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SUMMARY

e influsnce of mine water pumping on the natural water
balance,as well as on the subsurfsce and surface watler re-
nerves.By instance of the mine watsr pumping et Nylrdd,ihs
oririnal and present situation in the underground water
managenent will be compared.

The unfavoursble situation is possibly to be improved by the
rartly restoration of the criginal circumstances,b{ means
of pretreatment,mas well as by the inflliration of the eleva-
ted water into the water bearing formaticn.Discussion of the
infiltration methods,applicable in this domain snd the sur~-
vey of their advantages.The vretreatment of mine woeter be-
fore infiltration.The possiblilities of undsrground water
atorage.Artificlial recharging of aquifers,layered near +to
the surface,wiih mine water.The possibility of srtificial
recharge *he mine water,pumped at Nyirédd.

INTRODOCTICR

sguence uf wmining actlviiy,usually a big smount of
iz pumped together with the productien of minerals,
The remorval of this water quantity means,besides the indig-
putable adavantagres from the pnint of view of minins,slso
an interveniion ints the water baslence of the auheur%ace
and gurface waters.In conssquence of the incrsesed nina
water pumpling,the flow of springs within the hydrolnpicsl
catohment area ©f the weterbesring formation decfesses,more
over in the case of great draewdowms in waoter level,the ocuie
fiow comes to an eud.Howerexr ths deficiency sfier this ace
¥ivity in water gquaniities,may ba sopplisd by the meanz of
regional water works,based on the mine watsr »umping.Ths
sometimes warm snrplus water,leaving the mine,may e harm-
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ful for watercourses and 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 guantity,pumped in the interest of mining,of~
ten erxceeds the natural replacement of water and by emp-
tying the subsurfacs volumes of storage,a significant
amount in water reperves ls getting lost,which would be
a valuable supply and aid for the water management with-
in other circumstances.

The previously mentioned points of view,without the de-
mand for eompgetenﬁga,are well known for the technical
public opinicn and with the beginning of the large scale
mine water pumping activitles,alsc important initiatives
happened in the interest of reduction and elimination

of the disadvantages.In this study,the author wishes fo
point at the poassible favours in sonnecting the methads
of mine water pumping snd those of artificial recharge,
as well as those of underground storage,wldely used in
other fields of water management,nn the exampls of the
mine water pumping at Nyirad,

ARTIPICIAL RECHARGE

The artificial recharge is a well kntwn procedure in wa-
ter management,by which the infiltrated surface water is
cleaned and partly stored in the porous squifers and flg-
sured rocks.The water,induced in this way,ls thoroughly
mixed with the originel water in the aquifer,during the
period of meepage.The tempersiure of the watsyr is also
equalized,1f the requlered retention time 1ls secured.The
induced water ls pumped oui through wells,respectively
palleries,the traditional means of water catchment. On
surface,the water is trgated,if necessary.This method of
water production is used gll over the world and by ths
meang of 1%,the output of the waterworks,utilizing sub-
surface water,the quality of water in them and ithe secu-
rity of production is improved by the water quantity
gtored underground.0f course,ths pogsivilities to improve
the water quality sre existing only in aquifers,composed
of graingd;filter {ype material.In the carstic,fissured
rock,supplying the mine water,the previously mentioned
cleaning effect ie not existing,however the storage of
water,by the ald of underground welrs in these type of
rocks ie well known long ago.Thilsz mathod of storage was
used primarily in the near viecinity of natural springs
and artificial catchment siructures of wells.In the case
of thermal water utilization,the injection of the cocled
water back into the originsel asquifer ie aliso widely prace
tized.If the mine water fulfills the quality demands of
drinking weter,it ran be Used dirsctly for drinking water
suprly purposes and the remalining gurviur water,which is
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normally led to the watercourses,cr a part of it mav be
induced into the fissured rock in the vicinity of springs,
to recharge and 1o restore them,es well as to collect wa=
ter in the pores and filssures of the rock,without distur-
ving the mining activity.0f course,the mine water flowing
in the watercourses may be used alsc for traditionsl arti-
ficial purpcses too.

