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Summary

Integrated 3D seismic interpretation was carried out to redefine geological model and for reservoir characterization of Mumbai 
high field to aid the re- development of the field. The ongoing Redevelopment program  of  Mumbai  High L-III reservoir 
envisaged installation of new platforms and drilling of 213 high tech wells with a view of ultimate recovery of 31% by the year
2030. The initial geological model was built on Geo Cellular concept which had very little seismic input. Surprises were met 
when some of the newly drilled wells came up with the results contrary to the predictions.  Necessity  was  therefore, 
realized for a more robust and detailed geological modeling with up- to-date    and    complete    data    from    3D    seismic, 
petrophysics, production performance etc.   A multi disciplinary approach was taken to integrate geophysical, geological, 
petrophysical and engineering data  to characterize the reservoir having layer thickness well below the seismic resolution limit.
The state of art techniques like Coherency, Spectral decomposition, Acoustic inversion and multi attribute analysis of seismic  
data to match the reservoir properties, and use of 3D visualization to Q.C., the interpreted results, could bring out new
features. The results of this study were used not only for the proper placement   of   new   high   tech   wells   but   also   for 
monitoring and geo steering the wells while drilling.

Introduction

Usage of seismic data in the development of oil and gas
fields has become essential, particularly when the field 
has become mature and the easy hydrocarbon pockets
have been drained out. Seismic data has been playing
vital role in proper placement of high tech wells and 
then guiding the drilling bit while drilling horizontal 
wells. Seismically derived petro-physical properties 
have reduced the uncertainty in reservoir 
characterization and computation of volumetrics.

Mumbai High is the main offshore field of India and is
producing hydrocarbons since 1975. It is a doubly 
plunging paleo high separated by a north-south fault in the  
east.  A  pair  of  east -west  faults,  acting  as 
permeability barrier, divides the field into two parts; 
Mumbai High North and South. Its main producing

reservoir L-III, containing more than 90% of in place oil 
of the field comprises of highly faulted, multi- layered
(11 layers) carbonate and shale alternations of Early
Miocene age and with high degree of structural and 
petrophysical heterogeneity. A considerable area of 
eastern part of the field is having thick gas cap making 
it difficult to map the seismic horizons with accuracy.
The thickness of thin reservoir layers being beyond 
seismic resolution limit, mapping of layer wise reservoir 
properties was another challenge.

This  paper  describes  the  complete  workflow  for 
seismic interpretation, seismic inversion, extraction of 
different seismic attributes, integration of petrophysical,   
reservoir   and   production  data  with seismic to come 
out with a new, more robust and better defined
geological model

Back Ground

Mumbai High, situated in the western offshore (Fig.1), is 
the main offshore field of India and is producing 
hydrocarbons since 1975. Its main producing reservoir L-



III containing more than 90% of in place oil of the field   
is   a   multi-layered   carbonate   and   shale alternations 
of Early Miocene age with 11 different carbonate  
layers   and   with   very   high   degree   of structural    and   
petrophysical    heterogeneity.    The geological    model    
and    reservoir    characterization processes in the past 
were primarily based on well data with limited and sparse
2D seismic data. In 1997 - 98 the whole Mumbai High 
field was covered by close   grid 3D seismic (OBC)   
survey. Since  then efforts had been made to integrate
seismic data mainly for  a  field  scale  structural  
description.  With  the redevelopment   plan   of   Mumbai   
High   envisaging drilling of  high cost horizontal,
multilateral and long drift side-track wells; the existing
geolo gical model of the reservoir needed further 
refinement and detailing for accurate prognosis and
placement of these targets. As a result an integrated G & G
study for whole of the field with an approximate area of
1700 Sq. Km. was taken  up  to  redefine  the  geological 
model . In this paper, we have described only Mumbai 
high South field (Fig.2)

Fig 1: Indian Western Offshore showing
Mumbai High

Fig. 2: Study area is the southern part of the Mumbai High
(marked by red line).

