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Abstract

The 3-D depositional environment was built using seismic data. The depositional facies was used to locate channels with highly theif zones
and distribution of various sedimentary facies. The integration core data and the gamma ray log trend from the wells within the studied
interval with right boxcar/right bow-shape indicate muddy tidal flat to mixed tidal flat environments. The bell-shaped from the well logs
with the core data indicate delta front with mouth bar, the blocky box- car trend from the well logs with the core data indicate tidal point
bar with tidal channel fill. The integration of seismic to well log tie display a good tie in the wells across the field. The attribute map from
velocity analysis revealed the presence of hydrocarbons in the identified sands (A, B, C, D1, D2, D4, D5). The major faults F1, F2, F3 and
F4 with good sealing capacity are responsible for hydrocarbon accumulation in the field. Detailed petro physical analysis of well log data
showed that the studied interval are characterized by sand-shale inter-beds. Eight reservoirs were mapped at depth intervals of 2886m to
3533m with their thicknesses ranging from 12m to 407m. Also the Analysis of the petrophysical results showed that porosity of the reser-
voirs range from 14% to 28 %; permeability range from 245.70 md to 454.7md; water saturation values from 21.65% to 54.50% and
hydrocarbon saturation values from 45.50% to 78.50 %. The by-passed hydrocarbons were identified and estimated in low resistivity pay
sands D1, D2 at depth of 2884m — 2940m, sand D5 at depth of 3114m — 3126m respectively. The model serve as a basis for establishing
facies model in the field.

Keywords: 3-D Depositional Environment; Depositional Facies; Reservoir Characterization.

evaluation of the wells and position the present status of the Usani

1. Introduction field, Niger Delta Basin, Nigeria.

The Niger Delta Basin of Nigeria stands among the world’s largest
delta complexes. The sequence was described by Short and Stauble
(1967) comprise from base to top; the Akata, Agbada and Benin
Formation. The aspect of the petroleum geology of the basin are

2. The aim and objectives

The aim is to build 3-D geological model and characterize reservoir

discuss in Merki, (1972), Weber and Daukoru, (1975), Evamy et.
al. (1978). The reservoir rocks have been describe by Lambert-
Aikhionbare (1981). Detailed analysis from core and integrated
seismic to well log approach is an important tool in 3-D geological
modelling and reservoir characterization of oil and gas fields. The
Niger Delta region have remained the major source of supply of
hydrocarbon in Nigeria with less exploration and exploitation in the
offshore. There is high rate of reduction of production with high
rate of demand for its products for domestic, industrial applications
and the increase of country’s hydrocarbon reserve base to
40,000bbls of oils in 2018. Previous study was on reconnaissance
scale and also lack the integration of core and well log data as well
as the 3-D depositional model for effective characterization of the
field. However little attention has been paid to the study field and
detailed analysis has not been carryout too. This study focused on
more detailed interpretation of environment of deposition, effective
reservoir characterization, detailed evaluation of prospects and re-

rocks in terms of quality. The specific objectives are to: Carryout
detailed correlation of the sand bodies across the wells; establish
relationship between lithofacies by integrating well log and core
data and delineate the characteristics of the reservoir in the study
field; generate synthetic seismograms from sonic and density well
logs, tie synthetic seismograms to seismic data using synthetic seis-
mograms and available check shot data; The use of seismic data to
build 3-D geological model of the fluvial depositional environment.

3. Field location

Location of the study field Usani field is located at Oil Mining
Lease (OML) 135, offshore Niger-Delta Basin of Nigeria Fig. (1).
The Field covered a total area of 31sqkm offshore south western
coast of Nigeria deep water. The base map for the study field is
shown in Fig. (2)

Ot
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Fig. 1: Concession Map of Niger Delta Showing Study Area (Modified from Doust and Omatsola, 1990).
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Fig. 2: Well Location Map.

4. Methodology

The method of the study involved data acquisition for four well
logs, core data, Base map, checks shot data and seismic data. The
processing and interpretation of seismic data using petrel software,
regional well correlation, qualitative analysis from Techlog envi-
ronrnment, faults picked from seismic data along dip section, reser-
voirs identified on horizons by strong and continuous reflections,
conversion of time and depth structure maps using check shot plots

(Fig.3), producing root mean square (R.M.S) amplitude maps from
velocity model, seismic to well log tie using convolutional model
Sheriff and Geldart (1999)). Producing 3-D geological model using
petrel software 2010. Prospects identification and surface area ex-
tent determination using root mean square (R.M.S) amplitude val-
ues. Petrophysical evaluation using qualitative and quantitative
techniques (After Archie, 1942, Wyllie and Rose 1958, Schlum-
berger, 2013, Asquith and Krygowski, (2004).
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5. Results and discussion
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Fig. 4: Correlation in Well 1, 2, 3 and 4 in NW-SE Direction.
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The well correlation panel show the tops and bases of the reservoirs
A, B, C, A2, B2, C2, A3, B3, C3, A4, B4, C4, in well 1-4 range
from 2946-3532m respectively in Usani oil wells. The analysis of
Gamma Ray (GR) and Spontaneous Potential (SP) logs shows that
the overall lithology is an alternating sequence of sands and shales
in Usani wells 1-4 (Fig. 4).