Artificial recharge mey be applied in the case of covered
carstic formations by the use of injection wells,houwever

in open carstic rock by the use of infiltration basins,

The water to be recharged artificially,must be pretreated
on an open field of filtration before injecti@n,Thia is

not necessary,if the mine water to be recharged,is pro =~
duced in drinking water qualit{ and it is conducted throwogk
a pipe to the location of infiltraticn;respectively to

that of injecticn.

THE POSSIBILITY OF ARTIFICIAL RECHARGE IN THE NYIRAD AREA

The utmost widespresd triassic dolomite and limestone for-
mations in HUNGARY zre to be found in the Hungarian Central
Mountain Range.Significant layers of coel and bauxite are
included in the former,carstic rocks.The mining of these
minerals is only by parasllely conducted mine watler pumping
possible.

Before the mining activities,in the XIX. century and almost
t11) the beginring of the sixties,this area was famous
about its plenty of springs,producing supreme quality water
in gboundant and esqualized flow.Pigure 1. shows the ave-
rage natural levels of carstic water within the territory.
The cerstic water is regularly suprlied by the precipita -
tion,which infiltrates through the cpen surface areas of
the carstic rock.After £illing up the fissures in the rock,
the water is flowing out from the teservoir in the main
carstic formation,again to the surface through the springs.
This is the dynamic recerve of the carstic water.Generally
the natural water output in average equals the infiltrated
rain water quantity.The mine at Nyirdd is situated at the
sauth western araa of the Bakony Range.This part of the
territory is definitely separated from the hydrogeclogical
point of view,from the other caratic areas,laying in the
eastern and north eastern parts of the Bakony ranre,by the
geolosical fault line,passing the town Ajka from the East.
Figure 2. is demonstrating thia area,after the map of the
carstic water levels,published in the year book of Water
Resources Management /VIZINT/.

Figure 2. also containes the situation of the open carstic
areas,important from the point of view of infiltration.The
size of this area iz all together 294 ki . Over this terri-
tory,the annual rainfall is 630 mm in average,about 25%
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of this amount ie infiltrasting.The dynamie water flow is
126000 d/d.¥ithin the territory of the Westsrn Bakony
and the Feszthely Renge,originally two eprings of major
importance existed,the Malomtd /cave laks/ spring at the
town Tapolca and the spring of Tapoleefd near the town
Pépm,The distance of these springs is almost 45 km.The
original water filow in average of these springs is:

Tapoloa 42 300 £/a
Tapcleafd . 51 200 #d/d
Sum total 9% 500 &£/

According to the data of {ths Instituie of Water Resour-
ces Mgnagement /VIZINT,1979/,the original carstic water
springs discharged round 100 000 &/d4 quantity of water
from the South Westsrn Bskony area intc the Lake Balafon.
Bazed on the former dats,the dynamic water quantity sand
the total flow of the springs corresponds each other.

#ine water pumping at Nyirdd began in 1957.4% that time,
the water level was hera 176 M;ODusimaltane@uslg at Ta-
polea 122 m,0D. and at Tapoleafd 200 m.0D, levels were
observed.Betwsen 1962 and 1973,the amount of pumped water
from the main carstic reservolr Increassd in superdb mea-
sures.At the beginring of 1978,when ths pumped water flow
reached 410 000 ¥/d,the water level in the mine was at

85 m.UD.8imultaneously the flow of the Halomié spring at
Tapolca wae 8111 between B8 000 and 10 000 of/d,at levsl
120 m.0D.It 1is worth mentioning,that this spring ceased
its £low recently,in 1981.Thias eirocumstance is justifying
that geclogical statement,that the sarmathlan water bearing
limsstone of the apring at Tapolea,has in general a part-
ly separated natural water recharge ares and the effect

of water level fluctuations in the triassic main dolomite,
have only a delayed influence on the flow of the spring.
Nameli,in this territory,more than 20 yeare were needed
for the pumping st Nyirdd,to display %he finasl flow cea~-
ging seffect on the spring at Tapolea.