Seismic data:

The Mumbai High field was covered by 3D seismic 
(OBC) survey by M/S. PGS during 1997-98 with 50 fold 
and subsurface bin size of 12.5 x 25 m. Post stack,   
time   migrated   data   was   available   for 
interpretation. The seismic data was fairly good for 
correlation in the western and southern most part of the
area, but the eastern part of the area with thick gas cap 
resulting in poor seismic signal, correlation of horizons
as well as faults was challenging (Fig.3).

Workflow:

The   workflow   includes   the   understanding   of   the 
petroleum  system  of  Mumbai  high,  Q.  C.  of  seismic 
data,   well   log   analysis,   generation   of   synthetic 
seismograms,  well  to  seismic  calibration,  structural 
mapping, generation of velocity model for depth

Fig. 3: Seismic section of an west – east running in line. Eastern
part shows weak seismic signal due to gas cap.



conversions of structural model, generation of window
based    different    seismic    attributes    and    seismic 
inversion and integrating it with petrophysical and 
production data for stratigraphic interpretation and 
reservoir characterization, Seismic facies map generation
and its calibration with available core data of 10 wells in
the area.

The   interpretation   work   was   divided   in   three 
categories (Fig 4): (i) Geophysical Processes (ii) 
Petrophysical processes and (iii) Geological processes. All 
the three processes were carried out parallel.

Seismic work was further divided into three categories 
viz:-
Structural interpretation,
Seismic inversion and attribute analysis and
Reservoircharacterization, integrating multi disciplinary 
data.

Fig 4:

A digital data base for 710 wells available in Mumbai 
High South was prepared. This included 68 vertical 
wells   including   29   exploratory   wells   and   642 
development wells. Logs of all the wells were studied for
litho-stratigraphic correlation. The top and base of all the
11 sub layers of L-III reservoir were correlated. The
integration of synthetic seismograms with seismic data 
(Fig.  5)  shows  that  the  top  of L-III reservoir 
corresponds to the top of sub layer A1 The seismic 
response of A1 top  corresponds to a trough but it is- 3 -
not a strong reflector specially in the gas cap area. The 
top of sub layer B corresponds to a seismic peak and 
forms a reliable event across the majority of the study
area. In addition to A1 top and B top, two more seismic
events corresponding to top of sub layers A2-IV and A2-
VII between A1 top and B top were correlated (Fig. 6).

The correlation of the events in the gas cap area posed 
problems. To overcome this problem various seismic 
attributes were used as guidelines for correlation.

Acoustic impedance data was also used for further 
refinement of the seismic events.

Fig. 5: Calibration between well log synthetic and seismic data.

Fig. 6: Seismic section showing correlated horizons and faults

Faults   were   identified   on   seismic   sections   by  a 
combination of factors such as vertical separation of 
main reflector and zone of scattered and disturbed 
reflections. Only  those  faults,  which  showed  an 
extension from basement to L-II level were considered for   
mapping.   Whereas   many   faults,   which   were 
identified but the continuity of which could not be 
established were not mapped. Extensive use of time 
slices was made during correlation of faults. The 
interpretat ion of faults was also augmented by the use of
coherency (Fig. 7) and spectral decomposition.

Window based seismic amplitude and frequency and 
phase attributes for different layers of L-III reservoir 
were  generated  to  further  analyze  the  structural 
behavior. For better understanding of the variation in 
lithology, reservoir limits and layer wise reservoir 
properties of the Miocene limestone reservoir L-III, 
model-based 3D seismic inversion was carried out. This
involved in log conditioning, wavelet estimat ion, well to 
seismic tie through synthetic seismograms, initial  
geological  model  building  through  forward modeling, 
and inverting the data to obtain layered description of 



the subsurface in terms of acoustic impedance. Seismic
facies maps were generated using “Waveform 
classification” method to understand the facies
distribution in the field.

