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Commercial production of natural gas from otherwise a non-reservoir rock called shales has opened up a new concept of self-contained
petroleum system wherein shale as a single litho-facies serves as source and reservoirs. Though the gas content and saturation in shales
is leaner than the coals and conventional reservoirs, the sheer volume (hundred to thousands of sq. kms and thousands of meters thick,
multiple zones) of the shales within stratigraphic column of the sedimentary basins attracts shales to be the next generation gas source.
This unique characteristic make the exploration & production of shale gas plays different to conventional plays and challenging
too.Exploration of shale gas plays involves assessment from two major perspectives- first a source which requires high organic richness,
high maturity, and high transformation ratio and the second is reservoir quality assessment comprising relative quartz and clay percentage,
type of clays, natural fracture intensity, orientation and healing including geomechanical characteristics of the shales.

The application of two critical technologies namely horizontal drilling coupled with slick water multistage hydro-fracturing turned the
economics of shale plays into a viable one and lead to wide acceptance by the industry.

KDMIPE, ONGC took a pioneering lead in India to launch the shale gas exploration in 2006 and following the initial evaluation of
petroliferous basins, Damodar basin was chosen for the pilot project. Four customized wells were drilled targeting the Permian Barren
measure shales and one well was hydro-fractured with global best practices which yielded the first ever shale gas flow at the surface.
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Introduction

Shale Gas Plays are continuous type of unconventional
plays. These plays are considered favorable at present
because of low inherited risks, low capital investments in
exploration and low production decline rates and
sustainable for considerably longer periods. Shale plays
are also known to be self-contained petroleum systems with
all the essential petroleum system elements (source-
reservoir-seal) contained in the shales itself. This makes
evaluation of such plays easy as well as difficult too.
Easier,because of genetic association of different litho types
for source, reservoir and cap rocks are not needed and at
the same time difficult too, because the single litho-unit
(shale) is to possess and behave according to the properties
of three different rock types -the source, reservoir and seal,
in order to be a plausible case of play. Thus shales act as
source and reservoir too. The role of shales was not given
cognizance as reservoirs and hence not studied from this
perspective during exploration and production of
conventional hydrocarbon plays. Therefore, the source
potential, reservoir characteristics and production potential
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of the shales should be adequately assessed to ascertain
the play viability. Either of the features not adequately
present in shales may lead to failure of the play.

Shales have been always considered to act as source
and seal rocks in the conventional hydrocarbon plays, but
the quantitative level of geochemical parameters needed
for conventional plays may not hold good for a shale play
e.g. the organic richness (TOC) of 1-2% and maturity
between 0.5-0.7 Vro may be treated as a good source for
conventional oil & gas play but not so for a shale play. A
higher organic richness (3-5%), higher maturity value (0.9-
1.3Vro), good gas saturation and greater transformation
ratio (>90%)is regarded favorable for a shale gas prospect.
Usually type III kerogen or a mixed type with type II and
Type III makes a better option with low HI & high TR
index.

Gas in shales is stored as :
* adsorbed gas on kerogen (insoluble organic matter),

* trapped in the pore spaces of the fine-grained
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sediments inter-bedded with shale,

* and can be confined within fractures in the shale
itself.

The shale gas plays are characterized by their
* Low matrix permeability less than 0.001md.
* High Organic-richness.

* Abundant gas storage capacity (40 to 200 BCF/

section),
* Requisite brittleness for hydro-fracturing.
* Regional in extent with diffuse boundaries, low

matrix permeability, and low recovery factors

* Development is highly cost intensive, however with
avery long well life-predicted to exceed 25-30 years,
compared to 8-10 years for traditional gas wells.

* There is a need for much higher number of wells
and state of art technology (like horizontal drilling
and modern fracturing techniques), and large
developments

Geologically, the depth, thickness, shale type, clay
type and percentage, genetic fractures silt percentage
constitutes the essential characteristics for a better shale
reservoir. Since ideal combinations seldom occur in
nature,yet inadequacy of any one parameter may be
compensated by profusion of others in some instances. The
key issue in the shale plays is measurement of gas content
and storage capacity for gas resources and reserves
(Shtepani et al. 2010) and its producibility which is
governed critically by TOC, mineralogical composition,
micro fabrics, maturity, heterogeneity, in situ stress
anisotropy etc. The prolific gas production from some of
the shales in USA possess in nanno darcy permeability
systems,has led to undertake researches on micro
understanding of gas flow mechanism, performance and
behavior of shale reservoirs. The phenomena of gas storage
and flow in shale gas sediments are a combination of
different controlling processes. Gas is stored as compressed
gas in pores, as adsorbed gas to the pore walls and as soluble
gas in solid organic materials, i.e., kerogen and clays. Gas
flows through a network of pores with different diameters
ranging from nanometers (nm = 10-9m) to micrometers
(im = 10-6m) (Javadpour, Fisher & Unsworth, 2007). The
clay type, content, maturity, fracture frequency, orientations,
and connectivity are other issues in placing the hydro-
fractures and optimizing production of shale gas. The
efficacy of the gas production heavily relies on the
capabilities of creating artificial fractures to enhance the
system permeability by way of hydro-fracturing the shale

formation. Therefore, the important aspect of the success
of a hydraulic fracturing is to know the shale rock type, its
mineralogical constitution, geomechanical properties and
occurrence of natural fractures. The enhanced permeability,
which is mainly due to the shear failure of weakness joints
or natural fractures away from the central fracture plane,
can be interpreted as injected permeability (Ge, J. &
Ghassemi, A. 2011).Difficulties in producing shale gas
involve greater technological challenges, in identifying the
sweet spots to place the frac in proper zones connecting
the artificial fracs to natural fracs deep into the reservoir
thereby increasing cost of production which could be
optimized with scale of economy. The horizontal wells with
multistage frac (up to 20 stages) increase the per well gas
yield, multifold. The economics of shale plays is very
sensitive to efficacy of operations because of narrow
margins as the gas prices in the market are yet to
commensurate for the technical challenges and complexity
of the shale gas plays.

