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SUMMARY 

The influence of mine water pUlllping on the natural water 
balance, as well a a on the subsurface and strr:face wate-r r'''"' 
Aerves.By lnatftnce of the mine water pumping at Nyirau,the 
oriFinal and present situation in the underground water 
mn.nagemen"t will be compared. 

Th~ u.nfe-.·ourable lli tuation is possibly to be 5.mprrwed b~r the 
partlv.!"c:atoration of the original circUJnetance~,by rr.ean!3 
of pr~treatment,aa well aa by the infiltration of the eleva
ted water into the water beari!i.g fornmtion.Dlscussion of the 
infiltration methods,applicable in this domain and the sur
vey 0f their advanta~<"n.The pr!!treatment of mine w::>t;;r be
fori'! infiltration.The posaibilitiee of tmdere,:rrm.nd 'II'Ptte:r 
storage.Artificial recharging of aquifers,layered near to 
the surface,w:i.th mine water.The possibility of artificial 
rPcharf:!e the mine water,pumped at Nyirad. 

As a conuflqtlencP c,:f minintr, act1v:tty,n!!u.a1ly a bi[ amount of 
wr1'b"r h: pumped together with the production of minerals 
Tf,'" removal cf '\:hit; water· quantity means, besides the indis
putable adaYan'taEeS from the point of view o! mir,.inf"l-elso 
an int"'rvEmticn into the water balance of the at.fb9tli~!"ce 
and surface W?ter!!. In coneequence of the inc,~·eased rn:! n!! 
water p•l1llping, the :flo·fl' of !!prings wt t.h1n th~ hy~.rol'">CiOal 
catchmomt area ef the wat<Jrbearing formation deci'eases,more 
over in the cnt'le of grea~ d.rswdn<ma in wB.ter level, the o::ct~ 
flow come!! to ar. end .Hower\!'i'!r t.h;:; de:finiml!,W rd't<'r thia ac•· 
'tivity in watez· qaanti t:l M ,m~ h<> 1!1U:ppli.:,~1· (1J the means ni 
re[';ional water works,based on the min<?J water p:wpi.ng.Thc;; 
sometimes warm aou:-p1u!l w:atE>r,leavif18 th<:! mine,may lJe harm-
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ful for waterooursec fu~d recipiants,from the point of 
view of environment and water quality,by the growing eu
trophycation and by the settling of mineral materials. 

The water quantity,pumped in the interest of mining,of
ten exceeds the natural replacement of water and by emp
tying the subsurface volumes of storage,a significant 
amo~~t in water reserves is getting lost,which would be 
a valuable supply and aid for the water management with
in other circumstances. 

The prev:!.ously mentioned points of view ;without the de
mand for cornpleteness,are well known for the technical 
public opinion and with thoS begirming of the large scale 
mine water pumping activities,also important initiatives 
happened. in the interest of reduction and elimination 
of the diaadvantages.In this etudy,the author ~ish~s to 
point at th"' possible favours in connectine: the methods 
of mine water pmnping and those of artificial recharge, 
as well as those of WHlerground etorage,wid"lly used :l.n 
other fields of water mane.l,)ement,on the example of the 
mtne ~ater pumping at Nyirad. 

ARTIFICIAL RECHARGE 

The artificial recharge is a well knbwn procedure in wa
ter management,by which the infiltrated surface water is 
cleaned and partly stored in the porous aquifere and fis
sured rocke.The water 1 induced in this ~aypia thoroughly 
mixed with the ori~inal water in the aquifer,during the 
period of seepage. The temperEture of the wa·ter is also 
equalized,if the requiered retention time is secured.The 
tnduced water ia pumped otJ.t through wells,respectively 
palleries,the traditional means of water catchment. On 
surface,the water is trvated,if necessary.This method of 
water production 1a !lsed all over the llfOrld fu'l.d bv th~ 
means of it,the output of the waterworke,utilizine sub
surface water,the quality of water in them and the secu
rity of production is improved by the wat!lr quantity 
stored undergrow-.d.O:t' courae,the poa1'ibilities to improve 
the water quality are exit~ting only :in aquifereicompoeed 
of grained,fil ter type material. In the caratic,fi!lsured 
rock,eupplying the mine water,the previously mentioned 
cleaning effect is not existing,however the atoraRe of 
water,by the aid of undergTound weirs in these type of 
rocks is well known long ago.Thh method of store.l'e wae 
used primarilv in the near vicinity of natural springs 
and srtif:l.cia1 catchment etructuree of wells.In th"' case 
of thermal water utilization,the injection of the cooled 
vrater back in·~o the original r<qnifer is e.lso widely prao
tised.If the mina water fillfills the quality demands of 
r!TJ.nkin;;: water ,it can be l~f'ed directly fer drinking water 
r.mp,-,J.,y pt:rposeB a11d the ramairling ~eurplus \fater,which is 
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norma lJ y led to the wttt~>rcourses, or a part of it mr~.v be 
induced into the fissured rock in the vicinity of springs. 
to recharge and to restore them,ea well as to colJect wa
ter in the pores and fissures of the roclr,without distur
bing the mining activity.Of course,the mine water flowing 
in the watercourses may be used also for traditional arti-· 
ficial purposes too. 

