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ABSTRAC7 

The .~Jharia coal basin, -t:he rna.jo~· ~ourre ot 'lleta.~.;;_;rg LCd~ .. :Cdi ir', lPGi..:.c, 

IS a part of East-West trending :mracratonic be sin ir, "a" ern rndia. '- ·tt'e ,:; t<nowr· 
abo!.lt t!lc bydrogevlogy of the gr0und water system &roc:ncr X·C•=r:srcue1<1 c·oal r••Jr.es. 
Tl,is paper o~.;tlines the results oi a reseal ch programme Cdr~'<c-~ r-u' clurir.g :h, 
i)erioc' ! 980-85 TO develop the hycrogeologicai sTudies r'1 tre Jln~i;, CcalfielG. 
Water t<:.ble ir. weathered zone ac;uifer is obser.•ed t,:, f:t:ctuate ~~:rciica1!y -,,·n~· 
seasons and suggest that shallcw gr::~und wa-cer flew sy>·cen; h c.nexDened ir. ttw 
mines 15m below the surface. Porosity arrd perrneabilit' ar-: m,iu-:r.~ed by a nurnbe:· 
of petrological factors. The acquiter char ac:terrstics ohtainec ~y :~~e pumpir;g_ 
tests are very low and these formation3 are ckss1fie<' a~ poor aauirers. n.e relat,,el" 
.;rnal! volumes of water reported f~om :he m1nes i~ <i1re:·dv cc:l"Ted ·o oo0r hvdr<::•Jiic 
:onductivity oi the ro-::ks as~ociated With the cod. The t::>cao:wn', oi water Jeai<.dges 
observed frorr. the unoerground rr.ines and t~e structur;.,;.1 ff'(..t 1Jres are sho·-.\ tng 
tf)e same trend, wh;ch giv-es an evi<'ence of t'lP i~ocr:ance of th~ s;·ruc:ural 0is­
conti'1uities in grocindwater flow. 

Ti1e compositions of ·.vate" ~n the eo.str:::-n p3rt 0! Jnar1a C'0al~ieid re~l::rt'"' 
·he efiect~ of cberrtical procf"sses <:>CCL'r!ng bctweer the rn1n~r2.ls wit ... 1r ·the ii~:lcJ.o~lC 

fram<" -..,·ork. The J=.H is alkaline in The nortC!err·-edge and Jecr,mcs s:;ghr;y acidic 
to\vards t~1€. cent~e 01 the block, where thP ?h L; ;j.~k:::::!~ne, ~ 1.J~fate- ol water 
low. The soecific con::i"Jctance of the wa:er -cren:J to reLC"ct t0e s ~:fat~ c.cnce:'ltr:..~ic·r· 
o~ the mine water. Thi~ LS believed tores'.J1: :r vr~ t;v::· .::uifa:>2 .Jn'J(:i;lg rrr:..tr-:= t:oa;· 
t:,e iron ions ir: an oxidising f"nv!roo:ner,~. T~~t...;s 1.he suliai2 !':i'"'~ .. F:T'.::: .. lr: !:-. ~l;l;JtJ::~, 

aPe is ref!ected :n -che specific co;-,ductance reaomgo. 

iNTP ODt'CTlO~ 

ior thP ex?lorauon of The coa! resources v:._~cur:"i~ H~ ri·~- L-,r,::~Lc;~~· J.'l.~l C0 1 )~.::-~.Jl. . .!er,t 1'­

::1C. ge~..""~l0)5;'. p;1yS:.C0-cnemica.I c:-c-pe-:·!lt?~~ ... ar,;, ·::.:·tc:;ac.,.-:r .<:-:-~" ...l.iill .illi;so.t:or t='~'te·:­

t:aJt-t:ies r,ave beer. S!udJE.j C;<tenS!v'e~\ :)'J1 "10: "':~•t "\C•",_;£-:"_'.~~f'"\. -~-~~ f"''\-i.f''.\. 

