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Summary 

  

Seismic inversion studies have traditionally been performed to quantitatively decipher the porosity variations which form an 

important reservoir characteristic. The seismic inversion has been carried out on the 3D PSTM volume by integrating 

geological, petrophysical and production data of existing wells of the Heera Field in Petrel E&P software suite. To 

accommodate the low frequencies, LFM (low frequency model) has been generated by applying frequency filter on acoustic 

impedance logs, which has been used as an input in conjunction with PSTM volume for the inversion.  The acoustic impedance 

volume between the prominent markers was generated. There was a fair degree of co-relation between seismic generated 

acoustic impedance and acoustic impedance logs at well locations. Acoustic Impedance and Porosity maps have been 

generated at H3B top, which satisfies most of the existing well data and can be made use for further development of field. This 

study has revealed that low P Impedance values within the carbonates can be correlated to high porosities while higher P-

Impedance values are associated with lower porosities, as encountered in the wells.The inversion output shall be used as a 

secondary input for property population in geocellular modeling. 
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Introduction 

 

One of the critical aspects in the evaluation of the 

prospectivity of an identified field or the development of a 

hydrocarbon discovery is the assessment of the reservoir 

quality beyond the areas covered by wells. This issue 

becomes increasingly more difficult in carbonate 

reservoirs where the distribution of porosity is more 

unpredictable compared to clastic reservoirs. One 

technique that attempts to provide reservoir 

characterization from seismic data is seismic inversion. 

Seismic inversion is the process of converting the 

reflectivity seismic data into acoustic impedance by 

making use of the suitable wavelet. Acoustic impedance is 

a rock property that varies with changes in lithology, 

porosity, fluid content, depth, pressure and temperature. 

Consequently, acoustic impedance can be used as an 

indicator of lithology, porosity and even the presence of 

hydrocarbons. Thus, it can also be used as a tool for 

qualitative and quantitative reservoir analysis and mapping 

of flow units.  

  

Carbonate reservoirs are notoriously heterogeneous. 

Seismic inversion is therefore needed to help estimate the 

spatial variations of rock type and porosity. Seismic 

inversion on the 3D PSTM volume was carried by 

integrating geological, petrophysical and production data 

for reservoir characterization in a complex multi layered 

producing carbonate reservoirs.  

 

 
Fig 1: Location of the field 
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Geology of the field 

 

Mumbai offshore is a pericratonic rift basin situated on 

western continental margin of India. Towards NNE it 

continues into the onland Cambay basin. It is bounded in 

the northwest by Saurashtra peninsula, north by Diu Arch. 

Its southern limit is marked by east west trending Vengurla 

Arch to the South of Ratnagiri and to the east by Indian 

craton. Five distinct structural provinces with different 

tectonic and stratigraphic events can be identified within 

the basin viz. Surat Depression (Tapti-Daman Block) in the 

north, PannaBassein-Heera Block in the east central part, 

Ratnagiri in the southern part, Mumbai High-/Platform-

Deep Continental Shelf (DCS) in the mid-western side and 

Shelf Margin adjoining DCS and the Ratnagiri 

Shelf.(Fig.1) 

 

Panna-Bassein-Heera block located south-east of Mumbai 

 

 
Fig 2: Stratigraphy of the block 

 

High/Platform   and   south   of   Surat   Depression   has   

three distinct  N-S  to  NW-SE  trending  tectonic  units  

which  lose their  identity in Miocene.  The western block 

is a composite high  block  dissected  by  a  number  of  

small  grabens.  The Central  graben  is  a  syn  sedimentary  

sink  during  Paleogene and  Early  Neogene.  The  eastern  

block  is  a  gentle  eastward rising  homocline.  

Hydrocarbons  occur  at  multiple  levels  in through a 

number of platforms. 

 

Study area 

  

This study is a part of  Heera field covering from IL (A1 to  

A11) and XL (B1-B25) (Fig. 3). 

