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ABSTRACT:  Lanwa field is situated in the northern part of Cambay basin in Ahmedabad-Mehsana tectonic block. It is one of the
fields of heavy oil belt that is aligned on the eastern fringe of Mehsana horst. The viscosity of the oil increases from south to north.
The uppermost sand unit KS-I in Kalol Formation is the main reservoir in Lanwa field and houses the bulk of OIIP.  The primary
recovery of the field is about six percent.To enhance the recovery factor thermal EOR schemes are at different stages of implementation
in the fields of heavy oil belt.   The present paper deals with the generation of geological model for the pay sand KS-I and its relation
and proximity to coal layers in the Lanwa field.  Heterogeneity of KS-I pay sand has been defined by the fine scale Geocellular
model. The thickness of the reservoir varies from 2-82 m with average porosity of 29%. The stratigraphic framework model involved
the fine scale layering of KS-I pay sand into 277 layers from bottom. Processed petrophysical parameters derived from ELANPLUS
were used in the well model. Attribute model shows the distribution of these properties on each cell of 100X100 m grid. The model
clearly demonstrates the variation in reservoir properties throughout the field. The existence of coal and its proximity to the reservoir
has greater impact on the thermal EOR process. The classification of coal distribution similarities and its proximity to the reservoir
has provided an important additional parameter. Hence, the field has been divided into three sectors based on distribution of coal
thickness and its proximity to KS-I paysand. The hazardous areas in relation to the presence of coal have clearly been identified to
help the formulation of strategic plan for the thermal EOR process in Lanwa field.

INTRODUCTION

Understanding the internal architecture of the
reservoir and its characterization is an important activity in
the development study of any oil/gas field. Thus it is important
to know the quality of the reservoir i.e. spatial distribution of
the reservoir attributes such as porosity, shaliness and water
saturation etc in the entire field. Conventional mapping
techniques may not be able to capture these heterogeneities
and fine layering within the reservoir is not possible for its
better definition. Development plan may be refined and
monitored on continuous basis if better detail of the reservoir
is available in finer scale.

Geostatistical tools proved to be powerful in capturing
such heterogeneity in distribution of the reservoir properties
in the whole volume of the reservoir.  In the present study the
search radius and power factor method available in the
StrataModel software of M/s Landmark was used to distribute
the log derived petrophysical properties such as porosity,
shaliness and water saturation which were available at the well
locations.

 LANWA FIELD

The Lanwa field was discovered in the year 1972 and
put on commercial production in 1986. The structure is a N-S

trending elongated asymmetrical anticline situated in the
northern part of Cambay Basin in Ahmedabad-Mehsana
tectonic block. The NNW-SSE to N-S trending elongated field,
extending 13 kms in length with 1 km average width, is the
northernmost field in the heavy oil belt on the eastern fringe of
Mehsana Horst (Fig. 1).

The Balol and Santhal fields are aligned towards south
in the same continuity. The viscosity of the oil increases from
south to north being highest in the Lanwa field.  The western
limit of the structure is the eastern side of Mehsana horst where
all the pay sands are abutting. The main reservoir is Kalol main
pay sand (KS-I) of Eocene age which is containing the major
portion of OIIP of Lanwa field. The hydrocarbon entrapment
is  strati-structural with the pinch-out of sands  against the
Mehsana horst towards the west.  The hydrocarbon limit to the
east is defined by OWC throughout the field. KS-2 paysand
lying below KS-I has lesser thickness and is mostly water
bearing. Upper Suraj Pay (USP) which lies on the top of KS-I
is interesting only in few wells. Number of coal bands have
also been identified in the study area (Fig. 2)

PRESENT STUDY

Till date 136 wells have been drilled in Lanwa field
with the primary recovery of only 6% over a period of 30 years.
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The necessities to enhance the production from the field
required re-look of the existing model. With an objective to
study the feasibility of exploiting the heavy oil column it was
decided to develop a Geocellular model as an input to the
reservoir simulation studies. This is the first attempt of its
kind in heavy oil belt of India. Reservoir characterization is
an important activity in the development study of any oil/gas
field. The methodology used to decipher the reservoir property
distribution is dealt with in detail. Also, the presence of coal

units below the main reservoir KS-I is perceived as an
impediment for implementation of the EOR scheme in the
field. The relationship of these coal bodies with respect to
paysand has been established and the safer areas for the
implementation of the future EOR scheme have been
identified.

METHODOLOGY

To identify Kalol paysands well log correlation was
carried out using the StratWorks software module (Fig.3 and
4). Structure grids were generated with 100 by 100 m mesh
and log based correlations using Z-map software (Fig 5,6,&7).
Surface grids thus generated at top and bottom of these units
form the Stratigraphic framework for StrataModel.  Within
KS-I paysand  277 fine layers were decided on the basis of
log sampling interval. This framework guides the distribution
of reservoir properties in the reservoir volume by geostatistics
using geological control.

In the present work around 130 wells were processed
using ELANPLUS software to compute the petrophysical
parameters. The processed log data such as porosity, shaliness
and water saturation at a sampling interval of 0.1524 m were
used to generate the well model.

Attribute model was generated by StrataModel
software module using a search radius and power factor based
algorithm, which is geostatistical in nature. In this method, the
cells other than the ones cut by well track are populated with
the reservoir attributes using this algorithm. The area covered
by the search radius is divided into a no. of sectors and the
data points falling in those sectors are given different
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weightages depending upon the distance from the cell and
power factor used. In the current study a search radius of 4000
m and power factor of  4 are used.

A thickness map showing relationship with the
existence of coal bodies below the main reservoir KS-1 has
also been prepared in order to avoid the areas unfavorable for
EOR in the field.

DISCUSSION

The structure contour map on top of KS-I paysand
clearly brings out the structural disposition of the field and
the distribution of hydrocarbon in different fault blocks (Fig.5).
The different fault blocks identified on the basis of contacts
and the extent of hydrocarbon pool, has also been shown in
the map  (Fig. 5 ). The gross sand thickness (Fig.6) of KS-I
appears to be increasing towards east while it abuts against
the Mehsana horst towards the west. The sand entry point
follows the regional trend. The fine scale Geo-cellular model
depicts the reservoir heterogeneity within KS-1 paysand
vertically as well as laterally. The heterogeneous reservoir
cross section in terms of their petrophysical properties i.e. Sw
and porosity can be visualized in the entire field (Fig.8 -11).
The model can be used as an input for the simulation study and
precise exploitation strategy may be chalked out.

An attempt has been made to derive a relation of coal
bodies with respect to the overlying reservoir for an effective
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thermal EOR scheme in such heavy oil belt where primary
recovery is very low. The presence of coal units below the
main reservoir and its occurrence from the bottom of KS-I has
been established. The occurrence of coal and its proximity to
the base of paysand KS-I has been shown in the map (Fig.12).
The thinner coal bodies/ no coal areas away from the base of
KS-I are the most favorable areas for thermal EOR. Three
sectors have been identified (Fig.12) based on the above criteria
which are as follows:

- The sector-I  in the northern part is virtually devoid of
coal ( hardly 1-2 m )

- The sector –II in the central part of the field shows
abundance of coal  and it increases towards east.

 The sector –III in the southern part depicts presence
of coal  but relatively proximal to the base of overlyingreservoir.

CONCLUSION

- The study has resulted in generation of basic input for
simulation/ exploitation strategy for KS-I paysand in
Lanwa field.
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  - Coal proximity and its occurrence vis-a vis KS-I paysand
may be the guiding criteria for implementation of
thermal EOR in the field.
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