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Abstract

 This study deals with the petrophysical analysis of the Kahi-01 well in Kahi village in the Kohat Sub-
Basin (Upper Indus Basin) for evaluating the reservoir potential, using different evaluation parameters in the 
interpretation equations. Three formations namely, Lockhart Limestone, Hangu and Lumshiwal Formations 
have been selected for further investigation keeping the fact that they have acceptable ranges for porosity, 
water saturation and shale volume. The 36 m thick Lockhart Limestone with dominant limestone content, 
vuggy and crystalline porosities is appreciated as a hydrocarbon bearing formation. The underlying 50 m 
thick Hangu Formation with dominant sandstone content shows that the grain size is coarser. There are three 
prospective zones identified as; A1, A2, and A3 with comparatively high hydrocarbon saturation and less 
shale content having the thickness of 7m, 15m and 22m respectively, in which A3 zone seems more 
promising. The underlying Lumshiwal Formation has 75 m thickness and is dominantly represented by fine to 
coarse grained sandstone. Unlike Hangu and Lockhart formations, the Lumshiwal Formation has only few 
probable zones for hydrocarbon accumulation, however due to the lesser effective porosity values, the 
formation is not very promising. 
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1. Introduction

o The Kahi-01 well is located at 33  14’ 05’’ N; 
o71  31’ 55’’ E in Kahi Village in Kohat Sub-Basin, 

which is part of Upper Indus Basin, Pakistan (Fig. 
1). The Upper Indus Basin known for its fascinating 
style of deformation, has a thick succession of 
sedimentary strata making it potential site for 
petroleum generation and entrapment (Khan et al., 
1986; Paracha, 2000). Over the last two decades, a 
significant number of oil and gas discoveries have 
been made within the Kohat Sub-Basin (Sercombe 
et al., 1998). AMOCO Pakistan Exploration 
Company (APEC) drilled three wells, i.e. Tolanj-1, 
Kahi-1 and Sumari-1 between 1990 and 1993 in the 
Kohat Sub-Basin (i.e. Tal block; SPE, 2010), but 
they failed to establish production and abandoned 
the area (Paracha, 2004). However, in the last 
decade, discoveries of hydrocarbons in Manzalai-
2002, Makori-2004, Mela-2005 and Chanda have 
increased the interest of exploration and production 
companies in the area. Exploration block TAL is 
covered by Eocene to Pliocene sediments at 
outcrop, underlain by Mesozoic-Palaeocene 
successions. Multiple episodes of deformation 
under different tectonic stress regimes have led to 
subsurface complexities and substantial variation in 
topographic relief (Sercombe et al., 1998). The 
Tolanj-1 well, though which is related to a complex 

flower type structure, indicates that it is not a thrust 
related structure but Kahi-1 and Sumari-1 are 
drilled on thrusted anticline (Sercombe et al., 1998). 
The Kohat Sub-Basin still awaits significant 
discoveries, despite of limited space available, 
where all the concessions are held by Oil and Gas 
Development Corporation Limited (OGDCL) and 
MOL. The abandoned Kahi-01 well, was re-drilled 
in 1992 up to a depth of 2067m in the North West 
part of Tal Block (SPE, 2010). The stratigraphic 
succession drilled in Kahi-01 well ranges in age 
from Jurassic to Early Eocene (Fig. 2). Research 
indicates that there is no academic work done or 
published data, regarding petrophysical analysis of 
the Kahi-01 well, thus, the present study is aimed 
towards the petrophysical analysis of the rock units 
drilled in Kahi-01 for evaluating the reservoir 
potential. 

2. Methodology

 Two important properties of reservoir rock for 
its characterization are porosity and permeability 
(Asquith and Gibson, 1997). The quantitative and 
qualitative analysis of these properties along with 
the identification of the reservoir intervals within 
Kahi-01 well is achieved by addressing volume of 
shale, water, and hydrocarbon saturation, 
porosities, water resistivity and gas effect by suits of

30 

Journal of Himalayan Earth Sciences Volume 49, No. 1, 2016 pp.30-40



Fig.2 . The stratigraphic succession exposed within the Kahi-01 well.
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Fig.1 . Map showing the location of Kahi-01 well and the major structural features 
           of the Kohat Sub-Basin (Pivnik and Sercombe, 1993).
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wireline logs, i.e., self-potential, dual induction 
focused (ILD & ILM), gamma ray, neutron, 
density and resistivity logs for a total depth of 
2067 m. The neutron porosity (фN), density 
porosity (фD), total porosity (фT) and effective 
porosity (PHIE / фE) were calculated using the 
following formulae (Rider, 1996; Asquith and 
Gibson, 1982; Crain, 1986);

