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Abstract
The depth of the reservoir causes an increase in the degree of uncertainty in the prediction of reservoir quality. High frequency 
is suppressed with depth because Earth functions as a low-pass filter. The seismic amplitudes observed at various interfaces 
are influenced by spherical divergence, transmission losses, mode conversions, and inter-bed multiples. Seismic data have 
numerous essential components that must be thoroughly examined during hydrocarbon prospect identification and matura-
tion, including post-critical reflections, events coherency (in near and far offsets), mode conversion, and interbed multiples. 
Seismic amplitudes are typically derived from 2D/3D seismic data and utilized directly or indirectly for reservoir interpre-
tation and better prediction of subtle geological and geophysical information. To accurately depict subsurface geological 
features, stratigraphic architecture, and reservoir facies, it should be used in conjunction with the existing paleoenvironment 
data. When employed alone, the subsurface geophysical data may lead to erroneous interpretation of subsurface lithologies 
and inaccurate reservoir property predictions. Understanding these factors could help interpreters make better use of seismic 
data while maturing and de-risking the prospectivity. This study examines the post-drill geophysical characterization of two 
exploratory wells that were drilled in the deep-water area of the Cauvery Basin, East Coast of India. Analysis and correlation 
with a discovery well is done to understand the sediment depositional heterogeneity and corresponding seismic amplitude 
response, primarily for the cemented reservoir (dry well). To discover prospects and subsequently de-risk the existing prospect 
inventory, a dashboard checklist for in-depth study of seismic and well data has been developed. The top-down geophysical 
analytical approach that has been presented will aid in defining reservoir characteristics generally, estimating deliverability, 
and subsequently raising the geological probabilities and chance of success (COS) of any exploration project. The findings 
of this study allow critical analysis of seismic data to distinguish between softer/slower/possibly better reservoir rocks and 
hard/fast/tight rocks.

Keywords Amplitude variation with offset (AVO) · PSDM gathers · Critical reflections · Internal multiples · Seismic 
amplitudes · Cauvery basin · Deep-water · Turbidite channel-lobe

Introduction

The deep-water hydrocarbon potential of East Indian passive 
margin sedimentary basins has been well-established in the 
last two decades (Qin et al. 2017; Zhang et al. 2019). The 
Krishna–Godavari (KG) and Cauvery Basin are considered 
Category-I basins having several producing fields and huge 

unlocked potential of hydrocarbon presence in their deep-
water areas. The current study area falls in the northern part 
of the Cauvery Basin (Ariyalur–Pondicherry sub-basin), 
located in the Tamil Nadu state, along the Palk Strait and 
Coromandel coast. Sedimentary basins of the eastern periph-
ery of the Indian peninsular are formed as a result of the 
Indian–Antarctic break-up during the Late Jurassic–Early 
Cretaceous period (Sastri et al. 1981; Watkinson et al. 2007; 
Lal et al. 2009; Nagendra and Nallapa Reddy 2017). The 
NE–SW trending normal faults originated during the initial 
rift phase of the Cauvery Basin. The structural trend was 
similar to the other two rift basins located towards the north. 
This rifting phase resulted in the formation of NE striking 
series of horst-graben structures (Fig. 1), which is indicative 
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of extension and crustal stretching (Narasimha Chari et al. 
1995; Chand and Subrahmanyam 2001; Twinkle et al. 2016; 
Qin et al. 2017). These parallel trending subsurface highs 
are separating depressions from one another and extend 
into the offshore area (Fig. 1). The oblique-slip separation 
between Antarctica and the Eastern margin of India took 
place along the Coromondal transform margin resulting in 
oblique trending horse-tail structures (Nemčok et al. 2013, 
2016; Dasgupta 2019).

During the postrift thermal subsidence (Late Cretaceous), 
regional unconformities were formed in almost all the east-
ern margin basins of India (Qin et al. 2017). After the Late 
Cretaceous period, Cauvery Basin started growing in a shelf-
slope setting and subsequently matured as a passive margin 
basin (Sastri et al. 1973; Chand and Subrahmanyam 2001). 
The deep-water region of Cauvery-Palar basin behaved as a 
single depression center post Late Cretaceous with sediment 
input from the west by Cauvery, Palar and other subsidiary 
rivers. An overall basinward prograding shelf-slope system 
was developed, mainly from mid-Miocene and the entire 
depositional system had prograded eastward into deep-water 
areas (Biswas et al. 1993; Twinkle et al. 2016; Chakraborty 
and Sarkar 2018). The Cauvery Basin can be divided into 
the following sub-basins, (i) The Ariyalur–Pondicherry 

sub-basin, (ii) Nagapattinam sub-basin, (iii) Tanjore sub-
basin, (iv) Tranqueber sub-basin, (v) Ramnad-Palk bay 
sub-basin, and (vi) Gulf of Mannar sub-basin. The base-
ment high trends that separate these sub basins are: Kum-
bakonam–Madanam–Portonovo high, Pattukottai–Mannar-
gudi–Vedaranyam–Karaikal high, and Mandapam-Delft high 
(Fig. 1).

The oil and gas exploration activities have resulted in eco-
nomically viable hydrocarbon discoveries from both onshore 
and offshore regions of the Cauvery basin in the recent past 
(Rigzone 2007, 2013; Lasitha et al. 2019). A large amount of 
geological and geophysical data acquired by various Explo-
ration and Production (E&P) companies signifies the deep-
water hydrocarbon potential of this basin (www. dghin dia. 
gov. in). The accumulation of hydrocarbon has been proven 
in the fractured basement and clastic sediments (mainly 
deep-water turbidite sandstone) of the Albian-Cretaceous 
age by public and private E&P companies (Qin et al. 2017; 
Zhang et al. 2019). The present study attempts a comprehen-
sive analysis of the post-drill geophysical data of two explor-
atory wells drilled by Reliance Industries Limited (E&P) in 
the deep-water Cauvery Basin. A sincere attempt has been 
made to develop a workflow for detailed geophysical analy-
sis using available seismic and well data. This workflow will 

Fig. 1  a Map showing major tectonic elements of the Cauvery Basin 
and their offshore extension. b Bouguer gravity anomaly map of the 
Cauvery Basin confirms the extension of regional tectonic elements 
into the deeper water. The image is reproduced with permission 

