
MINE WATER. GRANADA, SPAIN.1985 

REBUJLD_ING (Jio' Oli!C;J:\1L \vATLH 

BALANCE IN KAIISTJC hL:iEHVC l FlS 

Gabo '" sz 1 LAGYJ 
Central ln;-;-;tj_ tu te ro.~~- ~lining Devo_LOpP.1CD.t 

H-loJ7, tludapec: l, lvJi l'':lviny u, 2-4. 
Hlc:\JGA!IY 

ABSTRJ\('T 

Dis tort~ion has oc:eured in kac·st wctLeJ balanco o:C T'rans­
d:(nubiaLl fvlolA11.i,ains /H\(n.gary/ bec<=1use of precj __ pi t.::l ·:~j_on 
shor·tag2 and a f~'r<.:.~at volume oC :Jr'Li.J'.i~-.iaJ_ watnr tU_ ... ,chn-:---gos .. 
The reh"L~i-ld_ing of"' the ocigin:~~.l 1'1/::J.Lnr ba_lance r(~~quLr·es rH-n1, 
e_ffectJve measures i~eb rGduci_nr; of' ~nine water .t.J:. . .unp.ing 
/by groH-Ling/: reinjec~tion or rni.n.:-~ water; t:t.ilizat.Lun of' 
mina watei· as dr.inking ~~Jater in l!\l'ater supp.ly ~ystcms and 
d::.r·ect p;--otc,ction of thermal springs. 

l. LOADl.NG OF l(ARSTIC \~ATBR 

ID~SOURCES TN T!HK"SDANUJ3.1AN 
MOu.NTAJNS 

The average ~\fate1 recharge in.FiJ_tratiug 1'rom precj_lXLtatiun 
can be approximated as 68o Lc'/mir' .. Under 1uJ.d.istur-becl, -.,ripin­
al state this dynamic ·,,ater resource >vas .flown out of the 
system via cold and thermaJ springs and out of thn 
comrnuni.cat.inns with other 1vater bsar.ing strata and the 
Danube river. 

The _Load o.f the reserved r is or three-purpose: 

- The mine :is forcec' to pump the 1>~Ectnr because of tlw sa.fe';y 
of operations. 

- \vater works .for municip<d pcr·poses produce karstic water 
fru1u zones be.in.g c.lose to the surJ"acE~ .. 

Tradj_t_j_on31 spa and resort l:,Ltuic a1··e exj_sting ·t,asod Dn 
the tbecma_i sr_)r.ings at the Eout ci' 1:he mo•Jntains .. /S~~~ 
f•'ig. l and 2 / 

Tl1e abo·.rE~ ftlent.ioned factcrs caus·•d overloading of the sy:stem., 
rl_'o ·r·e cluce the shortage of kars tl c hla te [' balance the mi.ne 
1vatec punrpc~d out :in dr.i"'=Lk 1'17cttc:t q11:-=~.LitJ~ lla,:·· bf~cOLIL~ tllc~ bas.l.s 
01~ -cil(-" r~E'!~~-i or]nl 1>Vater supp.~l y .<:.-;. <; L•-..:)1!!.''5 :-1nd it c·a'liS(~c: (lvantag(::..'--: 
J'oc tLlo surf'acc \1/ate::--·s dur·j_nr: thr~ win_ln~:· CiCL~ -..d Cy ~ 
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0 lof\!VlHuN~!E:' i -\L !·.l•l•i, r::; UF i'i_LNtc 
\\ \!'I~_- I{ r'IUJl ll 1. I I 0\ 

C OtllpJ i cat (":!ct changes we rc ca11s t' d I J y LhH a J" Li C ici_(] _1_ wa: (' t Olt L­

puts .in the ceservoir: 

- ·h1 at(_~r tabl_e sinking vvas rucmed r-c~gj_ona_lLy bRcause of' 
duc:::r·c:-ctsing trends of-. the sto_r'c~d \'1/ctt.er· vul·11JTI8_ 

Pac LLuJ ground \tVater .s i.uk.-inf:: <-tPJJcared j_11 LlH~ S1trroundillf1
,' 

lH:)o:_?,'Un sLP<:..t.ta and consGqt!ellt_Ly LJv.:- cjj_,·ccti(!fl oL' f!;r-ouud 1\1::-tcur 

l'Ucliai,·,e was rcvecsed i1J tl1e cOJllH'<-LiuJ 'Zones .i,..o.,.. the 
kars t..i c reservo:Lr is .fed by i?;'T"'U1.--tnd \va te c .. 

- Springs of big water yield decreased or ran dry. 

