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1. Route from Vienna to Hallstatt via Lower and Upper Austria

On our route we will start out of the Vienna Basin and head for Lower Austria
across the "Wienerwald” (Viennese Wood), which forms a cross section through
the "Flysch"-zone, consisting of marls and sandstones,

Fig. 1.1: Excursion route in Austria

The present excursion route leads vs through the gravels and sands of the
Molasse basin, the only exception is a small region near Amstetten, where the
cristalline rocks of the Bohemian massif extend scuthwards from the Danube
river, At Regau we turn south, directly towards the Northern Limestone Alps,
passing through the morains of the ice age glaciers north of Gmunden.

The Austrian Limestone Alps are characterized by their nappe structure. After
their sedimentation the nappes have been tectonically moved from the south over
the Central Alps to their present position. During this movement the different
limestone nappes were overthrusted. From Gmunden southwards we go through
the Staufen-Héllengebirge-nappe and reach the Dachstein nappe at "Bad Ischl”,
The continue our way east of the edge of the Dachstein nappe and enter the nappe
after crossing the river Traun along the "Hallstittersee”™ (Lake Hallstatt).

Halistatt is one of the oldest villages in Austria (about 4500 years old). The first
settlements reach back to the young stone-age, The importance and the wealth of
Hallstatt had its origin in the presence of salt in the mountain. The word "Hall" is
an old terme for salt. From findings in the salt mine - even a completely preserved
miner was found in 1734 - and in more than 1000 graves on the "Salzberg” we
know much about the living conditions of this time. The findings are so important
that they pave this historic periode their name: Hallstatt age.



I1. Karst water in Austria

The totai area of Austria is 83 836 km? , the carbonate rocks cover an area of
about 23,7 % or 19.900 km?2. Approximately 25% of the whole precipitation of
Austria falls in this area.

98% of thedrinking water supply in Austria is obtained from groundwater, one
half of it is water from karst aguifers. Many big citys in Austria, e.g. Vienna,
Salzburg, Innsbruck and Viliach predominantly receive there drinking water from
karst areas.

Fig. 2.1.; Karst in Austria (OWWYV, 1984)




Fig. 2.2 : Western part of the Dachstein massif

(203, 206, 207....triangles mark springs under investigation during the present
project)
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1 AIMS OF THE INVESTIGATION

I.1 Historical background

The Dachstein area has always been of vital importance to man, Whercas way back in the Hallstan Age (3,000-
2,000 before Christ) the saline deposits of Hallsiatt drew many people into this area, it is today the scenic
landscape, the recreational facilities and the numercus caves that fonm the main object of inierest.

In the middi¢ of the 19th cennyry, the scientist Dr Fricdrich Sbnony first documented his observations made on
the Dachsicin, In this area also spelaeological investigations have stanied very early; in 1910 the first cave was
opened Lo the public on the Koppenbrilllerhiihe.

[n the 19505, (he: fiest invesigations concerning the water resources of the Dachsiein began and the Frst tracing
experiments were carried oul (ZOTL, 1957, MAURIN & Z(OTL. 1959). Subsequently, Dr Bauer scl up a
research establishment in the plaieau area of the Dachstetn. In the 19805 as well as in the early 19905 furthee
tracing experiments were conducted in order 1o recelve information on the Dachstein catchment areas. A
detuled sorvey of all karsi hydrological investigations smade so far is given in HERLICSKA & GRAF (1992).

Due 1o the wealth of available data, the Umweltbundesant {(Austrian Federal Environmental Agency) chose the
"Karst Waler Dachsteln” praject to serve as 2 pilat project for the Austrian 'Water Quality Begister and as a
contribution (0 COST-63.

1.2 Preliminary aims and tasks

The objectives and wasks of the "Karst Water Dachstein” pilot project are as follows:

large-scale determination of the karst water qualdity

recording and quankificanon of the faciors influencing water quality

detecton of the correlation between discharge, precipitation and kagst water quality

colfeedng infarmation on the selection of springs, sampling times, parameters, the requiremenis
for accurate analyris and treatment of samples o invesligate the karst  water qualily

* checking the reliabitiny of the different east hydrological methods of invesiigalion

* tmplementing the resulls of the investigations within karst proundwater conservation  measures,

* % % B

The scope of Lhe investigalion:

in the first phase of the project 42 springs, one strem and leachates in the area of 2 waste disposal site had
been imvestigaled in 5 sampling cycles, On the Koppenstein an awematic precipiinion sampler was
established, from which monihly mixed sunples were taken. The snow cover in the area of the Hallsiait placier
was investigated chemically twice,

In the second and presently still monning phase of the project ispope-hydrologicallyhyvdrogeologically-griented
investipations arg carried gut.

