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Abstract: Present study attempts to decipher the subsurface structure and reservoir characterization of Fort-Abbas
field, located in Punjab platform, Central Indus Basin utilizing 2-D seismic and wireline logs data. Four seismic lines,
944-FABS-42, 944-FABS-43, 944-FABS-48, 944-FABS-49 and wireline logs of Bijnot-01 well have been used for this
research work to delineate subsurface structures and demarcation of zone having fair potential of hydrocarbon
accumulation. Formation evaluation for hydrocarbon potential using the reservoir properties is also the foremost
objective of this research work. Based on the results of seismic data interpretation of Fort-Abbas field and integrating it
with formation tops and wireline logs data, three prominent reflectors have been marked i.e. Eocene Sui Main
Limestone, Cretaceous Lower Goru and Jurassic Chiltan Limestone. The structure of the area is interpreted as gently
dipping monocline. Based on the breakup of reflectors on seismic section, one normal fault is marked. Time and depth
contour maps are generated to demarcate lateral extension and closure of the reservoir. Based on interpretation of
wireline logs, a zone has been marked from depth of 504 m to 594 m (Datta Formation) as a favorable zone having
good potential for hydrocarbon accumulation. Saturation of hydrocarbon (S;) in this zone is calculated as 57%.
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were drilled in 1994 and 1996 respectively on Punjab
Introduction platform to discover the petroleum potential of Infra
Cambrian reservoir rocks (Zaidi et al., 2012).
The study area lies in Tehsil Fort Abbas, District

Bahawalnagar of Punjab  Province (Fig.1a). Tectonics of area

Geographically the area is situated at 28°49°42” N and

71°52°14”E. Geologically, it is the component of Central Indus Basin has three subdivisions. From east
Central Indus Basin, Pakistan. The exploration license to west these are Punjab platform, Sulaiman depression
of Fort Abbas field was granted to OGDCL in June and Sulaiman fold belt (Quadri et al., 1986) (Fig.1b).
1992. Acquisition and processing of 2-D Seismic data Punjab platform is west ward dipping monocline,
was done on Fort Abbas field by Oil and Gas covered with unconsolidated Quaternary deposits with
Development Company Limited (OGDCL) in the maximum thickness of about 500m (Raza et al.,
1994.Exploratory wellsFort-Abbas-01 and Bijnot-01 2008). It is mostly a desert area with no surface
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Fia.1la Tectonic Map of Pakistan showing study area (modified after Kadri, 1995).
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outcrops (Kadri, 1995). The basin configuration of
Central Indus Basin is as follows. In north there is
Sargodha high, in east there is Indian Shield, in west
there is Axial Belt and in south, there is Sukker Rift

Shows the properties of four seismic lines used for
interpretation. Base map of study area (Fig. 2) shows
the orientation of seismic lines and the corresponding
points on which seismic data are acquired. The quality
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Fig.1b Generalized tectonic map of Pakistan and location of the Central Indus Basin (modified after Kadri, 1995).

(Kadri, 1995) (Fig. 1a, 1b). Punjab Platform is least
affected during Himalayan orogeny therefore, it
possesses non-tectonic origin structures (Hasany et al.,
2007). Punjab platform has no exposure of bed rocks.
Most of bed rocks are covered with thick alluvium
(clay, silt and sand) deposits. The oldest rock present
in the basin is of Triassic age. Due to lack of active
tectonic elements in the Central Indus Basin, it is very
stable (Kazmi, 1997)

Methodology
Seismic Data Interpretation

The analysis of seismic data includes stratigraphic and
structural analysis. It is the conversion of seismic
reflection data into a useful structural picture to reveal
the structure and stratigraphy of the subsurface
(Dobrin, 1976). Seismic interpretation includes
conversion of velocity and time into the depth of
subsurface reflecting interfaces to convert seismic data
in to useful image (Dobrin, 1976). For present research
work Kingdom software version 8.6 has been used to
interpret seismic data. The data of well Bijnot-01 has
been incorporated for the study. Table 1

Table 1 Seismic lines information.

LINE 944- 944- 944- 944-FABS-
NAME FABS-42 | FABS-43 FABS-48 49
Line Strike Strike Dip Dip
Line East- North- North-
Direction West East-West South South
SP Range 101-1218 | 101-1015 101-1099 101-597
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of seismic lines of Fort Abbas field is fair to good. On
interpretation of seismic data, three prominent
reflectors are marked on seismic section. Well Tops of
Bijnot-01 well are used for correlation. The marked
horizons are Eocene Sui Main Limestone, Cretaceous
Lower Goru and Jurassic Chiltan Limestone (Fig. 3, 4).
Time read of these interpreted sections at an interval of
50 shot points and referred to the seismic base map
(Fig. 2). By contouring points of equal time value,
time contour maps of all three horizons are prepared
(Fig. 5a, 6a, 7a). Taking the average stacking velocities
and smoothing of the velocities with the depths
encountered in Bijnot-01, the depth structure maps are
also prepared for three horizons (Fig. 5b, 6b, 7b). The
seismic line S944-FABS-42, which is a strike line,
taken as control line for correlation. Well is not exactly
located on the seismic line rather it is at some offset
from it (Figure 2).