The correlation and analysis of the all the well section revealed that
each of the sand units extends through the field and varies in thick-
ness with some unit occurring at greater depth than their adjacent
unit i.e possibly an evidence of faulting, where sand D1, D2, D3,
D4, D5 exist as separates sand bodies. The shale layers were ob-
served to increase with depth along with a corresponding decrease
in sand layers. This pattern in the Niger Delta indicates transition
from Benin to Agbada Formation (Amigun, 2013).

Root Mean Square Amplitude (RMS)

The amplitude map (Figs.5) shows area extent of the bright spots
(Sweet spots) of various seismic attributes computed for the reser-
voirs. Having identified number of qualitatively bright spots, seis-
mic amplitude was correlated with the well-log data of interest. The
bright spots was caused by increased of hydrocarbon saturation
across the top of the reservoirs. The observed outstandingly strong

reflection (bright spots) is indicative of reservoir rocks, which may
be due to the presence of hydrocarbons in the identified sands. Fig-
ure 5 shows the root mean square amplitude map of Horizons 1, 2
& 3 — the top of the reservoirs, amplitude levels are portrayed by
the intensity of the colour, high amplitudes being represented by the
range of reddish yellow colour and the lower amplitude by the range
of dark blue areas. The high amplitude pattern observed around the
well locations indicates bright spot which may be caused by veloc-
ity contrast between two layers (Fig.6).

Amplitude map (Fig.5) that was generated from velocity model for
the mapped horizons was to compliment the structural interpreta-
tion. The distinct zones of anomalous amplitude coincide with
structural high already delineated and which also coincided with the
regions where wells have been drilled (Fig.5). Since the amplitude
map correlates with the structurally high locations and bright spots
from seismic attributes analysis, the distribution of low amplitudes
and high amplitudes would be a useful guide in development of the
well drilling of the Usani oil wells and future well drilling and de-
velopment.
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Fig. 5: RMS Amplitude Map of Mapped Area of Interest.
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6. Seismic attribute interpretation

The in-line section shows reflected events at time window of
1.500msec — 3.300 msec at interval of T700 and T1400 offsets, with
well locations situated between T1160 and T1220 in the in-line seis-
mic sections.

From 2700ms-3000ms show low amplitude facies, low continuity
reflection, highly chaotic- indicating shales and fine particles
(Akata Formation). The seismic reflection pattern for the unit with
time slice 3.00msecs and above displays hummocky to chaotic con-
figuration, with weak - moderate reflection strength and low ampli-
tude. The reflection continuity range from poor to very poor, the
unit have been formed by gravitational slumping as result of over-
loading of massive sand deposit on shale. The transport indicate a
high energy basin slope on a lower energy basin slope and deep
water environment (Fig.6).

From 2200ms-2600ms display high continuity reflection, high- me-
dium amplitude facies and continous alternation of sand and shale,
indicating the Agbada Formation. This unit is interpreted as thick
massive sand bodies with inter-bedded shales deposited in a low-
medium energy deltaic front. The Well-logged intervals fall within
these Units and these falls within the time slice of about 2250msec
— 2650msec. These units are the reservoirs of the wells in the field
(Fig. 6).

From 1500ms-2000ms show poor continuity reflection, low ampli-
tude facies with discontinous beds- indicating unconsolidated mas-
sive sand bodies (Benin Formation). Unit is characterized by sub-
parallel reflection pattern, which can be infer as Fair to moderate
continuity and low-medium amplitude. This Unit also depicts fair
to moderate reflection strength with a down-lapping pattern and lo-
cated at time window interval of about 1500msec to 2000msec

(Fig.6).
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7. Faults interpretation

The major faults are F1, F2, F3 and F4 with good sealing potential
act as the traps of the reservoirs at the centre. The whole of the wells
section revealed that each of the sand units extends through the field
and varies in thickness with some unit occurring at greater depth
than their adjacent unit i.e possibly an evidence of faulting. The
shale layers were observed to increase with depth along with a cor-
responding decrease in sand layers. This pattern in the Niger Delta
indicates transition from Benin to Agbada Formation (Amigun,
2013).

