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HYDROGEOLOGY OF EASTERN PART OF JHARIA COALFIELD.INDIA

V.D.Choubey and i.Sankaranarayana
Department of Applied Geology
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Dhanbad 326064

ABSTRACT

The dharia coal basin, the majos source of metadurgical <cai in India.
1s a part of Easi-West trending intracratonic besin ir eastern india. Little s known
about the bydrogeology of the ground water system around urdergreund coal mines.
This paper outlines the resuits of a research programme carriea out during the
period 1980-85 1o develop the hydrogeologicai studies n te Jharia Ccalfieis
Water 1table in weathered zone aquifer is observed o f{luctuate zyciicatly »HT?‘
seasons and suggest that shallcw ground water flew sysien: is unexpected in the
mines 15m below the surface. Porosity and permeabilitv are iniluenced by a nurnber
of petrological factors. The acquiter characteristics obtained by he pumping
tests are very low and these formations are classifiec as poor acuirers. The relativel
smal! volumes of water reperied from the mines is diresily related "G coor hydrauiic
conductivity of -the rozks associated with the cozl. The 1dcation: o water leakages
observed from the underground mines and the siructurai features are showing
the same trend, which gives an evidence of the impertance of the structural cis-
continuities in groundwater flow.

Thne compositions of water i the eastern part of Tnaria (calileid reliscts
he efiects of chemical processes accuring between the rminerals withir the [ineiogi
irame work. The pH is alkaline in the portherr-edge dmd Decomes shghtiy aci
towards the centre o1 the block, where the ph i3 ai cuifate of water
iow. The specific conductance of the water trens 1o refie sfate concentration
of the mine water. This s believed toresult rum the LINDEINg more har
the iron ions in an oxidising environmenti. Thus ihe su 13PE TEMALT N Selt
ancd is reflected in the specific conductance reaaings.

INTRODUCTIONM

Mines in tne Jharia coallield have teer aenesuce
ior the exploration of the coa! resources cocuring and conseyuents
1€ Zeology. phvsico-cnemical properties, van. - ano utilisation pote
taities have beer studied extensiveiy put 10T The Mvareganwry. The review ol
work ndicates *nere remains arasle scope for 1w s amic nvestgations enu
sc1enilic researcr, on the Yariols Nvarogeninglra. LrOEETON M ICAL 35l
3f the coal maning in the Fharia coaifiels. nvous
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tne coliectior of date anc lield observetions ang 10 cpe up with this giganiic
wasw ol muludisciphinary apporoach, a part of Sharia coelfield was taken up partin
iailv Mukunaz and Bhagabanc biocks in the easterr part icr detailed invesi:.gation

The present paper aims at an integrated studv ¢t the tecionic and hydrogeo-
logv deciph=red from a large volume cf surface and sub-surface data (CMPDIL,1980).

REGIONAL SETTING

The tectonic history of Jharia coal basin involves the iniuaticn of the basin
vy general downwarping of the basin floor, its earlv differentiation into a number
of sub-basins, fater merging .of these sub-basins into a single major narrow inrra-
basinal graben bounded by contemperaneous normal Jaulting, followed by post-
depositicnal faulting and finally intrusion oi dolerites and lamprophyres. {Ahmad
and Ahmad 1979, Ghosh and Mukhopadhyay 1985).

{Fig.1]
The Damodar river is the principal controliing drainage of the area in
an easterly direction and is a perennial river. The drainage of this field with tribuzory
draining area for Damodar is defined by Chotkari Jore, emerging from the north

of the area, and the Tisra Jore and Surunga Jore are two tributaries in the eastern
part:

The coalfield is surrounded by metamorphic rocks represented by gneisses.
quartzites,- mica-schist and amphxbohtes. The basin has arn oval outcrop and the
overal! dip of the strata (5 to 10° is towards the basin centre. The broad structure
is ‘that of a large “scale elongate doubly plunging open syncline or an elongete
structural basin. There are number of smalier domes and basins within the iarger
structure. These are also very open and somewhat elongate and trending E-W
parallel to the major basin (Fig.1).

