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Summary 

 

Detailed understanding of reservoir depositional environment is essential for appraisal well planning to predict the spatial 

distribution of best quality reservoir, especially in low permeability ‘tight’ clastic reservoirs.  

  

A rigorous data collection suite and core analysis programmed has been established for low permeability (< 0.1md), high 

temperature (>160°C) and high reservoir pressure (>8000 psi) reservoirs in the Cretaceous sandstones of the Nagayalanka 

Field, comprising detailed sedimentological core description, thin section petrography, SEM and XRD analysis, routine core 

analysis (porositypermeability, grain density and water saturation).   

  

A total of 7 lithofacies were defined and related to core analysis results to define ‘Sweet Spots’ of the best reservoir quality. 

The reservoir sands are interpreted as slope deposits associated with channelized canyon fills feeding fan and lobe sheets 

sands deposited in marine environment by the process of turbidity.   

  

Seismic attribute analysis and seismic inversion studies were used to constrain the spatial distribution of the better quality 

reservoir rock to optimise the location of appraisal wells.  

 

Keywords: Cretaceous reservoirs, Krishna-Godavari Basin, low permeability, clastic, reservoir characterization, facies 

classification, core analysis, sedimentary description, depositional environments, data integration. 

 

 

Introduction 

 

Cairn India along with joint venture partner ONGC 

encountered hydrocarbons in Early Cretaceous sandstones 

of the Raghavapuram and Golapalli Formations in the 

southern onshore Krishna-Godavari Basin during 

exploration drilling (Figure: 1). Extensive core analysis 

data, petrophysical interpretation and well test results 

indicate that this has opened a new category of deep, high 

temperature, high pressure and ultra-low permeability 

sandstone oil reservoirs (depth 4-5km, permeability < 

0.1md, temperature >150°C, reservoir pressure >8000 psi) 

in India. The initial challenge in determining the 

commerciality of the discovery, now named the 

Nagayalanka Field, was to define the reservoir extent and 

distribution of the best quality reservoir rock within the 

field. The extreme low permeability of the reservoirs and 

relatively thin development of the upper reservoir (gross 

thickness 15-45m) made it essential to predict spatial 

distribution of the best quality reservoir within the field for 

optimum appraisal planning and development (Shanley et 

al., 2004; Miller and Shanley, 2010). A specifically 

designed core analysis programme to address the low 

permeability nature of the reservoir followed by 

integration of core analysis data with seismic and 

petrophysical data has enabled comprehensive reservoir 

characterization for optimal appraisal planning. 
 

 
Figure 1: Location map of Nagayalanka Field with the KG-ONN-

2003/1block location in the onshore Krishna-Godavari Basin.   
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Methodology and workflows  

  

Following discovery, work was undertaken to define the 

better quality reservoir intervals (best 

porositypermeability) within the thick gross reservoir 

interval on the basis core analysis and petrophysical 

interpretation. The first up-dip discovery well (Well-A) 

encountered a thinner (approximately 15m of gross 

thickness) Raghavapuram reservoir and thicker (thickness 

in terms of hundreds of meters) Golapalli reservoir. By 

contrast, a down-dip well (Well-B) encountered a slightly 

thicker upper reservoir (approximately 40m of gross 

thickness) and similar lower reservoir thickness. Two 

conventional cores (18 meters each) were acquired from 

both the reservoirs in the downdip well. 

 

An 18m section of each of the reservoirs was cored to help 

characterize the reservoir. Sedimentological description of 

the core was used to define lithofacies and facies 

association, and thence interpret depositional 

environments for the reservoirs. An understanding of the 

depositional environments coupled with seismic attribute 

studies (structural contour map, isopach maps, amplitude 

maps, and inversion volumes) was used to define the 

spatial distribution of the better quality reservoir within the 

field. The resulting maps have been used for planning the 

appraisal and field development programme to target the 

best quality reservoir for hydro-fracture placement and 

optimal production  

  

Petrophysical wireline log interpretation along with and 

hotshot core analysis (quick porosity, permeability, grain 

density and water saturation measurements on 

representative samples) and well test data analysis 

indicated that both the reservoirs are ‘tight’, low 

porositypermeability in nature. For these tight reservoirs, 

permeabilities of >0.01md and porosities of >8% are 

considered as ‘good’ reservoir properties and termed 

“sweet spots”.  

  

A core analysis programme was specifically designed for 

these low permeability sandstone reservoirs (Miller et al., 

2007). As part of core analysis programme a detailed 

sedimentological study was done to identify lithofacies 

and facies associations. Lithofacies are defined on the 

basis of their lithology, grain-size, sorting, primary 

sedimentary structures, visual cement, visual porosity, 

colors and degree of bioturbation.   