' .. v.:>rk. :ndi-:-:ates +nen.: :·e:-r1dtr::. -J.r·l~!e s~·vre :v:- ;y.:-..:e --~"-~(- r·d"')·Li~c:!~iC'·i:"~ 

-sr:I'?n~l~JC rPSearC'L Or. !::L ·.ar;,)\._!~ n·varo~~e0~':'f':<J ...... :~-..:: ·;,·u:-l''£f_c-:-.r···~-.:oql'C2J 3,;;')e·-t: 
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:ne ·.::·.);Jcctior. o~· data :tflC 11eid observc..Ti.Jn::, an.J t0 :2oe JP v;tth tn1s 6Lga!~1,: 

:.asr..: cf m;JltJ.Ili~Cl~lJ.'iar·/ aporoac:-o. a ~a.rt oi ~ttarla coalfield v. as :aken up par:i~:;.•­

~al l'-' .\~ukuni'Ju ~~d Sha5aoa.nG b1ocks ~~ the taste:r, ~a;1 ~cr detailed invt:.:-L._gatior:~;. 

che preser.t paper airr.s at an integrated studv ct the tectomc and hydroge::>­
logv deciphered +r,1m a large volume cf surface and ;ub-surface data (CMPDIL,l YSO). 

REGIONAL SETTING 

!he tectonic h,story of Jhana coal basin imolves the iniuatwn of rhe ba;tn 
DV general downwarping of the bash floor, !ts tarlv differentiation into a nur.1ber 
ot wt.-basms, later mergmg .of these sub-basins m•o a single major narrow intra­
basmal graben bounded by contemporaneous norma.l raulting, followed oy post­
depositional faultfng and finally intr•Jsion oi dolerite.; and lamprophyres. !,Ahmad 
and Ahn-e d i 979, Ghosh ana lviukhopadhyay J 98:'). 

lFig.l] 

The Damodar river is the principal controlling drainage of the area in 
an easterly directiOn and is a perennial river. The drainage oi this field with tribu:orv 
draining area for Damodar is defined by Chotkari Jore, emergmg from tr>e nonh 
of the area, and the Tisra Jore and Sur>Jnga Jore are tw:> tributaries in the e«stern 
part. 

The coalfield is surrounded by metamorpn!C rocks represented by gne1sses, 
quartZites,· mica-sc~st and amphibolites. The basm has an oval outcrop -and the 
over a!! dip of the strata (5 to 1 0°) is towards the basin centre. The !lroad structure 
is that of a large '~scale elongate doubly plunging open syncline or an elongate 
structural basin. There are number of srnaller domes and basins within the larger 
structure. These are also very open and sorr.ewhat elongate and trending E-~ 
parallel to tne major basm (Fig.l). 

MUKUNDA BLOCK 

The Mukunda block area is entirely covered by the Barakars and is overlain 
by thin layers of sandy soil and clay. The rocks of tne Barakar formation consists 
oi pebbly sandstones, grits, fine to coarse grained sand stone, siltstones, firedavs, 
shales, carbonaceous shales and coal seams. The rPaximum •hickness of the Barakar 
as encountered m the ooreho!eNo.LJ/2 has been found tP be about 600:n. The 
coal, non-coal strata ratio is 1:4.6 w1thir the area (CE'\1PDIL Report l9go). The 
thickness oi the soil and .weathered zone to:5e:he• v2ries 1 to l Om. ,\ gene.-alise·J 
sequence of coal seams and the :ntervening ;>urtirg dnci a .,;eneral litholog•' :s 
snvwn iP Fig.2. A number of basic dykes dre observed in the rcollierv wor'<cr.gs 
::>f tne area. The strikE C·! the formc:trcn;s generally Nl\;~ -SSE ro N-S C•Aen'lg 
tne maJor part of the biod .. The beddin;; dip i; to 12° due to '~'SIX -I\< est and '-Iorch 
respectively. The gradJer,t oi the searr. is steeoer nearlv LlQo because of the prcxl~dt\ 
oi tne are& to tt.e rrajor iaults. 

rFig.L.: 

