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Summary

Geological investigations in the UCG Pilot site near the lignite mine field have shown the presence of faults. The 
accurate mapping of the faults and other geological anomalies play a vital role in the success of the UCG project. 
Even though the use of seismic in coal industry for exploration purpose is not well accepted fact,  ONGC had 
taken an initiative to make use of the latest technology in petroleum industry by carrying out High Resolution 
Shallow Seismic(HRSS) survey on an experimental basis. The combined bore hole data along with the HRSS 
studies was used to locate the lignite and the faults

1. Introduction:

In the present scenario production of Oil and 
Natural Gas has picked a downward trend as per the
Hubert’s Peak theory. No new fields are discovered 
in the recent past. Hence big Companies in Oil & 
Gas have started their search for alternative sources 
of energy. The natural focus is the huge under 
ground coal which can not be mined by the 
conventional methods of mining. The conventional
methods of exploration for coal will not be 
sufficient in complete mapping & delineating the 
coal seams, specially the deeper coals. Here comes 
the surface seismic method which is completely 
different to that for Oil and Natural Gas. 

Unprecedented warnings from the scientific 
community indicate that the planet's ecosystems are 
stressed near the point of collapse; business as usual 
is no longer possible, and we have little time left to 
respond. Civilization is also approaching a nexus of 
social crises. All of these problems result from the 
nature of our existing economic system.

An increasing number of theorists believe some 
peak in world oil production has already occurred. 
After Hurricane Katrina, Saudi Arabia admitted that 
it simply could not increase production to make up 
for the loss of Gulf of Mexico oil rigs. This was 
widely believed, albeit speculatively, to be the 
beginning of a final oil crisis, in which the quantity 
of oil available world-wide will enter a gradual yet 
terminal decline.

Nor is the crisis restricted to oil. Traditional natural 
gas supplies are also under the constraints of 

production peaks, which are made more salient to 
specific geographic regions because of the difficulty 
of transporting the resource over long distances. 
Natural gas production has already peaked on the 
North American continent (2003). Even if new 
extraction techniques yield additional sources of 
natural gas, like coalbed methane, the EROEI
(energy returned on energy invested) will be much 
lower than traditional gas sources, which inevitably 
leads to higher costs to consumers of natural gas.

Given that oil is a non-renewable resource, it is 
inevitable that at some point there will be a similar 
peak in worldwide oil production. Already Oil 
production is in decline in 33 of the 48 largest oil 
producing countries.

With the above scenario and the current increase in 
the prices of crude and natural gas and non 
discovery of new large fields in the recent past we 
can conclude that energy will be one of the defining 
issues of this century. One thing is clear : the era of 
easy oil is over/going to be over. What we do next 
will determine how well we meet the energy needs 
of the entire world in this century and beyond. 
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1.1 Coal as  an Alternative Energy Source :

With the increase in oil prices and dcrease in
reserves,  it is time to look for alterneative energy 
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resources.  Looking at the vast reserves of coal of 
the order of 1,000 billion tons(proved  reserves of  
world coal upto 2004); one can look for the vast 
quantity which can not be recovered by 
conventional mining methods.

Entering into the indian scenario where the proved 
coal reserves are 91,631 million tons and taking into 
accont  the Indicated and Inferred reserves, the total 
coal reserves of India turns out to be 2,55,170
million tons.  With the inhouse expertise in E&P of 
oil & natural gas, it deserves an attention to explore 
and exploit  the vast unminable coal. Diverting a 
portion of this E&P skill; an expertise can be built 
to explore and exploit the vast hidden reserves of 
coal through environmental friendly methods. 

1. ONGC and Coal Exploration

The ONGC is undertaking a number of initiatives to 
meet the challenges of a keenly competative 
fuel/energy market. Underground Coal 
Gasification(UCG), Coal Bed Methane(CBM), 
Surface Coal Gasifiaction etc are few examples  
worth to be mentioned.  Most of these initiatives 
involve the application of innovative technology  to 
increase the productivity, maintaining world class 
safety and environment standards. 