Artificial recharge may be applied in the case of covered 
carstic formations by the use of injection wella,however 
in open carstic rock by the use of infiltration basins, 
The water to be recharged artificiallylmu.at be pretreated 
on an open field of filtration before njection.This is 
not necessary,if the mine water to be recharged,is pro -
duced in drinking water quality and it is conducted thro~ 
a pipe to the location of infiltration§reapectively to 
that of injection. 

THE POSSIBILITY OF ARTIFICIAL RECHARGE IN THE NYIRAD AREA 

The utmost wid~spre~d triassic dolomite and limestone for
mations in RTINGARY are to be found in tte Hunp,arian Central 
MountAin Range.Significant layers of coal and bauxite are 
included in the former,carstic rocks.The min1ne of these 
minerals is only by parallely conducted mine water pumping 
possible. 

Before the mining activities,in the XIX. century and almost 
till the begiru"ing of the sixties,thia area was famous 
about its plP.nty of springs,producing supremP. quality water 
in aboundant and equalized flow,Pigure 1. shows the ave
race natural levels of carstic water within the territory. 
The cerstic water is regularly suprlied by the precipita -
tion,which infiltrates through the open surface areas of 
the csrstic rock.After filling up the fissures in the rock, 
the water is flowing out from the reservoir in the main 
carstic formation,again to the surface throu~h the springs. 
This is the dynamic re!'erve of the carstic water.Generally 
the natural water output in average equals the infiltrated 
rAin water qUAntity.The mine at Nyirad is aituatP.d at the 
south western area of the Bakony Range.Thia part of the 
territory is definitely separated from the hydrogeological 
point of view,from the other carstic areas,laying in the 
eastern and north eastern parts of the Bakony ran~e,by the 
~eolo~ical fault line,passing the town Ajka from the East. 
Figure 2. is demonstrating this area,after the map of the 
carstic water levels,published in the year book of Water 
Rosources Management /VIZINT/. 

Figure 2. also oontaines 
areas,important from the 
size of this area is all 
tory,the annual rainfall 

the situation of the open carstic 
point of view of infiltration.The 
together 294 kJ • Over this terri
is 630 mm-rfi averaee,about 25~ 
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o~ this amount is infiltrating,The dynamic water flow is 
126000 m'/d.W!thin the territory of the Western Bakony 
and the Keezthely Range,originally two springs of major 
importance exiated,the Malomt6 /cave lake/ eprin~ at th~ 
town Tapolca and the spring of Tapolcaf6 near the town 
Papa.~1e distance of these springe is almost 45 km.The 
original water flow in average of these epringe is: 

Tap olea 
Tapoloat'6 
SW11 total 

42 300 .J/d 
31 20Q...{Lg_ 

93 500 i/d 

According to the data of the L~stitute of Water Resour
ces Management /VIZINT,l979/,the original carotic water 
springe discharged rou.nd 100 000 i/d qUWltit;y of water 
from the South Weete:rn Bakony area into the Lake Balaton. 
Based on the former data,the dynamic water qt..antity and 
the total flow of the apringa corresponds each other. 