Th~ arec trcve~sed by 17 fauits w>~th -cnrC'~! \'~r ~·1nr; Ul" tc· 1·0 :T1 ir;ctuding 5 ~JI!der­
ground faul~s with var;ao!e throw rangmg ,m c0 5 r.1. lt ~nil be ob~ervec' frcm 
!"tg.2 faults trendm~ N~ -~E ran[:ing m th•·-:>". :c~.rr· 5 •co ': ,--, ;)elore;mg !0 tt.i.; 
cat~gory. These faults are rno3tly iccated in t~e cer.tr2.1 ;Jar! ~)! tht :;~ocr-:~ 1 '.\'(' 
mc.Jor faults trendi'lg E\\ and rangmg tn tilr~'" norn 20 .o 9CJ m 3te ,'1 ti'l' careg:xv. 
fhe occurcnce o1 tt-tese ia.J!ts 1s character~:;e,_i S~J steepJ~; d~oo1t~~ U€ds !~i the •1ear 
vici:1it). 
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:3HAGABAND BLOCK 

The Bhagaband bloc f.: is covered by !.0-1. 3 •T; thiCK ailuv 1 um ar.d s.m:ly soL 
Tf)1s is followed bv a .zone of weatherec 5arakars, ':iown to a maxmlUm 01 abcut 
13 m. Subvertical . jointing is seen arc the d1ps 30-4C0 sn0w rever3al iror.' r.ortn­
easterly to southeasterly d1rection. The bore-f)oJe data reveals the presence of 
faults with varving throws. There are eight faults having throw oi more than 3'ir1 
(Fig.JJ. It has not been possible to identify faults with small throw>. 

HYDROGEOLOGY 

The information about the hydrogeology was obtained by conducting and 
observatiOns during test bonngs and by examination of core samples and also bv 
repeated measurements of water levels in the open dug wells in different seasol"\s. 
The test bores made to the depth of the c0al seam and the boring that encountered 
voids provided information on water conditions in the mmes. Bore hole data collected 
from the various organisations such as Geological Survey ci India, Mineral Exptoratior 
Corporation Ltd and Central Mine Planning &: Design Institute have bee'1 of great 
help. 

WATER LEVEL FLUCTUATIONS: 

The mean annual rainfall in the Jharia coalfield 1s 1260 mm. It is estimated 
that 45% of the rainfall generate a run off of .5.2 million cubic meters per year. 
DIJring the post monsoon season in October 1980, the streams have been found to 
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 1s unexpected by the mining 
engineers 15 meters below the surface. Water level 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 (;Ollieries. ln 
general the water level fluctuations varies from 0.5 to &.80 m. Water table contou~ 
maps are prepared for different seasons show the non-existance respond to under­
ground mining. The field observations, suggest that wells situated ir. the fracturec 
zone are dry. 

[Fig.4] 

AQuiFER PARAMETERS 

Five bore holes drilled were subjected to a short period for f:-Umping tests. 
These bore holes are located in Tisra Colliery (NGK ICI andlfJA) and L·odna colliery 
HMJ 1 and HMJ2 and another bore hole at Bhalgora shaft. !'. summary of t~e maxirr.um 
rate of pumping for each bore hole transmissivity, saturated aquifer thickness oer,etra­
ted, permeability and storage coefiiCient JS given ir: Table ! . 

WATER FLO\\ THROUGH FRACTuRES, JOINTS. F t,t.;LTS.SHE.AK ZONE~ ,\i\1~ 
DYKES 

A vanety ot structurai features r.ave oeen mappea wn.c~ nave :o pr:)icu~c 
influence on stability and warerflux. StPKt:..~rc..• feature< mapped 1r.c'ude iCl~'"'· 
faults, dykes and related features. The verTi:::al ;o1r.ts cr steeplv di>JP!~o~ nc..cvlrt:' 
show no indication of mo\·emern. The~. are presen every w..,ere m :he taraka.r 
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~a;1o stor.e and c::f,a:e and 2rE local!' Jer' pr,:.~lr·'=n\ ~~ l!'=: 3hugo.oa,..tc ,-.:..!0'_;, J.:-'C 
Ti:>r.3. \.=oti~eries. Fal!Jt a;1c s~lf.::!3.:" zcr~e:: are orc:r1s~nf" i0..:-3.-..lons ~1~1.:. J;·.· J..-.cdca~t:t.. 