 

The  field  is  in  mature  stage  of  development  and  has  

more than    250    wells,    which    are    producing    from   

different reservoirs.    Except    a    few     exploratory    and    

vertical development   wells,   most   of   the   wells   are   

directional development wells from production and 

injection platforms. Around  twenty  vertical  wells  have  

been  considered  for  the inversion study 

 

 
Fig 3 Base map of the Study Area with well locations   

 

Methodology 

 

Seismic inversion utilizes the seismic data, well logs, 

seismic velocity and interpreted horizons to generate 

impedance data. The first step in the inversion workflow is 

the well to seismic tie which has shown high degree of 

correlation (~ 80%) (Fig. 4).  During  this  process,  

wavelets  are  estimated  at  different well  locations  with  

average  predictability  of  42%  observed across the field. 

 

 
Fig. 4: Synthetic Section along Well C 

 

The   seismic   volume   contains   only   frequencies   in   

the moderate  range  (Fig.  5)  thus  missing  out  on  the  

amplitude values in the lower frequency spectrum. The 

amplitude at the low frequency end could be accentuated 

by utilising well log data and thus a well log for Acoustic 

Impedance was created using  the  RHOB  and  DT  

(Density  and  Sonic  logs)  in  the wells   (after   Vaid   et   

http://www.dghindia.org/19.aspx
http://www.dghindia.org/19.aspx
http://www.dghindia.org/19.aspx
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al,   2004).   This   synthetic   well   log contained 

frequencies in the range from 0 to 20000 Hz owing to  the  

high  sampling  rate  of  the  well  logs.  The  next  step 

involves  the  generation  of  low  frequency  impedance  

model using  the  created  well  log  and  cross  correlating  

with  the PSTM volume using an Artificial Neural Network 

algorithm called  Genetic  Inversion.  The  process  creates  

an  iterative neural  training  network  to  cross  correlate  

the  values  of  the seismic  amplitude  to  those  of  the  AI  

log  and  thus  tends  to populate  AI  for  the  entire   volume  

based  on  the  values obtained. The cross correlation 

between the values obtained after  20  iterations,  ranged  

from  40%  to  70%  and  the  error was  less  than  7%.  

This  volume  was  then  used  as  a  guide model  for  

Kriging  Interpolation  of  the  AI  log  through  the entire   

seismic   volume   using   Inverse   Distance   Squared 

Method. The low frequency model and the wavelet are 

then used to invert the seismic volume to generate a P 

Impedance volume. 

 

The  available  datasets  in  this  study  consisted  of  full  

stack seismic  data  and  a  complete  set  of  logs  with  

density  and sonic  velocity.  Well  log  conditioning  and  

a  standardized petrophysical   analysis   were   performed;   

PSTM   seismic volume  with  sampling  interval  of  2  ms   

 

 
Fig 5: Frequency spectrum of the seismic volume 

 

was  used  for  the volume  with  sampling  interval  of  2  

ms  was  used  for  the purpose   of   deterministic   inversion   

to   estimate   the   P- impedance  in  the  volume.  The  

deterministic  approach  can only  provide  a  solution  

within  the  seismic  bandwidth.  The seismic  frequencies  

in  the  interested  zone  vary  up  to  a maximum of 80 Hz. 

(Fig. 5). 

 

Frequency  filter  has  been  applied  on  the  selected  wells  

to obtain the low frequencies, which are normally not 

observed in  seismic  data.    A  low  frequency  model  

(LFM)  has  been generated  on  selected  20  wells  using  

kriging  algorithm  in inversion property builder of Petrel 

software.  Blind well test has been performed on the LFM 

outcome, which has shown significant match. (Fig. 6). 

 

 
Fig. 6: Blind well test for Acoustic Impedance logs 

 

Deterministic  wavelets  of  5  wells,  which  cover  the  

entire area,  have  been  extracted  from  the  seismic.  The  

extracted wavelets show similar characteristics. (Fig. 7) 

  

Two   different   inversion   cases   have   been   generated   

by making use of one of the representative wavelet  in the 

area and the second one using an average of extracted 

wavelets. However  the  results  using  average  normalized  

wavelet  has been used for data analysis. (Fig.7) A 

representative seismic section  (Fig  8)  &  it’s  

corresponding  acoustic  impedance section  (Fig  10)  

connecting  well  A    (XL  1977)  has  been reproduced 

which corroborates with petrophysical logs of the wells 

(Fig. 10). 

