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Summary 

In subsurface reservoir characterization, determination of 

porosity and permeability is a challenging task. The 

difficulty of estimating them comes from the fact that 

porosity and permeability may vary significantly over the 

reservoir volume, but can only be measured at well 

locations. An accurate estimation of the spatial distribution 

of porosity and permeability is of key importance, because it 

translates into higher success rates in infill drilling for 

draining the reservoir. The scope of this study is to enhance 

the characterization of subsurface reservoirs by improving 

the prediction of petro physical properties like porosity and 

permeability through the effective use of reservoir 

geophysics. 

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 case of reservoirs 

with discrete pockets of porosity which are difficult to 

predict with only geological or well log information. 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. While traditionally inversion has 

been used to correlate between lithology’s and associated 

formation porosities, in this study we attempt to go one step 

further to analyze the relationship of permeability with 

porosity and continuity of the lithology established by the 

inversion volume. 

General Geology and Stratigraphy 

Field A, (Fig.1) discovered in 1988, is located in the East 

Godavari sub-basin of Krishna Godavari basin and it was the 

first time when any field from Indian Sedimentary basins 

started hydrocarbon production from the Gondwana group 

of sediments.  

 Fig.1: Location Map of the field 

Mandapeta sandstone and Gollapalli pay are the two 

hydrocarbon bearing sands. Mandapeta sandstone, which is 

the focus of the present study, is dominantly a sand stone 

unit with intervening shale/clay stone layers. However; the 

reservoir is characterized by heterogeneity and poor 

permeability which are the main limiting factors for 

exploitation.  

Fig.2: Basemap showing drilled wells and Seismic 

area of study 
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The wells have low productivity and limited drainage area. 

So far 32 wells have been drilled in Field A of KG Basin. 

(Fig. 2). 

The present area under study falls within Mandapeta graben 

which is bounded by two NE-SW trending Basement ridges: 

Tanuku ridge to the north and Poduru- Draksharama - 

Endamuru-Yanam High to the south. This grabenal area is 

the host to deposition of thick Gondwana sediments 

(Kommugudem & Mandapeta Formations) and rift fill 

sediments (Gollapalli Formation). 

The stratigraphy of Krishna-Godavari Basin is characterized 

by thick sedimentary sequences ranging in age from Permian 

to Recent. The generalized stratigraphy of KG Basin is 

shown in Fig 3. The vast and thick sedimentation holds oil 

and gas at different stratigraphic horizons ranging from 

Permian to Plio-Pleistocene age. The oldest rocks 

encountered is Basement which is mainly Precambrian 

metamorphic rocks consisting of gneisses, quartzite. This is 

followed by Kommugudem Formation  (Permo-

Carboniferous age) of alternate sand-shale-coal 

sequence(Lower Gondwana) deposited in fluvio-lacustrine 

environment under reducing environment, Mandapeta 

Formation (Upper Gondwana, of Late Permian age)) of 

dominantly tight sandstone with minor shale, deposited 

under fluvial channel environment, Red Beds (Late Triassic 

to Early Jurassic age) unconformably lying over Mandapeta 

Formation, Gollapalli Formation (Up Jurassic to Lower 

Cretaceous), post Gondwana rift fill sediments, composed of 

mainly massive, moderately hard, medium to coarse grained 

sandstone and is assumed to be deposited under fluvial to 

marginal marine environment. Gollapalli Formation is 

unconformably overlain by HG-HR  

       Fig.3: General stratigraphy of the field 
 

Formation (Lower part of Raghavapuram Formation) which 

acts a cap and source rock of this formation. (Fig. 3) 

 

Theory 

 

Seismic inversion utilizes the seismic data, well logs, 

seismic velocity and interpreted horizons to generate 

impedance data. The basic objective in an inversion study is 

generation of a lithocube by interpretation of the inverted 

impedance volume. The corresponding litho-classes provide 

information on the lateral continuity of the various 

facies/lithologies. In the current scenario with integration of 

well and seismic data using Geo-Cellular Modeling 

techniques, it becomes a matter of prime importance to track 

the lateral extents and continuity of the various 

facies/lithologies to provide as a guide for the propagation 

of well data. Various petrophysical properties like porosity 

and permeability can also be predicted by statistical 

calibration of well and seismic data at well locations and 

analyzing the continuity of facies/lithologies.(after 

Russel,B.H,1988) 

