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ABSTRACT 

Occurrence of hot wa~er in shallow coal mines of Permian age 
in !1anuguru coalbelt, without: apparent igneous activity is 
being reported for the first time in this country. A number 
of hot arld cold springs aL·e locG.ted in and around this coal
belt in fault zones. This anomalous thermal gradient is 
possibly due to the spatial redistribution of heat by convec
tion in ground water, flowing through high permeability 
conduits in the basement rocks extending into the overlying 
lower Gondwana sediments of this coalbclt. It is estimated 
that the thermal reservoir temperature is arour.d 150°C. It is 
likely that the thermal "\-later emerge onto the surface after 
thE circulation of the meteoric watE:or mainly through Archaean 
gneisses which ,:c;re t.he basement rocks, upto depths of about 
5 kms. The waters both in tho shallo•,; and deep aquifer 
systems hcove a high fluoride and silica contents. 

INTROOOCTION 

Hot water seepage (41°C} were encountered in two coal mines 
in the Hanuguru coal belt of Godavari Valley Coalfield, Andhra 
Pradesh, India, at very shallow depths of 70 to 140m. This 
is the first recorded occurrence of hot water in a coal mine 
in this country which is apparently not connected with any 
igneous activity. The hot water seepage into the coal mines, 
though not much in quantity, locally raises the humidity to 
uncomfortable levels and poses a hazard to the smooth working 
at the faces. The status of this hot water problem is briefly 
presented in this paper. 

The Godavari Valley Coalfield defines a major north-northwest
south-southeast trending basin belt on the pre-Cambrian plat
form. It forms a major part of low land mostly between the 
two sub-parallelly trending high ranges of Proterozoic sedi
ments, with an undulating topography of Gondwana sequence, 
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probably representing the remnants of an earlier peneplained 
surface. The area is drained by Godavari river and its tribu
taries~an<'l_ enjoys a typical tropical climate with an average 
annual rainfall of 1090 mm. 

Location 

Manuguru coalbelt is located on the north-eastern margin of 
the Godavari Valley Coalfield in its southeastern part (Fig.l}. 
The location of the other known hot. and cold springs in and 
around Manuguru coal belt are located in. the faulted contact 
zones of the Proterozoic (Pakhal) metasediments with that of 
the Permian sediments of Lower Gondwana sub-group. A spring 
with a discharge ·temperature upto 30°C has been considered as 
a cold spring. The kr.tow-n limits of this hydrotherma.l reser
voir are Pagideru (N.Lat.17°58': E.Long.80°44'; 65C} l.n the 
northwest, Parnasala (N .Lat.17°56': E.Long.80°54'; 65C) in 
the northeast, Bugga (N.Lat.17°55': E.Long.80°43'; 65C) in 
the southwest and Agnigundala (N.Lat.17~38': E.Long.80°56'; 
65C) in the southeast covering an area. of about 150 sq. km. and 
located in the basement rocks at a depth of about 5 kms. 
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GEOLOGY 

On regional geological and structural considerations the 
Godavari Valley Coalfield, is a broad graben containing a 
thick pile of fluviatile/continental sediments of Gondwana 
Super Group comprising arenaceous and argillaceous facies with 
widespread vertical as well as lateral variations (Ramana
murty,B.~~· 1981). 

The Manuguru area comprises lower Gondwana sedimentary se
quence unconformably overlying the Proterozoic Pakhal meta
sediments which form the basement rocks in this area. The 
lower Gondwana sub-group consists of the Talchir Formation 
(250 +50 m.), the Barakar Formation (275 + 25m.), the Barren 
Measures Formation (100 + 20 m.) and the Kamthi Formation 
(+275 m.) -

Coal exploratory borehole data has revealed the presence of 
nine major sandstone horizons in the thick sequence of lower 
Gondwana group of sediments of this coalbelt. They split up, 
coalesce and pinch out locally over a strike length of about 
13 kms. These sandstones are separated from each other by 
aquicludes like clays, shales and coal seams. Two recognis
able coal horizons, named as 'Thick Seam' and 'I Seam' in the 
ascending order, occur in the Barakar Formation of this coal
belt. The in between parting zone comprising 6 major sand
stone horizons sep2rated f.com each other by clays and shales 
varied in thickness from 120 to 190 m. A schematic borehole 
fence diagram of this parting zone in a centrally located 
representative area, is depicted in figure-3. These forma
tions generally trend in a northeast-southwest direction, in 
the northeastern part of the basin and in a east-west direc
tion in the western end, wi t.h a general north-west to 
northerly dip of 10° to 20°. Based on the interpretation of 
sub-surface data as many as 61 faults of normal gravity type 
were delineated with throw ranging from 5 m. to as much as 
120 m. (Fig. 2). 