 фN = (1.02 × фN log ) + 0.0425
ф density =ρmatrix – ρlog/ ρmatrix- ρfluid
фT = ( фD +  фN ) / 2 
фE = фT × (1-Vsh)
ρmatrix = Density of matrix, 
ρlog = Density reading from the log curve
ρfluid = Density of the fluid
Vsh = Volume of shale

 The volume of shale (Vsh) was 
calculated using gamma ray log by first 
calculating the gamma ray index (IGR) using 
the following equation (Schlumberger, 1974);

IGR= GRlog – GRmin / GRmax - GRmin
IGR= Gamma ray index
GRlog = Gamma ray reading at the depth of 
interest
GRmin = Minimum gamma ray reading 
(Usually the mean minimum through a clean 
sandstone or carbonate formation).
GRmax = Maximum gamma ray reading 
(Usually the mean maximum through a shale or 
clay formation). 
After calculating IGR, the values can be used to 
calculate the volume of shale using the 
following formulae (Larionov, 1969);

3.7×IGRV  = 0.083 × (2  −1) for the tertiary rocks sh

and
2×IGRV  = 0.33 × (2 −1) for older rocks,sh

 The saturation for a pore fluid (S  and w

Sh) was determined using Archie's (1942) 
equation, first by finding the saturation for 
water (S ) as;w

 
1/n S  = [(a/ ф m) __× (Rw/Rt)]  (Archie, w

1942)
and putting water saturation in the following 
formula; 

Sh = (100 – Sw) % (Schlumberger, 1996). 

 Further, the bulk volume of water was 

calculated as follows; 

V  = ф e × S  (Asquith and Gibson, 1982; bw w

Crains, 1986). 

 The gas effect, in a gas bearing zone can 
be calculated as follows; 

Gas effect =A* фD + (1-A)* фN /A (2) (Asquith 
and Gibson, 1982).

Rw = Water resistivity (calculated through SP 
method, is 0.028 for Lockhart Limestone, 0.027 
for Hangu Formation and 0.025 for Lumshiwal 
Formation)  

R  = True resistivity, t

S  = Water saturation, w

Sh = Hydrocarbon saturation, 
V  = Bulk volume of water, bw

a = Tortousity factor, 
m = Cementation exponent, 
n = Saturation exponent
A= Gas correction factor.

 The lithology was determined from 
bulk density (RHOB) and neutron porosity 
(NPHI) curves (Schlumberger, 1996). All the 
logs were analysed with the help of Geographix 
Software, used under the academic license of 
Saif Energy Limited, Pakistan. The following 
cut-offs were used to identify 3 intervals for 
more detailed petrophysical analysis;

Volume of shale (V ) < 35%; sh

Water saturation (S ) < 70% and w

Effective porosity (ф ) > 7 %.E

3. Results and discussion

3.1. Identification of reservoir intervals

 The identification of a potential 
reservoir zone in a borehole is of prime 
importance and a number of criteria can be used 
like low GR log values, high effective porosity 
values and high neutron porosity values. The 
petrophysical parameters were determined for 
the formations drilled within Kahi-01 well, the 
Lockhart Limestone, Hangu Formation and 
Lumshiwal Formation were selected for 
detailed petrophysical analysis, as they fulfil 
the criteria of cut off factor (Table 1).
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3.2. Petrophysical interpretation of lockhart 
limestone

 The Lockhart Limestone is 36 m thick with 
a depth range 1655m-1691m (Fig. 4). Various 
log curve statistics were calculated in order to 
understand its reservoir potential (Tables 2-4). 
The lithology evaluated from NPHI and RHOB 
is dominantly limestone (Fig. 3). The average 
value for shale volume, density porosity and 
neutron porosity along with the effective 

porosity is not satisfactory contrary to the 
values for the total porosity, ILM and ILD 
separation and hydrocarbon saturation (Fig. 4 
and Tables 2-4). The average bulk volume of 
water for Lockhart Limestone is 0.024 (Table 4) 
indicating vuggy to crystalline type porosities 
(Fertl and Vercellino, 1978). The overall 
formation can be considered as hydrocarbon 
wet (Table 4 and Fig. 4).

Table 1.  Max and Min log curve values for the various rock units encountered in Kahi-01 well.

Table 2. The volume of shale in Lockhart Limestone 
              at different depths.

Table 3. The average values for the total porosity
              in Lockhart Limestone.

Table 4.  Water (S ) and hydrocarbon (Sh) saturation at different depths for Lockhart Limestone.w
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Fig. 3. NPHI and RHOB cross plot for Lockhart Limestone showing the 
           dominant lithology (Schlumberger, 1996).