 

Methodology 

 

The first step in the inversion workflow is the well to seismic 

tie to establish the position of the well marker interpretation 

in the time domain to enable accurate statistical correlation 

of well and seismic data in the time domain. The synthetics 

process also serves as mode for extraction of deterministic 

seismic wavelet which gives us information on the source 

seismic wavelet, an important input for the inversion 

process. 5 synthetic seismograms were created based on 

availability of time logs and location of the field to get a 

representative idea of the seismic data. The synthetic to 

seismic ties showed correlations ranging from 60-70% with 

minimal amount of time adjustment. (Fig. 4) 

 
Fig.4: Synthetic seismogram for well 26 

 

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 utilizing well log 

data and thus a well log for Acoustic Impedance was created 

using the RHOB and DT (Density and Sonic logs) in the 
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wells. This synthetic well log contained frequencies in the 

range from 0 to 20000 Hz owing to the high sampling rate 

of the well logs.  

 
Fig.5: Amplitude vs Frequency plot for the PSTM 

data 
 

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. A low 

frequency Acoustic Impedance log of 14Hz cut-off was 

created and used for propagation as it represented the 

crossover between the seismic and log frequency data. 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 served as a prior model and the average wavelet are 

then used to invert the seismic volume to generate a P 

Impedance volume. 

 

 
Fig.6: Blind well test to check AI log propagation 

between the wells for prior model creation 
 

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 4 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 12 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). 

The deterministic wavelets for the 5 wells were extracted 

using the Extended White method with predictability 

ranging from 70 to 80%. An average wavelet was 

constructed by combining the 5 different wavelets to gain a 

representative idea about the source seismic wavelet which 

had a predictability of 79% and it was used for inversion 

purposes. The extracted wavelets show similar 

characteristics. (Fig. 7) 

 
Fig.7: Average Inversion wavelet with deterministic 

wavelets extracted from different wells 
 

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 of the acoustic impedance volume (Fig 8) connecting 

the 4 representative wells with porosity logs shows the 

qualitative correlation between the porosity and the good 

reservoir facies (in red) while establishing lateral continuity 

of the packs between the wells. (After Singh et al, 2013) 

A crossplot between the inverted impedance volume and the 

actual Acoustic Impedance log generated from the sonic and 

density logs was created to check for quality of the inversion 

result (Fig. 9a). The high correlation coefficient of 87% 

shown between the two establishes that the impedance 

volume from inversion honors the lithological characteristic 

seen at the well level. The impedance volume was also 

crossplotted with the processed porosity log (PIGN) at the 

well levels for creation of a porosity volume by establishing 

a transform function. The crossplot for all the wells shows 

good negative correlation of 83% between the two 

properties. In all crossplots the Z color scale is kept as GR 

log so as to check for the clustering of lithologies based on 

AI, PIGN and GR, all used in conjunction as lithology 

discriminator data..The associated volumes were also run 

through a neural network classification algorithm to 
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establish the various facies classes to be considered for our 

purposes. The best facies is with high porosity and low AI 

represented by the green color followed by the red one with 

moderate values and the cyan as the shaly facies with high 

AI and extremely low porosity values 

 

The data provided also had permeability logs available for 2 

wells using which we were able to establish a Porosity – 

Permeability transform function. The crossplot of logarithm 

of permeability with porosity with GR as color legend is 

shown in Fig. 10. The crossplot showed a good correlation 

of 67% between logs Permeability with the porosity value. 

The established function was then applied to the previously 

created Porosity volume and a permeability volume was 

created. Additional weightage was provided between the 

voxel continuity established by the inversion volume as 

permeability being a fluid property is highly dependent on 

the lateral facies continuity using a connectivity attribute in 

Petrel. The result of the connectivity attribute is shown 

below establishing the continuity of the good reservoir facies 

(in red) between the wells (Fig. 11). The permeability 

computation was biased with additional weightage to this 

facies. Based on our study of the Acoustic Impedance and 

Porosity properties for the region, three types of reservoirs 

qualities have been classified as Type I,II and III. 