MUKUNDA BLOCK

The Mukunda block area is entirely covered by the Barakars and is overlain
by thin layers cf sandy soil and clay. The rocks of the Barakar formation consists
oi pebbly sandstones, grits, fine to coarse grained sand stone, siltstones, fireciavs,
shales, carbonace ous shales and coal seams. The maximum ‘*hickness of the Barakar
as encountered in the boreholeNo.L3i/2 has beern found tc be about 630m. The
coal, non-coal strata ratio is l:4.6 withir the area (CEMPDIL Report 193%0). The
thickness o1 the sou and weathered zone together varies 1 tc 10m. A generalised
sequence of coal seams and the intervening partinrg and a gZeneral lithology s
shown in Fig.z. A number of basic dykes are observed in the coilierv workings
of -the arca. The strike ot the formeticris generally NNW-SSE ro N-5 covering
the major part oi the block. The bedding dip & io 12° due to W5W-West and North
respectively. The gradient of the seam is steeper neariv 40° because of the proximity
oi tne area 1o the major faults.

Fig.z:

The arez traversed by 17 fauits with throw varying up te 70 m including 5 under-
ground faults with variable throw ranging uo ¢ 5 m. It will be observed frem
F1g.2 faults trending NWSE rapging in throw from £ fe (2 m. belonging ¢ this
category. These faults are mostly iccated in the central part of the Slocw. Two
major faults trending EW and ranging in throw from 20 o 30 m are ~u this categorv.
The occurence of these fadits 1s characterised Dy steepty dipbing veds in the near
vicinity.
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BHAGABAND BLOCK

The Bhagaband block is covered by 1.0-1.3 m thick alluvium and sandy soui.
This is followed by a zone of weathered Barakarc, down to a maximum 0@ abcut
13 m. Subvertical jointing is seen ancd the dips 30-4C° snow reversal iromi norih-
easterly to southeasterly direction. The bore-hole data reveals the presence of
faults with varving throws. There are eignt faults having throw of more than 35m
(Fig.3). It has not been possible to identify faults with small throws.

[Fig.3}
HYDP.OGEOLOGY

The information about the hydrogeclogy was obtained by conducring and
observations during test borings and by examination of core samples and also by
repeated measurements of water levels in the open dug welis in different seasons.
The test bores made to the depth of the coal seam and the boring that encountered
voids provided information on water conditions in the mines. Bore hole data coliected
from the various organisations such as Geological Survey ct India, Mineral Expioration
Corporation Ltd and Central Mine Planning & Design Institute have been of great
help.

WATER LEVEL FLUCTUATIONS:

The mean annual rainfall in the Jharia coalfield is 1260 ram. It is estimated
that 45% of the rainfall generate a run off of 5.2 million cubic meters per year.
During the post monsoon season in October 1980, the streams have been found o
be practically dry at the point of entry in the area showed that the #45% runoff
from the mean annual rainfall i.e. 5.2 million cubic meters per year would enter
the eastern part of Jharia coalfield. Water levels were measured for 48 dug wells
in May and September months of 1981 and Dec 1980. The depth of the wells varies
from 4 to 13 meters. Water table in this area is observed to fluctuate with seasons
and suggest that the shallow ground water flow system is unexpected by the mining
engineers 15 meters below the surface. Water leve! measurements were recorded
month wise in the year 1981 for the well nos. 3,17,21.29 and 40 and the fluctuations
are shown in Fig.4 representing the Lodna, Tisra and Bhulanbararee collieries. In
general the water level fluctuations varies from 0.5 to 2.8C m. Water table contour
maps are prepared for different seasons show the non-existance respond to under-
ground mining. The field observations, suggest that wells situated ir the fractured
zone are dry.