Fig. 7: Coherency slice superimposed with major faults

Fig. 8: Map showing major faults of Mumbai high South.
Eastern Boundary fault is the reservoir limit while
Permeability Barrier separates Mumbai High
North from Mumbai High South.

Discussion:

Sections   of   different   attributes   like   phase   and 
frequency have been useful at place in correlating 
seismic events. Acoustic impedance  has  been  very 
useful in refinement of seismic horizons particularly in gas 
cap area where correlation on seismic data was rather
difficult. The time and horizon slices generated from  
instantaneous   and   multidimensional   attribute volumes
have been very useful in deciphering the fault pattern. The 
time slices generated from coherency cube and spectral 
decomposition have been instrumental in deciphering and 
calibrating the fault system and in enhancing the 
confidence level.  The faults in the area follows three
trends viz., “NW-SE” or NNW-SSE trend, “N-S” or 

NNE-SSW trend and “NE-SW” or ENE-WSW trend. The
eastern most N-S running fault demarcates the eastern 
boundary of the Mumbai High and the reservoir extent. 
This fault is having  major  throw  and  can  be  treated as 
a major tectonic element in the formation of Mumbai 
High. Another N-S running fault is observed in the 
central part of the area dissecting the Mumbai High south
into two blocks. There are 6 “N-S running faults observed 
in the data and out of these , two seems to be major 
faults. The northern boundary of the field is bounded by 
the E-W running fault with shale barrier therein 
separating MH North from MH South. In addition to this 
there  are  many  more E-W  running faults with little 
throw ranging from 1ms to 8ms. Though these faults are
insignificant in extent and lateral continuity, they  have  
bearing  in  the  fluid  movement  and distribution.  
Time  slice  of  coherency  cube  also confirms these
faults ( Fig: 7). From the fault pattern observed the 
whole study area appears to be divided into eight major
blocks. Each block is separated from other by a graben
(Fig. 8). The time and depth maps generated from 
seismic horizons and faults gives a clear picture of the 
structural model of the field (Fig 9).

Fig 9: Depth map at the top of L -III (A1) reservoir. Red color 
shows structural highs while deeper events are in green.

The post stack seismic inversion was very effective in 
defining the lateral and vertical changes in lithology. 
Vertical  and  lateral  gas  cap  limit  was  effectively 
mapped with acoustic impedance data (Fig.10). Study of
layerwise acoustic impedance maps in conjunction with 
petrophysical data, core data and production data 



Fig. 10: Vertical cross section of acoustic impedance along an
in line.  Lateral and vertical extent of gas cap can be 
observed clearly.

enabled us to define the layer wise distribution of  the 
reservoir properties(Fig.11). Geo statistically derived  
porosity  maps  generated  integrating  acoustic impedance 
and well porosity for different layers show lateral variation 
of porosity in close grid bringing out intra well space 
porosity. Study of seismic facies maps in conjunction with 
core data and acoustic

Fig. 11: Acoustic impedance maps of two different layers,A1 and
A2 -IV. Light green color represents gas cap. AI with dark
green, yellow and orange shows oil bearing facies with different
porosities.

impedance data could be used in understanding the 
litho-facies distribution in different unknown locations 
before placement of the new well.

Conclusions:

The integrated approach adopted in this study has come 
out with precise and more refined reservoir geometries.  
Different  seismic  attributes  were  very useful in

deciphering and calibrating the fault pattern and structural
trends. Seismic inversion could provide
a superior basis for reservoir characterization. Layer-
wise analysis of the impedance maps qualitatively & 
quantitatively,  integrating  with  petrophysical  data, 
production data in conjunction with seismic facies and 
structural interpretation was used in firming up the 
locations  and  shifting  of  a  few  locations.  The 
interpreted vertical and lateral extent of the gas cap limit 
and correlation of layer-wise fluid content of existing 
wells  with  acoustic  impedance  values  were used in layer 
wise completion strategy in infill wells.
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