Figure 1; Site of the Dachstein
investigalion area
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2 DESCRIPTION OF THE INVESTIGATION AREA

2.1 Hydrography

In the Dachsiein area the avemge annual precipitation mmounts 1o about 1L600-2.500 mm, The absolule
precipitation peaks are registered in summer {hune-July), whereas in winter, from November through to
January_ the maximum precipitalion rates clearly lie below those of the summer.

On the Knppensiein {2,050 i sea Jevel) the average monthly temperiures lic between -5.7°C in January and
+5.3°C in susamcr, Th the valley (510 m sea level) (e wmpeeitures mnge botween -1.6 and +16.9°C,

ABEL (1970) carried out intensive evaporation studics on the Dachstein plateiu. He came to the conclusion
that due 12 the high frequency of precipitation the soil nover drics out and thag the actual evapo-transpiralion
more or less corresponds to the potentiad one. In August 1969 the values measured by a lysimcter amounted o
1.38 inm during he day and 0.31 mm at night. In Seprember 1969 the values were 1.22 and 0.40 mm, the
evaporaton rate lying at 38%.

22 Geology

I the Dachstein area the Limestone Alps generally consist of two macrowcionic units, the Tirolic and Lhe
Juvavic, which superposed the Tirelic,

The underlying tectonic storey, the Tirolic, reaches wanggressively into the Lower Palaeozoic shales of the
Greywacke zone, Its siratigraphic composition beging with the sandy-shaly series of the Lower Toassic
Werlener layers, which, [or teclonic reasons, may reach a \hickness of several 10 m at the southern edge of the
Limestone Alps (Worfener wedge zong). During the Middle and Upper Triassic periods great masses of
carborstes [rom shallow sea water had been deposited {Wettersiein limestone and Wettersicin dolondie,
Haupidolomit, Dachstain limestone): thin shales of the Raibler liyers may be interposed locally, The mountains
Tennengebirge, Totengebinge, the Oswerhom growp and the Traunalpen block are made up of these rocks and
torm the nocthern part of the area under investigation. This carbonate rock formation is superposed by a layer
of linestones and marls dating from the Jurassic until the Lower Cretaccous periods. This layer is incomplete,
which may be ascribed parthy (o 1ecionic mavements, partly to erasion.

The upper sorey, the Juvavic, forms o peneraliy thin overthrust plane above the rocks of the Tirolic, As the
topography of ils deposition arca was strongly subdivided duriog (the Triassic period (mobile shelf), the Jovavic
shows vreat luhodogical vardety in s soua secies. Out of the wide range of strata series wo rock formations
¢an be regarded as characteristic. On the one hand, there are the rocks with the alpine zalt deposits dating from
the so-called Hallstat period. These very helerogenoos, limey-marly simua are thin maring depositions between
the carbonate platfonms. In the course of Alpinge orogenesis these [ayess wore [om up inlo a mosaic of blocks
and can be fonnd as isolated fragmets pardy wpon (Plassen/Halistatt), parity below (lschl - Aussee) and parily
adjacent w the Dachstein nappe. On e other hand. a5 in the Tirolie, there are thick masses of carbonates from
shallow sea water dating from the Middle and Upper Triassic. They fornm the main body of the Dachslein nappe
and build the reservoir rock of (b kst water body which is dammed up by the onderlying Werfener Byers and
the Juragsic 0 Lower Crelaceous series of cither the Tirolic or the Werlener layers, the Haselpebirpe and the
Upper Triassic-Jurassic marl series of the teclonically interstralified Hallstalt zone.

Between the individual lectonic inovements in Lhe Alps, depositon of more recent marine sedimentary rocks
wok place. These sediments would superpese the respective lectonic formation and served as "fillings™ (Gosao
layers, "neoautochthonous steatwn”) (sec fgure 2).

Toward the end of the Palaeocons, fluvial gravel wis the last fonn of sedimemtatton n the arca of the
Limestone Alps, This fluvial gravel wis the debeis Trom one of the oldest river systems which hid drained the
Central Alps, they had already folded to forn aonountain region, across the still low-lying Limestong Alps into
the residual sea of the molasse 2one in the north,

In the Neocene, the final folding and Faulting of the Alps and the forming of 1he Alpine limcstone platsaus ook
place. The karstification of the massive curbonate rock formations stated when the climate was sill wopical.