DATA ON HYDROTHERMAL RESERVOIR 

The Godavari Gondwana basin has evolved in a multi-stage 
tectonic (rift) activity with reported high heat flow ano
malies at places (Fig.l) and ideal to support large geothermal 
anomaly. Recent (13th April, 1969) earthquake that occurred 
near Bhadrachalam (N.Lat.17°40': E.Long.80°53'r 65C) shows 
the neotectionic activity and continued intracrustal distur
bance in this region. Manuguru coalbelt is located at the 
junction of two major lineaments - one trending northwest
southeast and the other in northsouth direction. 

Limited studies carried out in parts of Godavari Valley Coal
field have indicated high heat flow values ranging from 1.06 
to 2. 49 (Rao, R.U .M. et al, 1970) (Fig.1). A number of hot 
springs (32° to 62°¢) are located in and around Manuguru coal
belt area both within the coal bearing Gondwana sequence 
(Bugga) as well as in the underlying basement rocks (Agni
gundala and Parnasala) (Fig. 2). Hot water (38° to 49.5°C) 
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was also encountered in some of the exploratory boreholes 
drilled for coal and as well in two of the coal mines at 
shallow depths, through the thick (120 to 190 m.) parting 
zone between 'I Seam' and 'Thick Seam'. This parting zone 
comprises of sandstones and clays. The studies have revealed 
that the hot water is confined to two aquifers - a pebble bed 
about 30 to 50 m. below I Seam and silicified sandstone hori
zon about 40 m. above Thick Seam (Horizon Nos.3 and 6- Fig.3}. 

::0 ............. '""'" ..... . 
0"""'~·· 
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~···" ~,. ........... ,, ......... . 
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SCHEMATIC BOREHOLE FENCE DIAGRAM 
SHAFT BLOCK-I, to!ANUGURU COALBELT 

GODAVARI VALLEY COALFIELD .. ANOHRA PRADESH.1NDlA 

FIG. 3 
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As an exception to this general occurrence of hot water bet
ween I Seam and Thick Seam, hot water in PK-3 Incline was 
encountered immediately below Thick Seam at a depth of about 
85 m. from surface. Joint planes trending approximately in 
north-south dirertion are noticed in the floor of coal seam 
extending into the floor sandstone of the seam. Resistivity 
profiling has brought out two 'low' zones of resistivity, 
approximately aligned in north-south direction. One of these 
zones passes close to the surface projection of the fractures 
encountered in PK-3 mine. Thermal profiling reveals that 
these low resistivity ~ones are associated with small tempera
ture high anomalies of the order of 2°C (Reddar, R.B. et al, 
1983}. Thus the thermal manifestation in PK-3 mine is seen 
in the form of h~t water with temperature of about 42°C., 
flowing through open joints in the coal seam and the sandstone 
horizon fonning the floor of co~l seam. The hot water dis
charge is estimated to be about 300 lit./min. This flow of 
hot water has caused acute deterioration in working conditions 
of the mine, due to abnormal increase in the humidity and 
seriously hampering the progress of work in the mine, spe
cially at the working face. 

It is likely that hot water coming upwards along the basement 
faults is recharging these two high permeable sandstone hori
zons (No.3 and 6). Coal exploration in north-central part of 
Manuguru coalbelt has revealed a natural hidden basement high 
of schists and phyllites (of Proterozoic Pakhal group) over 
an arE'!a of 2.6 sq.kms. Due to this basement high acting as a 
local barrier, the normal flow path of ground water in the 
deeper aquifer system is diverted towards west instead of 
its usual northerly direction. To the west of the basement 
high, an artesian belt of hot water was encountered with the 
piezometric head ranging from 2.68 to 8.25 m. above ground 
level and free flow discharge of 60 to 1230 lit./min. The 
temperature of hot water in this artesian belt ranges from 
39• to 49.5°C (Table-1). But in the future workings of Thick 
Seam in tnis area, which are deeper, the temperature of hot 
water seepage shall be more than what is observed in the 
exploratory boreholes, because the hot water mixes with 
lesser quantum of cold water in the upper aquifers (above 
Thick Seam). Agnigundala thermal water is of Na-cl type, 
while 1n the rest of the area the water is Na-Ca-HCo3-So4 
type. The difference in the chemical composition of water 
may be due to the interaction of hot water from the basement 
rocks with that of Gondwana formations, during the course of 
which it is more mineralised. Using silica as geochemical 
thermometer the temperature of the deep seated reservoir is 
estimated to be about 15o•c using the formula 