Mine water pumping at Nyirad began in 1957.At that time, 
the water level was here 176 m.OD.Simultaneously at Ta~ 
polca 122 m.OD. and at Tapolcaf6 200 m.OD, levels were 
observed.Between 1962 and 1973,the amount of pumped water 
from the main caretic reservoir increased in auperb mea
euree.At the beginr.ing of 197B,when the pumped water flow 
reached ~10 000 i/d,the water level in the mine was at 
85 m.OD.Sil!ltlltaneoua1y the flow of the llfulomt6 spring at 
Tapolca wae still between 8 000 and 10 000 nl'/d,at level 
120 m.OD.It ia worth mentioning,that this spring ceased 
ite flow rscentlywin 198l.Ttrls circumstance is justifying 
that geological statement,tb~t the aarmathian water bearing 
limestone of the ~pring at 'i'apolca.hlls in general a part
ly separated natural vrahr recharge area and the effect 
of water level fluctuations in the triassic main dolomite, 
have only a delayed influence on the flow of the enring. 
Namely,in thie territory,more than 20 years were needed 
for the pumping at NyirM.to display the final flow cea
sing effect on the spring at Tapolca. 

In the relation of the spring at Tapolcafo,the influence of 
pum~ing succeeded earlier agAinst the formP.r oase,however 
the distance is much big~er,almost 30 km,comparing with the 
14 km distance of Tapolca.The flow of the aprines ~t Tapol
cafo disappeqred about the middle of the sixties.In 1975, 
the water level was almost more than 30 m below the aur
face.The rapid ehrunges in water flow and water levels ~ 
be explained by more r~ssone.One of these i~ to be m8rked 
b:· the pressurized state of the deep carstic la~'er hr>t
wnpn the Mine and the springs.This enables the rapid eT
tenaion of the prees~r€ changes,as well ~s the more fe~ter 
exhausting of the poorly recharP,ed stored water from the 
aquifer.The latter may be expressed as the second re8~6n 
of exhausting the spring water flow.Figure 3. showa,usine 
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thr- ,lnta nf' VT'rUKI /R~'!>"nrr.h c~ntr" fnr IV·1trr 1\""""rr~., 
I)r>velopmA.nt/,the drawiir'lwn •.vater lev,ls vrttr.in til<' inrlu
,.nc" A!''!R r'lf the Nyirr~d dcpre~-:i r'ln,at t'te ond r'lf FJ77, 
C)Omp::>r"d t.? t!J.~ ori,o-in"l cituation,shown "ln Fi['Urc 1. 
From this, the conditions of natllral rNrharr:" nnrl "UP"ly 
in the r'lpPn !l.Ild covered carstic form<>tlons ffi?:' be seen 
clearly,a[: well as the impact of infiltration on the 
shape nn~ extRnnion of the depres~ion cone, 

Baserl. on thP igta and meesurements nf the rnne 0f deP.,.en
eion,rl<>minstrAtP.d on Figures 3. R.nd 4. , the flow of MinP. 
watcr,pump"'O at the end o~ thP. e::r11cninr>d perind,na:r be 
checkod.From tho data of extension of the asnymmctr'c 
d~'Pr"s"ir'ln cone and from the ori['inal,in ~encral n?t hn
ri zontal water levels, the Plllnped mine w'!ter flow w~'e cal
culated with the eouation ~'ld method of teczfalvy /1%9/. 

By thi.!'! method,the circle around the spot of pumping is 
divided in several sectiona,with central am~les(J 1 , r.>?' 
etc. in a way,that the chpn~e of water level with!n a 
section may be uniform.The water flow within each nf tho 
sections is calculated separately with t:llle followj ng 
equation: 

Where: 

R 
r 

the water flow of the sP-ctl. on .1/e; 
= Coefficient of permeability m/e; 

the difference of the orie;lr:.al 
water level and the level of 
drawdown at the pumpinp; site m 1 
radius of drawdown tn the section m; 

= radius of the pumped group of 
wells m 

= central angle of cectlon 
= elope of orie;inAl water lev-el 

compared to horizontal 

It's worth mentionine,that the value of R is chanP-inp, in 
function of time.In the computation,renresented i~ this 
article,the eMpirical values of R,observed in thl' year 
1977,were used. 

On Fleure 4. the areas of sections,the values nf R and 1 
are reported. The values of ..t... R were provided bv the dif:.. 
ference of the original water levels at both ends of thl' 
distances R. 

