluid types in four of the six wells. 

Density and neutron log help in determining porosity and lithology. Density and sonic logs were 

used to generate synthetic seismogram used for velocity modeling. 

Application of structural smoothening attributes was carried out to enhance fault mapping (figure 

29).  

Wells were correlated and carefully tied to the seismic data using a synthetic seismogram made 

from density and sonic log data (sonic log has enabling time and depth axes for the arrivals). The 

seismic-to-well tie is good and has been achieved with a –4 ms time shift.  During the process, 

wavelet frequency is optimized for accurate match between generated synthetics from the wells 

and seismic traces.  The use and analysis of well log data, such as SP, gamma ray, resistivity 
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curves, density and sonic log velocities, make a plausibly accurate prediction of lithologies and 

fluids. Such can be used to delineate sequences and systems tracts, and to date condensed 

sections and sequence boundaries.  

For specific interpretation of well log electric curves, we first verify and pick the sequence 

boundaries. We then correlate with the seismic reflection profiles at the well site using synthetic 

seismograms. A synthetic seismogram is a continuous, vertical record that looks like a seismic 

trace. It is derived from sonic and density logs. Synthetically derived seismic traces are primarily 

for optimal interpretation and form the best tool to correlate between depth-based well data and 

time-based seismic reflection profiles.  

Therefore, the electric log curves from well-log data may be made up of repetitions of the same 

pattern and signify the presence of several repeated or "stacked" slope fan complexes; a very 

good potential hydrocarbon prospect. Also, the electric log curves from well-log data might 

demonstrate a lack of high-amplitude "kicks" on the  electric or gamma ray logs; showing low 

sand contents within an SFC unit a poor exploration prospect. 

The target horizons were identified on both the well logs and seismic sections. The horizons 

were determined using facies properties of the 3-D seismic volume (amplitude and reflection 

continuity), stratigraphic indicators and the nature of the gamma ray and resistivity curves that 

characterize these areas. The top and base of distinct Formation boundaries were first delineated 

(figures 24, 25, 26 and 27). 

 

3.3 Well-to-Seismic Tie 

Synthetic seismograms help to buttress interpretations as it brings model result as we correlation 

and compare side-by-side between a well log curve, seismic reflection record and synthetic 

seismic profile. Constant cross-correlate between these tools is inevitable since it helps to make 

better our interpretation results, and very suitable if all data are on the same scale, i.e. 1.0 meter 

equals 1.5 feet. Simply put, the interpretation of lithologies and its systems tracts from well logs 

involves matching each signature attribute. 

A good well to seismic tie is very essential because it helps align the synthetic trace computed 

from the well log and links it to the matching events of the seismic section thus giving us 

comfort in seismic interpretation and in impedance and inversion. 
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To carry out time shift of logs in a wavelet phase for impedance logs that are not correlated 

accurately, we shift the log - change the depth-time curve, and extract the wavelet. We normally 

shift the wavelet instead of the log theoretically. We may carry out multiple wavelet shifts to fix 

all the mis-ties in a multiple well considering the amount of mis-ties; a single wavelet shift is not 

recommended. Carrying out inversion with the shifted wavelet will position the derived 

impedance at the wrong time. During extraction of wavelet, we use: (i) the well(s) and seismic to 

extract both the amplitude and phase spectra of the wavelet; and (ii) the seismic alone to extract 

the amplitude spectrum of the wavelet. Wells are not always used only in extraction of wavelets 

because: (i) log correlation errors may result in challenging phase problems; and (ii) log 

correlation may have been optimized before wavelet extraction using wells. 

The procedure for well to seismic tie may include: 

 Extracting statistical wavelet. 

 Selecting best match events and bulk time shifting. 

 Stretching-squeezing.  

 Carrying out Quality Control (QC) of sonic log velocity changes and applying relative 

changes and depth-time curve changes only, where necessary. 

 Rotating wavelet phase for conformance. 

 Extracting wavelet using well. 

 

The following clues to a good tie may apply:  

I. Creating an interval velocity out of the depth-time correlated P-wave. 

 Carrying out Quality Control (QC) of sonic log velocity changes. 

 Check if stretch-squeeze is more than necessary. 