8. Time and depth structure maps

Figures 7-8 show respectively the time and depth structure maps
generated from 3-D structural interpretation. The time structure
map (Fig.7) shows the dominant trap in the Field. This principal
structure responsible for hydrocarbon entrapment in the field is a
structural high located at the center of the field which probably cor-
responded to the crest of the roll over structure observed on the seis-
mic section. This was observed as fault assisted closures on the time
structure maps of each horizon. Structural highs are observed in the
northeast and in the center of the field while structural lows are ob-
served in the southwest. Using the information on this map, shows
that the growth fault F1, F2, F3, F4, F5 act as good traps for the
hydrocarbon accumulations in well 1, 2, 3 and 4 at the center of the
field (Central channel belt).

The depth structure map generated (Fig.8) revealed that for hori-
zons one and two, the depth to the top of hydrocarbon ranges be-
tween 9200ft-11800ft (2771-3554m) at 2500- 2800ms in wells 1, 2,
3 and 4 at the center of the field.

2500s

Fig. 7: Time Structure Map for the Mapped Horizons (H1 & H2).
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The seismic to well log tie show a good tie and a perfect match was established between the synthetic seismogram wave form and the
seismic data, revealing that high —amplitude reflection events corresponds to the reservoirs areas (A, B, C, A2, B2, C2) while low- ampli-
tudes reflection events correspond non- reservoirs (shale units). The seismic event also, correspond to the top of reservoirs picked at

horizons 1and 2 using well tie as a guide to recognized the event Figs (9- 10).
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Fig. 11: Depositional Environment in Well 1.

with minor shale intercalations.

Formed in-between sand bodied with fin no internal
structure but mainly muddy deposit.

Medium cross-bedded sandstone with
fine grain at the base. It is also
characterized with thin lamination of
clay material at the base.

Depositional Environment and Lithofacies Interpretation from Gamma Ray Log and Core Data
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10. Log facies and depositional environment
interpretation

Gamma Ray log shapes were used to define the log facies and dep-
ositional environments in the study. The analysis of the Gamma
Ray logs indicate that the log motif fall mostly into three categories
namely: right box car trend with Irregular shapes or right bow
shape, blocky and bell shaped.

The right box car trend with Irregular shapes or right bow shape,
(Figs.13) according to Cant (1992), the trend has no character, rep-
resenting aggradation of shales and silts. The irregular shape of the
Gamma Ray is prominent in well 1 at depth 9320ft-94580ft (2807-
2849m). This irregular Gamma Ray shape and core data is charac-
terized by blackets of clays and fine silts suspended deposits with
high lateral continuity and low lithologic variation at well 1. Ac-
cording to Cant (1992) the deposition is entirely from suspension,
parallel laminae, are by far the most common primary structure.
These indicate muddy tidal — flat to mixed tidal-flat environments.

11. Cylinderical (blocky) shape log pattern
of some sand units in USANI field

The blocky box car shaped Gamma Ray logs which occur in the
study area are serrated. This motif is dorminant in the reservoir units
A B, Cinwell 1, A2, B2, B2 in well 2, (Fig.13) according to Cant
(1992), the blocky car - shaped Gamma Ray log indicate a tidal
channel environments. Emery and Myers (1996), blocky box car

log pattern with significant thickness indicate trangressive and re-
gressive sand. The sands are found in C, at depth 10720ft - 10760ft
(3229-3241m). The turbidite sands associated with the wells belong
to upper Akata Formation of the Niger Delta which is composed of
reservoir sands in the deeper water Cant (1992). The blocky shaped
log pattern imply constant energy level during continued deposi-
tion.

The reservoir units of B, B2, indicate a distributary channel fills
which are made up of coarse sands with good porosity as evident
from sonic logs and core data with good sorting and permeability.
These sands form a good reservoirs (Fig.11-12, 13).

12. Bell shaped sucessssions

The Gamma Ray log motif in well 1 from 10800ft-11000ft (3253-
3313m) in well 2 from depth 11200ft- 11400ft (3373-3343) is ser-
rated and funnel shaped in the wells.

The funnel shape is a coarsening upward sequence. This log pattern
is usually interpreted to indicate depositional well sorted upward
sediment and presences of point bars at depth 9600ft (2892m),
9820ft (2958m), 10600ft (3193m) in well 1. The over bank deposit
is a deposits of deltaic sediments formed after flooding of the bank
which lead to fan- shaped sand deposits on the delta plain. Gluyas
and Swarbrick (2004) classified the crevasse under the deltaic dep-
ositional system. The point bar and sand deposits is observed there-
fore of deltaic/fluvial settings and this characteristics of the Agbada
Formation where channels serve as main reservoirs (Bush 1975,
Cant, 1992), see Figs. 13.
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Table 1 Parameters for Creating Channels of the Study Area.
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Fig. 13: Direct Correlation Between Facies and A Variety of Other Log Shapes Relating to Sedimentological Relationship by Cant (1992).