Fnr ~he uprer triassic main carstic doloMite rock·in the 
~·lrad area,thA following hidroPeolowinal p"rem"tftrs were 
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tRk~n into ('OnsirlrrRtion: 

P"rm":ohiJ i ty: k 7,5 v lC,-4 m/R 

pnro~li t"·r r: 0,02 o,e~ 

el<)Rtici ty 
wat~r/ 1,96 lC'·-5 /rod: and t= X 

Figure 5. ahowa the scematic longitud~nal sectinn of the 
N~·irad s~·stem in the line of TapoJcafo- Nyir~d -Tapolca. 
The covered and open sections of the carstic rock are 
also indicated in tha fi~urs,~s well as the water quAnti
tics infil trRted at the open areas and the original ave·
rPRe water flows of the oPringe,togcther with the calcu
le,tAd pu.mped mine water flow at Nyirad. 

'I'b~ water flows of the different sectional Areas of drnw""' 
down are,as follows: 

0,516 .J/s 
1,605 ri/e 
1,355 ri/s 

...Q.&JL lib 
4.355 ID'/B 

T:1e mlJllrviar:!.zed, oompute•:i flaw !'lquale wi t:o·; n an accuracy of 
1() :'.~.with the averaee pumped ;nine water no" of no oco r'/d' 
in l':J77. 

As a r·~_->Sit.1t of min?: wa:t'sr f.Htrnp:tn.; '.-.l Nyir8d~aft(~-,~- Silj)pl_.V-1 ~~e 
thP dr . .\r,king and industrial water ~ .. mandci in 100 000 l!f/d . 
qunn:~i ty, 150 CH_)O w~/~- water o:~ ex-c~J.lent rJy.El~ t~" Js ec~ndu.ci;e,J 
throup;h the \fatercoursea into rz,ke B3laton,whi ... e a fu:rth<?r 
quanti<.;\' of l60 OOC l/d ie disu:·:1.re;ed -to the catchmPnt Hrl'a 
of the river Rliba ia the lio:r-th, It can be prr,ved, that for the 
tiMI' tPiDf,bi~ ~mounts of mi~e water are flowinr uaelPaB inti' 
the rP0ipi0nts. Howev•ll"l' for tht> future eYtPnded use of the 
el.ovatnd high quality wRter, t :1ere are •mdoubtcdly l"ide per
spectlv"s wi·thtn tb.e central :rrwt nf TrMadam.l.bia, 

Ae it wne1 mentioned eerlh::c ,for tb1 use of rn:! ne WAter :12: 
Brtiiicial rscharge in thia area, two pos,ib'li ties 1Ee exis·
ting: 

Art~ .. f'J.oiaJ. recl:!.0.::· ge of ~ne aq•1i:fers ctnd rocka, be.qrinf; 
ca:·:,tic wa·f;,r, 

Artificial rech&TP~ 
nc~r to the su~fE~· 

f the ~ediinent~Al a.qv:i:~ors leyi;\g 
n the near vicinity sLtr:~·ace 

much ~s ~f o.i:~~ water. 
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In th~ ~·ir~d ~re~,the introrluntinn of both m~thn1s in 
no~siblc.The possibilities of artificial recharr:e in the 
~~rstic formation will be discus~cd here. 

'?h., introductinn of the pumped minr: water into the orir:i
nnl wat~r bearine strata must be solved in a manrer,that 
the infiltrated water shoulrl not cause sir,nificant rise 
()f woter l"vels in the surroundine:s of the mine.For this 
reason the areas of artificial recharce,should be chosan 
3t those places,where previously,a relatively slow sin
~inG of the water surface,due to the pumping was observed, 
2s well as where the natural infil-tration ?.ones are nNlr, 
"owevcr the co~~ection with the main carstic strata is 
limited.For this purpose,the fissured rocks,for~inP, the 
nnderrrot:md r~servoir of water in tr.e vicini t·r of the 
s~rines,those w?ter ceased flowing,are usually favourable. 
It may be mentioncd,that such places are usually equipped 
with the structures and installations of the one-times 
·:r>tcr supnly system. The spot of water induction must be 
r;l~o:cen s-1, that the mine water me~· be conducted there, 
;oossibly throuc.;h cravity pipes.In the vicinitr of one -
times thcrm81 sprinF;s,inasmuch the pumped mine water .is 
..,lso w::1rm, the inj'.oction of water is r;r.vantaP:eous thro11r;h 
~el1s in the deep reaches of the foroation,taking the 
h:;dro."'eoloe;ical conditions of the ea tcrunent area als,., in
t~ consideration.In this W3y,a chnnce is also given to 
preserve the heat content of the pumped mine water too. 