 

 
Fig. 7: Input and average wavelets 
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Fig 8: Seismic Amplitude volume crossline 1977 through well A 

 

 
Fig. 9: Acoustic Impedance volume crossline 1977 through well 

A 

 

 

 

 

 

 

 

 

Data Analysis 

 

The  inversion  results  are  observed  and  studied  at  H3B  

top surface and compared with porosity at the same level 

(Fig. 11 a,b).  The porosity maps at the reservoir top were 

generated by creation of a porosity model based on Kriging 

of well log values  (Fig.   11b)  and  extracting  those  values  

along  the interpreted surface. Similar exercise was done 

on the inverted impedance volume to find a one to one 

correlation between the  two.  The  porosity maps  

generated  at  these  levels  are  in close conformity with 

the encountered facies in most of the wells.   The   crossplot  

of   Effective   Porosity   and   Acoustic Impedance   of   

wells   B   and   D   has   given   around   90% correlation.  

(Fig.  12a)  The  crossplot  between  the  acoustic 

impedance  of  the  wells  B  and  D  and  the  seismic  

derived acoustic impedance at the well has been generated 

with 67- 82% correlation. (Fig. 12b)  

 

Based on our study of the Acoustic Impedance and 

Porosity properties  for  the  region,  three  types  of  

reservoirs  qualities have been identified, namely: 

 

 

 

 

Fig. 10: Log Correlation with porosity logs, flattened at H3B top for wells A, C & D 
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Fig. 11: Maps at H3B top surface showing various properties and demarcating the reservoir types: a) Acoustic Impedance b) Porosity  

C) Bubble plot showing production data of the wells till 30/06/2013 in the zone of interest (H3B to H4) 

Fig. 12 a) Cross plot of Effective Porosity and Acoustic Impedance b) Cross plot of Acoustic Impedance Inversion volume vs. Acoustic 

Impedance Log ( from H3A to H4 top zone) 
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Three types are identified with in carbonate facies, Type-

III corresponds to the carbonate facies with P-Impedance 

values greater than 10800 KPa.s/m and low porosities. 

Using the mid-case P-Impedance to porosity transform, 

this unit would have porosities of 8% or less. The Type-III 

unit can be classified as a poor reservoir quality carbonate 

facies and a non-reservoir flow unit. Type-I has P-

Impedance values less than 9000 KPa.s/m up to 7800 

KPa.s/m corresponds to calculated porosities of 16% or 

higher. This carbonate facies has good to excellent 

reservoir properties and is potentially the best quality. 

Type-II is an intermediate acoustic impedance zone 

between Types I and III (after Borbajo, 2010). This unit 

has marginal reservoir properties since it is generally thin 

and the porosities are tending toward the low side. The 

cross plots show a typical linear relationship between P-

impedance and porosity in the carbonate reservoir. The 

porous Limestone litho-type corresponds to pure limestone 

lithology with low P-impedance. The marly Limestone 

litho-type corresponds to limestone mixed with marl which 

exhibits intermediate P-impedance. The Tight Limestone 

litho-type corresponds to limestone with high Pimpedance. 

The aim of the study was to delineate the sweet spots: 

porous limestone with porosity greater than 16% as 

indicated by the Porous Limestone litho-type. Crossplot 

analysis showed that P-impedance was enough to achieve 

this objective, so post stack seismic inversion was used to 

produce derived P-impedance from seismic data. The 

results of the analysis were further corroborated by the 

production data from the development wells (Fig. 10) in 

which we have demarcated two regions, 1 and 2 which 

show the good and bad reservoir regions in all the three 

maps which correlate well amongst themselves.  

  

Conclusions 

  

The present study reveals the relation between P-

Impedance values and Porosity thus enabling us to classify 

the carbonate reservoir in 3 categories. The correlation 

between the log porosity and Acoustic Impedance values 

show a high correlation (>85%). The log Impedance at the 

wells also shows a high correlation with the log generated 

at well points from the Acoustic Impedance volume 

(>67%) thus allowing demarcation of good reservoir 

regions. The production data of the Bassein formation from 

the wells in the region, also corroborates with the high 

porosity (>16%) and low impedance (< 9000KPa.s/m) 

good reservoir type (Type I) observed in the south eastern 

part of the field (Fig. 11). Based on this, new regions of 

good reservoir could be indicated for future wells.   

 

The inversion output shall be used as a secondary input for 

property population in geocellular modeling of the field.  
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