The old river debris and residual deposits were redisiribuled several lines and washed ino the newly forming
relict,

Ir the Quatemary, the landscape received its final shape during the ice ages and the following climaric phases.
In summary, the teclonic overthrusting of 8 massive carbonale plate onto 3 more or less well-developed
impermeable fayer and the vplifl to the present shape laid the foundaton for a far-reaching karstic area with

considerable drinking water (eserves.

Figure 2: Tectonic survey map of the "Dachstein” (alter TOLLMANN, 1985)
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Tec1pnics

The Duchsiein nappe, a thick carbonate plate, basically rests on a foundation of hardly permeable rocks. It is
Limited on all sides by wectanic lines. In the south the underlying Tirolic is made up of rocks of the Werfener
wedge rong including the Mandling tongue, in the west it consists of Triassic carbonates of the meuntain
masses of the Tennengebirge and the Osierhom group, which s covered by an impermeable Jurassic layer. In
the Ablenau basin the massive Werfener kryers have the same function. Tectonically, the Werfener Layers
belong to the Halistatt zone of fhe Lammur unit and, in part, also 10 the marginal crustal block of the Dachslein
PP,

In the north, the Dachstein nappe is undetlain by tock formations of 1he Ischl-Aussee Hallstatt zone with the
Haselgebirge and the Zlambach marl and the Liassic mottled marl acting a5 impermeable horizon.

[n the cast. the Dachstcin nappe is thrusted omte Dachsiein limestone and the Jurassic rocks of the
warscheneck nappe. In the area of Bad Minerndorf the Hoselgebirge and the Werfener layers of the
Mitterndorf nappe outliers are said 0 be iccionically wedged in. More recent findings indicate. however, that
there might be a cormelation between the Warscheneck and Dachstein nappes, but detailed studies will still have
to b earried oul.
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Today, the Hallstatt block around the Plassen is seen as an outlicr lowered by fracture ectonics above the
Dachsizin nappe. As oullingd on the general map, the Iracture tectonics follows two main direclions, one
running parallel o the Gosau lake groove from the north-west 1o the south-zast, the other being almost vertical
to it. Here, mention should be made of the ReiBgang fauli, which runs parailel to the Gosau lakes in the area of
the Gosao ridge. In the south-east, this Gl his tmoscurrent character, whereas in the north-westem asea it
merges inio the Zwicselbach overttwust, the marginal crustal block of the Dachsiein mass secondarily or locally
resting on the Gosau rocks, This example only serves 10 reveal the complex relationship between vverthrust
tectonics and fraciure tectonics.

2.3 Hydrogeology

In the area under investigation the Dachslein massif consists anost entizely of karstifyable carbonate rocks,
They are underlain by scarcely penncable up 1 impermeable layers which dam up water. Thus, with
karsiilcation of the Dachsicin masgsif a thick karst water body could Torm, In the western part of the southward-
facing Dachstcin mass, the impermeable Werfener shales can be found at about 1,800 m sea level, toward the
east (area of Grvbming) they reach right down 10 the valley basin, In the north, in the area of Gosau, Hallstan,
Bad Aussce and Bad Mitterndorf, 1he impermeable layers e inanly below the valley botiom level. Tn gencral,
the incline of the Dachstein mass or the underlying imperneable beds Taces northward, Hence, for the most
part, underground discharge is effscied in this direciion, [t is also in 1he nonh that produclive karst springs are
fuund, the peak discharge rales lying over 10 m¥s. In the south, however, at the southern drop of the Dachstein
massif, the karst springs show peak riales which ane well below he values encountered in the north, Acconding
o the invesligations made so far, the karst watershed, te. the zone where discharge is possible in both
directions, 18 situated in the southem part of the Dachswein massif, cost of the Schladming glacier. So far,
tracing cxperiments have revealed that the iracture lectonics with its 1wo main directions {norh-west 1o south-
east and nonth-eas ko south-wesn) feilicpies water routing (BAUER, 19388,

At present, further detailed investigations and mapgings wne being carried oul by the Geologische Bundesansiall
{Austrian Federal Geotogical Centead, The resulls are expecied o draw a modem piciure of the geological
silpation in this aeea, which, together with hydrochemical and isowope hydrological invesligations, will deepen
the insight into the karst hydrological systern.