n:· a!lgrl;'tent cf tlrai'1age course~ and ::-y ot7ter ge.Jiugic..ai fecnure-s. :h..:.:.:ordu·c 
to Larson ( ~ 9i~2' rocK~ tnat are :nvolved in -.:ecTCr.lc de+'J:-rn2-no:-- rhc ·1ccn :11as~ 
8.: tne fract..Jre~ can, 1r. most ,-:2.ses l)e re1u.teC to tensJ.or. 0:- shea; ;1!1E::r.orr.ena­
The tension fractures m3y b-= more open ar1C. he!ice rt.C!~·: be r:v;:,re s.Ji·;ablr :cr 
wo.te~"' le2.Kages than shE-ar tracture~. More:tver ir~ ~u1t1!aycred roc~~. :t"te rr.cr~ 
::or..pe>:e'11 beds rn2y be severe•y :rac1ured. as rs evider.r o.lor.g -,r.e d:'"e', wne:P 
t'le water seepage occ~rs. 

Dper, jom:s whrch occur in t!le 'Ttine roof are prooaoly tne resu1: ;,' m,r,inE 
ac:ivit;. fhe~e are ''ertical fracture~ wrth a narr,w• 0pening in the" coal an.:! roc,; 
roc;,, 5mal! faults also occur in vari;,:.:s a~eas tr.roughout the m:nes. '-'nlike ordinar\ 
•o'nts. tne 1:1tensnv and spacing ,of open ioints anci fault~ art uneffecteo b!' rooi 
r0c1< :ype. They are very prominent m :r.e sandsror.e. Thei~ occurence rs quitoc 
;o.::a'Jsed. Wate~ flows into thE m!nE a!on[; some open ioints and fa:Jlts :~re dear., 
>eeOI ir, the fieid ir.vestigations. 

!gnecus dykes and peridotite dykes often intercept rock formations associate:J 
w•th heavil~ wate•eci horrzons. Saturated cavities and cor.sequently feeders o:[ 
wate• mav oe encountered. ii the mining operations are carrieo out m thEir 
'"lroxJ.-rLty. !'f,is has been observeo along the dykes where the draini'lb of water 
is .nore into tne mine. (Lodna, Jayararnpur and Bhagal:>aPd Collleries). 

'VATER QUALITY 

48 water samples were collected frcm the cpen wells, ~3 sample~ were 
collected f~om the undergrou'1d :Pine sumps and goaf :1reas in t\luk,mda brcc k 
and ll ;ample; were collected from the c>pen wells in the Bhagaband block. n-.e 
chern;.::a: analys1s data ci Mukunda and E-hagaband oiock~ •vas piotteci on tri'rnear 
pioer di3gram, (Hem 1959) both for open weils anc mi01e watEr. The wei; V.'ater 
m "v\ukund2 bwc~<; have been cias~ified into (11 Aikaline earths exceed ali<alies, 
:?> Alkalies ev:eed alkaline f>:trths, (3) weak acids exceed strong acias, (~) so:rong 
aciris ~xceea weak acids, (5) non-car!:JOnate haroness exceed .50 percent. (6) no 
;,n.: o::' tt->e catio01 and amon pairs exceed 50 percent. The mine waters arecia;sified 
(:) •::lmonzte- hardness or secondary alkalinity cf the water exceed 5::i% :2) non­
C'lr~cnat<> haro:-tes:. exc.eed 50 percer.t, (3} strong ac:ds exceed wEak acids ;4) 
a 1kalies exceeo a!kal!r,e earths. Whereas i~ the Bhagaband brocK. the well waters 
art> snc>wing s.m:larirv oi •he Mukunda bJC'ck well water. 

