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Satellite-based mapping of coal fire is an effective
technique in terms of cost and time. At present, ASTER
(Advanced Spaceborne Thermal Emission and Reflec-
tion Radiometer) is the only available spaceborne
sensor, which provides multi-channel thermal data.
ASTER provides moderate-resolution thermal data
useful for mapping of coal fires, which generally have
small spatial dimension. In the present study, night-
time thermal data of ASTER have proved useful to
map the latest distribution (December 2006) of coal
fires in Raniganj coalfield. The coal-fire map shows
that major fires are associated with open-cast mines of
the coalfield. This suggests that the mining method
may have played key role in aggrandizing this envi-
ronmental hazard in the coalfield. It has been also ob-
served that most open-cast mines occurring at the NW
portion of the colliery are affected by coal fire.
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THERMAL sensors of spaceborne satellites play an impor-
tant role in detecting thermal anomaly. In the entire elec-
tromagnetic spectrum, 3-60 um is considered as thermal
infrared, whereas 3-5 and 8-12 um are actually used in
thermal remote sensing. Thermal infrared remote sensing
exploits the fact that everything above absolute zero
(-273.8°C) emits radiation in the thermal infrared range
of the electromagnetic spectrum. Thermal infrared radia-
tion of an object is controlled mainly by the characteris-
tics of the surface: emissivity, geometry of the object and
its temperature®.

Therefore, remote sensing technique in thermal band
offers a cost-effective and time-saving method for map-
ping various geoenvironmental features like coal fires,
forest fires, etc. and therefore older technologies such as
in situ measurement of coal-fire temperature, and estima-
tion of bore-hole temperature for detection of subsurface
coal fire have been almost replaced by this advanced tech-
nology.

With the advent of thermal remote sensing, researchers
addressed issues like retrieval of true spectral radiance
from raw digital data using scene-specific calibration of
coefficients of the detectors, measurement of thermal
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emissivity of surface materials to obtain kinetic tempera-
ture at each ground resolution cell of satellite data and also
evaluated its influence on the accuracy in estimating coal-
fire temperature?. Calculation of accurate land-surface
emissivity is crucial for estimating accurate coal-fire
temperature. It also has been proved that using a single
thermal band it is impossible to get such information
from the available methods, such as temperature emissi-
vity separation (TES) algorithm?.

In India, the Jharia coalfield, which is 250 km north-
west of Kolkata, has severe problems with respect to coal
fire. Therefore, most of the remote sensing-based coal-fire
studies have been carried out for the Jharia coalfield*”.
In the recent past, work also has been carried out for the
delineation of coal fires using single-band thermal chan-
nel of Landsat TM data in Raniganj coalfield®®.

The Raniganj coalfield is one of the important coal-
fields in the eastern part of India. It has been producing
coal and coal-related resources from the coaliferous rocks
of Raniganj and Barakar formations of Gondwana Super
group. Coal fires pose a serious problem in this coalfield
and cause environmental and resource degradation. The
main severity associated with coal fire hazard is that it is
difficult to control, once initiated. Moreover, coal fires
not only occur due to different causes, it also has a long
history™. Coal fire not only burns valuable coal, but also
creates difficulties in mining by increasing the cost of
production or making existing operations difficult. Nox-
ious gases like sulphur dioxide, nitrogen oxide, carbon
monoxide and carbon dioxide, which are the result of
coal-burning processes, often affect the immediate sur-
roundings of an active coal fire'’. In the Raniganj coal-
field, high-grade coal is being mined using the open-cast
mining technique and coal gets easily affected by fire.
Naturally occurring coal, under favourable conditions,
has a tendency to burn spontaneously, and continue to
burn for years unless the conditions change or are con-
trolled by human intervention. Sunlight falling on coal
seams, oxygen from air and presence of some moisture
may be sufficient to ignite the coal spontaneously. In areas
of active and abandoned mines, mining activities result in
breaking/crushing of coal and the spreading of small
fragments of coal, carbonaceous material and coal dust in
the vicinity of the main coal seam. This porous coal rub-
ble is more prone to spontaneous combustion than a thick
coal seam. Though the coal dust may ignite by spontane-
ous combustion and the fire may so be classified as one
occurring from natural causes, the problem is certainly
initiated and aggravated by human influence. In this
sense coal fires fall under man-made hazards. Addition-
ally, frictional energy from mining machines and negli-
gent acts of mine workers can also trigger coal fires.
Finally, the reason for the start of the fire becomes a sec-
ondary issue. The most important fact is that once the
coal seam catches fire the problem gets more difficult
to tackle’. In the Raniganj coal field, high grade coal is
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being mined by open-cast mines in the Ramnagar, San-
gramgarh, Benjimari and Jambad collieries.

The aim of the present work is to delineate the recent
spatial distribution of coal fires latest by December 2006
in the Raniganj coalfield and also to understand the spatial
relationship between coal fires and open-cast mines
to find out whether mining practices have any role in
aggrandizing fire in the coalfield.