  

Results  

  

A representative section of the core description is shown 

in Figure 2. The core from Raghavapuram reservoir is 

sandstone dominated, and comprises stacked fine to 

medium grained sandstones along with mudstone on upper 

part of each sequence.  The core from the Golapalli 

reservoir comprises fine to coarse grained, pebbly 

sandstones interbedded with shale and is generally more 

finely laminated. Small scale laminations with rick organic 

matter are quite common within the Golapalli reservoir.  

  

The cored interval was subdivided into facies associations 

on the basis of lithofacies. Facies associations are used to 

identify sedimentary process acting during deposition 

which helps to understand depositional model of reservoirs 

and helps to predict spatial distribution of good quality 

reservoir rock within the field. On the basis of sedimentary 

logging a total of seven facies associations (Table 1) are 

recognised in the cored interval. The cored intervals are 

interpreted to dominantly record the deposits of turbidite 

fans and the associated channel fill-over bank sediments as 

suggested by finning upward stacked sand-shale nature of 

the reservoir. A fan and channel depositional geometry is 

also supported by RMS amplitude maps extracted from 

Raghavapuram reservoir window and seismic 

crosssections (Figure 7). The depositional model for the 

Raghavapuram and Golapalli formation is that the 

reservoir sands are marine deposits resulting from gravity 

processes including turbidity and debris flows. 

 

 
Figure  2:  Representative  section  of  the  sedimentary  log  

obtained from   core   of   upper   reservoir   interval   along   with 

identified depositional environments from lithofacies 

association. 
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Table 1: The facies associations identified from core. 

 
 

For the Raghavapuram reservoir, the main channel system 

appears to be sand prone and filled with axial 

highconcentration sands. These sandstones are the target 

sweet spots in the Raghavapuram reservoir. In contrast, the 

pebbly sandstone characteristics of the Golapalli reservoir 

are suggestive of more erosive turbidity current flows and 

this implies a relatively steep depositional slope, which is 

supported by the basement geometry map interpreted from 

the seismic volume. The significant development of the 

Golapalli reservoir (thickness in hundreds of meters) 

suggests the establishment of a more stable and permanent 

system, fed by numerous point sources. 

 

After depth matching core with wireline logs, the 

lithofacies from cored intervals were assigned to the 

complete reservoir section in the uncored interval using the 

petrophysical log characteristics (Figure 3) as each 

lithofacies displays a characteristic log response.  

 

 
Figure 3: Facies assignment to logs using calibration from core.  

  

Thin section petrography, SEM and XRD analysis data on 

core and cuttings samples were used to refine lithological 

texture and mineralogical composition, clay percentage 

and diagenetic components. These data were used to 

support depositional process interpretations and used for 

detailed reservoir characterization when integrated with 

identified facies from sedimentary logging. The 

sandstones from both the Raghavapuram and Golapalli 

Formations have undergone significant compaction 

(typically more than 75% original pore volume reduction) 

and clay diagenesis has replaced many detrital feldspars by 

illite. Virtually all the remaining pore system is secondary 

grain dissolution porosity.  

  

Integration of petrophysical logs with this reservoir quality 

and core analysis data (porosity, permeability, grain 

density and Sw) reveals specific reservoir characteristics 

for each lithofacies. This reservoir characterization has 

been used to identify “sweet spots” in the overall reservoir 

interval (Figure 4) which have been extended to maps 

using seismic reflection and attribute volumes (Figure 7).  

 

 
Figure  4:  Collation  of  core  analysis  data  to  define  sweet  

spots within the reservoir intervals. 

 

Cross-plotting of some key reservoir parameters as per 

their facies association highlights some of the key 

observations:   

  

• Most of the lithofacies show a linear trend of 

increasing permeability with increasing porosity 

other than the “Tractional grain flow (TGF)” facies 

which has a more dispersed, scattered relationship 

(Figure 5). The porosity - permeability ‘Sweet 

Spot’ range for these reservoirs is indicated in the 

red highlight and is dominated by the HCST and 

LCST lithofacies representing the best quality 

reservoir sandstones.  

• Water saturation (Sw) generally increases with 

decreasing permeability for all lithofacies except 
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TGF which has an anomalously high Sw for a 

given permeability.  

• Most of lithofacies exhibit increasing Sw with 

decreasing porosity (ϕ) along a normal linear trend.  