Table 1: Parameters for Building the 3-D Depositional Model of the Study Field

SIN Parameters Values

1 Sinuosity 1.23

2 Length 32,000m
3 Distance 18,300m
4 Depth 200m

5 Amplitude 1500m

6 Wavelength 7800m

7 Average seismic velocity 2270m/s
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Fig. 14: 3-D Geological Model of Fluvial/Deltaic Depositional Environment Obtained by Stochastic Modelling Method (Modifed after Swanson, 1979).

From the 3-D geological model of the fluvial depositional environ-
ment (Fig.14) obtained from the stochastic model show that the
depositional facies are mainly of sands, shale, flood plain (mixed
deposits — mainly of mud and silts) , leeve sand, crevasse splay,
point bar deposits. This is a typical fluvial / deltaic facies. The wells
are located in the channels, the net to gross ratio, net pay sand and
porosities and permeability values are good indicating high quality
sands in the reservoirs.

13. Petrophysical analysis results

The net to gross sand range from 0.48-0.81, net pay sands are high
enough for hydrocarbon production because of its sand quality (Ta-
ble 2). Oil- water Contact (OWC) was detected at depth 3006-
3018m within reservoir D3 in the field and see table 2 for details.
The geological net pay sands in Fig. (14.) Show the thicknesses and
producing area of the reservoirs from the 3-D geological model.
The by passed hydrocarbon in low resistivity pay zones D1, D2 at
depth 2886-2940m have resistivity values of 0.6- 2.0 ohms, reser-
voir D3 at depth 3006-3018m have resistivity value of 0.8- 2.0
ohms and reservoir D5 at depth 3114-3126m have low resistivity
values of 2-4 ohms (table 2).

Effective Porosity and Core Porosity values in the Wells
The effective porosity values range from 14% - 28 % are good
enough to support hydrocarbon production in the wells.

14.  Permeability range across the field

The permeability values range from 245.50md - 454.70md and this
falls within the range of 50 - 1000md by Etu-efeotor (1997). The
calculated permeability values are high enough to support movabil-
ity of hydrocarbon in reservoirs to the wells.

15. Shale volume in the wells

The shale contents are from 0.033- 0.048, and is not high enough to
hinder production of hydrocarbon from reservoirs A, B, C, in the
wells. The estimated shale volume at the bypassed reservoirs (D1,
D2, D3, D4, D5) ranges 0.038- 0.093 in the wells and such will
support production in the field. Though the water saturation values
are high in sands D1, D2.

Table 2: Petrophysical Results for Usani Wells

NetPay ~Shale ~ Netto
Reservoirs (Dﬁe)pth (Drgo i (53;235 (Sr;i]r)ld (h) X;)I.) g\'ﬁsé) Contact g& ) Z:n d) Z}’;) S, (%)  Remarks
sh

D1 9640-9680 2884-2896 12.00 6.00 0.045 0.50 0.14 245.70 0.461 0.539 Gas
D2 9780-9820 2928-2940 12.00 5.40 0.048 0.55 0.14 245.70 0455 0.545 Gas
A 9840-10600 2946-3174 228.00 161.60 0.033 0.81 GWC 0.28 454.70 0.201  0.899 Gas
D3 1004-1008 3006-3018 12.00 7.00 0.093 0.43 owcC 0.16  255.00 0.518 0.482 Water
D4 1024-10360 3065-3102  36.00 24.00 0.083 0.66 0.20 3005.00 0470 0.530 Qil

B 10400-11400 3006-3413 407.00 310.00 0.035 0.80 0.25 423.70 0.195 0.805 Qil
D5 10400-10440 3114-3126 12.00 5.400 0.048 0.45 0.18 285.00 0.330 0.670 Qil

© 10560-11800  3162-3533 371.00 286.00 0.038 0.77 0.22 350.00 0.200  0.800 Qil
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Fig. 15: Hydrocarbon Saturation Values.

From figure 15 the value of hydrocarbon saturation in the wells
ranges from 80.0%-89.90% in reservoirs A, B, C in the wells. The
hydrocarbon saturation estimated at the bypassed reservoirs D1,
D2, D4, D5, range from 45.50-54.50%. Reservoirs A and B have
the highest gas saturation of 0.65bbls/scf and oil saturation of
2.52mbls across the field. However production can go on in reser-
voirs C, D1, D2, D4, D5 in the wells at irreducible water saturation.

16. Conclusion

The seismic, well and core data were integrated in this research to
predict reservoir performance and improve reservoir quality at
mapped horizons. The models built is a pointer to environments of
deposition in the field. The built model was also, used to character-
ized reservoirs in terms of geometry, porosity, permeable and non-
permeable rock units. The core, well data and the 3-D geological
model produced were used to interprete the environment of deposi-
tion in the field.
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