Though the baseline parameter index is established
for shale play evaluation based on experiences gained in
USA yet every shale has to be assessed uniquely against
the critical geologic, geochemical, petro physical and geo-
mechanical parameters in order to be a potential candidate.
Since the shales have been traditionally known for their
source characteristics, they were not so critically studied
from a reservoir perspective. The reservoir quality analysis
involves relative quartz content, quantity of clay and types,
in situ stress patterns, presence of natural fractures,
heterogeneity of rock, anisotropy etc. The application of
key production technologies which brought the shale gas
to front were in prevalence since 1950 but real thrust was
realized when two key elements happened in the beginning
of 21% century i.e. large scale slick water hydro fracturing
replacing costly gel/foam fracs in conjunction with
multilateral horizontal drilling. This large scale production
of shale gas happened when Mitchell Energy and
Development Corporation experimented during the 1980s
and 1990s to make deep shale gas production a commercial
reality in the Barnett Shale in North-Central Texas. Wide
application of these two critical components brought the
yield of gas per well which was initially in the range of 1-
2 million Cf to 2-4 BCf thus improving the shale gas
economics. This proved to be an attractive proposition for
the Industry and a number of players jumped into the fray.
This is widely evident from the fact that during 2001 there
were only big five plays in USA namely Albany shale,
Antrim shale, Ohio shale, Barnett shale, and Lewis shale
which expanded to 12 plays and now more than 21 plays.
The proliferation of activity into new shale plays has
increased dry shale gas production in the United States
from 0.39 trillion cubic feet in 2000 to 4.80 trillion cubic
feet in 2010, or 23 percent of U.S. dry gas production. Wet
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shale gas reserves have increased to about 60.64 trillion
cubic feet by year-end 2009, when they comprised about
21 percent of overall U.S. natural gas reserves, now at the
highest level since1971. Following the footsteps, Canada
opened up number of shale plays in the Rocky Mountain
region from Montana to Mexico, which include Cody,
Hilliard, Baxter, Mancos, Gothic, Lewis shales and Horn
river, Montney, Utica shales.

IEA in its recent report (April 2011) has estimated
shale gas resources in 32 countries, 48 basins for 69 shale
plays outside USA to the tune of 22000 TCF gas in place
volume of which around 6000TCF is technically
recoverable.

Shale Gas: Indian Landscape

An integrated and composite evaluation of major shale
sequences in Indian sedimentary basins has been carried
out and their prospectivity as a shale play has been assessed
and ranked. The evaluation is based on available data which
is far too inadequate and as more and more data is getting
generated out of conventional oil and gas exploratory efforts
being conducted by ONGC and also the dedicated shale
gas exploration inputs, further revision and refinement will
be available in due course of time.

The Indian shale gas estimates have been assessed
for four producing basins where some shale specific data
was available. According to IEA, India has gas in place

volume of 290 TCF with around 63 Tcf as recoverable.
The major basins which have been estimated for shale gas
comprise Cambay, KG, Cauvery and Damodar basins. The
following contains the description of individual basin and
characteristics which make them probable candidates for
shale gas resources.

Abundant G&G data was generated during the
exploration and development for conventional
hydrocarbons in the different sedimentary basins of India
by ONGC, and this data together with the data gathered
specifically in different prospective shale in petroliferous
basins are used for the preliminary identification of shale
gas prospectivity in different sedimentary basins.

Shale gas prospectivity are identified in the following
petroliferous basins where thick shale sequence have been
identified:

* Cambay,

*  Krishna-Godavari
* Cauvery Basin

*  Damodar Basin

The evaluation of important shale formations in
Indian petroliferous sedimentary basins has been compiled
below (Figs. 1 to 3):
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Fig. 1: An Indian Assessment of 14 Regions outside the United States, April 2011 (www.eia.gov)
*Source : World Shale Gas Resources; **Kommugudem Shale

Fig. 2: Field experimentation for gas desorption studies in select samples
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Fig. 3(a): Representative geochemical data from Cambay, KG, Cauvery and Damodar basins
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Fig. 3(b): Data on core analysis and reservoir studies from Cambay, KG, Cauvery and Damodar basins
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Fig. 4: Open and mineralized fracture were mapped through FMI

A pilot project on shale gas was undertaken by
ONGQC to assess the potential of the Barren Measure shales
on Damodar Basin. The project witnessed drilling of four
vertical wells two each in Raniganj and North Karanpura
sub basins. The first well Raniganj-1 was drilled up to 2000
mts in which the Barren Measures shale formation was
encountered from approx 900 to 1800 m. All the wells were
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