The study area encompasses the entire portion of Rani-
ganj coalfield (Figure 1). The study area is bounded by a
guadrangle with longitude from 86°35'E to 87°25’'E and
latitude from 23°25'N to 23°55’'N. The area falls in Survey
of India toposheet no. 73 M/1, 2, 5, 6, 73 1/13, 14.

Night-time ASTER data were used for the present
study. The data is procured for December 2006. Four
geocoded scenes is taken to cover the entire area and
scenes is collected during the first and third week of De-
cember 2006. The study area is larger than the area that
can be covered in single acquisition of ASTER. There-
fore, multi-date acquisition was required in the first and
third week of December 2006 to collect the data for the
entire area. ASTER has 14 channels out of which five are
in thermal domain within the spectral range 8.125-
11.65 um. ASTER has three channels in VNIR (visible—
near infrared) domain and six channels in SWIR (short
wave infrared) domain. Spectral domain of VNIR chan-
nels ranges from 0.52 to 0.86 um and that of SWIR chan-
nels lies within 1.6-2.43 um.

ASTER Level 1B data is received in hdf format. The
geocoded Level IB data is imported to software compati-
ble file format with calibrated radiance value information.
The digital scenes covering the entire study area are mo-
saiced with necessary geometric and radiometric correc-
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Figure 1. Location map of Raniganj coalfield.

1604

tions and the study area is extracted. Multi channel
ASTER data is very useful to derive emissivity by using
temperature emissivity algorithm and allows to observe
the thermal anomaly within the range of entire thermal
domain of ASTER. However, Band 13 (10.25-10.95 um)
is used here to delineate the coal mine fire zones as
transmission of thermal wave is highest in this channel
and upwelling (generated by the additive radiance of at-
mosphere) appear lowest in this particular thermal chan-
nel (Figure 2a and b). Moreover, emissivity varies within
the short range from 0.93 to 0.96 in this channel and
therefore, this channel facilitates to assume average emis-
sivity to calculate kinetic temperature of the land-surface
features®. This assumption would not effect the identifica-
tion of anomalous thermal pixels/coal fires from relative
temperature variations of thermal pixel. Thermally emit-
ted radiance from any surface depends on two major fac-
tors.

(1) Surface temperature, which is the expression of
state of heat energy budget on the surface and also indi-
cate the equilibrium thermodynamic state of incident and
emitted thermal energy fluxes.

(2) The surface emissivity, which determines the effi-
ciency of surface for transmitting the radiant energy™?.

Moreover, night-time data give better equilibrium state
of surface heat energy budget, as it has negligible solar
flux contribution. Therefore, night-time band 13 data ap-
pears suitable to derive the coal-fire map for Raniganj
coalfield.

The georectified radiance data for 13th thermal channel
is used in a model for calculating the radiant temperature
from the radiance values using the following equation®:

C
Tag = : 5 ) (1)
2In((eC/ L, A7) +1)
where  C;=27zhc’®=3.742 x 10 Wm?, C,=hclk =

0.0144 mK (h = Planck’s constant = 6.26 x 10>*Js; ¢ =
Speed of light = 3 x 10® m/s), ¢ is the emissivity, L, the
spectral radiance in band-13 of ASTER (W/m?/Sr), Tra
the radiant temperature (K).

After deriving the radiant temperature image from the
radiance image, Kinetic temperature image is derived by
simple model created in ERDAS platform implementing
the following equation.

Tk = Tal¥, 2)

where Ty = kinetic temperature of pixel, Tr = radiant tem-
perature of the pixel, ¢ = emissivity.

Density slicing technique is used on the kinetic tem-
perature image to differentiate the high-temperature pix-
els from the background. Threshold temperature used for
delineating fire pixels is selected iteratively in such as
fashion that all the land-use features, drainage, etc. can be
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Figure 2. Transmission profile (a) and upwelling profile (b) of thermal channels in ASTER.
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Figure 3. Coal fire map of Raniganj coalfield.

grouped as background elements. In this case, knowledge
on night-time temperature of land surface features is also
essential to fix the threshold temperature. In the month of
December 2006, night-time temperature of the land-
surface features like agricultural crops, oil, road, etc. var-
ies in the range of 15-25°C. Therefore, the threshold
temperature is fixed as 25°C to delineate fire from back-
ground.

CURRENT SCIENCE, VOL. 95, NO. 11, 10 DECEMBER 2008

Moreover, fieldwork is carried out to validate the result
of density slicing and fieldwork also proved useful to iso-
late coal-fire pixels from other non coal fire high-
temperature pixels. It is observed that some of the high-
temperature pixels are due to the presence of chimney
(steel plant in Burnpur) or presence of cluster of chimneys
(brick factory) occurred within a pixel or presence of fur-
naces (wrought iron factory near Mangalpur; Figure 3).