II. Comparing wavelet phase and shape from wells. 

III. Creating an arbitrary line containing all wells by extracting global wavelet for example. 

IV. Comparing Depth-Time of wells. 

Geologic constraints for a good tie include: 

I. Structural and stratigraphic complexities. 

II. Finely layered sequences with rigorous impedance fluctuations. 

III. Quick lateral variations in velocity and reflectivity. 
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IV. Anomalous dips within the matching points. 

 

3.4 Structural Analysis 

To delineate sequence stratigraphy from seismic reflection profiles, the first approach is to 

interpret the structures, major faults, and seismic reflector terminations and truncations of the 

study area. This can be done using sophisticated software like the Petrel 2009 or the standard 

loop-tying procedure across the seismic grid; work always begin in the least complex areas and 

work toward more complex areas.  

Picking of faults and horizons on the 3D seismic cube were done using manual option in the 

software for accurate interpretation (figures 27 and 28). Both horizons and faults were picked on 

the 3D seismic data at spacing of 2 lines. To enhance picking of seismic reflectors on the 3D 

seismic cube, stratigraphical boundaries were first delineated in the four wells using gamma ray 

and resistivity logs. Identified and traced faults were assigned and interpreted as fault planes. 

Figure 23 is a summary of the steps taken to achieve accurate interpretation of the available data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                              

                                                              Figure 23: Work Flowchart of the Study. 
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Two seismic horizons: 1 and 2 (figures 31, 35and 36) between top and base of distinct formation 

boundary delineated to be Agbada Formation were picked and were used to create surfaces so 

that picked faults along the horizons can be modeled across each of the surfaces for quantitative 

structural and attributes analyses. 

 

Time and depth structure contour maps were produced. The time-depth relationship was 

determined by plotting the checkshot data available for the wells (figures 40, 41, 42 and 43). 

 

Seismic and well data were used to map the environments of deposition for the Agbada and 

Benin Formations.  

 

3.5 Petrophysical Analysis 

Petrophysical evaluation was carried out to determine amongst others: porosity and hydrocarbon 

saturation for the two target sands (Tables 2, 3 and 4). Porosity model for the two sand bodies A 

and B were generated using the Petrel software. The petrophysical values: Porosity, Net to 

Gross, Water saturation, Hydrocarbon saturation were computed for Wells 1, 4 and 5 as shown in 

Tables 2, 3 and 4 respectively. The volumetric data for Sands A and B were computed as shown 

in Table 5. The data include: area of the reservoir, Hydrocarbon Pay Volume (HCPV), Oil 

Formation Volume Factor (Bo), Porosity (Q), Water Saturation (Sw), Net Pay (H), Ordinary Oil 

In Place (OOIP), and Stock Tank Oil In Place (STOIP). A Recovery Factor of 10% was then 

applied to the Total STOIP for Sands A and B. 
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CHAPTER FOUR 

RESULTS PRESENTATION, INTERPRETATION AND DISCUSSION 

4.1 Well Log Interpretation 

Four composite suites of logs comprising gamma ray, resistivity, neutron, density and sonic logs 

as shown in (figures. 31, 32, 33 and 34) were run in wells TMB-02, TMB-05, TMB-01 and 

TMB-06. These were acquired for log interpretation to approximate the reservoir characteristics. 

Lithologic units were identified on the logs and correlated across the wells. The stratigraphic 

trends showed a general lateral continuity of the lithologic units across the field. 

Interpreted hydrocarbon-bearing reservoir formations (sandstones) were located in wells TMB-

02, TMB-05, TMB-01 and TMB-06 and delineated using the combination of gamma ray and 

resistivity logs are shown in (figures 31, 32, 33 and 34). 

 

The four wells located within the field penetrated two different lithological sands. The first 

sand_A lies between the depth intervals of approximately 2812m to 3150m, and somewhat 

makes up of thin shale bodies with a thick interbed of fine sand. The second sand_B extends 

from the depth of approximately 3343.73m to 3379.53m where the sandstone beds are 

predominant and are intercalated with thin sequence of siltstone. The entire borehole can be 

regrouped into Sand A and Sand B.  
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                                           Fig. 24: Well correlation panel showing the top of Agbada formation. 
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                                                      Figure 25: Well log 1 showing Horizon 1 top and base. 
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                                                     Figure 26: Well log 2 showing Horizon 2 top.  
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                                                        Figure 27: Well log 3 showing Horizon 2 base. 
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                             Figure 28: Well Correlation Panel showing the delineated sand reservoirs. 
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4.2 Well-to-Seismic Calibration 

The synthetic seismograph matched with the seismic wiggles as shown in (Figure 30) when then 

mapped unto the seismic section to ensure quality control of interpreted results. 