(Rasmussen,F, 2004) 
 

Fig.8: a) representative composite section passing 

through 4 wells with associated interpretation. b) 

Inverted AI volume for the same section 

A neural network unsupervised classification involving 6 

classes was done on the combination of inverted and the 

porosity volume. The primary objective of this classification 

 

 
Fig.9: a) Crossplots between Acoustic Impedance Log vs Seismic Acoustic Impedance. b) Log porosity vs Log 

Impedance 
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. 

 
Fig.10: Crossplot between logarithms of 

Permeability with the Porosity well log 

 
was to delineate different facies classes and their lateral 

continuity in a 3-D space (Fig. 11). This further aids in our 

permeability computation as one of the important factors in 

transforming porosity into permeability is the lateral 

continuity of the different facies. Thus using the different 

classes, we were able to create a connected volume attribute 

which checks for the connectivity of each voxel with a 

similar valued neighboring voxel. The classes were 

evaluated and grouped together from 6 to 3 major types of 

facies for the reservoir.(Barclay, F., 2008) 

 

 
Fig.11: a) Lateral continuity of good reservoir facies 

between the wells b) The continuity of Type-I facies 

shown in 3D space

 

Results 

The inversion results are observed and studied with in a 

window of Mandapeta formation which is a prolific gas 

producer of the field. The cross plot between the acoustic 

impedance of the wells and the seismic derived acoustic 

impedance at the well has been generated. A near to perfect 

correlation was observed between them with an error of 

around 5%. The facies map generated within the study 

window corroborates with encountered facies of the wells.  

The impedance value from 6000-8100 KPa.s/m corresponds 

to good facies; 8100-9800 KPa.s/m corresponds to moderate 

while values from 9800 to 12000 KPa.s/m are poor facies. 

Values greater than 12000 and lesser than 6000 KPa.s/m are 

non-reservoir facies. 

A porosity map generated within the same window making 

use of the porosity logs and seismic found that the range of 

porosities in the field is 4.5-11%.  

The study also reveals the relation between P-Impedance 

values and seismic derived Porosity. The sands are very tight 

in this formation with low permeability thus it was a 

challenge to have permeability volume in the entire field. 

(Fig 12) 

The available permeability logs and the inverted volume 

were made used to generate a permeability volume. The 

inversion study found a relationship between petro physical 

and seismic properties. 

Results from the seismic inversion show that, because of the 

excellent spatial coverage of seismic data, incorporating 

seismic-derived attributes related to petro physical 

properties significantly improve the estimates of porosity 

and permeability. 

A representative image of the Porosity, Permeability and 

Impedance volume with the connected established 

good/moderate reservoir facies has been shown in Fig 13 

 

 

 

 

Facies Type Impedance 

(KPa.s/m) 
Porosity Permeability 

(mD) 

I 6000-8100 0.13-0.26 1.8-57 

II 8100-9800 0.06-0.13 0.67 -1.8 

III 9800-12000 0-0.06 0-0.67 
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Fig.12: a) Average Porosity Map for MDP-KMG zone overlain on Structural Map of Mandapeta  b) Average 

impedance magnitude of MDP-KMG zone showing similar porosity to impedance trend 
 

 
Fig.13: a) Composite section showing permeability trend between the wells with masking volumes of Acoustic 

Impedance and Porosity Volumes showing how the trend for good facies is captured in all 3 volumes 
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Fig.13: b) Inline,XLine and Time Slice of the 3 different volumes with 3D filtering of the Type I facies to show the 

continuity required for propagation between the wells for 3D GCM 

Conclusions 

 

The present study reveals the relation between P-Impedance 

values and Porosity thus enabling us to classify the 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. In addition to establishing the facies 

continuity, an attempt has also been made to predict porosity 

and permeability information based on statistical correlation 

at well locations. The output porosity and permeability 

volumes can serve as a weightage factor for propagation of 

well based petrophysical properties in the entire field in 

conjunction with other seismic attributes. 
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