= i 1533.5/(5. 768 - log Si02) i- 273.15 

In general, the waters have a high silica content (34 to 143 
ppm) and high fluoride content 2.5 to 6.2 ppm) making the 
waters unsuitable for drinking purpose (Table-2). 
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8eot11erm<ol c;norn;c,ly in :r,anuguru coelbelt without apparent 
L~neous activity is 2 uni01.w phenomenon. This anomalous 
thc"?rl!lal gruclient is possibly due to the spa·tiel redistribu
tion of beet by convection in the ground water flowing 
through high permeabilit.y condui·ts (Freeze and Cherry, 1979) 
(Fi<J.4). Possibly, the cold water flowing down through the 
major dip fault in the Godavari river bed is picking up the 
temper,·ture due to normal thermal gradience and discharging 
vertic<:lly up through the deep seated basement faults and 
interconnected high permeable fracture zones. It is probable 
that ti-1e deep therme<.l water of about 150°C mixes with cold 
weters curing its ascent and thereby its tempereture w2.s 
reduced. If we essume the t the temperature of normal cold 
water as 30°C which mixes with the ascending hot waters, we 
obtain 75% as the component of cold water. It is likely that 
the thermal waters er:1erae onto tr.e surface after the circu
lation of meteoric water mainly through Archaean gneisses 
upto depths of about 5 kms. 

The dischcTge from the springs in this area is very low 
(3 lit./min. approx.), presumably due to the low confining 
9ressure. To reduce, if not totally prevent, the hot water 
seepage into the mine workings, it is imperative that the 
l>iezo:netric head of the aquifer (s) circulating it, has to be 
depres::ed below the vrorking seam level. But in practice, 
the dirrension of the geothermc;l reservoir (about 150 sq.kms.), 
high potentiality of the aquifer system (about 50 to 100 
m3/hr.) and depth of the ,,,orkings involved (130 to 510 m.) 
prohibit tackling this geothermal problem on a regional 
scale. 

Utilisation of geothermal waters 

During the process of winning the precious coal reserves in 
P.anuguru coalbelt, it is expected that huge quantities of 
hot water are to be pumped out, so as to reduce the seepage 
into the existing as well as further dip side workings. In 
view of the consider~bly large extent and potentiality of 
the geothermal reservoir, it may be possible to utilise the 
hot waters as pre-heated water for the boilers of thermal 
power plants in this area, as a source of non-conventional 
energy. Also, these waters can be utilised for extensive 
irrigation in this area. 

Future work programme 

Before planning the dewatering operations of hot water on a 
large scale, it is a pre-requisite to delineate the hot 
water aquifer system, the conduits prevailing in these 
aquifers through which the hot water is being circulated 
and to estimate the potentiality of the geothermal reservoir. 
So, it is recommended to carry out geophysical resistivity 
surveys, thermal mapping, exploratory drilling and their 
thermal logging and conducting aquifer performance tests 
with a view to understand the geometry of the hot water 
aquifer system, lts structural configuration and to evaluate 
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FIG. a 

MECHANISM OF HOT WATER CIRCULATION 
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the potentiality cf the hydro~hermal reservoir in total. The 
dC'lta generated by these studies is expected to help in plan
ning the dewatering system and effective coal mining. 

CONCLUSION 

Preliminary hydrogeological and geophysical surveys have 
given an insight into the nature and severity of the geo
thermal problem encountered in the shallow coal mining in 
t-~anuguru coal belt. In the future dip side workings the 
severity of the problem is likely to be more. Carrying out 
detailed geophysical surveys and hydrogeological testing in 
specially designed structures is expected to help in a 
better understanding of the geometry and structural confi
guration of the hot water aquifer system and in planning 
the dewatering operations. Hot water pumped out in this 
process may be utilised for thermal power generation and 
irrigation. 
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