In the relation of the spring at Tapoleafd,the influence of
pumring stcceeded earlier against the former case,however
the distance is much bigrer,almost 30 km,comparing with the
14 km distance of Tapolca.The flow of the springs at Tapol-
cafd disappeared about the middle of the sixties.In 1975,
the water level was slmosi more than 30 m below the sur-
face,The rapid chamges in water flow and water levels mmy
be explained by more r=ssons,One of these is to be marked
by the pressurized state of the deep carstic larer bhet-
wren the mine and the springs.This enables the rapid ev-
tenaion of {the pressure changes,ss well ss the more faster
exhausting of the poorly recharpsed stored water from the
aquifer.The latter may ge expressed as the second reasén

of exhausting the spring water flow.Pigure 3. shows,using
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the dnta of VITUKI /Researeh Centre for Water Tecnuress
pevelopmant/,the drawdnwn water levels within the influ-
ence area nf the Wyirdéd depres~inn,al the and of 1977,
comparad to the original cituation,shown nn Firure 1,
From thig,the conditions of natural regharse and cunrly
in the npen and covered carstic formations mary be seen
elearly,as well as the impact of infiltration on the
shape and extension of the deprescinn cone,

Based on the data and measurements nf the cnne nf depren-
sion,deminstrated on Filgures 3, and 4. , the flow of mine
water,pump~d at the end of the eramined perind,may be
checknd.From the data of extension of the assymmetrie
derreszinn cone and from the original,in general not ho-
rizontal water levels,the pumped mine water flow wrs cal~-
culated with the equation and method of Iéczfalvy /1769/.

By this method,the circlie sround the spot of pumping is
divided in several sections,with central angles(3., (5.,
etc., in a wag,thgt the cheange of water level with}n g
gsection may be uniform.The water flow within each of the
sections 1s caleulated separately with the following

equation:
o = \\k/HR+éR/ $
ln——l-.— 260
Where: Q; = the water flow of the section u/s;
k™ = Cecefficient of permeability m/e;
H = the difference ¢f the originsl
water level end the level of
drawdown at ithe pumping site m o3
R = radiuns of drawdown in the section m;
r = radius of the pumped group of
welle ®m 3
3i = central angle of seciion ;

o = 8lope of original water level
compared to horizontal .

It's worth mentioning,that the value of R is changing in
function of time.In the computation,renresented in this
article,the empirical values of R,observed in the year
1977,were used.

On Flgure 4. the areas of sections,the values of R and i
are reported.The values of oL R were provided by the dif-~
farence of the original water levels at both =nds of the
distances R.

FO; the uprer triassic main carstic dolomite rock-in the
Nrirdd area,the following hidrosenlorical prramet-rs were
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taken into consideration:

permeability: k = 7,5 x 104 m/a
porosity s n = 0,02 - 0,04
elngticity

/rock and water/ £ 1,96 % 1070,

#

Figure 5. ahows the scematic longitudinal seetion of the
Nrirédd system in the line of Tapoleafd - Nyiréd -Tapoclca.
The envered and open sections of the carstic rock eare
also indicated in the figurs,as well as the water quanti-
tieas infiltrated at the open areas and the original avew
rage water flows of the springs,together with the calecu-
lated pumped mine water flow at Nyirdd,

Tne water flows of the different sectional areas of draw~
down are,as follows:

Ql = Q,Slé ﬁ/ﬁ
1,605 d/s

Qz =
Q} = 1 ’ 355 lﬂ:/ﬁ
Q = _0.879 /s

Q = 4,355 uis = 376 272 d/d.

The summarized,computed flow squals within sn accuracy of
10 %§with the average pumped mine water [low of 410 000 £/4,
in 1977.

Ag & 1t of mine water pumpl 5% Nyirdd,after
the drinking and irndustrial water <Jemands in 10
guaniity, 150 000 8/d water »f excellent quality is cond

through the waterc es into Iske Baslaton,wnile a further
quantity of 160 000 #/4 ie discharged %o the cstehaent arcs
of the river Réba in the Worth.It can be proved,that for the
time being,bie smounts of mine water are flowinr useless intn
the reciplents.Howewwe for the future extended use of the
eleveted high guality water;there are undoubtedly wide per-
gpectives within the central part of Transdanubis.