(Misra and Dasgupta 2018). The shelf-slope boundary is shown by a 
light blue line. An NW–SE trending red line (X–Y) is location of the 
regional seismic section shown in Fig. 3

http://www.dghindia.gov.in
http://www.dghindia.gov.in
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provide an analog for the identification and prediction of 
reservoir properties of deep-water siliciclastic deposits with 
higher accuracy and therefore lead to de-risking of the reser-
voir quality and deliverability. A comprehensive post-drilled 
analysis of the two exploratory wells drilled in a similar 
depositional setup in the deep-water (~ 1200 m water depth) 
of the Cauvery Basin (Ariyalur–Pondicherry sub-basin) 
was systematically carried out and presented in this paper. 
The first well (well A) resulted in a gas discovery, while 
the second well (well B) encountered diagenetically altered 
tight sands and was declared as a dry well. A methodical 
post-drill analysis was carried out to understand the geo-
logical differences encountered in both the wells and to list 
down the geophysical uncertainties that were missed before 
drilling. The reservoirs discussed in the current study lie 
at ~ 3200 m depth and had compressional velocities higher 
than the background shales. Therefore, the reflections gen-
erated at far offsets in the high impedance sands and their 
interference with amplitude versus offset (AVO) effects 
were critically examined. Various seismic attributes were 
also used in conjunction with detailed geophysical analysis 
to understand the reservoir heterogeneity and reasons for 
failure. Bright positive or negative seismic amplitudes on 
zero-phase data (depending on the polarity of seismic data) 
are commonly indicative of hydrocarbon-filled sands at shal-
lower depths. But for the deeper and older rocks, a minor 
acoustic impedance (AI) difference is observed between 
hydrocarbon-bearing reservoir rocks and surrounding shaly 
rocks (Hanafy et al. 2018; Mishra and Singh 2019; Fawad 
et al. 2020). A minor difference in acoustic impedance is 
not strong enough to produce diagnostic seismic amplitude 
on stacked data. AVO analysis on CMP gathers is then used 
for the identification of sandy intervals and distinguishing 
the properties of pore fluid (Mishra and Singh 2019). In the 
current paper, Sect. 4 systematically explains the pre-drill 
prediction of both the wells, post-drill analysis of gathers, 
critical-angle reflection analysis, synthetic seismogram cor-
relation and AVO modeling outcomes. A detailed geophysi-
cal dashboard was prepared based on the comparative analy-
sis of available subsurface data of both the drilled wells and 
discussed in Sect. 5.

Generalized stratigraphy of the basin

The Cauvery Basin covers ~ 50,000 sq km of the area from 
the onshore to offshore (up to 2000 m bathymetry) and 
preserves 3–6 km of sediment thickness. The geological 
history of this basin began with the rejuvenation of rifting 
during the Late Jurassic–Early Cretaceous period between 
the East Indian margin and Antarctica along the dextral 
transfer Coromondal fault zone (Sastri et al. 1981; Biswas 
et al. 1993; Nemčok et al. 2013; Mazumder et al. 2019). 

This significant tectonic event resulted in the formation of 
synrift structures in the present-day deep-water Cauvery-
Palar Basins (Chakraborty and Sarkar 2018). The Ramnad 
and the Mannar sub-basin appear to came into existence 
in the earliest stage of basin formation as the non-marine 
sedimentary rocks (Shivganga and Tehrani formations) of 
the Gondwana age are deposited in these regions (Nagendra 
et al. 2018). On the other side, the northern sub-basins such 
as Tranquebar, Tanjore, Nagapattinam and Ariyalur–Pondi-
cherry (Fig. 1) went through the initial stage of formation as 
a result of shear coupling and rifting, which resulted in basin 
deepening and hence led to initial marine incursion (Sastri 
et al. 1973; Chetty and Rao 2006; Mazumder et al. 2019). 
The tectonically controlled Cauvery Basin preserves a com-
plete sequence of Late Jurassic to Early Cretaceous sedi-
ments, which continued till the end of the Tertiary (Fig. 2) 
(Muthuvairvasamy et al. 2003; Nagendra et al. 2013). For a 
better understanding of readers, a generalized stratigraphy 
of the Cauvery Basin (modified after, https:// www. ndrdgh. 
gov. in/ NDR/) and a description of syn- and postrift tectono-
geoogical evaluation of the basin are shown in Fig. 2. A brief 
explanation is given in subsequent subsections.

Synrift stratigraphy (Late Jurassic to Early 
Cretaceous)

Early synrift and basement formations are drilled in vari-
ous offshore wells of the Cauvery-Palar Basins showing an 
active petroleum system from onshore to the deep-water 
area (Zhang et al. 2019). The outcrop exposures and onshore 
drilling data of the basin reveal that the Pre-Cambrian cra-
tonic rocks are comprised of Granites, Gneisses, and Char-
nockite. Initial synrift and early postrift sediments ranging 
between late Jurassic to early Cretaceous age are clubbed 
together and named as Andimadam Formation (Janardhanan 
et al. 2013; Saravanan and Johny 2018; Chakraborty and 
Sarkar 2018), which is mainly comprised of feldspathic, 
gritty and kaolinitic sediments. The uppermost Andimadam 
Formation is dated as of the Albian age and represented 
by marine sediments (Fig. 2). In the deep-water offshore 
region, synrift sediments were drilled in wells CYPRIIID7-
A1, PRIIID8, CYIIID5-M1, and CYIIID5-S1 by Reliance 
industries limited (Rigzone 2007, 2013; Bastia et al. 2010; 
Mishra and Singh 2019; Zhang et al. 2019). The synrift sedi-
ments drilled in the above-mentioned wells were comprised 
of feldspathic sandstone, and siltstone along with discrete 
high TOC carbonaceous shale deposited in shallow marine 
to the lagoonal environment.

Postrift stratigraphy (Late Cretaceous and above)

The postrift Cretaceous sag phase is mainly comprised 
of Aptian-Albian sediments deposited in the deep marine 

https://www.ndrdgh.gov.in/NDR/
https://www.ndrdgh.gov.in/NDR/
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Fig. 2  Generalized stratigraphy of the Cauvery Basin. Different phases of basin evaluation, tectono-stratigraphic development, and associated 
sediment responses are also shown
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environment due to rapid subsidence of the basin. These sed-
iments indicate a relatively higher volume of sediment input 
from the surrounding granitic highs (Dubey and Mahapatra 
2013). The Sattapadi shale formation (middle Karai shale in 
onshore) deposited in partly anoxic conditions largely con-
sists of marine shales with occasionally thin-bedded silty 
calcareous sand and is considered to be an important source 
rock (2–2.5% of TOC) of the basin (Nagendra et al. 2011; 
Sain et al. 2014; Premarathne 2015; Bansal et al. 2019) The 
Sattapadi shale is conformably overlain by the sand-rich 
Bhuvanagiri Formation of the Cenomanian–Turonian age 
and the Kudavasal shale, a marine transgressive sequence, 
unconformably overlying to the Bhuvanagiri Formation 
(Fig. 2) (Nagendra et al. 2018; Chakraborty and Sarkar 
2018; Sengupta et al. 2020).