n1e iso ror.cent;atlf'n maps for werl W:itf>fs m ~;I:Jkunda and 3hagacanci 
blocks representee in Fig.4-,'aro ;:rovide$ an it'terestmg aspect of the water chfc::r,Ist•,· 
n the area. Tn-= c-H is aikaline in ~he northerr. p2n and beco'l'le> slight!'.' acidK 
·.cwarc~ the centre o~ the blod:. where the pH i3 a!'<al1ne a!ld suirat<'oc~·r.len: 
-:lf wateris 10w. As •he oH arops from neutral tc ac!dic the elemer.tal ::oncem;·atJOr. 
;!~ the w&IPr mcreascs~ 7he srcci£i-: co:lductance of the water tend~ tv :-~fleet 
t!l<' sul~atc concentration of the rrme water. This !~ behevecl to resulT •rorr, tloe 
<uitate ion being m.::ore ~table than -.he iron i-::ns ~n 'ln oxidismg envJr.::tr.IT!t>!1t­
wnere the oH ranges rrom 6 to 8. T;1us ~he 5uliate iOf'c, remam ;r, s<'iutior, and 
o.re reflecterl in th,e specific ccnd~ct3nce reaomg. 

Lrtg. ~J 
8cth the ::urface cr.u :T•ine v·a·~e:- s.:tmrles d!!Ct1ysea tr, :n~ Mur:'..:.J('::J :_;:~,._,~~~ 

nave sifl'llz;r cor..pcslti.Jn except ~r1t:..lr i...la. C:a, \ljg ~·a tics rray :hf:e~. ~-'31r.c t!1.:­
:>ararneter "'-e r.ave Two ~rol!ps c<:: ~.anq1Jes. \;,:lt" ~r-:yup ':('fH1J.n.~ ~...~rtacc 1'\o·=ne,..~· 

frorr1 nurther-: !'"Jcr·non anG S:)Utnerr. pc...rt'cr. :-)i :ne- :::t.-~c: '.\1"'w_:!; -~r~ric.t'"'t"C .:- :~~. 

Tin3 .zrou~ ~as a1.5C d ~~1gi'""er T['5" ttaO.i1 Ctr1f'ra i\.~ exp~oratJO'". :.f U1l~ ~r~n..::--·lT."=i. 
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Table 1 

Sl. Test looa­
No. tion 

1 

2 

3 

4 

North Tia­
ra Boreho­
le No 
NGKIO 

North Tis-
ra Boreho-
le No 
NGKIOA 

Lodna Near 
Borehole No 
GI9 
Boreho:}.e No 
HMJ2 

Lodna Near 

Aquifer Parameters 

Lithology 
of the aqui 
fer zone 
tested 

Coarse Me­
dium grai­
ned sst in 
between Se­
ams III and 
IVB 

Coarse Me-
dium grai-
ned sst in 

Horizc 
Depth re 
ge in m 

13.34 to 
43.04 wi 
shale in 
teroala­
tion 

13.2 to 
42.0 witli 
shale ancl 

between Se- oarbonaoe 
ams III and us shale 
IVB interoala 

tion 

Medium to 136-142 
fine grai-
ned sst 
between se-
ams VIII&.. 
IX/X 
Medium to 20-3-205.; 

Borehole No coree grai-

II 

FIG.j;.b '""'" ,.,1_"··~-- ··-
MUKUND~ BLOC!" .• 

FIG. > 

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

Reproduced from best available copy



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

Reproduced from best available copy



FJG.5.a 

0 06000 
'----' 
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198G ~UKUSOA BLOCK. 

FIG.j•b 'NATER TA3LE CONT::lUR W:AV 1 Se·. 
,_,UKUN[J;:. i3LOC~ .• 

fiG.'> 

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

Reproduced from best available copy



.~~ ..l9·' 

FtG.&;t~ATI:R T<l.BL!:: ·.;'JNTCUR i~ SEFTI:t..,E>Ei'l 19e-1 
MlJK'J!IiDil B~')CV.. 

FIG.(...b :s:.-:3PE:·:- 1c- :::\ou:-:t._r<cc. Y.~P:.:::r.E.~TRAi'·:r­

·r·"?'~;-vt\:... ~c·; .u M~r:.::: '..::"ls i'<·Lh!...!N::: 3_c.c:-< 

l=JG. ,;. 