1605



RESEARCH COMMUNICATIONS

L allnd T L elint
f L i

AR

T

PEg " RTRCE

T

Lrerry

PR LR &

TS ey

T T T T
LA Lk RTYY Lalihd WY

Classified mght time themmal chanms|

| 10.25-10.25 micro. | of ASTER Legend

R

SR

—Er N

b Ry

Eiklaal

SR TR

FOC preparsd foom Visibée ASTER ilwerninl channeis
R Jrd Chanmel{D 7E-0.88 micromste |
G= Ind Channei{0 £3-0.89 micrometer}
B= 15T Chapnab(0.52-0.80 micrometer)

L ]

[ coee camt Mines

(LITR

ooy 1 ' T -
] 356 =ma B AD0 Skesnis

=nm Feey

Figure 4. Coal fire in Ramnagar and Benjimari open-cast colliery.

Rest of the high-temperature pixels are attributed to coal
fire. The coal fire-bearing pixels are mainly concentrated
in the western and northwestern portion of the coalfield
(Figure 4).

From satellite data it is not possible to obtain the tem-
perature of each fire directly. Instead, we can measure the
temperature of the pixel; which contains the fire. Other-
wise, it is very difficult to measure the temperature of
fire. Therefore, fire of very small dimension is often not
possible to detect if the spatial extent of fire is too small
in comparison to the pixel size of thermal data. Therefore
coal fire, which occupies the small portion of the sampled
pixel or is of low intensity, often gets subdued by the
background temperature of other features within the pixel
and does not appear distinct as thermally anomalous pix-
els. On the other hand, false colour composite of visible
channels of ASTER is used to delineate the latest extent
of open-cast mines in the coalfield, so that spatial relation
between coal fires and open-cast mines can be establi-
shed.

The conjugated study of thermal data processing and
field survey reveal that there are two broad zones in
Raniganj coalfield affected by coal fire. One zone is situ-
ated at the western to northwestern portion of the coal-
field. This zone extends along the stretch from Ramnagar
OCP (open-cast pits), Sangramgarh OCP to Banjimari
OCP. The other zone is restricted along North Jambad-
South Jambad OCP. Beside these, there are few isolated
places where fires and smoke are noticed on the surface.
One of such place is at Harishpur-Bakhtarnagar area and
the other is at Dhadka. The fire at Dhadka is very small in
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size (roughly 4 m? in size) and therefore could not be de-
tected by satellite data. It is also observed that smokes
emanating out from fractures and gas seepage zones at
Harishpur and Bakhtarnagar area does not produce note-
worthy temperature anomaly in ground (temperature
measured over smoke varies between 55°C and 65°C
by infrared thermometer at surface). Therefore, pixel-
integrated kinetic temperature of these fires may not be
quite different than background and therefore is not de-
tected by satellite based thermal sensor. These small fires
are the result of emission of combustionable methane gas
to surface.

Coal-fire map (Figure 3) of the Raniganj coalfield
shows that the most of the important fire zones are lo-
cated at the northwestern part of the Raniganj coalfield,
where presence of several open cast mines aggrandizes
the fire hazard. Figure 4 shows the Ramnagar colliery
open cast, which is severely affected by coal fire. The
grade of coal of this colliery is very high. Whenever high
grade coal comes in contact with sunlight for a long time,
it initiates fire. Once initiated, fire is very difficult to con-
trol if immediate measures are not taken. In the Ramna-
gar area, coals are burnt to ash and associated rock also
get churned and red oxidized coating is formed on burnt
residue (Figure 5). Sulphur is an important component in
coal and its presence is felt during fieldwork with the
smell of sulphur in fire smoke and green oxidized residue
of sulphur-oxides over the burnt coal residue. During
field survey, temperature measured in a place in Ramna-
gar OCP over burning coal-residue is greater than 336°C
and the average background temperature around fire-
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affected area is also quite high here (around 80°C). Simi-
larly Benjimari, Shaymdih open-cast mines are also af-
fected by fire but the intensity of fire is less in these
collieries than the fires of Ramnagar colliery. Another
important open cast mines affected by coal fires is Jam-
bad colliery. Presence of coal fire is evident by the smoke
emanating from the wall of open-cast pits (Figure 6). A
pie diagram (Figure 7) reflects the total surface coal-fire
area in each significantly affected collieries, most of
which are open cast collieries.

Therefore, it is evident from present study that major
coal fires are restricted to open- cast mines in the Rani-
ganj coalfield, where high- to moderate-grade coals are
mined by open cast methods. During open cast mining,
whenever high-grade coal remains in contact with

Figure 6. Smoke coming out from coal fire in Jambad colliery.
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Figure 7. Pie diagram showing total active fire area in each affected
coal mine (coal fire area given in square meter).
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sunlight for a considerable time, it gets ignited. Moreover,
in areas of active open-cast mines, mining activities result
in breaking/crushing of coal and spreading small frag-
ments of coal, carbonaceous material and coal dust in the
vicinity of the main coal seam. This porous coal rubble is
much more prone to spontaneous combustion than a thick
coal seam would be. Therefore, most of the prominent
coal fires are restricted to open-cast mine areas in this
coalfield.
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