Drilling  is the traditional and still the most common 
method used in coal exploration. Most coal 
companies rely heavily on drillhole data to evaluate 
their mine properties. Another reason may be to cut 
down the extra cost. In regards to the open mining 
of coal, the traditional methods of exploration are 
alright, however for the UCG & CBM it is 
necessary to map the subsurface coal and to detect 
other spatial properties of the coal seam with a  high 
degree of accuracy. Here the  geophysical 
technology plays a vital role. The following are 
some  of the geotechnical methods employed in the 
international arena :

 High-resolution surface seismic reflection 

and refraction 

 Borehole geophysics: logging, VSP, & 

tomography

 Underground inseam seismic

 Borehole camera 

 Ground probing radar 

 Ground conductivity 

 Electrical resistivity 

 Magnetometer

Among the geophysical capabilities listed above, the 
surface seismic method(S.A. Greenhalgh & Co., 
1986) is the most utilized because it is site specific 
and provides reconnaissance surveying capabilities 
to provide a lot of useful subsurface information, 
precise enough for mine planning and development. 
The surface seismic method had been successful in 
detecting geologic anomalies ahead of mining, such 

as faults (Gochioco and Cotton, 1989), washouts 
(Gochioco and Kelly, 1990) and old (and flooded) 
mine workings.

Although the in-seam seismic method also offers 
improved capability for locating geologic obstacles 
in coal seams, the emphasis here is on surface 
seismic techniques. The resolution required for coal-
seam mapping is of the order of a few meters, both 
vertically and laterally. The field processing and 
interpretation procedures differ significantly from 
those in seismic exploration for oil and gas (S.A. 
Greenhalgh & Co., 1986). Care must be taken in 
every aspect of the seismic program including 
survey design, data acquisition, processing, 
modeling and interpretation. A properly designed 
survey can result in significant improvements in 
safe and economic exploration and exploitation of 
lignite resources (Harvey Henson,Jr. and John L. 
Sexton, 1991).

ONGC has embarked on an ambitious UCG project 
in the country. UCG Technology shall be tested in 
shallow coals to start with. ONGC is working with 
National Coal Companies like Coal India Ltd., 
Neyveli Lignite Corp. Ltd., Gujarat Industries 
Power Co. Ltd., Gujarat Mineral Development 
Corp. and Singareni Coalliary Company Limited on 
this project. The UCG process is initiated by drilling 
two adjacent boreholes into coal seam and the 
injection of pressurized oxidant such as a mixture of 
air & steam or oxygen & steam from the injector 
and subsequently down hole ignition of the coal 
seam. The product gases from the gasification 
process are recovered from the second well called 
producer. The data collected from a number of sites 
have  already been analysed  and a suitable site has 
been identified .  

The identified  site for UCG Pilot studies is located 
in the southern part of Gujarat .The area falls in the 
south east margin of the existing PEL boundary. All 
the old seismic profiles in the adjacent area are 
terminating in this area. The field parameters in the 
earlier surveys were designed from oil exploration 
point of view for deeper horizons. Hence the data 
was not suitable for mapping lignite at shallow 
depths. For lignite mapping of this Pilot site, a 
number of bore holes were drilled. On the basis of 
the core data, mapping of the lignite was carried out. 
The thickness of the lignite column in this area 
varies from 0.5m to 16m in a depth varying from 
150m to 300m with intervening clay layers.  From 
the geological interpretation, presence of faults were 
observed. Since the mapping of the faults play 
important role in designing the Pilot and placement 
of injectors and producers, the structural features 
such as faults, washouts, dips, thickness as well as 
the areal extension of the seams need to be mapped 
accurately. This necessitated the requirement of 
High Resolution Shallow Seismic (HRSS) mapping 
of the area. This work presents an experimental 
study for the feasibility of mapping the lignite in the 
UCG Pilot site with already drilled holes providing 
the geological control. The experimental work 
involved acquiring the HRSS data along two 
profiles, one along the strike direction and the other 
in dip direction.
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2. GEOLOGY

2.1 Location & Accessibility

The block explored falls in Mangrol 
taluka of Surat District in the State of Gujarat(fig-

1A). The area is around 50 Kms. by road from 
Surat, district headquarter. The site could also be 
approached from Kosamba, the nearest Railway 
station on Baroda-Bombay line of Western Railway. 
Another approach of the block is also from 
Rajpardi, an already existing lignite mine, situated 
about 60 Kms. away from the present site

.

Fig 1A: Location map of the area

2.2 Regional Geology

The Geological history of the western part of South 
Gujarat suggests that tectonic disturbances have 
given rise to Cambay basin in the early cretaceous 
time and its subsidence gave rise to thick 
accumulation of Tertiary clastic sediments and 
carbonaceous matter in this basin.

Cambay basin is the northern on-shore extension of 
Dharwar rifting along the western margin (Biswas, 
S.K.1982). This basin is an intracratonic graben 
bordered by the Radhanpur-Barmer arch and 
Kathiawar uplift on the west and Aravali orogenic 
belt in the east.  Data generated by Oil and Natural 
Gas Corporation (ONGC) earlier, on the basis of 
deep drilling and geophysical surveys in the area in
search of petroleum resources revealed that the 
Cambay basin evolved in early Cretaceous time and 
its subsidence gave rise to thick accumulation of 
Tertiary clastic sediments and carbonaceous matter 
in this basin.  This basin was transgressed by 
Tertiary seas only in the western peripheries and in 
their present day offshore extension.

