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Summary

Mahuva formation in South Tapti field, Surat Depression, Western Offshore basin, India is of Early Oligocene age. This
Formation is known to have over-pressured zones and has limited well penetrations compared to younger Daman and Mahim 
Formations. Geologically this formation was deposited  in  shallow  marine  setting  with  strong  tidal current influence
and this is supported by conventional core data in one of the development wells where the current study is focused. The 
zone of interest is XIV equivalent which was tested in two wells and flowed gas with high rate of fresh water.

The objective of this study was to ascertain the gas water contact (GWC) in Zone XIV of Mahuva Formation and thereby
to evaluate upside potential of this zone further up- dip. The data quality of resistivity log recorded is poor and hence
conventional interpretation method is not applicable. The shear and compressional slowness data were utilized to infer
presence of gas. The methods include Sonic-Neutron porosity overlay, Vp/Vs ratio, and application of Poisson’s ratio. The
results are discussed in this paper.

Seismic studies combined with GWC established from said methods  substantiates  the  upside  potential  of  Mahuva 
Formation in South Tapti Field.

Introduction

The South Tapti Field is located in the entrance to the bay 
of Cambay, approximately 160 km NNW of Mumbai, off 
the West Coast of India (Figure 1). The South Tapti Field is 
part of the Tapti Block Joint Venture (JV) Concession 
(ONGC, RIL, and BG India) and contains approximately 
1.5 TCF of GIIP in a four way dip closure anticline 
plunging to the south west.

A generalized stratigraphical column for the Tapti area is 
shown in Figure 2. The reservoirs in this field are of Oligo-
Miocene age (Mahuva, Daman, and Mahim) and comprise 
a series of stacked tidal sands and distributary channel 
sands. The early Oligocene Mahuva formation in study area 
is dominated by shale with occasional tight siltsones and 
limestone streaks. However, tidally influenced sands are 
developed   at   some   startigraphic   levels   in   Mahuva 
Formation. The current study is focused in Zone XIV.
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Mahuva Formation is historically considered as an 
over- pressure zone and had associated challenges which
limited its   exploration   /   exploitation.   Few   
Figure 1: Location of the South Tapti Field, offshore
Western India.

exploratory   and development wells penetrated Mahuva 
Formation till date but none of them produced 
commercially.   The zone of interest (Zone XIV) in 
Mahuva formation was penetrated by two nearby vertical
wells. The zone is gas bearing tidal bar  as  interpreted  
from  well  logs  &  core  data  and seismically 
correlatable between two wells as well as in field scale 
(Figure 3). The Zone was tested in both wells and 
flowed gas with high rate of water. It was desired to 
know the GWC so that prospectivity of Zone XIV 
is established updip as this Zone is seismically resolvable
and has been mapped throughout.

The acoustic amplitude map for Zone XIV is presented in 
Figure 4. The elongated geometry with a sharp boundary
on one side and slightly diffused boundary on the other 
side confirms  the  amplitude  body  as  tidal  ridge.  
This  is confirmed by sedimentological log description 
of Zone XIV core in development well. The depth 
structure map (Figure 5) indicates shallowing of zone XIV
of studied well if we move updip (shown by the arrow).

Figure 2: Generalised stratigraphic column for  the
South Tapti Field, showing the main stacked reservoir
zones.

To estimate the potential of zone XIV, determination of the 
fluid contact is critical. But the task is challenging due to 
absence of good quality resistivity data. The other methods 
have  been applied  which  proved  useful  in  contact 
determination.

Figure 3: Zone XIV: Correlatable Seismic Event.

Figure 4: Acoustic Amplitude Map  at top of Zone XIV below
Mahuva.

Methods

A. Sonic-Neutron Porosity Overlay

A sonic-neutron porosity overlay  has been used for gas 
detection. The neutron tool gives pessimistic values in gas 
filled  porosity  because  it  responds  to  the  amount  of 
hydrogen present (H.I). Since there is less hydrogen present 
in the pore space filled with gas than a pore space filled 
with water or oil, the neutron apparent porosity reads too 
low. The sonic log on the other hand reads higher porosity 
due to increase in compressional slowness ∆tc. Therefore, 
the crossover of the two porosity curves indicates the 
presence of gas. This is to be noted that gas causes ∆tc to 
read high when the formation in under compacted. The gas 
in the pore space slow down the compressional wave 
resulting in a long ∆tc. In compacted sands, the wave 
would  travel more through grain to grain contact and the 
gas effect on ∆tc will be reduced.