It i~ cle8r,from the previously mentioned aspects,that 
within the influence area of mine water pwnping,only li
"'ited poAsibilHies for the method 0f artificial rech:Jrp;e 
~re e~istinr,.Out of this ~rea,howev~r the method has fa
vourable chances nf use.In tl".e Nyir11d area,the vicinity 
of the Tapolca Malomt6 sprine;,seems to be in favour for 
introducinp; this method.About the passed flow of the 
Rprinp: mention was done previousl:r. The cave with An un -
·l~rPT()und lake,as it is well known,is situAted in the 
100 - 200 m thick sarmathian limestone,which is layered 
on the upper triasfic main,carstic dolomite strata. The 
the limestone has its own,from the main carstic layer 
partly isfllAtell, undergroul1d storaP,e s~rstem, which, on tht'! 
baRe ,.,f experiencies 1delayed the dewat·'rin.o; of the rock 
2nd contributed signlficantly to the lonper e7isten~o 
of the sprinP;. The place of water induction ma~· be chor1en, 
pfter the evaluation of several variants,about 1 - 1,5 km 
~ist11nce,northward from the cave lake,near to water -
course Viszl6, which is conductine; the mine water of N~·irRd 
to LRke Balaton.The infiltration rna:· be accoll'plisbl?d 'oy 
n row of infiltration wella,which are rechRreed either 
with the water,taken directly from a P,I't!Vity pipe,or with 
t.he water,taken from the creek.In the latter case,the 
weter must be treated previously with a surface,col"ector 
drain filter field,situated near the injection wells.The 
induction of w.~ter is calculated tn r1.n informAtory wa~·, 
11sing the e'luation of the free surface injection well, 
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injected water flow;in this ca~e,the 
orieinal 0,49 i/s flow of the sprine, 
120 m,the depth of water in th~omain 
near the spring, 
the pressure head of the recharged 
water in m, 
1 000 m,distance betwe~n the injection 
wells and the spring, 
100 m,average radius of the injection 
well group, _ 
permeability 7,5 x 10 4 m/s. 

Usinr>; the former values,th~ pres~ure head "s" ma.v be cal
culated,in this case its value is s = 1,7 m.The flow of 
circle section l.,shown on Pigure (.is computed with the 
modification in water level the value of •s•, is 

Q1 = 0,568 1/s. 

This flow is greater than the originally computed flow of 
0,516 d/s.The difference is 0,053 i/s,almost 10 % rise in 
the mine water pumping.Simultaneously the flow of the 
Rprin~ at Tapolca will be 

Qf "' 0,437 J/s 

Prom the former calculation,the limitation in artificial 
rechargeiin areas of great drawdowns in the water leveli 
is clear y to be seen.Of course the induced water is fi -
lin~ up the separate reservoir of the spring and in this 
wa~· certain local water reserves are also developed. 

On the base of the sug~estionldiscusRed here,ths analysis 
of the possibilities in artif cial rechar~e,within the 
whole area would be adviseble in the frames of a compr~
hensive detailed etudy,streeeinr, the importance on the res
toration of the sprines in Tapolca and Tapolcefo and to 
avoid the depletion of flow at the Lake of Heviz. 
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LI:JT OF FIG1J!(r·:s 

Fi<";ur" l. Mep of oril"inal water ll"!vela. 
1 contour line of watPr level m.OD. 
2 boundar:' ·f the cP.rRtir: form!'ltion, 
3 boundary of the Balaton catcr.ment areH, 
4 major faait line 

Fi!"ure 2. Situation of infiltration areas 

1 area of natural infiltration, 
2 major fault line, 
3 contour line of water levels in 1977. m.OD. 

Fi~ure 3. Situation plan of the cone of depree~ion. 

1 contour line of depres~ion,·m from the ori-
einal situation on Figure 1. 

2 boundary of carstic formation, 
3 0 line of depression, 
4 boundary of the cone of deprca~ion. 

Figure 4. Empirical data of the depresrion cone. 

Figure 5. Scernatical longitudinal section in the 
line Tapolcaf6 - Nyirad - Tapolca. 
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