The general strike of the formations is observed as 
north-south with easterly swerves in the northern 
part.  The inclination of the strata generally varies 
between 2.5 to 4.5 towards west.

The lignite bearing territory sediments are deposited 
over the basaltic lava flows of cretaceous period in 
the region of south Gujarat. The earliest reference to 
the geology of the area is by Blanford made in the 
report entitled “On geology of the Tapi and lower 
Narmada Valleys”.

The Directorate of Geology and Mining, Gujarat 
took up test drilling for Lignite in the year 1997-98 
in the area and encountered Lignite of very good 

quality having cumulative thickness varying from 
10 m to 21m. One of the lignite seams was more 
than 8m thick. On getting such encouraging results, 
exploration was further extended in the area. During 
the course of activity, Directorate of Geology and 
Mining, Gujarat has explored the deposit with 
sufficient close grid drilling.

2.2.1 Stratigraphic Succession 

Major part of Mangrol taluka is covered by hard 
rock formation, namely Deccan Trap, except in the 
Western part which is predominately covered by 
alluvial formations.Based on the geological 
investigation carried out by geological survey of 
India and by GWRDC Ltd., the prevailing 
geological succession of rock formation occurring 
in Mangrol taluka is given in table below: 

Period Epoch Formation

Quarternary   Recent to sub-recent      Alluvium 
(Sand, Clay)

………Unconfirmity …………

Cenozoic               Eocene   Limestone, Shales, 
Sandstone.

……… Unconfirmity  …………
  

                    Eocene to Deccan 
Trap

Upper Crataceous      

2.2.2. General Geology of Area:

The area under investigation is mainly covered with 
Alluvium and some parts are rich in Lateritic clay. 
In eastern part some patches of traps are exposed, 
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This  area consists of thick pile of sedimentary 
deposits The Litho units overlying the trap at places 
are sandy & mostly (thick) clayey. Due to absence 
of exposure, the attitude of tertiary rocks could not 
be recorded. It was observed that lignite is confined 
to Cambay shale of lower territory group (Eocene 
age) underlain by trap formation belonging to upper 
cretaceous. The Stratigraphy of the area is shown in 
the table below: 

Geological set-up of block explored by 
MECL
Sl.No.   Formations Group

1Black Cotton Soil Recent to sub-recent
2.Calcareous/Bentonitic Upper Eocene
     variegated clay
3.Gree grey clay with 
carbonaceous zones Lower Eocene
  including   lignite    
4.Lithomargic clay Paleocene
5.Deccan trap Upper cretaceous

3. Field Procedure and Data Processing

The surface seismic survey employed the common-
depth-point (CDP) method. The 2D High 
Resolution Seismic Survey was carried out along 
two profiles (one in dip-direction and other in 
strike-direction) at one of the UGC site by using the 
recording unit SN388 with receivers SM7 natural 
frequency (30Hz.). Parameter fixation for data 
acquisition was done with all desk calculations and 
all possible experimentation work for recording the 
high frequency signal. Explosive was used as the 
energy source. As the target was quite shallow the 
symmetric split-spread layout geometry was 
decided. The receiver group interval was kept at 5 m 
and each record was composed of 192(96+96) 
channels. The shot point was placed in between the 
receivers and the shot point interval was kept at 10 
m, resulting in a maximum stacking fold of 48 
(24+24). Single geophones were preferred over 
array to avoid smearing of the wide angle reflection 
from the shallow coal zone. Table.1 shows the field 
parameters utilized in this project.  The orientations 
of the profiles are as shown in the Fig1b. 

______________________________________

Recording Year : 2007

Agency : ONGC

Vessel/Party : GP – 36

Recording System : SN – 388

Rec. Format : SEG – D

No of Channels : 192

Fold : 48

Receiver : SM-7(30-Hz geophone) 

Source :   Explosive (1 kg to have high freq. data)

Sample Interval : 0.5 ms

Rec. Length : 3000 ms

Shot Interval : 10 m.

