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ABSTRACT : Bassein field in Mumbai offshore is a giant gas field underlain by a thin oil-rim of around 10 meters and a thick
aquifer. The field is under gas production since 1988 with an insignificant amount of oil production. With a cumulative gas
production of over 120 BCM out of total reserve of 274 BCM, there is an apprehension that the thin oil column might have

migrated into gas zone resulting in very little or no oil column left for any future production. In order to confirm the presence of oil-
rim, an RST survey was carried out in five wells of the field in flowing well conditions. The Alpha processed results of these wells
were studied to see the changes in fluid saturations and their movement. Apart from So – curve (SoRST_Alpha), other curves like
∑, TPHI, WINR and separation of near and far ∑- curves have been used to distinguish between gas, oil and water. The technique
has been successfully used to locate oil in all the five wells. The wells in the northern part of the field show lesser column of oil
compared to the wells in the southern part. Further, the oil in the northern part appears to have de-saturated compared to the oil

in the southern part. These differences may be due to late commencement of gas production in the southern part. The confirmation
of presence of oil through this technique has given further momentum to our endeavour to exploit this oil-rim by planning to
convert three of the existing wells in the southern part into horizontal drainholes for oil-rim.

INTRODUCTION

Bassein field is located in the continental shelf of
Arabian sea and is about 80 km WNW of Mumbai city. The
field was discovered in March, 1976 and put on commercial
production from 1988.

Bassein structure is N-S trending asymmetrical
anticline with an areal extent of around 235 square km and
vertical closure of 120m in the northern part and 70m in the
southern part of the field (Northern and southern parts are
separated by a saddle). It has oil and gas accumulation within
Bassein limestone, which is of Middle Eocene to Lower
Oligocene age. The gas thickness is around 50m to 100m
underlain by an oil rim of thickness 10m to 15m. A battery of
studies  has been conducted in the past to establish and
exploit the potential of oil rim but all of them envisaged meager
oil recovery of 5% because of water and gas coning on the
basis of coning model studies. Lack of water free production
in any of the test wells further corroborated the findings of
the studies. The field was, therefore, developed as a gas field
based on the recommendations of M/s. Mecord & Associates.
The endeavour for oil production was, however, not given up
and two of the wells of BA platform viz. BA-1 and BA-2 were
perforated in the oil zone. Unfortunately both the wells had to
be re-completed in the gas zone because of high GOR. Another
well BA-9H was attempted as a horizontal well in the oil-rim

but the well landed erroneously into the gas zone because of
imprecise drain-hole placement technology prevailing at that
time.

Meanwhile the cumulative gas production of this
field has gone upto 120 BCM out of total reserves of 274
BCM. Because of this massive production there is a common
apprehension that the thin oil column might have migrated
into gas zone resulting in very little or no oil column left for
any future production. Partial migration of oil into gas cap is
also shown in the reservoir simulation studies. It was, therefore,
widely felt that before envisaging any further plan to develop
the oil-rim at this stage the existence of oil rim itself should be
confirmed through some technique.

With this aim in mind RST survey in eight wells was
planned with M/s Schlumberger MSU to cover the entire field.
Unfortunately only five wells could be taken up due to well
clearance problem. In all the wells attempted  the tool was
lowered through tubing in flowing well conditions.
Nonetheless the results of these five wells are sufficient to
understand the fluid movement in the reservoir and to see the
presence of oil rim.

THEORY & METHOD

RST is now a widely accepted tool for reservoir
evaluation and saturation monitoring through casing. The
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new generation tools (both RST-A and RST-B) can be run
through tubing in flowing well conditions thus obviating the
closure or killing of the well.

As this tool can directly ‘see’ the oil zone, it does
not need any salinity contrast to distinguish between fresh
water and oil. The tool can, therefore, be run in unknown
salinity or varying salinity environment.