Bijnot O1

,,,,,,

Fig. 2 Base map of the study area.
Seismic Time and Depth Sections

Seismic Time section is a plot in a time frame against
the shot points. Seismic section is in time (sec) units
therefore, the interpretation has been carried out in
units of two way travel time. To determine the depth,
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Fig. 3. Interpreted Seismic Section of strike line 944-FABS-42 showing horizons and fault with well location.
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Fig. 4 Interpreted seismic section of dip line 944-FABS-48.

read the time of each reflector from seismic section. Time and Depth Contour Maps

By using the appropriate velocity values and time, the

depth of each reflector is calculated by the following Time contour map correspond to contour lines which

relation. have the same time value and represents the time taken
by a seismic wave to travel through subsurface and

Depth (S)=(VxT)/2 after reflection coming back to the receivers. The depth
of the stratigraphy i.e. Sui Main Limestone, Lower

Where: V = Velocity of reflector in (m/s) and T = Goru and Chiltan Limestone and the structures such as

Two-way travel time of each reflector in (sec). faults and folds are marked onthe base map. They are

contoured to make depth contour map. The contours
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show the precise depths of the structure present in the
area. The contour values representing the shapes of the
subsurface features.
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Fig.5a. Time contour map of Sui Main Limestone.
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Fig. 5b. Depth Contour map of Sui Main Limestone.
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Fig. 6a. Time contour map of Lower Goru
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Fig. 6b Depth contour map of Lower Goru.
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Fig.7a. Time contour map of Chiltan Limestone.
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Fig.7b Depth Contour map of Chiltan Limestone.
Results of Time Depth Contour Map

As it is obvious from Time / Depth Contour Maps that
at Sui Main Limestone, Lower Goru and Chiltan
Limestone level, there are westwards dipping
monocline, which is a typical characteristic of the area.
Normal faults of subtle throw are present in this area.
There is a very small three-way dip and one way fault
bounded closure.

Petrophysical Analysis:

The objective of petrophysical analysis is to attain
information from the well, i.e. Bijnot-01. The data
used for this study comprises of the log curves. The
logs used are Gamma Ray Log, Neutron Log, Density
Log, and Resistivity Log. A procedure adopted for this
study is shown below (Table 2). The clean zone is
marked using the Gamma Ray Log. Separation in
resistivity curves (LLS, MSFL and LLD) and higher
values of resistivity confirm the presence of
hydrocarbons. The cross over between Neutron and
Density logs indicate the presence of hydrocarbons in
selected clean zone. Following zone of interest is
marked (Table 3) and the methodology adopted is
given below (Table 2).
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Table 2 Procedure adopted for wireline log interpretation.

RAW LOG CURVES

VOLUME OF SHALE Vsh (GR Log)

POROSITY (Neutron, Density)

RESISTIVITY OF WATER Rw (Resistivity log)

SATURATION OF WATER (Sw)

SATURATION OF HYDROCARBON (Sh)

Table 3 Marked zone of interest encountered.

Datta

Formation 90m

504m 594m

Calculation of Volume of Shale:

Volume of shale is also called dirtiness of reservoir.
Figure 8 represents Vsh calculated in our zone of
interest. It is calculated by using following equation.

Vsh = (GR log - GR min) / (GR max - GR min)
Where:

GRoq = Gamma ray log reading.
GR 1ax = Maximum Gamma ray value.

GR 1in = Minimum Gamma ray value.
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Fig. 8 Volume of shale for selected zone.
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Net to Gross Ratio (NTG)

Net to gross ratio is the cleanliness of a reservoir. It is
also known as V clean or V sand. It is calculated by
subtracting shale volume from 1(Rider, 2002).

Net to Gross Ratio (NTG) = 1-Vy,
Where: Vg, = Volume of shale.
Porosity Calculations

For a reservoir evaluation, porosity “@” calculation is
an important parameter. For the present research work
porosity is calculated using porosity logs i.e. neutron
log and density log (Schlumberger, 1997, Rider, 2002).

DPHI (Density Porosity) =
(RHOM-RHOF)

(RHOM-RHOB)/

Where: RHOM= density of matrix (constant values).
RHOF= density of fluid (on log header).
RHOB= Bulk Density (density log values).

Neutron Porosity is directly calculated from neutron
log curve.

Average Porosity= (Neutron Porosity + Density
Porosity) / 2

Effective porosity= (NTG)*Average Porosity.
Where: NTG = 1-Vg,

Effective porosity and total porosity curve for our zone
of interest is shown in Figure 9.

Fig. 9 Effective porosity as compared to total porosity.
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Saturation of water

Sw is calculated by using Archie’s equation (Archie,
1942).

Archie’s Equation:

Sw= v (Rw/ (Rt*@e?))

Where: Sw = Saturation of water
Rw = Resistivity of water
Rt= Resistivity of true zone
Pe= Effective porosity

Saturation of Hydrocarbon

Hydrocarbon’s saturation determination is most
important factor because it shows the potential of
reservoir to produce hydrocarbons. Saturation of
hydrocarbons results are shown in Figure 10. Formula
for calculation of hydrocarbons is:

Sh =1-Sw

Where: Sh: Saturation of hydrocarbons.

Percentage (%3)

[u] a0 A0 &0 =0

Depth
(meters)

W Hy drocarbon saturation

W wWaer saturation

Fig. 10 Saturation of hydrocarbons.
Results and Discussions

The study area lies in Punjab Platform. This area is
least effected by tectonic activity, so normally faulting
is common behavior observed here. Horst and graben
structures are generally present in this area. These
structures favor the accumulation of hydrocarbons.
Seismic interpretation shows that the area is comprised
of monocline structures that have one limb gently
dipping in north-west direction. Punjab Platform
further extends towards east in India, where it is called
Bikaner-Nagaur Basin, where significant quantity of
hydrocarbons has been discovered. Good reservoir
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quality sands and dolomite are present in Cambrian
sequence. The well was drilled on basement involved
high with a sufficient structure closure. The
geothermal gradient of the area is very low and as such
oil window lies much below the Salt Range Formation.
Petrophysical analysis of Bijnot-01 well indicates good
potential of Hydrocarbons in Datta Formation and Salt
Range Formation. Bijnot-01 well is drilled downdip
that makes it unsuccessful.
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