Fig. 4. Computer processed logs interpretation of the Lockhart Limestone
           in the Kahi-01 well.
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3.1. Petrophysical interpretation of Hangu 
Formation

 The total thickness of Hangu Formation is 
50m with a depth range of 1691-1741m (Fig. 5 
and Tables 5-7). The dominant lithology is 
sandstone based on a crossplot of the NPHI and 
RHOB curves (Fig. 6). There are three potential 
reservoir zones identified within the Hangu 
Formation named as: A1, A2 and A3 (Fig. 5). 
The thickness of interval A1 is 7m and occurs at 
depth from 1692-1698m for which the effective 
porosity (3.4 %) and total porosity (5.5 %) are 
not very promising, however, the average 
values for volume of shale is 24.4 % and the 
hydrocarbon saturation is 76 %. The thickness 
of zone A2 is 15m with depth ranging from 
1701-1716m. The average values of effective 

porosity (5.5 %), total porosity (6.4 %), volume 
of shale (22.4 %) and hydrocarbon saturation 
(82 %) for zone A2 suggests that it is more 
prospective. The thickness of A3 interval is 
22m and depth ranges from 1718-1740m. The 
average values of effective porosity (6.8%), 
total porosity (9%), volume of shale (8.33%) 
and hydrocarbon saturation (86 %) for zone A3 
marks it the best among the three zones within 
the Hangu Formation, and the greater thickness 
than A1 and A2 zones further increase the 
importance of A3 zone as a potential reservoir. 
The value for the bulk volume of water in 
Hangu Formation ranges from 0.01 to 0.03 
which indicates that the grain size within this 
formation is dominantly coarse sand (Fertl and 
Vercellino, 1978; Table 7), which may increase 
its reservoir potential.

Fig. 5. Computer processed logs interpretation of the Hangu Formation in the Kahi-01 well.
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Table 5. Volume of shale in 
             Hangu Formation at 
             different depth.

Table 6. Total Neutron and Density porosity average values for 
             the Hangu Formation.

Table 7. Water (S ) & hydrocarbon (S ) saturation and bulk volume of water values w h
             at different depths for Hangu Formation.

Fig. 6. NPHI and RHOB cross plot for Hangu Formation showing 
           the dominant lithology type (Schlumberger, 1996).
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3.4. Petrophysical interpretation of Lumshiwal 
Formation

 The total thickness of Lumshiwal 
formation in Kahi-1 well is 133m, starting from 
1837m to 1970m (Table 8). Petrophysical 
evaluation of the Lumshiwal Formation reveals 
only one reservoir zone occurring at the depth 
of 1885-1960m (75m thick; Fig. 7). There is 
sandstone and limestone present in the 
formation as evaluated from the NPHI and 
RHOB (Fig. 8). The average values of effective 

porosity (2.6%), total porosity (5.5 %), volume 
of shale (39.85 %) and hydrocarbon saturation 
(44 %) for this zone are not much promising. 
The bulk volume of water values in Lumshiwal 
Formation mostly ranges from 0.01 to 06, 
which indicates that the grain size in this 
formation is from fine to coarse grained (Fertl 
and Vercellino, 1978; Table 8).

Table 8. Volume of shale, effective porosity, bulk volume of water and water saturation 
              values at different depths for Lumshiwal  Formation.
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Fig. 7.  Computer processed logs interpretation of the Lumshiwal Formation in the Kahi-01 well.
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4. Conclusions

 The Lockhart Limestone with dominant 
lithology of limestone with vuggy and 
crystalline type of porosities having 36m 
thickness is considered to be hydrocarbon wet. 
The Hangu Formation has thickness of 50m 
with dominant lithology of sandstone. The 
analysis shows that the grain size is coarse. 
There were three prospective zones identified 
as A1, A2, and A3 with high hydrocarbon 
saturation and less shale content having the 
thickness of 7m, 15m and 22m respectively, in 
which A3 zone is more promising than the rest. 
The reservoir zone in Lumshiwal Formation 
has a thickness of 75m, with dominant lithology 
of fine to coarse grained sandstone. The 
prospects as compared to the intervals 
identified within Lockhart Limestone and 
Hangu Formation are not much promising due 
to the lesser PHIE values, however, with fair 
amount of hydrocarbon saturation and 
coarseness of the grain size of the sandstone 
suggests it be a significant one.

5. Suggestions and recommendations

 The current investigations are only 
focused on the petrophyscial analysis of the 
reservoir intervals in Kahi-01 well. In order to 
trace these intervals in the Kohat Sub-Basin, a 

detail sedimentological and petrophysical work 
is required in other parts of the basin to 
understand their spatial depositional 
distribution. These wells should be correlated 
with seismic section to find lateral variation of 
the formation. The intense structural 
complexity can be addressed using both the 
tools (seismic and well log). To better 
understand the reservoir potential of the drilled 
units in the study well and to calibrate the 
determined petrophysical parameters the core 
data should also be evaluated.
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