The separation of Madagascar during the Cenoma-
nian–Turonian period led to an overall SE tilting of the 
Cauvery-Palar Basins (Nagendra and Nallapa Reddy 2017). 
During the Turonian time, a distinct variable density chan-
nelized lobe (turbidite) system started prograding into the 
deeper water followed by deposition of transgressive shale. 
During this period, sedimentation in the basin took place 
under local and regional transgressive phases, represented 
by the Portonovo Shale and its equivalent, the Komarakshi 
Shale, which together attained a thickness of about 1000 m 
(Lasitha et  al. 2019). Towards the western part of the 

basin, the sand-rich Nannilam Formation of the Santonian-
Campanian age provides significant exploration objectives 
(Chakravorti et al. 2006), which is unconformably overlain 
by thick Porto-Novo shale (top of Ariyalur group) of Cam-
panian–Maastrichtian age. The Ariyalur–Pondicherry sub-
basin in the northeastern part appears to have hosted the 
deep-water sedimentary facies during the Late Cretaceous 
(Paranjape et al. 2015). It was the period of widespread sedi-
mentation under marine conditions of different local and 
regional transgressive phases. Towards the end of the Creta-
ceous, a major tectonic change took place in the basin, which 
began with the formation of an unconformity followed by 
an overall eastward tilting of the basin (Fig. 2) (Chakravorti 
et al. 2006; Lasitha et al. 2019). An interpreted regional 
seismic section of the deep-water Cauvery Basin is given 
in Fig. 3, which is showing fault-controlled basement archi-
tecture and a breakup unconformity (synrift top) (Misra and 
Dasgupta 2018). The distinct growth pattern of synrift and 
postrift sedimentary packages and downlapping reflection 
pattern over unconformity surface is clearly visible in this 
seismic section (Fig. 3). Overall, SE tilting of the basin dur-
ing the end of the Late Cretaceous (Post Turonian) produced 
massive erosion of shelf-slope regions and deeply incised 
submarine canyons were developed (Susanth et al. 2021).

Consequently, siliciclastic sediments (turbidites) bypass 
the shelf-slope margins through deeply entrenched valleys, 

Fig. 3  Interpreted regional Seismic section of deep-water Cauvery 
basin in NW–SE direction (location shown in Fig.  1b). The fault 
controlled basement architecture, rift geometry and a breakup uncon-
formity (synrift top) are interpreted with regional scale seismic inter-
pretation. The distinct growth pattern of sedimentary packages at 
synrift as well as postrift intervals, basinward progradation and down-

lapping geometry of early postrift reflectors over unconformity sur-
face (due to post Cretaceous tilting) is clearly evident. Postrift chan-
nelized system (stacking pattern) is also interpreted based on bright 
amplitude cut and fill structures (modified after Misra and Dasgupta 
2018).
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which leads to the development of turbidite slope fans and 
channelize fairways into the deeper water (Fig. 4). These 
turbidite sand fairways are the key postrift reservoirs of 
this basin. Subsequently, the tilting phase continued in the 
Tertiary period and prograding shelf-slope sequences were 
developed at a relatively faster pace (Muthuvairvasamy et al. 
2003; Rao et al. 2010; Nagendra and Nallapa Reddy 2017). 
The later sections of this paper explain the geophysical char-
acterization of Cenomanian–Turonian age reservoirs of two 
deep-water wells drilled in the offshore Cauvery Basin.

Overview of the present study: a problem 
statement

In the present study, post-drill geophysical analysis was car-
ried out for two exploratory wells (Well A & B), drilled in 
the northern part of the Cauvery Basin deep-water area by 
RIL at ~ 1200 m of water bathymetry (Fig. 5). Both these 

drilled wells were lying in a similar geological set-up and 
were located within 5 km of the vicinity. The deep-water 
sediments of the late Cretaceous age were dominated by 
variable density turbidite channel-lobe sediments deposited 
typically in low sinuosity and relatively higher energy envi-
ronments. The primary target of both wells was 30–40 m 
thick turbidite channel-lobe reservoir sands of the Turonian 
age. The pre-drill geological and geophysical investigation 
revealed that most of the attributes had an almost similar 
response and both the locations looked equally promising. 
The first exploratory well (well A) turned out to be a gas 
discovery (~ 35 m gross column), which improved the prob-
ability of reservoir presence and effectiveness at location 
B. The second well was proposed to establish the up-dip 
continuity of proven reservoir sands and to estimate the 
total hydrocarbon column thickness. Despite all the simi-
larities between the two locations, the second well (well B) 
encountered diagenetically altered tight reservoir sands and 
hence was declared as a dry well. This well encountered high 

Fig. 4  a A conceptual 3D sketch of the study area revealing the 
depositional pattern of the sandy turbidite channel fairways (shelf-
slope feeder) and slope-fans through incised submarine canyons. The 
paleo-bathymetry controlled sediment input direction of feeder chan-
nels and depositional geometries of sedimentary facies (turbidites) is 
clearly shown in this sketch. b A subsurface cross-section connecting 

through both the wells shows basement controlled stratigraphic archi-
tecture. Note that well B lies to the updip of discovery well A. c A 
subsurface cross-section through discovery well A, showing thicken-
ing of stratigraphy towards deeper water and development of turbidite 
reservoir at Turonian age
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impedance dry sands with minimal porosity and permeabil-
ity. Post-drill petrophysical analysis of well B indicated the 
presence of basement-derived, short transported and poorly 
sorted sediments with poor porosity and permeability due 
to calcite cementation.