- C"otl":rmicul water systellls of haLncological imvortancc, 
IJccc·une d..::tnge_r'ed"" 

Trw above listed environmental c~1anges \H;,·e Followed tJy 
uc'cu_Lor·.Lcil_l consoquel!cl~s .-

Tl1c dj_r'PCL eC.Co~,ts of' karst ;c waLor s.-ink.JTl{'; appeu..recl ma.Lrtl_)' 
011 LlH~ C'd.'~·es oJ' the rc•so r'vu i ,, ilJ Lllc zo110s nf' lho o cosi 011 

hasis and in the areas or hydL'UlA~Lic comrllL~ ... tications \\1it!1 
neogcn porous str~ta~ 

J'lH~ li!()Cl.1UI abJ_e water yjo_ld ChFt11jl;:ing oF sprirl."':~'.S is \,.jz Jj clcfir.~.ed 

IJU t the> rate of Lateral. and ve rtica]_ commun_i C'ltions witl1 othe-r 
watec Lw;oring strata .is estimu.ted both by their yieJ_d und 
J oc·a L:i ons _ 

.J, THE PLANNED !vJETHOD UF \vATEH 
BALANCE REBuJ LDJ};C 

The reduction of karstic water ,,j_':bdrat<al neither f'or llG.'1ing 
purpose nor for other purposes .is allowed and consequently 
the necess_it:y or _prcpat~at.Lon l'll!' ucgenL IHC<lsures "is r-equirod .. 

In order to have better information on character of the 
reservoir about 4oo water level observation wells wo~e 
drillnd and the water yield change; o.f springs was measured 
periodically. 

Complex evaluation or the data cf this regional monitoring 
syscem is carried on once a year. New data bank system ~or 
collec ti_ng, storing and eva_lua ting oach of tbe lmpor·cal' t data 
/i.e. water level, water yield, elc_/ was develop2d and 
completed with numerical program o.f the checking system. 
Electronic instruments were buj_lt ror water l.eveJ observa­
tions lnto the wells .. The registered data s vored Jil ta:pe c::.re 
su.i table for direct compuce!' evaluation, /Put6 1983/ 

For ro.liable forecast_Lng o.f L,l1o expected prcssul <~ chan_gj_r-lg 
in the reservoir two fi_ni te- tliLference si.rnul.a ti<'n r:,,dc' i l_s 
were developed_ The veri.fied regicnal modells are sc::itablo 
i'or simulating either clw uwss transp.o:·-l /SziL',gy:i ly72/ '-·-· 
mass and hea-c transport simuJ.tanPously /i 1a,-asy '-9S'5/- "'lop 

longterm program of rebuildj ng Lhe en.v_i_ c-onm2ntaJ dam,__~~~'es 1. an 
be elabc 1'"'ated on the bas.is of LhPsC' sinru.lation lll(•de]_l_i__ng 
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Ul_ans t ,) .impJ.o.ove the reccn L: cunct it ions in thE) r'eE~ervo.lr are 
L>a:-.>(~<L uu t'nduc.LJl:'; ll1c l!Linc' ~\':LLl'l ll\:Ltl.lt{ <tllci ou liH~ uLil.i_'L.aLj_ou 
of' HLiac \vator· t'or ceg:lon<:J.t \\lat,er· ~u_npl.y systf~ms .. 

Tl1Tee methods are existing to r-educe mine water pumping: 

- Oporution of local water drainRge systems which results in 
sma.lleJ' specific 1'ater yield /appLicable pceventiun rn3.4 nly in 
baux.i L llt.ining/ /Boeker 198:1/. 

- Combined mine water control based on the preventive effect 
of g't'uut.ing for- reducing water' .inr·nsh yield 1 proposed. for coal\ 
w.in.ing/ /Szen tirmai 1985/. 

- Reinjection of mine water pumped out over limit with using 
w<c,_ll-sys tern. 

The secondary 111ay of the improvement o.f water' balance is tc 
rup_iace the single-wells or srnailnr water worl<s fur >vater 
supviy systems based on m.ine water. For .its realisation the 
prese,·vation o.f the drinking water quality is supposed. The 
dra.inage systems in mines ace needed to be separated !'rom 
m.inj_ng opecatJons in order tc c--xr·Lude c·ontam.inut.ions. 

TIIC' schc•nw ur lfl"' thods and fac:Ll.i !:.ices foe watoc balance re­
bui_iding is .oresented in Fig.). 

4. TlJE EXPECH:D t•:l"F'I•.CTS OF MEASUHES 

By the early l99o-s lhe overloading or reservoir will be 
cllm.ina ted and the rebuilding Js supposed to be started in 
rotur·n .for· the effective measures, 

To preserve the rebuilt water balance o.f this reservoir .for 
a longer period a multiobjective appcoaoh is necessary, where 
the preser'vation o1' the karst.ic water ba.lance wil_i also be 
one of' the m<Lin goals together '"i th the goals o.f meeting the 
bauxJ to and energy demands, al. though tllese goaJ.s are nc t 
equivalent in many casPs, This r.rLd t.iobjective decision mak.[ng 
approach surely rd.ll not disturb the mining actj vi ty wi·1ich ic. 
necessary .from the viewpoint or the n.ationaJ. economy, but the 
time sequence of open.ing ne.v mines may change and th0se mine 
water controL methods wl_il be prof'erred, which methods wi_il 
not str·ongly impaut tbe environment /e.g. the karst.ic 
reservoir/ .. 
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