Both versions of the tool use dual detector system
except that in RST-A both are mounted on the same vertical
axis whereas in RST-B they are not on the same axis. The
detectors in RST-B are positioned in such a way that the near
detector responds only to the borehole while the far one
responds to the formation (Fig-1). This allows measurement
of formation oil saturation with the well flowing and also
simultaneously determines borehole oil/water fraction or
holdup.

Both the tools use gamma-ray spectroscopy wherein
high energy neutrons are allowed to interact inelastically with
the formation nuclei. The resultant gamma-ray spectrum tells
about the elements present in the formation, as all the elements
have different and unique gamma-ray signatures (Fig-2).
Carbon and Oxygen also have distinct gamma-ray peaks and
hence can be easily identified (Fig-3). The magnitude of a
particular spectrum tells about the amount of that particular
element present in the formation.

The scattered neutrons, when slowed down to
thermal neutron energy level, get absorbed by the formation.
As the capture cross-section (∑) of Chloride ion is very high
for thermal neutrons the saline formation water shows a very
high ∑. This method can be applied to determine salinjty and
porosity of the formation. However, ∑ of fresh water and
hydrocarbon are same. In such cases C/O ratio is the only
way to distinguish between them.

The resultant C/O ratio from the spectrum is subjected
to Alpha processing for volumetric analysis. To achieve better
accuracy as well as precision, both (C/O)_yield and (C/
O)_windows are taken into account. Whereas (C/O)_yield
comes directly from the measured spectra, (C/O)_windows is
measured by placing energy gates across carbon and oxygen
windows. As obvious, the window method will receive more
gamma-ray counts and hence will be more precise. However it

Figure 1 Figure 2
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will be less accurate as it receives counts from the
neighbouring elements also. Both these measurements are
used to calculate the volume of oil. The method uses a large
data base of various casing size, casing weight, borehole size,
lithology, formation porosity, borehole fluid and formation
fluid. The two oil volumes thus achieved are subjected to
Alpha processing wherein we get the actual volume of oil.

The oil saturation curve thus generated gives same
response for gas and water bearing zones. In that case other
curves like ∑, TPHI (cased-hole neutron porosity), WINR
(inelastic near and far count ratio) and far and near ∑ counts
separation can be used to identify gas. ∑_gas is much lower
than ∑_oil or ∑_water. Therefore at comparable shale levels
the “ measurements will be lower in gas bearing zones.
Likewise, hydrogen index is low in gas bearing zones and
hence RST porosity from neutron (TPHI) underestimates
formation porosity. Near and far ∑ counts separation is also a
good indicator of gas. In this method both the curves are
overlaid in water bearing zone. Once this is done, any
significant separation occurring anywhere is indicative of gas
provided the cement behind the casing is good.
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RESULTS

The final processed results along with ELAN
volumes from open-hole logs are presented in Fig-4 through
8. As shown in these fgures all these wells show oil saturations
in the interval ranging between 3m to 7m. While BD-7 and BD-
9 in the northern part of the field show a confirmed oil zone of
only 3m with Sw varying between 40-60%, wells in the southern

Figure 3

Figure 4
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Figure 5 Figure 6

part show a confirmed oil zone of 6-7m with Sw between 40-
70%. The point from were the RST saturation curve and ELAN
saturation curve start diverging has been taken as the top of
the oil zone. The exact oil intervals in the wells BD-7, BD-9,
BC-4, BE-2 and BE-8 are 1730-1733m, 1734.5-1737m, 1733-
1739m, 1738-1743m and 1738.5-1745m respectively.

CONCLUSION

• RST can be effectively used to distinguish between gas,
oil and water. Although gas and water are not
distinguished by the RST saturation curve, there are
other associated curves which can be used to
distinguish between them.
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• Wells BD-7 and BD-9 in the northern part of the field
show less oil column compared to other wells possibly
because of heavy production of gas from this area. Even
the remaining oil appears to have de-saturated to some
extent.

• Wells BC-4, BE-2 and BE-8 in the southern part of the
field show relatively longer oil column probably because
of late commencement of production from this area. Also
the de-saturation of oil is not very significant here.

Figure 7

Figure 8
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