Receiver Interval : 5 m

Near Offset : 2.5 m

Far Offset : 482.5 m

Layout : Symmetric Split-

Spread

Back Channels : 96

Forward Channels : 96

Charge Size : 1.0kg

Charge Depth (optimum): 17 – 24 m

__________________________________________

_Table 1: Field parameters for HRSS survey

Data processing was carried out by in house 
expertise at Regional Computer Center, ONGC, 
Baroda. The data was processed by using 
GEOVECTOR, CGG software. After the normal 
processing, Pre-stack time migration was carried 
out. The processing sequence is presented in Table 
2. 
_______________________________
Geometry Merging
Editing of bad traces
Front end mute
Band pass filter
Field Static application
Deconvolution
1st velocity analysis
NMO correction
Residual statics calculation 1st pass
2nd velocity analysis
Residual statics calculation 2nd pass
Residual statics application on decon gather
Pre Stack Time Migration
Velocity analysis on PSTM gathers
Stacking of PSTM Gathers

Table 2:  Seismic data processing flow
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            Fig1b.   Red lines show the orientation of the seismic profiles shot for experimental work on HRSS

4. Results and Observations:

Fig .2 shows the difference in the data recorded 
simultaneously by the SM-7 and SM-24 
respectively in the same area with the same 
geometry. The ground roll present in the data 
recorded by SM-24 is absent in the data recorded by 
SM-7 secondly the signal standout is better in the 
data recorded by 30 Hz. Geophone. In this 
experimental work the frequency bandwidth of the 
seismic data recorded by SM-7, at -15dB ranges 
from 25 to 120 Hz (Fig.3). 

The average reflected wavelet from a time window 
100 – 300 msec has a predominant frequency of 
about 80 Hz. Using an interval velocity of 2000 m/s 
for lignite, the standard resolution defined as one-
quarter of the predominant wavelength, is 
approximately 6-7 m. The density values (evaluated 

in the laboratory for certain cores) of the lignite 
(nearly equal to 1.05-1.2gm/cm3) and the immediate 
roof and floor rocks (nearly equal 1.6-2.07) are 
taken into account. The low value of the density of 
lignite with respect to the immediate roof and floor 
rocks will create an acoustic impedance contrast 
causing a seismic reflection even if the width of the 
lignite seam is 0.5 m (Lawrence M. Gochioco and 
John I. Kelly, 1990). As seen from the Fig.4 we see 
a robust reflection event in the above window along 
the seismic profile no. 2 along the dip direction. In 
the Pilot site for UCG, the thickness of lignite seams 
varies from 0.5 m to 3 m (from the core data). Since 
no log data was available in the close vicinity of the 
area, stacking velocities available from the 
processing were considered for depth to time 
conversion.

Profile-1

Profile-2

Fig.2   Seismic data recorded with SM-7(left) and SM-24(right) geophones
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Fig.3 Amplitude Spectra for two types of geophones

By taking into account the above velocities and the 
depth of the occurrence of lignite (from the core 
data), it can be assumed that the lignite seam should 
be at the 1st strong reflection in the time window of 
100 – 200 msec in the line No. 2(Fig.4). Presence of 
faults (F1, F2, F3) arround SPs 148, 423, 600 
respectively can be seen on this line. In between the
SPs 155 to 422 this reflection event is continuous 
and very strong on which bore well no. 10 & 4 fall. 
Beyond the SP 623 where a major fault is present, 
this event becomes weak. The bore well no. 16 falls 
in the fault zone close to SP 490. Even the 
geological mapping of the lignite seam obtained 
from drilled depths shows the existence of faults. In 
the present study the faults and seam events can be 
accurately mapped.  

  

Fig 4. Seismic section along profile no. 2 (Dip direction)

F1
F2

F3
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Similar discussion follows for the seismic profile 
no.1 along the strike direction (Fig.5). Here the 
faults can be clearly seen around the SPs 552, 767, 
855, 967, 1047. The first strong reflection which is 
assumed to be from the lignite seam is around the 
time 300 msec

5. Conclusions & Recommendations:

1. The HRSS carried out has been 
successful in mapping the continuity 
of the lignite and in locating the fault 
positions in the area of study which 
was essential for planning the UCG 
pilot because the area should not be 
structurally disturbed. That is why 
pilot was planned in between faults 
F1 & F2

2.  By using the concepts of the tuning 
frequency (Lawrence M. Gochioco, 
1991) seams of thickness less than 
one eighth of the wave length can 
also be mapped from a good quality 
data.   

3. The vital information on structural 
features derived from the survey 
shall be critical in planning the UCG 
Pilot in the area.

4. Encouraged by the success of this 
experimental project with a very high 
quality data output and possibility of 
mapping the lignite and the faults, 
detailed HR seismic mapping of the 
complete Pilot Area for the UCG is
recommended. 

5. For improved and accurate velocity 
fresh bore hole drilling with logging
is also recommended.
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