 

 
 
                                                                 Figure 29: Synthetic seismogram. 

 
Seismic section (figure 30) shows a well, synthetic seismograph, stratigraphy, faults, horizons 

and seismic reflection characteristics of the study area.  
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           Figure 30: Typical seismic section showing a good well-to-seismic tie. 
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4.3 Structural Interpretation 

The 3-D seismic data was interpreted on an interactive Petrel 2009 workstation. The 

interpretation results of the horizons are presented in figures 31, 32, 33 and 34.  

Two key horizons (1 and 2) with their tops and bases were interpreted and mapped with respect 

to their seismic continuity and good seismic to well correlation. Structure contour maps were 

produced for each of the horizons. Seismic-to-well ties were very good. High amplitude 

reflection events corresponded to sand units while low amplitude reflection events corresponded 

to shale units.  

Isochron (time map) and isodepth (depth map) structure maps are prepared through synthetic 

seismograph; a time-depth conversion model. The final migrated velocity grid in 3-D seismics 

properly correlated with well velocity data was used to prepare depth isodepth. There was no 

depth anomaly due to velocity variations because the time and depth structure maps are 

consistent (figures 40, 41, 42 and 43). 

 

Time slices and horizon slices were analyzed in the zones where the presence of reservoir sands 

was established from seismic calibration. Time and depth contour maps of the horizons were 

produced in order to have an understanding of the shallow subsurface structures. These maps 

showed that the major structures accommodating the hydrocarbon are growth faults and rollover 

anticlines, and the synthetic and antithetic on a lower scale (35 and 36). 

 

Finer structural details and seismic attributes derived from 3D data were integrated with well 

data and prospective areas were identified. 

Several faults are mapped. A number of E-W trending cross faults in addition to a NE-SW 

trending fault are mapped. Correlation of faults on seismic section is shown in (figures 31, 32, 33 

and 34). 
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                                              Figure 31: Seismic section showing wells, horizons and faults. 
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                   Figure 32: Seismic Section showing Faults F1, F2, F3, F5, well and synthetic seismogram. 
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                                   Figure 33: Seismic Section showing Faults F1, F2, F4 and horizons. 

 

 

 

 

                       Figure 34: Application of structural smoothening attributes to enhance fault mapping.  
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                                                                      Figure 35: Horizon 1 contour map. 

 
 

 
 
                                                                   Fig 36: Horizon 2 contour map. 
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                                                                         Figure 37: Fault model. 

 
 

 
 
                          Figure 38: Fault model showing growth fault, synthetic and antithetic faults. 
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                                    Figure 39: Structural map showing rollover anticlines and faults. 

 
 

 
 
                                                             Figure 40: Time map showing top of Sand A. 
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                                                       Figure 41: Depth map showing top of Sand A. 

 
 

 
 
                                                      Figure 42: Time map showing top of Sand B. 

 
 



73 

 

 
 
                                                 Figure 43: Depth map showing top of Sand B. 

 
 

 
 

                                                           Figure 44: Porosity model for Sand A. 
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                                                          Figure 45: Porosity model for Sand B. 

 
 

The Agbada Formation has prograding stacking pattern and was deposited in Marginal to Marine 

environment while Benin Formation is continental origin as indicated by Resistivity log. The 

Top of Agbada Formation in the seismic section is at about 1,650m. 

 

The study of faults showed a complex pattern of subsurface structures. The northern area has 

chiefly extensive simple rollover structures bounded by growth faults. Faulted rollover anticlines 

exist in the middle zone while the southern area is featured by collapsed crest structures. 

Structural closures considered as good hydrocarbon prospects were identified and delineated. 