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

Reproduced from best available copy



·.: ~;c..~e-c c-. "":,-,e ~~~.!an,le ::,( luullH17>-S .;· ~-::cl:l:-r' .:-•JL:;:.r-::~-. -l-;:~ .-':'C:)ra group 0 1 ·>:~v:-­

J.l ·..v•Hc~ :v\g 1.:=; gre3.tP::l -d-,<J:r: ..... .:1 :r:c~u(Je ti.)""t"• ::..JrldC~ -.~.r::;. ~rcdt··C w:ners :rvrT· :,-if' 

..Jtt~er p~rt::, .:)f the :.1lnE c:-ed. wn;.th un·· \'C..rv 5lr,·•i1:--u :1 :-:crr·;:::vstttor to :,poi~ wat~i. 
Tr.u' r~~e grc.un-::i ''-'~t"tf'! 1a: r~o..:\lPV 2 c:.onp:-,s~~.:on Slr,·dc:- ~c. "'P·::>i~ 'Yater l)v sun:~ce 
1n:tdtr:tLJfi~ 3.:1C 1 )PrcoLa---~on r:!tri'ug:1 o. r~p:-e::,er,rattvc .,er:ticr. of :::>\'er~·.Jrden •y-i:_,r 
... 0 r:1Jr"ttng. Ccn.:.equtn~1y. ...~.cr.Hi.:t· .. lf.e ·'! tni3 U11cor.Lr:·:d grour.d water Wlth 'spc~l 
WotLe> Wll1 !"esuJt ir, m1t10r dnrt f1e~ligi'J'~ ..:hunge~: {5.lnkurcnar3yana. l. l986i (f-~gJ,~. 

fhe steP.ply dtpping overourd~n includes oe\er"-1 sc.ndstone aqui±ers seo"-nte-:i 
by o.quitardal layers that ltmit vertlco.l !',r'Jt!n<l w::.ter flow.5easur. fNise water ievei 
cbservations and wa:e• ~aDlt. rr.ap~ sh0w tr.e sh~l!ow ~rcunrl wate~ aquifer (weatheren 
zone aquiier) are nN 2.ffccted by ur.derground ;lur.ir.g. fhe water Jeve!s iP the 
,hallow aquiier arf= disturbea only in the >tCi'l:1 y cf ir::.cture~ ana faut~ zot1es. 
I~rhb aqL:ifer, ~ater ievels are refpc.mec' t~ !'eason3t r>recipi~aci:>n. ·:he rr.ain hy:!r<iulic: 
ror:ne-::·;io'l betwf=en a :ieep ur.dergrov'lrl rune ar.d 5hal;ow a::juiter _;s t:1rough fra::tu~e5. 
j:>in~s and fau:t zone~. This '5 evde'lceo b·) tr.e r.'Jg e amo:.Jnt ot water dtscha;ged 
frorP the underground rr·ine SUIT'ps artd goc.~ arec.s iilled w!ti' ·A1c.ter. \Vater seerage 
m t!1e easLer;1 part i:; .ltamly thrc•JgP rem.i.jn fractures a01d m the mere ccmoetert 
beds tlcrotJgh severely fractured "-n<l m:hly abng tole t.lyV.es. Increased water .jar,g-cr 
is apparent whe~e mine workings approach or ePcoun!er faults parallf=l to t~te face 
!me or fautts wflich t.ao old working~ and also :aults of con>iderable +h•ow. 

Water sa:nples anaJvsed from i::otn ;ulf2.Lf= and underground rr.ir.es are.:" 
have similar composition ex.:ep·, thP.ir Na, Ca and Mg rati.::s. By using tf-tis t)ara.m~,e;· 
two groups of samp:es res~.ut, one group contain~ ;:u;hcP. wate;,; from rtNtherr. 
oortion and southern oortion of t~- area whic!1 is en•1ched m sodium. The S{cCor,ci 
'group of water ir, whlch Mg is gfeater 11tan C.a inc!udes beth surface- and g;curd 
waters from the other oart~ ot the minP area. 
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