A systematic workflow was designed in the present 
study and multiple geophysical techniques were used for 
post-drill investigation of these twin wells (Figs. 5 and 
6). Careful consideration was given to understanding the 
geological uncertainties and depositional heterogeneity 
of reservoirs by discriminating the geophysical proper-
ties using seismic attributes. A thorough investigation and 
comparison of pre-stack and post-stack seismic data of 
both the well locations indicated an effect of critical angle 
reflections in the seismic data in the reservoir interval. 
Typically, for the high impedance reservoirs having high 
P-wave velocity  (Vp) and high density, the critical angle 

comes closer to around 25°–30°. These are the angles 
that are frequently used in stacking and for AVO stud-
ies (Zhang and Brown 2001; Russell 2014). The risk and 
uncertainty during prospect maturation increases, if the 
effect of critical angle reflection in the seismic amplitude 
analysis is not appropriately understood and taken into 
consideration. Offset synthetic modeling was performed 
which also pointed towards the effect of misleading far off-
sets. The current study demonstrates an excellent analog to 
compare the depositional heterogeneity of turbidite reser-
voirs and their geophysical characterization. This pre- and 
post-drill comparative analysis of geophysical data of two 
exploratory wells will be highly beneficial to readers and 
may help in de-risking the undrilled prospect inventory of 
a similar play type.

Fig. 5  NW–SE trending Seismic sections of the study area located in 
the northern part of the Cauvery Basin. a An arbitrary seismic line 
connecting both the wells and showing regional setup, amplitude con-

trast and reflection continuity. b An enlarged seismic section at the 
target interval is overlain by Gamma and Resistivity logs at both the 
drilled well locations
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Methodology and interpretation

This section explains the systematic workflow adopted for 
the pre and post-drill analysis of available geophysical data 
of both the drilled wells. The flow chart in Fig. 6 shows 
the step-wise process adopted during data analysis and 
geophysical dashboard preparation. The drilled well data, 
P-wave  (Vp) and S-wave  (Vs) velocities, density, Gamma, 
neutron density, and other logs were used for comparison 
and to recognize the differences in reservoir characteristics. 
Full-stack data, angle stacks (near angle stack 3–13°, mid 
angle stack 13–21°, far angle stack 21–27°), seismic attrib-
ute volumes and pre-stack time migrated (PSTM) as well as 
depth migrated (PSDM) gathers were analyzed in detail to 
understand the seismic waveform distortion from different 
perspectives like critical angle, multiples, stretching at far 
offsets, and interference due to bed thickness (Fig. 7). To 
understand the effect of variable lithology zero offset and 
full offset elastic synthetics were generated using log data. 
The objective was to demonstrate the effect of lithological 
changes in seismic once wavelets are introduced. The syn-
thetics were generated and then compared with pre-SDM 
gathers at both the drilled locations to highlight the arti-
facts introduced by the seismic data acquisition and pro-
cessing. Seismic interval velocities, an output of pre-stack 
depth migration were used along with sonic velocities to get 
an idea if seismic interval velocities were able to pick the 
reservoir variability or not. The handpicked tomographic 
velocities were found to be much closer to sonic velocities 

compared to seismic interval velocities. Tomographic veloc-
ities were able to pick geological heterogeneity better than 
seismic interval velocities at the reservoir level.

Pre‑drill understanding of well A and B

The seismic amplitudes at both locations appeared to be 
equally bright (Figs. 5 and 7). The siliciclastic sediments 
encountered in both the wells at reservoir intervals were 
composed of moderate to coarse grain sands with mud 
matrix and fine streaks of calcareous sands. Generally, the 
well logs reveal calcite streaks locally, whereas the seismic 
perceives average properties over a much longer vertical 
scale. The synthetic seismogram generated at both locations 
revealed a strong amplitude at top of the reservoir compared 
to that in seismic (Fig. 7). The top part of the reservoir at 
well B encountered a layer of ~ 2.6 gm/cc density and veloci-
ties higher than 5 km/s. This layer was overlain by shale 
sequence and showed identical properties as that of brine 
reservoir sands overlying the shale section in well A. In such 
a situation the reflection coefficient corresponding to the 
target event at well B would be ~ 0.3 compared to ~ 0.12 at 
well A. This implies around 2.5 times increase in amplitude 
at well B with respect to well A, which was not evident in 
the seismic section traversing through both the wells. This 
explains why there was no gross increase in top sand ampli-
tudes between A and B locations despite the significant dif-
ference in the subsurface lithology.

Post Drill investigation of seismic and well data

For a better understanding of reservoir sands, a detailed 
post-drill analysis was taken up. Detailed AVO modeling 
was carried out to understand the behavior of seismic ampli-
tudes at the two well locations. An attempt was made to 
understand the relation between the seismic amplitudes and 
the correlated facies encountered in the well. Prior to this, 
well seismic correlation was done using the well seismic tie 
method. Well to seismic tie was done using two softwares—
Hampson Russel’s ELOG and Landmark’s Syntool. There 
was a very good match between Vertical Seismic Profiling 
(VSP), synthetics and the real seismic data. A good signal-
to-noise ratio of around 4.5 was observed for both the wells 
in the data. There was an excellent match between synthetic 
and seismic with a strong event-to-event correlation, which 
boosted the confidence on how logs relate to seismic at both 
the well locations. In well A, the post-drill depth of the main 
objective (reservoir top) was only 2 m shallower than the 
prognosed depth whereas, in well B the post-drill depth of 
the main objective was shallower by ~ 125 m than the prog-
nosed depth. The sands encountered in both the wells were 

Fig. 6  Flow chart showing the steps followed for post-drill Geophysi-
cal analysis of two drilled wells discussed in this paper
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high impedance sands and exhibited class 1 AVO in both 
datasets.

Well data comparison at locations A and B

In well A, two sand intervals of 37 m (gas sand) and 54 m 
(11 m gas sand + 43 m brine sand) of Turonian age were 
encountered (Figs. 7 and 8). The 37 m gas sand had effec-
tive porosity in the range of 12–16%, clay content of 15% 
with an NTG ratio of 61%. The lower 11 m gas sand was 
of poor quality. It had only 6% effective porosity and ~ 50% 
clay content. The remaining 43 m brine sand was very good 
quality (NTG-93%). In well B, the prognosed reservoir inter-
val appeared to have a high density ~ 2.6gm/cc, implying 
the presence of tight calcite-rich rocks with velocities up to 
5–6 km/s (Figs. 7 and 8). The sands encountered in well B 

were diagenetically altered and had minimal effective poros-
ity and no permeability. Possibly, the basement-derived and 
carbonate-rich sedimentation transported from adjacent 
updip areas contributed towards making up the reservoir 
encountered in well B.