24 Spelaeulogy'
Liken from the contribulion by Dr PAVUZA in HERLICSKA el al.. 1994

The Dachstein maseil varies greatly in wutode, the scope renching Froon 508 m {(Lake Hallsiaw) op to 2995 m
(Duchstein}, The lowesh-lying cave is the so-called Kessel at 502 m, the highesl cave is the Nordliche
Dwrchgangshdhle at 2,270 m sea [evel.

Spelacological investigations started in 19180 with the discovery of the caves Dachstginrieseneishihle and
Dachstcin-Mammuihdble, Fow years later cave passages of aboul 2 kan length were known, and already in the
year 1950, which marked the beginning of a new cra of inlensive research aclivities in this area, some 25 km of
cave passages had heen docwmentgd. In the past decade, the breakihrough in the upper levels of Lthe Hirlatz cave
in 1983 (since then the passage length has grown from about 8 km to more than 75 kam), the constant
investigations carried out in the Dachsiein-Marmnuwihihle (in 1959 the cave passages reached a lemgth of 10
ki, in 1993 some 49 k) aod the rescarch work done in the Schdnberg cave led o entirely new findings wilh
regard I1o the courses of the gianl cave systems at the northern edge of the Dachstein. Now underground
passages of a lengih of already 144} kin are known in this area.

When looking al the distribution patiem of 1be caves, a clear accumulition can be observed in the norheon part
of the mountain raige. A short glimpse underground conlimms this impression, as the extensive cave systems of
the Dachsigin are entircly placed in ils nonher drops and exlend about 10 km from west w east and
approzimately 3 ki fromn norh o south,

Whercas mostof the inaclive parts of the cave systeins, they vary in size. ran from north-west to south-gast and
fromn notth-east b0 south-west and, in part. from west @ east, massive and freguently water-bearing canyons
head northward in steep pradicnt and very olien reach the phreatic zone, the average overlappings measuring
only 200 1o 500 m: in special cases they reach o naximwn of B0 m. Apanc froim the 75-km-long Hirlaz cave



{lonpest cave in Austria), the Dachslein-Hohlenpark with iis 49-km-long Mammuot cave (it shows a total
difference in alitude of 1,180 m and is, therefors, also one of Lhe deepest caves in Austria} is of major
iMporance.

With respect to their altitudes, e ice and waler caves show a very characteristic distribotion patiemn: for
climatic reasons ice caves are mainly found between about 1,250 and 2,250 m sea level, whereas most of the
witer caves are located in the valley bottom area.

3 FACTORS OF INFLUENCE AND RISK POTENTIAL

il Land use and cultivation

One of the most imporiant factors of fnd wse in the Dachstein area is forestry.

The vegelation at low allitudes is characterized by mixed foresis of beech, B and spruce, which are 10 be found
up w0 about 1,450 m ses level. With increasing altitude the beech population dissppears, giving way [0 spruce
foresis which grow up to about 1 2850 m. From approxinalely 1,950 m 1o ¢a, 2,100 m sea level mountain pines
and shnibs prevail.

Forests can be found up w approximately 1,700 m {KILIAN. 19549),

After a longer lime if decreasing, the munber of livesiock on Alping pastures is increasing in the last decade
again. Mention must be made, however, that 1oe great a density of stock grazing may icad w the poliuton of
spring water. The grazing of shecp. in particular, may contribule 1o rapid spil destruction on stéep slopes, as
sheep leave sharp hoof marks and nibble the grass almost down to the roofs.

Stsiics show 4 marked growth in game hunting in the Dachsiein area between 1951 and 1990, which, with
regard to the nationwide trend, poinls Lo an incredse in 2ame siock.

3z Tourism
In (e arga of the Dachsztein massif ourism is of greal economic importance.

Analysis of the 1wl ansual overnigh stays in the Dachstain communilies betwean 1973 and 1991 reveals only
minor flucmations, the average figore of ovenight stays being 2.5 inillion per year. Only the oorist centres
Ramsau and Filzmoos show a slight upward rend.