[Fig.4]
AQUIFER PARAMETERS

Five bore holes drilled were subjected to a short period for pumping tests.
These bore holes are located in Tisra Colliery {NGK 134 andlfA)} and Lodna colliery
HMJ, and HMIJ, and another bore hole atr Bhaigora shaft. A summary of the maximum
rate of pumping for each bore hole transmissivity, saturated aquifer thickness penetra-

ted, permeability and storage coefiicient 1s given ir Takble !.

WATER FLOW THROUGH FRACTURES, IJOINTS, FAULTS.SHEAR ZONES AND
DYKES

A variety of structurai features rave been mapped WhCi have & proic
influence on stability and warerflux. Structura) features mappea nciude ol
faults, dykes and related ieatures. The vertical joints or steeply dipping iractures
show no indication of movement. Thev are presert everv where in *he Earakar
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FiG#a iSO SPECIFIC CONDUCTANCE MAP - CONCENTRATICN
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tand stone and shale and are iocatlv ver: promurent in ire 3hagananc ~oLi 30C
Tisra Jolieries. Fault anc shear zones are Dromising 1003U0ONS 4l A2 MGICAIEL
oy aiignment of drainage courses and v other geologicar features. Accordirg
to Larson (1972) rocks that are :mvolved in tectenic defsrmation rhe apen mass
ol tne {ractures can, in most cases pe reiated 0 IENION OF shear pPHEnOMmEna.
The tension fractures may b= more open anc hence rheav be more suitabie ler
watler ieakages than shear tfractures. Moreover In multilavered rocks. thz mere
competent beds meay be severety fractured. as Is evident zlong ithe dvkes, wnere
the water seepage OCCurs.

W

Open joints which occur in the mine rooi are probably tne result 2 maning
activity. There are vertical fractures with a narrow cpening in the coa! and roo:
rock. Smali faults also occur in various areas throughout the mines. tinlike ordinary
10ints. tne intensity and spacing of open joints anc faults are unefiected 5y roo:
rock type. They are very prominent in *he sandstore. Their occurence 1s gquite
iocalised. Water flows into the mine along some open joints and fauits are clear.v
seen in the fieid investigations.

fgnecus dykes and peridotite dykes often intercept rock formations associated
witihh heavily watered horizens. Saturatec cavities and corseguently ieeders of
water mav pe encountered. ii the mining orerations are carriea out mn their
nroxim:ty. This has been observea along the dvkes where the draining of water
is inore into tne mine. (Lodra, Jayarampur and Bhagaband Collieries).

WATER QUALITY

48 water samples were collected frcm the cpen wells, (3 sainples were
collected from the underground mine sumps and goaf areas in Mukunda bicck
and 1i samples were collected from the cpen wells in the Bhagaband block. Thre
chemical analys:s data ci Mukunda and Bhagaband biocks was piotted on trilinear
piper diagram, (Hem 1959) both for open weils and mine water. The weli water
1 Mukunde biock have been ciassified into (1) Aikaline earths exceed alkalies,
{2) Alkalies exceed alkaline earths, (3) weak acids exceed strong acias, (4) sirong
acids exceen weak acids, (3) non-carbonate haraness exceed 50 percent, {6} nc
one of the cation and anion pairs exceed 50 percent. The mine waters areciassified
(1) -arponate hardness or secondary alkalinity of the water exceed 53% (2) non-
carbenate haroness exceed 30 percent, (3) strong ac:ds exceeo weak acids (4)
a'kalies exceea alkaline earths. Whereas in the Bhagaband biock, the well waters
are showing similarity ol the Mukunda block well water.