The well logs from the two wells were plotted on top 
of each other for comparison of reservoir properties in the 
log domain (Fig. 9). Well A was given a shift of −100 m to 
match the sand interval in well B. Shales above the target 
reservoir in well B was 500 m/s faster than that in well A, 
whereas the shales within the reservoir had almost simi-
lar properties in both the wells. The first target in well B 
behaved like calcareous brine sand in well A. The reservoir 
interval at well B had high P wave velocities (~ 5–6 km/s) 
and densities in the range of 2.5–2.6 gm/cc, whereas in the 
case of the discovery well A, the P-wave velocities were 

Fig. 7  Comparative analysis of seismic data at both the wells. a Over-
lay of Gamma and Resistivity logs on the seismic section at discov-
ery well A. b Synthetic seismogram overlay on the seismic section 

at discovery well A. c Overlay of Gamma and Resistivity logs on the 
seismic section at dry well B. d Synthetic seismogram overlay on the 
seismic section at dry well B
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in the range of 3.5–4 km/s and densities in the range of 
2.35–2.45 gm/cc. The porosity and permeability in the res-
ervoir were destroyed due to calcite cementation for dry well 
B. Despite the presence of cement content in reservoir sands, 
the porosity and permeability were preserved for discovery 
well A.

The Vp/Vs ratio looks high for the discovery well (gas 
well) compared to the dry well indicating a high Poisson's 

ratio (PR) in the discovery well and low PR in the dry 
well. Generally, Poisson’s Ratio in gas saturated sand lies 
within 0–0.25 range, with typical value around 0.15. How-
ever, sometimes abnormally high PR values are observed 
in gas sand (Dvorkin 2006). Some well log measurements, 
persistently produce a Poisson’s ratio as large as 0.3. This 
could be attributed to poor quality data or anisotropy. 
Other plausible explanations could be patchy saturation 
or sub-resolution thin layering. A cross-plot between the 

Fig. 8  Display of post-drill logs (Gamma, Vp, Vs, density and acoustic impedance) after blocking for both the drilled wells. a Discovery well A b 
Dry well B

Fig. 9  Log data (Vp, Vs, Gamma, density, acoustic impedance and Vp/Vs ratio) overlay for both the wells (blue and red lines denote the discovery 
well A and dry well B respectively)
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acoustic impedance (AI) vs Poisson’s ratio (PR) for both 
the wells is shown in Fig. 10.

Direct Hydrocarbon Indicator and analysis of pre‑stack 
gathers

While evaluating Direct Hydrocarbon Indicator (DHI) 
characteristics, an understanding of geological setting is 
crucial as an expected DHI response is dependent on it. 
The presence of a DHI in seismic data aids in de-risking 
of a prospect and has a significant impact on reserve cal-
culation (Hilterman 2001; Roden et al. 2005, 2012; Hanafy 
et al. 2018). AVO analysis is a deterministic way to predict 
hydrocarbon presence from seismic data (Smith and Gid-
low 1987; Rutherford and Williams 1989; Hilterman 1990; 
Castagna and Smith 1994; Smith and Sutherland 1996; 
Castagna et al. 1998; Figueiredo et al. 2019; Fawad et al. 
2020). Before proceeding with AVO analysis, it is always 
good to do forward modeling of AVO responses based on 
geological setup, as a feasibility study. This is done by 
creating a synthetic seismic model based on an assumed or 
interpreted Earth model (Zeng et al. 2013). The synthetic 
seismic is then compared to the real seismic data, and if 
necessary, the Earth model can be edited to give a better 
match. AVO forward modeling can be used to analyze the 
variation of amplitude with offset. By assigning different 
Vp, Vs, and densities according to different AVO classes, 
the response for various AVO classes can be regener-
ated by AVO forward modeling technique. More rigor-
ous modeling could reveal the correct lithology (Roden 
et al. 2014). According to Break et al. 2006; Lasitha et al. 
2019 in the pre-stack domain, the offset or angle is indica-
tive of three important aspects of seismology. They are 

(i) measuring the velocity of seismic waves in rocks, (ii) 
data redundancy (independent measurements of quantities 
that should be same-stacking offers the potential for signal 
enhancement by destructive interference of noise), (iii) 
procedures of migration which adds another element of 
complexity due to the presence of nonzero offsets.

Data in the pre-stack domain offers the possibility of 
identifying rocks by variation of reflection coefficients with 
offset or angle. With only zero-offset data, a little informa-
tion can be deduced. However, with the full range of off-
sets at our disposal, a more thoughtful analysis can be tried. 
Reflection coefficients contain valuable information about 
the local medium properties on both sides of an interface. 
Therefore, analysis of amplitude variations with incidence 
angle or offset (AVA/AVO) is often used in reservoir char-
acterization (Mallick and Frazer 1991; Avseth et al. 2001; 
Break et al. 2006; Ehirim and Chikezie 2017; Avseth and 
Lehocki 2021).

AVO analysis was carried out on the corresponding gath-
ers at A and B well locations. A slight increase in amplitude 
from near to mid and then a drastic decrease in amplitude 
from mid to far (hump shape) was seen on PSTM as well 
as PSDM data at the reservoir level. To confirm that the 
hump shape seen in the behavior of reflection amplitudes 
in the PreSTM and PreSDM gathers was not a processing 
artifact, the Un-NMO’ed gathers were also analyzed. Simi-
lar AVO response (increase in amplitude from near to mid 
offset and then decrease in amplitude from mid to far off-
set) was observed in Un-NMO’ed gathers also. Although a 
similar response was seen for gathers at the B location and 
other leads and prospects in that area but the position of the 
hump with respect to offset could be used as a clue to de-risk 
other prospects post drilling of well B. AVO response was 

Fig. 10  Acoustic impedance (AI) vs Poisson’s ratio (PR) plot for well A (Discovery) and well B (Dry)
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observed to be more consistent in PSTM data where a con-
sistent decrease in amplitude from near to far offset was seen 
which is indicative of class 1 high impedance gas sands. The 
AVO response was analyzed at neighborhood traces also and 
it was found to be in agreement with the above observations.