The Petrophysical result showed good porous sands and high hydrocarbon contents.  
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4.4 Estimated Petrophysical Properties 

The results of petrophysical analysis as shown in Tables 1, 2 and 3 are centred on two 

pronounced target Reservoir Sands - A and B (other thin base reservoir sections were excluded) 

for Wells 1, 4 and 5. The porosity ranges from 25 to 31%, which is very good for sandstone 

reservoir rocks. With the exception of Well 5 in Reservoir Sand A with zero hydrocarbon 

saturation owing to a near 100% water saturation, other Wells in the Reservoir Sands have very 

good hydrocarbon saturation ranging from 75 to 90%. Porosity attribute was used to generate a 

porosity model for both Sands A and B, which further confirmed the excellent saturation for 

sandstone reservoir rocks (figures 44 and 45). 

 

     Table 1: Petrophysical data for Well 1 

Sands Top

(m)

Base

(m)

Gross

Thickness

(m)

Porosity

(%)

Net/Gross

(%)

Oil Water 

Contact

(M)

Water 

Saturation

(%)

Hydrocarbon

Saturation

(%)

A 2890 3140 250 27 76 2915 20 75

B 3385 3442.32 57 25 91 ODT 18 83
 

 

 
   Table 2: Petrophysical data for Well 4 

Sands Top

(m)

Base

(m)

Gross

Thickness

(m)

Porosity

(%)

Net/Gross

(%)

Oil Water 

Contact

(M)

Water 

Saturation

(%)

Hydrocarbon

Saturation

(%)

A 2900 3150 250 31 84 2920 20 80

B 3377.25 3458.30 79 25 75 3419 15 85

 
 
 

 Table 3: Petrophysical data for Well 5 

Sands Top

(m)

Base

(m)

Gross

Thickness

(m)

Porosity

(%)

Net/Gross

(%)

Oil Water 

Contact

(M)

Water 

Saturation

(%)

Hydrocarbon

Saturation

(%)

A 2812 2910.14 98.14 30 100 Nil 100 0

B 3343.73 3379.53 35.8 27 86 ODT 10 90

 
 

   ODT = Oil Down To 

 

The two mapped horizons marked the tops of reservoir sands in the field corresponding to 

sequence boundaries as observed on the seismic sections. The petrophysical values of porosity, 
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net-to-gross, water saturation and hydrocarbon saturation that were computed from the Petrel 

were ideal for the Niger Delta reservoir sands with average porosity values of about 0.25 to 0.30, 

water saturation of 0.20 and average Net-to-Gross value of 0.75 - 0.91. Also, the smaller the 

water saturation, the bigger the hydrocarbon saturation in the reservoir sands, and vice versa for 

the net to gross value in relation to the hydrocarbon saturation. 

 

4.5 Hydrocarbon Volumetrics 

Reservoir characterization is underpinned by volumetric calculation of the two reservoir sands A 

and B.  

 

Sand A 

 

STOIP= Area x HCPV X 7758 (STB) 

     Bo 

HCPV = Q(1-Sw)h   (hydrocarbon feet) 

 

H = net pay (feet) 

    = 25m x 0.8 x 3.3 = 66ft 

 

Porosity @ Q = 30% 

Water Saturation Sw = 20% 

Bo = 1.3 from nearby formation. 

Thus, h = 66ft. 

 

HCPV = 0.3(1 – 0.2)66     (hydrocarbon feet) 

 = 15.84 hydrocarbon feet. 

 

Area; using Trapezoidal method: 

 =960,000m2 =237.22 Acres 

 

OOIP = 237.2 x 15.84 x 7758  

   

OOIP= 29,163,451.6  

   

 

STOIP= 29,163,451.6 (STB) 

  1.3 
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STOIP= 22,433,424.31 (STB) 

 

Sand B 

H = pay thickness (Oil Down To) 

    = 60 x 3.3 x 0.87 (feet) 

    = 172.26 ft 

HCPV = Q(1-Sw)H  (Hydrocarbon feet) 

 = 0.25(1-0.15)172.26 

 = 36.605 Hydrocarbon feet. 