The annual distribulion pattern of overnight slays is characterized by sirong seasonid changes; whercas there
are peak rates in the summer and winter seasons, the low seasons are marked by significant slumps,

33 Ruildings in the alpire mourtain regions

In the Austrian alpine mountain regions there are approximately 760 huts run by Alpine Clubs. Half of these
mountan huts can be feond in the Norhern and Sohiern Limestone Alps, the rest being located in the Central
Alps. Tn the 460 huts of the Austrian and German Alpine Clubs, 1 osnillion mouniaineers sty avesnight
annually; the figure for day-lime guests amounis 0 ¢, 1.5 million per year, As regards the amount of waste
water produced by refuges in the Tyrolean mountaing, the detailied fipures are as follows (HOFER., 19940):

In the Tyrol there are about 160 refuges of the Gennan and Austrian Alpine Clubs, All private buildings such
as mouniain restaurants, ski hots, erc. 1aken into account, the number of buildings situated in the high
mountain regions reaches 1.000 in the Tyrol alane. The amount of waste waler from these buoildings (incloding
lift companics) s estimated to be aboul 150,000 population equivalents of which, however, only a maximum of
about 5,000 o 6.000 population equivalents is likely 10 come from the mountain refuges. In companison, the
total waste water volume in the Tyrol is assumed 0 be L6 million population equivalents. Considering the
figares known for the Tyrol. 1he ok waste water load for the high mountain areas of Austria as 2 whole would
he 430,000 population equivalents halfl of which are applicable to the Linestone Alps.



This volwne of sewage inposes a heavy burden on the karst aqguifers. Thus, it is desirable that the wasie waters
from buildings located in highfy sensitive alpine arcas ane cither treated biologically or transported into the
valley, il there i ne adequate receiving stream for the wreated waste waler,

There are about 25 refuges and hotels in the high mouniain area of the Dachstein. Only the sewage from the
buildings located near the two main cable railways is transported down to the vallcy, The introduclion of
sewgge into dolines, a practice which can siill be observed wxlay, ingvitably affects the groundwater and,
subsequently, represents a danger 10 drinking water springs. No dewailed information can be given on the
number of small private huols and hunting lodges.

34 Waste depasits

In prder to pather informaltion on the wasle deposits in the arca under investigaiion, the responsible provincial
povernmenls were contacted for data. [t was found that many waste disposal sipes are situated mainly in the
marginal rones of Lhe investigation arga. Due to their location, however, a contamination of the springs in the
investigalion area ¢an be levelled aut, Seepage water sampling was carried out in an shandoned wagie disposal
sitg located in the mountain area (see 4.43,

A5 Radigactivity

The npclear aceident m Chemobyl, which took place on 26 4pril 1986, Tus clearly shown the exient 0 which
the groundwater in karst aquifers is affected by such an incident, In Aostria, the main fallow of radioaclive
nuclides {mainly ioding-131, ¢acsiom-137 and cacsium- 134} was registered between 29 April and 8 May 1986,
Thereupon, the waler of all drinkiog water sepply plants was investigated. The Ausirian limiting value for the
tolal activity, which is laid down in the Austrian Food Code (BUNDESKANZLERAMT, 1989} is set a1 0.122
Bgfl. If this valug is transgressed, 1he values of the Radiation Protection Ordinance (1972} will apply. For
inlilores of any nuclides except radon the Timit for the annoal mean valoe i3 1.22 Bgf The following table
gives the results of the drinking waler analyses (dita provided by the UMWELTBUNDESAMT, 1986
HEINTSCHEL. 1986}, The investigaions showed thou e Hallsiate, a comownity which 15 sitoated in the
Dachstein area. the exposure of ihe drinking water to radialion was comparalively high.

Sprinps Muclide Achvity Trurepresion o the Trairsgresicn of te

Bafl Fard Coxdex Radatim Protection
£ exfircanie

Flallstatt Jod-131 111.0 q10 01

1. Wiener Gesamt-p 1.y 15 1.5

Hue hguellen]eieng

2. Wicner Gesamt-f 9 32 3

Hochaquellenleiiung

Firstenbrunn/ Gesamt-§ 13.0 106 10.7

Salsburg

Karst aquifers ane much more sensilive o the inroduction of radioactive substances than pore aguifers. As the
nuclides introduced inle 2 karst system are hardly retained or adsorbed, the dninking witer supply from karst
aquilers is seriqusly endangered by a nuclenr accident. This problem can only be met by exact knowledge of the
discharge regime.