• In most of the samples, permeability decreases 

with increasing clay content. However, sections of 

the “High concentration sandy turbidites (HCST)” 

have low permeabilities even though they have low 

clay content (Figure 6). These are highly calcite 

cemented reservoir part and required to be 

discarded from sweet spot calculations though 

these are sandy in nature.  

• Some portions of the reservoir have elevated grain 

densities and associated low porosity-permeability 

characteristics which are due to presence of pyrite 

cement. This mineralogy is accounted during 

calculation of porosity from the density log. 

 

 
Figure 5: Cross plot of porosity vs permeability for the reservoir 

facies showing the normal trend of increasing permeability with 

increasing porosity but sample points from TGF facies shows 

more scattered display. Points having good porosity-permeability 

rang are termed as ‘Sweet Spot’ and highlighted in red. 

 

 
Figure 6: Most of the lithofacies exhibit a relationship of 

decreasing permeability with increasing clay content. Some of 

the points from HCST lithofacies show lower permeability, 

although having low clay content. These points are from calcite 

cemented portion of the reservoir. 

 

3D seismic data was used to identify the spatial 

distribution of the reservoir quality rock within the field. A 

basement geometry map was created from regional 

gravity-magnetic data and seismic horizon mapping to 

define the probable palaeo-slope and position of channels 

which supplied sediments to the slope-fan system. An 

RMS amplitude map extracted from the Raghavapuram 

reservoir interval and a reservoir isopach map in 

conjunction with the key seismic lines was used to 

constrain the spatial localization of slope and fan positions 

(Figure 7). In addition, 3D seismic inversion volumes of 

Vp/Vs and P-impedance along with coherency volume 

helped to map the reservoirs away from wellbore and to 

understand spatial distribution of reservoir rocks.   

 

 
Figure 7: Cartoon map showing the interpreted spatial 

distribution of turbidite fan complex and feeder channel fill 

reservoirs for the Raghavapuram Formation. Basement geometry 

from seismic interpretation along with a RMS amplitude map 

extracted from the Raghavapuram reservoir interval displayed as 

underlays. Indicative reflection seismic strike lines reveal fan and 

channel cross-section geometries. 

 

Core analysis and well test data from down-dip well-B 

indicate tight low permeability reservoir presence in 

downdip direction, suggesting that lithofacies 

development is poorer to the downdip direction, or that 

reservoir quality is simply further reduced with increasing 

burial depth. By contrast, relatively better flow data, 

supported by improved reservoir quality from interpreted 

petrophysical logs, suggests the presence of better quality 

reservoir rock in updip direction. The present preferred 

interpretation is that this reflects good quality reservoir 

development in coarser grained, lower detrital clay content 

sediments in the proximal/axial part of the slope-fan 

system in the up-dip direction. Appraisal well locations are 

planned in the updip direction in areas of suitable 

reflection seismic geometry and RMS amplitude response 

to target optimal reservoir ‘Sweet Spots’  and to flow 

hydrocarbon at optimal rates.   

 

 

 

 



 

 

 

 

 

5 

Conclusions  

  

An effective reservoir characterization workflow has been 

developed for very tight, low permeability oil reservoir 

sandstones from the Early Cretaceous of the 

KrishnaGodavari Basin which has enabled prediction of 

reservoir ‘Sweet Spots’. Core description, petrographic, 

SEM, XRD and routine core analysis (porosity, 

permeability, grain density and Sw) was undertaken to 

define 7 lithofacies and facies associations. These were 

interpreted in terms of depositional environment and 

processes, and reservoir quality was defined for each 

lithofacies. Lithofacies were assigned to petrophysical logs 

for the whole reservoir  interval, which was used to predict 

reservoir ‘Sweet Spots’  away from the cored intervals in 

the wells. 

 

The interpreted depositional environment from the 

sedimentary descriptions for the Raghavapuram and 

Golapalli formations is a slope-related, partially 

channelized turbidite and sandy debrite association that 

passes distally into a more fan or lobe sheet sand 

association. The porosity - permeability ‘Sweet Spot’ 

range for these reservoirs is dominated by the sandy 

turbidite lithofacies which appear to be developed in the 

more channelized, thicker sandstone intervals. 

Recognition of the spatial distribution of reservoir facies 

rock from RMS amplitude, Vp/Vs and P-impedance 3D 

seismic inversion volumes calibrated to core lithofacies 

and isopach maps further constrain the spatial localization 

of slope and fan positions and were used to further 

condition the predictive maps of reservoir extent. The 

current preferred interpretation predicts better quality 

reservoir rock in the up-dip direction where coarser and 

low clay turbidite sandstone intervals were developed.  

Appraisal well locations now target the up-dip extent of 

field to find the most optimal reservoir quality rock.   
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