The method is quite useful in presence of shale also as the 
apparent porosity of both curves is increased by roughly the 
same amount. Therefore, this combination is very useful in 
evaluation of shaly sand formations.

B. Velocity Ratio Vp/Vs

The  velocity  ratio  Vp/Vs  has  been  used  as  lithology 
indicator and also a qualitative gas indicator. Gas causes an 
increase in compressional slowness ∆tc and has negligible 
effect on shear slowness ∆ts. Consequently, Vp/Vs ratio is 
decreased by gas. Because only a few percent gas in the 
formation  can  have  a  tremendous  affect  on  ∆tc,  the 
decrease  in  velocity ratio  is  being  used  as  a qualitative 
indicator of gas.

C. Poisson’s Ratio

Poisson’s  ratio,  υ,  describes  the  amount  by  which  a 
material   increases   in   width   along   one   axis   when 
compressed by a certain amount along the other. It directly 
relates rock compressibility with stiffness.

Numerically, in terms of compressional, Vp and shear, Vs 
velocities, Poisson’s ratio is defined as

As already mentioned, gas in the formation causes increase 
in compressional slowness and negligible effect on shear 
wave. Therefore, gas saturated sandstones tend to have low 
Poisson’s ratio, whereas brine saturated sandstones have 
high  Poisson’s  ratio  of  0.2  to  0.3.  Poisson’s  ratio 
calculations from shear and compressional measurements 
help identify the presence of gas in sandstone reservoir.

Figure 5: Structural contour overlay on amplitude map.

Figure 5 represents structural contour overlay on
amplitude map. The regional GWC as determined from
the methods described above is at 2277 m and shown 
in red. The contour closer in the map positively indicates
existence of a prospect towards the NE direction of the tidal
ridge.

Figure 6: Sonic-Neutron porosity overlay in shaly
sandstone of Mahua formation.

Figure 6 illustrates the sonic-neutron overlay for Zone XIV 
of Mahuva formation. The cross over of the two curves 
shows the presence of gas down to 2316.2m. The GWC
has been placed at 2316.3m MD (2277m TVDSS). Both
curves are tracking together in water bearing sandstone.



Figure 7: Calculations of velocity ratio Vp/Vs and Poisson’s ratio
in shaly sandstone of Mahua formation.

Figure 7 shows Vp/Vs curves with Poisson’s ratio in
track 4. The velocity ratio is constant around 1.7 in water
bearing sandstones  whereas  it  is  around  1.6  in  gas  
bearing sandstone. Zone XIV in which the velocity ratio is
less than or equal to 1.6 shows excellent correlation 
with sonic- neutron indicated gas zone. The GWC is
placed at 2316.2m MD.  The  velocity  ratio  averaging  
about  1.6-1.7  also indicates lithology as sandstones. The
highest velocity ratio in the interval above and below the
sandstone suggests the
formation as shales.

The Figure 7 also illustrates a trace of calculated values for 
Poisson’s ratio according to rock and pore fluid types in 
Zone  XIV  of  Mahuva  formation.  The  water  bearing 
sandstone  has  Poisson’s  ratio  in  between  0.2  to  0.25 
whereas above water it is less than 0.2 suggesting the 
presence of gas.

All three methods viz. sonic-neutron overlay, Velocity 
ratio, and Poisson’s ratio suggest the gas water contact at 
2316.2m MD (2277m TVDSS).

Conclusions

1. The cross plot of neutron porosity and sonic 
porosity is useful in shaly sandstone reservoir as 
qualitative gas indicator.

2. Vp/Vs ratio indicates types of lithology and also 
the presence of gas in sandstone reservoir 
qualitatively.

3. Poisson’s ratio tends to read low in gas bearing 
sandstones.

4. Determination of GWC with non-conventional 
methods helps to reduce uncertainty in the gross 
rock volume (GRV): a major component in GIIP 
distribution. Validation of petrophysical 
interpretation with well testing results confirms 
robustness of the non-conventional interpretation 
procedure.
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