Area; using Trapezoidal method: 

 =3,360,000m2 =830.30 Acres 

 

STOIP= Area x HCPV X 7758 (STB) 

      Bo 

 

STOIP = 36.605 x 830.30 x 7758  

       1.3 

 

OOIP = 235,789,914.177 

  

 

STOIP = 235,789,914.177 

             1.3 

STOIP = 181,376,857.96 (STB) 

 

Table 4: Volumetric data sheet 

Item Values for Sand A Values for Sand B 

Area 237.22 Acres 830.30 Acres 

HCPV 15.84 hydrocarbon feet. 36.605 Hydrocarbon feet. 

Bo 1.3 1.3 

Q 30% 25% 

Sw 20% 15% 

H 66ft 172.26 ft 

OOIP 29,163,451.6 STB 235,789,914.177 STB 

STOIP 22,433,424.31 STB 181,376,857.96 STB 

Total OOIP for Sands A & B 264,953,365.777 

Total STOIP for Sands A & B 203, 810,282.27 STB 

Primary Recovery Factor 10% 

Primary Recovery Reserve 20,381,028.23 barrels USD 1,019,051,411.35 

(@USD50.00/BB) 
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Therefore; total oil in place: 

 = STOIP (Sand A) + STOIP (Sand B) 

 = 22,433,424.31 + 181,376,857.96 

 = 203, 810,282.27 (STB) 

 

STOIP = Stock Tank Oil In Place 

OOIP   = Ordinary Oil In Place 

HCPV = Hydrocarbon Pay Volume 

7758   = Conversion constant from Acres to Feet. 

Q        = Porosity 

Sw      = Water Saturation 

STB    = Stock Tank Barrel (A measure of the volume of treated oil stored in stock tanks.)  

Bo      = Oil Formation Volume Factor 

 

The total Original Oil In Place (OOIP) is 264,953,365.777 STB while the total Stock Tank Oil In 

Place (STOIP) which is the volume of oil after production is 203, 810,282.27 STB. The Primary 

Recovery Reserve is 20,381,028.23 barrels producible with a Primary Recovery Factor of 10%.  

 

Because the recovery factor is based on the drive mechanism, lack of gas and appreciable water 

drives have contributed to the low Primary Recovery Factor. 

 

Considering fluctuation in oil prices owing to the increasing demand for energy, an average oil 

price of about USD50.00 per barrel will generate about USD1.02billion from a primary 

production of 20.38million barrels in the field. 

 

The ―DIBA‖ Field contains hydrocarbons that are largely trapped in sandstones and 

unconsolidated sands in the Agbada Formation. 

 

The integration of seismic data with well logs proved to be a useful tool in structural  mapping 

and in reservoir characterization.   
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CHAPTER FIVE 

SUMMARY, CONCLUSION AND RECOMMENDATIONS 

5.1 Summary 

Seismic and well data have been integrated to demonstrate structural characteristics of identified 

sand bodies and in exact delineation of reservoir sands within the subsurface of the study area 

from the Niger Delta basin. This was aided by creating time and depth structural contour maps of 

two horizons using the Petrel 2009 interpretational tool. The time and depth structure maps 

confirmed subsurface structural geometry and possible hydrocarbon trapping potentials.  

 

5.2 Conclusion 

The proposed structural model illustrates that a growth fault and several synthetic and antithetic 

faults are syn-depositional, which affect the deposition of the sand bodies stacked in intervals 

with depth; Agbada paralic sequence. 

 

The subsurface reservoir trapping mechanism of the area was revealed to be a fault-assisted 

anticlinal structure.  

By extrapolating the results of this study to other near areas along the pattern, new potential 

reservoirs may be identified. 

This research work provides supplementary information for exact well placement and 

development in further appraisal, exploration and production of oil and gas.  

 

5.3 Recommendations 

The following recommendations are therefore made considering the result of this research work: 

•  Validation of seismic attributes with well data can be employed to correctly delineate   

 structural and stratigraphic trends, distribution of reservoir sands and exploration of  

 hydrocarbon in complex basins together with quantitative petrophysical and volumetric   

 evaluation.  

• Biostratigraphic, stratigraphic, chronostratigraphic and cores data should further be 

investigated for accurate interpretation of environment of deposition considering the 



80 

 

limits of available data, and also volumetrics for reserve estimation. Correlation using 

Sea Level Cycle chart should be done. 
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