Reflections associated with a critical angle

Many a time, the high impedance reservoirs are character-
ized by high contrasts in media parameters across the inter-
face. This results in reflections associated with the critical 
reflections at relatively smaller offsets, where conventional 
AVO analysis is not valid anymore. For typical values of 
elastic properties, critical reflections occur at small angles 
of around 25°–30°. In general, 3°–35° is the range of angles 
frequently used in stacking and for AVO studies. If the angle 
range used for stacking and other AVO studies includes 
critical angle events, it may lead to false amplitudes in the 
stack data and mislead AVO analysis. Early emergence of 
critical angle indicates the presence of high velocity associ-
ated with an event corresponding to the identified prospect. 
(Makris and Thiessen 1984) have used critical reflections 
to image through high-velocity evaporite. The importance 
of near and post-critical reflections is highlighted by sev-
eral researchers (Makris and Thiessen 1984; Vecken and 
Da Silva 2004; Downton and Ursenbach 2006; Skopint-
seva et al. 2012) who showed that using such reflections 
improves inversion results. Based on plane wave reflection 
coefficient analysis, (Hall and Kendall 2003; Landrø and 
Tsvankin 2006; Carcione and Picotti 2012), it is noticed that 
the critical angle is sensitive to the fracture orientation. The 
near and post-critical reflections generated by a point source, 
which are a function of the wavefront radius and frequency 
are explained by (Červený and Hron 1961; Alhussain et al. 
2007). Recently developed spherical wave reflection coef-
ficients for isotropic/anisotropic interfaces (Ayzenberg et al. 
2007; Ursenbach et al. 2007) provide better insights into the 
reflection behavior observed around and beyond the critical 
angle. Analysis of the reflection coefficients for the isotropic 
interface shows that post-critical reflections contain informa-
tion about the under-burden that cannot be recovered from 
pre-critical reflections. Pre-critical reflections have a higher 
sensitivity to P and S-wave velocities and anisotropy param-
eters (Lasitha et al. 2019).

The real gathers in the study were compared to check 
various aspects of pre-stack data at two locations (Fig. 11). 
The gathers were analyzed in detail to understand if seismic 
can capture those subtle differences that made two locations 
behave so differently. Far offsets in the real gathers were 
low in amplitude and post-critical effects were not seen 
clearly for location A. There was good near-to-far coherency. 
Mode conversions and inter-bed multiples were not promi-
nent. Unlike location A, at location B the mode conversions 

and inter-bed multiples were deforming the seismic image. 
Also, there was very poor near-to-far coherency. The criti-
cal distance, at which critical angle started emerging, was 
around 3200 m in well A and a small critical distance of 
only 2000 m was observed leading to a very early genera-
tion of critical angle effects at well B. Critical distance was 
calculated at both the wells for the interfaces having strong 
impedance contrast and it was observed that high-velocity 
contrast is responsible for shorter critical distances. The 
peak amplitudes for all three objectives were suddenly ter-
minated into a trough, which can be easily confused with 
polarity reversal if not analyzed carefully.

Furthermore, the Critical angle was calculated using the 
formula θc =  sin−1(v1/v2) for both the offset synthetics using 
well velocities. The critical angle was found to be 36° for 
the discovery well and 34° for the dry well (Table 1). The 
observations made on these pre-stack gathers also indicated 
hard and fast lithology and thus some very strong reflection 
coefficients. Prominent refractions associated with the target 
event were seen in the pre-stack depth migrated gathers close 
to location B (Fig. 11).

AVO modeling and synthetic seismogram generation

The modeling of acoustic responses (reflections associated 
with compressional waves and density) of stratigraphic fea-
tures has become less common because of increased empha-
sis on the modeling of elastic responses (reflections associ-
ated with compressional waves, shear waves, and density). 
The use of P-wave velocity (Vp), S-wave velocity (Vs) and 
density provides an additional constraint on reservoir prop-
erty predictions (Hart 2013). VP, Vs and density logs are 
used to generate the angle-dependent impedance log, which 
is further used for deriving reflectivity series. This reflec-
tivity series is then convolved with a wavelet to generate a 
synthetic seismogram using algorithms such as Zoeppritz, 
Aki-Richards and a full-wave elastic modeling algorithm. 
The selection of the modeling algorithm depends on how the 
synthetics are going to be used. Aki-Richards approximation 
may give a better result than Zoeppritz for high contrast thin 
layers (Simmons and Backus 1994).

Hampson Russel Software (HRS) was used for AVO pre- 
and post-drill modeling studies. The two most important 
algorithms available for synthetic seismogram generation 
in HRS are, (i) Zoeppritz zero offset modeling algorithm 
and ii) full offset elastic modeling algorithm. The synthetic 
section was generated using Zoeppritz equations from a lay-
ered model. Rock properties (Vp, Vs, and density) of different 
layers were used to model how much energy gets transmitted 
and gets reflected back at the interface. The amplitude of 
the reflected energy is calculated using Zoeppritz equations 
once the ray path for reflection from a boundary is deter-
mined. It is also possible to calculate P-wave and S-wave 
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reflection coefficients at different offsets using Zoeppritz 
equations. The conversion of P-wave to S-wave is also deter-
mined using these equations. When P-wave is incident on 
a plane reflector, it produces four resulting waves, P and S 
reflected waves and P and S transmitted waves. However, the 
Zoeppritz algorithm described above has some limitations. 
It uses ray tracing to determine the angle at which energy 
is incident on each surface. From knowledge of the inci-
dent angle and the lithological properties above and below 

the interface, the reflection amplitude is calculated using 
Zoeppritz equations. While the Zoeppritz equation is strictly 
accurate for plane-wave energy incidents on a single inter-
face, it does not model the reality where a spherical wave is 
incident on a collection of interfaces. This creates a series of 
inter-bed multiples and mode-converted waves. These waves 
may interfere with the primary reflections and change the 
resulting waveform. The Zoeppritz algorithm, because it 
models the primary energy only, may give an inaccurate 
result in that case, especially for thin-layer models for large 
impedance contrasts (Simmons and Backus 1994). There-
fore, it is recommended to use the Elastic wave algorithm 
to generate synthetics for a better match with the acquired 
seismic data.

The elastic wave algorithm attempts to solve these prob-
lems by modeling all components simultaneously. It is 
designed to simulate the AVO effect of P wave reflectivity for 

Fig. 11  Comparative analysis of PSDM gathers of both the well locations. a PSDM gathers at discovery well A. b PSDM gathers at dry well B 
showing (Near-Far Coherency and Mode conversions)

Table 1  Critical angle for the target events calculated using blocky 
log data

Well Shale Vp (m/s) Sand Vp (m/s) θc (°)

Discovery well A 3000 5100 36°
Dry well B 3236 5600 34°
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a model with complex reflection layering. As demonstrated 
by Simmons and Backus (1994), the mode conversions and 
multiples through those layers may affect the AVO response 
at the target level, and create P-wave reflections display-
ing an entirely different AVO response than those from the 
single elastic interface. For these reasons, the prestack seis-
mic amplitude and the waveforms are recommended to be 
modeled using a full offset elastic wave modeling algorithm 
and a model with detailed stratigraphic layering should be 
used as input. This algorithm is theoretically exact for the 
one-dimensional case as it also models the multiples and 
mode-converted events. The most sophisticated modeling 
we have includes, transmission losses, geometrical spread-
ing, mode conversions and internal multiples starting from 
well-sampled good quality well logs.