Tnhe 1so concentration maps for wetl waters in Mukunda and Bhagaband
blocks representedin Fig.a-}é\r\c provides an interesting aspect of the water chemistry
in the area. Tne cH is aikaline in the northern part and becomes slightiv acidic
icwarcs the cenire of the block, where the pH i5 alkaline and suliateconient
of wateris jow. As ihe pH arops from neutral to acidic the elemental concentration
in the water increases. The specific conductance of the water tends to reflect
te suliatc conceniration of the mine water. This s belrievad ic resuit trom e
sulfate lon being more stable than the iron iocns in an oxidising environment.
wners the pH ranges trom & to 8. Thus the suifate iorc remain in seiutior anc
are reflected in the specific conductance reaaing.

S
3

Beth the curface enu mine vater samples analvses i ine Murinds
nave sirelar compesition except :helr Na. Ca, Mg rvatics may differ. Usng
Darameter we nave two grouds i camiples, one group Sontain: sartacc waters

irom northern porilon anc souvtnern porticrn o1 e wree wauch s 2rrichec o Na.
Tiis 2roup has atse & tagher TDS than ctner. An expioration of wus enriirmei:
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Reproduced from best available copy



IMWA Proceedings 1987 | © International Mine Water Association 2012 | www.IMWA.info

Table 1 Aquifer Parameters
S1l.{Test loca~ | Lithology Horizc
No.jtion of the aquil-Depth re
fer zone ge inm
tested
1 North Tis~ Coarse Me- 13.34 to
ra Boreho- dium grai- 43.04 wi
le Fo ned sst in shale in
NGKIO between Se- tercala-
ams III and tion
IVB
2 North Tis~- Coarse Me- 13.2 to ‘
ra Boreho- dium grai- 42.0 with
le No ned sst in shale and
NGKIOA between Se- carbonace
ams III and us shale
IvB intercala
tion
3 Lodna Near Medium to 136-142
Borehole No fine grai-
GI9 ned sst
Borehole No between se-
Iz ams VIII&
IX/X
4 Lodna Near Medium to 20.3-205.3

Borehole No

corse grai-

FIG.3;b ‘WATER TABL
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SLoveses OO sciubtines o sociim sull
o owhacr Mg i3 greater ihan la incliude LOTh sarl
other parts of fhe rine area, wnirh are very soliat ToOSITION 10 5poii water.
Thus the groeund water nas resches 2 compasition sineiar =0 spail water by surtzce
INTHLFETION  3NC DErcoiation Through & representative sesticn of over urden arior
o rumung. Consequentiy. adriixtire o1 tnis uncorfined ground water with speii
waier will resut in munor and negligib'e changes: (Sankaranarayana, 1. 1936) (Fi

CONCLUSIONS

S2CONA 2roup of water
Zroard waters Irom the

LB

i
o

The steeply cipping overpurden includes several sandstone aguiiers separated
by aquitardal layers that limit vertical ground wcter flow.feasur wise waier ievei
cbservations and water taiple mape show the shzliow greund water aquifer (weatheren
zone aquiier) are not zffected by underground murirg. The water levels in the
shzllow aquifer "are disturbea only in the vicinity of irectures ana fault zones.
Inthis aquifer. water ievels are responsed to seasonar precipitatisn. The main hydraulic
cornectiion between a deep urderground mire ard shaliow aguifer is through fractures.
joints and fauit zones. This 1s evidencea by the huge amount of water cischargec
from the underground mine sumps and goal areas jilled with water. Water scepage
tin the eastern part is mainly through rension fractures and in the mere competent
beds through severely fractured ana mzinly along the dykes. Increasea water (ganger
ic apparent where mine workings approach or arcounter faults parallel to the fec e
line or fauits which had old werkings and atso faufts of considerable *hrow.

_Water samples analvsed from Etom swface and underground mines arees
have similar composition except their Na, Ca and Mg ratics. By using this parame.er
two groups of sampies resuit, one group contains surface waters from northern
portion and southern portion ¢f the-area which is enriched in sodium. The second
group of water ir. which Mg is greater than Ca includes beth surface and greund
waters irom the other parte of the mine area.
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