As 1t was mentloned earlier,for the use of mine water in
artificial racherge in this area,two possibilities are exisg-

1 the near v ;
mich guantitisa:
. recharge/ .
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In the HrirAd area,the introduction of both methods  is
possible.The possibllities of artificial recharge in the
raretic formation will be discussed here.

The introduction of the pumped mine water into the origi-
nnl water bearing strata must be solved in a menner,that
the infiltrated water should not cause significant rise
nT water levels in the surroundings of the mine.For this
resson the areas of artificlal recharse,should be chosen
at those places,where previously,a relatively slow sin-
king of the water surface,due to the pumping waas observed,
#s well as where the natural infiltration zones are near,
bowever the connection with the main carstic strats is
limited.For this purpose,the figsured rocks,forming the
underpround reservoir of water in the vicinitr of the
sorings,those water ceased flowing,are usually favourable.
It may be mentioned,that such places are uqua§1v equipped
with the strurtures and installations of the ona-times
water suprly system.The spot of water induction must be
chogen 89,that the mine water mey be conducted there,
poasibly througb gravity pipes. In the vict nity of one -
times thermal springs,inasmiuch the pumped mine water is
~1lso warm,the 1njmot10n of water ig advantapeous throush
wells in the deep reacheg of the formation,taking the
wvdroreological conditions of the batchment area alsn in=-
tn congideration.In this way,a chance is alsc given to
rregserve the heat content of the pumped mine water too.

It is clear,from the previousliy mentioned aspects,that
within the influence area of mine water pumping,only 1i-
mited possibilities for the method of artificial recharge
are existing.Out of this area,however the method has fa-
vourable chances nf uge.In tbe Nyirdd area,the vieinity
nf the Tapolca Malomtd spring,seema to be in favour for
introducing this methed.about the passed flow of the
spring mention was done previcusly.The cave with an uvn -
dersround lake,as it 1s well known,is situated in the
100 - 200 m thick sarmathian limestone,which is layered
on the uprer triascsic main,carstic dolomite strata. The
the limestone has its own,from the main carstic layer
rartly isnlated,underground storage system,which,on the
base nf experiencies,delayed the dewat-ring of the rock
and contributed sign{ficantly to the longer evistence

of the sprins.The place of water induction may be chosen,
~fter the evaluation of gseveral variants,about 1 - 1,5 km
digtance,northward from the cave lake,near toc water -
course Viqzlé which is condueting the mine water of NyirAd
to Lake Balaton The infiltration ma:- be accomplished by

a row of infiltration wells,which are recharged elther
with the water,taken direetly from a pravity pipe,or with
the 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 water is caleculated in an informatory war,
nsing the equation of the free surface injection well,
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as follows:

Tk /2Ha + 8/

R
1n —-

Q =

where: Q = injected water flow;in this case,the
oripinal 0,49 d/s flow of the spring,

H = 120 m,the depth of water in thedomain
near the spring,

8 = the pressure head of the recharged
water in m,

R =1 000 m,distance between the injection
wells and the spring,

r = 100 m,average radius of the injection
well group, -4

k = permesbility 7,5 x 107" m/s,

Ugin~ the former values,the pressure head "s" mav be cal-
culated,in this case 1ts value is 8 = 1,7 m.,The flow of
eircle section 1.,shown on Pigure 4.is computed with the
modification in water level the value of "s", is

Ql = 0,56’8 la/ﬂ-

This flow is greater than the originall{ computed flow of
0,516 i/8.The difference is 0,053 ©/s,almost 10 % rise in
the mine water pumpini.51mu1taneously the flow of the
spring at Tapolca will be

Qf = 0,437 la/s

Prom the former calculation,the limitation in artificial
recharge,in areas of great drawdowns in the water level
ig clearly to be seen.0f course the induced water is fii—
ling up tﬁe geparate reservoir of the spring and in this
way certain local water reserves are also developed.

On the base of the sugrestion,discussed here,the analysis
of the possibilities in artificial recharze,within the
whole area would be advissble in the frames of a compre-
hensive detailed study,stressing the importance on the res~
toration of the springs in Tapolea and Tapoleafd and to
avoid the depletion of flow at the Lake of Héviz,
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