Transmission loss refers to the gradual loss of energy by 
the incident wavelet as it propagates through the series of 
layers above the target interface. Geometrical Spreading 
refers to the decrease in amplitude of the source wavelet 
as it propagates away from the source point (Ursin 1990). 
Real seismic data has usually been corrected during pro-
cessing for geometrical spreading. Since the main purpose 

of creating a synthetic is to compare it with real data, the 
effect can be overlooked while generating the synthetics. 
The synthetic seismograms generated are comparable with 
the seismogram that would be measured in the field. Often, 
it is desirable to compare the generated synthetics with real 
data that has been NMO corrected. For this reason, NMO-
correction can be applied to synthetics while they are being 
generated. The process used for AVO modeling correctly 
models the real earth process, i.e. it produces a complete 
synthetic without NMO correction, and then applies NMO 
correction to that synthetic. This means that the true impact 
of NMO stretch can be seen on the generated synthetic.

AVO modeling of both the well locations

The synthetic seismograms were generated at the two loca-
tions for comparison with the real gathers as well as for 
comparative analysis of the two synthetics to understand 
the missing link between the two prospects (Fig. 12). The 
seismic as expected seems to average out the details of the 
target zone captured in well data in both the wells. It is dif-
ficult to predict the results for well B if analyzed in isolation. 

Fig. 12  Synthetic modeling using in  situ logs, and its comparison 
with VSP, PSDM gathers, and PSDM full-stack data. Red box denot-
ing the area of interest. a Well logs, VSP, synthetic, PSDM gathers 
and PSDM stack data correlation of discovery Well A (left to right). 
Note the variation in resolved gas sands and brine sand in synthetics 

is not picked up in seismic data. b At dry well B, synthetic as well as 
the gathers are showing very poor coherency between near-far offset 
events. Also, the internal multiples are attenuated in real gathers dur-
ing the processing
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However, the comparative analysis of the seismic observa-
tions at the two locations was enough to suggest that the two 
locations were different. For a better match with the real 
seismic data full offset elastic synthetics were generated. 
The intention was to understand how subsurface geology is 
responding and how events in the real seismic are correlating 
with the synthetics. Detailed understanding of various events 
in the offset domain and how they match in synthetic and 
seismic at the two locations could give a clue on reservoir 
properties across the reservoir at the well location.

Analyses of the synthetic gathers at two locations indi-
cated Class 1 AVO response for the sands in the targeted 
zone, with strong reflections beyond critical offset and mode 
conversion effects at the far offset. The comparative study 
of offset synthetics modeled till 6 km with the real gath-
ers at the well location was carried out. Beyond mid offset 
range, strong mode conversions and interbed multiples were 
also observed in synthetic seismograms at location B. This 
was not the case for well A. Though mode conversions and 
interbed multiples were seen for well A but they were not 
as evident as in synthetics for well B. Near to Far coherency 
was also very poor for location B when compared to that at 
location A. These mode conversions and internal multiples 
were not seen in real gathers as they were attenuated in pro-
cessing. The observations in the pre-stack data like coher-
ency, critical distance and abrupt termination of amplitudes 
were indicative of higher velocity sediments at location B.

The dotted yellow lines in Fig. 13 highlight unusually fast 
energy starting at a critical distance of 2 km. Distorted but 
apparently primary energy continuing to larger offsets sug-
gested that the fast layer is not massive, but confined to a thin 
layer (behaving like a thick calcite streak). Critical distance 
(offset at which refraction overtakes reflection) may be used 
as another lithology diagnostic tool.

When incident angles are overlaid on synthetic offset 
gathers at two locations it was found that well B shows 
early emergence of critical angle effect and has distorted 

the waveform at far offsets. Critical angle effects started at a 
lower angle at location B compared to that at well A suggest-
ing strong velocity contrast for well B. Based on this analy-
sis, it can be concluded that information regarding critical 
angle emergence gives a fair idea about velocity contrast in 
the subsurface. The pre-stack gathers, reflections pre and 
post-critical offset, should be observed and interpreted care-
fully while de-risking class I sands.

Well velocities and seismic velocities at locations A and B

A conventional velocity analysis uses a collection of trial 
velocities. Each trial velocity is taken to be a constant func-
tion of depth and is used to flatten the data. Sometimes 
the events in the middle of the gather are nearly flattened, 
whereas the early events are under-corrected and later events 
are over-corrected. This is typical because the amount of 
move-out correction varies inversely with velocity, and the 
earth's velocity normally increases with depth. A measure of 
the goodness of fit of the NMO velocity to the earth velocity 
is found by summing the CDP gathers over the offset. Pre-
sumably, the better the velocities match, the better (bigger) 
will be the sum and the better is the signal-to-noise ratio 
(S/N). The process is repeated for many velocities, and the 
best sum is picked up for the final NMO correction.

The same process was followed during conventional 
velocity analysis and NMO application while process-
ing seismic data. During post-drill analysis of two wells, 
location-specific velocity analysis was carried out and tomo-
graphic velocities were generated as an output at both loca-
tions (Fig. 14). These tomographic velocities in addition to 
migration velocities were analyzed in detail and it was found 
that location B tends to have tomographic velocities approxi-
mately 200 m/s faster than at location A, which couldn’t be 
picked up by the migration velocities because of its regional 
nature (Fig. 14). The sediments having densities of 2.6 gm/
cc and velocities of 5–6 km/s in the reservoir at location B 

Fig. 13  Enlarged section of the 
PSDM gathers at the Dry well 
location highlighted by a red 
box in Fig. 12b. Note the change 
of character at ~ 2 km offset
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seems not to be deposited by the feeder channel feeding the 
sediments at well A and appear to bypass the location B. It 
is evident that velocities give indirect evidence regarding 
the presence of lithology type in the subsurface, but it is 
not always possible to pick the sharp velocity changes using 
seismic velocities. The combination of near offset ampli-
tudes and interval velocities at the thick sediment entry point 
may help in distinguishing calcareous sediments from clean 
sands.

The seismic interval velocities were also compared with 
the well velocities, to analyze the predrill velocity behavior 
(Fig. 15). The comparison of seismic velocities and well 
velocities at locations A and B showed a low-velocity trend 
in seismic at the reservoir level, compared to the trend in the 
well velocities. Location B encountered much faster veloci-
ties post drill, which was not picked up by seismic prior 
to drilling. This fast velocity nature at location B was very 
well evident in gathers at the target level but was some-
how overlooked in the light of positive results at location 

Fig. 14  Tomographic velocity slices and amplitude maps around 
both the well locations. a Velocity slice at the reservoir interval. It 
is noticed that location B tends to have approximately 200 m/s faster 
velocities than that at location A. b Velocity slice above 200 ms from 
the target interval. c Velocity slice below 200  ms from the target 
interval showing variation at both the locations. d RMS amplitude 

map at the reservoir interval showing channelized lobe geometry. e 
Maximum positive amplitude with 40  ms window around both the 
wells on full offset data showing sediment input direction. f Maxi-
mum positive amplitude with 40 ms window around both the wells on 
far offset data. Note the feeder channel feeding the sediments at well 
A location through a narrow canyon appears to bypass location B
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A. Reflections beyond the critical offset as discussed above 
were much more prominent at location B as compared to 
location A. The comparison showed that the background 
velocity at B was higher than that at A. The top 20 m sand 
interval has similar reservoir properties at both locations. 
Velocities at location B became faster at the deeper level 
as the sands had no porosity due to calcite cementation and 
the presence of basement-derived material. There are issues 
with PSDM gather flattening/processing. However, the best 
data available in hand and the best technology available in 
the company suggested different observations at two loca-
tions. It is observed that careful analysis of gathers may 
provide useful information in terms of reservoir properties, 
especially in class 1 high impedance sand. Advanced tech-
niques like FWI may enhance resolution to some extent.

Discussion: a dashboard for de‑risking 
of a prospect

Analyzing minor details of seismic data like critical and 
post-critical reflections, seismic velocities, and gather 
behavior at far offsets may give a reasonable idea regarding 
reservoir quality and its hydrocarbon potential. The observed 
seismic signatures in full-stack and partial stacks and pre-
stack gathers hide useful information associated with reser-
voirs. Class 1 sand is usually associated with high velocities 
(Fawad et al. 2020). These higher velocities sometimes lead 
to critical and post-critical reflections in the recorded offset 

range. Multiple reflections and mode conversions along with 
an early generation of critical angle reflection from the top 
and bottom of the reservoir may make AVO analysis trou-
blesome. The early generation of critical angle many a time 
appears to show a faster drop in amplitude as observed in 
Class 1 gas sands, which is in general considered to be a 
DHI for high impedance sands. The present study reveals a 
detailed analysis of all the available information and inte-
grated interpretation along with an understanding of data 
in the pre-stack domain which may indicate the presence 
of high-velocity formations. The attributes like refraction 
velocity, critical distance, and coherency between events in 
the near and far offsets play an important role in the iden-
tification of lithology at the reservoir level. Also, Pre-stack 
depth migration velocities give a fair idea of what could we 
expect beneath the reservoir. Careful analysis and under-
standing of gather behavior at the far offsets may indicate 
high-velocity formations.

In addition to all the above attributes, forward modeling 
plays a major role in characterizing reservoirs. Forward 
modeling integrated with detailed analysis and interpreta-
tion of all the observations made on the seismic data has the 
power to save a well as demonstrated. The clarity of the criti-
cal angle and its role in deforming the observed seismic sig-
nature is highlighted in this study using forward modeling. 
The velocities often act as a good indicator of lithology and 
hence reservoir quality and therefore should be analyzed in 
detail while maturing a prospect. A comparison of seismic 
interval velocities with the sonic velocities revealed that 

Fig. 15  Seismic interval veloc-
ity (red curve) comparison with 
sonic velocity (purple curve) for 
both the wells. a Discovery well 
A. b Dry well B
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seismic tomography was not able to model fast velocities 
encountered in dry well B. The role of far offset information 
in identifying strong post-critical offset effects due to the 
presence of high-velocity sediments has been demonstrated 
well using AVO forward modeling.

Based on the above study, a checklist was prepared for the 
qualitative de-risking of prospects (Fig. 16). This checklist 
gives a direct tool to scrutinize prospects apart from other 
studies. It has very well distinguished the two prospects 
which otherwise looked equally promising. The observations 
at location B, the dry well, are indirectly pointing towards 
high velocity diagenetically altered poor quality reservoirs. 
The checklist proposed here will help in reducing the uncer-
tainty in characterizing a reservoir and its deliverability in 
addition to a better understanding of the seismic signatures. 
The subtle differences in the geophysics of the two locations 
identified before drilling could have saved a dry well. The 
thoughtful analysis of waveform distortions, by studying the 
pre-stack gathers, will increase the interpreter’s predictabil-
ity regarding reservoir properties. Forward modeling gives 
the interpreters a strong handle to play with and identify 
reservoir extremities by varying the rock properties (Hart 
and Chen 2004).

Conclusions

1. The current study demonstrates that it is possible to dis-
tinguish between softer/slower/possibly better reservoir 
rocks (Well A) and hard/fast/tight reservoir rocks (Well 
B) lying in a deep-water environment by carefully exam-
ining various aspects of seismic data (seismic events, 
amplitudes, frequency) and their association with sub-
surface stratigraphy.

2. The seismic amplitude strength both within and outside 
the reservoir, critical and post-critical reflections, seis-
mic velocities, and gather behavior at large offsets can 
give a fair idea of the type/quality of the reservoir and 
its hydrocarbon potential.

3. Though it is difficult to zero down the uncertainties 
associated with the prospect using forward seismic mod-
eling, it has the potential to mitigate the risk associated 
with any prospect.

4. The integration of regional tectono-geological setup 
with basin level Gross Depositional Environment (GDE) 
maps of sediment fairway distribution and their link-
age with high-quality 3D seismic analysis can play a 
significant role in reservoir forecasting and qualitative 
interpretation of prospects in the inventory.

5. The proposed geophysical dashboard may help to reduce 
the risk of drilling a dry well and provide greater confi-
dence to the interpreter when predicting reservoir prop-
erties and its deliverability if used in conjunction with 
the geological depositional model.
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