36 Air poltution

The alping regions (predoninanily the southem edge of the Alps and their nonhern ridge with bamier effec,
where the Diachstein massil is located) are characterized by high annual precipiiation rates. This resulis in very
high anmeal depositons of agir pollutans ¢ven thowgh the individoal poelloamt concentrations may be celajively
low. In this context, the long-distance transport of aic polluants plays an importanl role (KOYVER &
PUXBAUM, [992) In Ausira not only sulphur compoonds but adso nitrogen compounds, which are largely
caused by motor vehicles and, in pare, by agricultural emissions, are another major cause for acid precipitation.
In view of a predicted vpsurge in the volune of mowrized rafiic, a further nse in nitrogen compounds cannot
be tuled ool The volatile organic compounds (VOCs) belong to another groap of substances whose impact on
bath groundwater and ecosystems are a8 yel hardly known, SCHLEYER (1992) siates that the emitted amount




of YOUCs recorded for the Federal Republic of Germany, 2.45 million 1onnes pet yegr, is altogether comparable
wilh the volome of inorganic compongds,

As tegards the impact of air pollution on the bodies of groundwaler in alping areas. dynamic processes are of
major significance, For example, foresls act as ar filter and the snow cover serves as a kind of reservoir over a
longer period of fme (ULRICH, 198%; ECKER, et al, 1990). The pollulants accumulate and are then
occasionally deposited in large concentrations, which leads w0 sirong intennittent acidification of soils and
groundwater.

The Austrian karst arcas exhibit 2 high naroral buffer capacily. However, as already mentioned, the amount of
pollutants deposited in this area 15 particularly high, and it is mainly the rendzina soil type which is highly
susceplible w chemival decomposition and erosion. Furtheemore, it is in the karst areas Ihat theee are extended
forests already gravely affected by pollution (FBVA, 1993). As hardly any studies with regard w the impact of
pollutants on the bodies of proundwaier have been made so far, the resulls of the presenl investigations in the
Dachsiein area will provide first insights into Lhis matter.

4  MONITORING OF KARST WATER QUALITY

4.1 Methods of investigation

In April 1921, a sapler was set up on the Krippensteln (2,050 m} in order 1o carry oot goalitative analyses of
precipilation samples {2 WADOS sampler).

The springs wete chosen according 1o the following crileria; if possible, discharge throughout the yean sasy
access also during winter; size of the spring; importance (drinking water supply); if possible, represcriative
distribution of springs in the investigalion ared; registraion of polential emiling sources.

For qualitative water analysis a wide-ranging list ol parameters was compiled, which can he subdivided into:
main subslances and inorganic contamination indicators, mclals and inprganic (race glements; organic
paramelers, organic micropollutants, bacteriological and radiological parameters,

4,2 Precipitation and placiers

The amounl of inorganic substnces mwed in precipitation is well in ling with the resolts of other
investigations in neighbouring areas (KOVAR & PUXBAUM. 1992), For example, the nifrale concentrabions
measured between 0,57 and 2.01 mg/, those of sulphate nmged from 0.57 10 3.94 mga/, and the values for
chloride fay berween (.11 and 068 med. The pH values were between 3.8 and 6.4.

In comparison, the concentrations of lead (up 1w 7.5 pe/M) and cadmiwn (op w 0.35 pgd) were surprisingly
high, The organic micropollutants detected in the precipittion samnples were mickloroacetic acid (TCA),
lindane and, in one case, atrazine and desethylatrazine, the TCA being a reaction product of highly volaiile
chlorinated hydeocarbons. Furthermaore, trichloroacetic acid is a subsiance whick is allowed (0 be used as agent
in herbicides in the Federal Republic of Gemnany: in Austria. however, it is forbidden, In view of the
precautious limiting values for pesticides of 0.1 pefl. the concentrations of up 1 .25 pgfi measured in the
Crachsicin area can be reparded as strikingly high.

As revealed in fipure 3, the seasonal lNuctuations in concentration mies arg high for buth inorganic and organic
subsianees, with the eak concenration values for most pollutas occorsing in May 1992, Similar observatons
wilh regard to seasonal fluctuations were also made by KOVAR & PUXBAUM, 1992
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Figure 3 Pollutanis contaimed in precipitation - Krippenstein July 1991 1o December 1392
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The snow samiples taken from the Dachswein glaciers al 2,600 (0 2,700 m sea level in September 1988 and
Angust 1990 showed nitrate apd swphake concemrations which Jay clearly below the values recorded for the
precipitation samples, The tead content of the snow, however, was the same as measured in the precipitation
samples, In addition, various chlonnaed hydrocarbon compounds were delecied im the show cover, the:
concentrations lying above the vatues registered i the spring wilers (see 4.3),

By means of organic screening phosphoriv esters and alkanes were delected in the snow.
4.3 Appearance and distribution of (chemical} substances in springs

The investigated springs show remarkable differences with regard to their caichment areas and the mean
residence limes of the karsl groundwater. Nevertheless, as experted. the individual kydrological conditions had
a profound impact on the total anount of data gained during the qualituive investigations.

The first sampling cycle with regard 0 the springs ok place in August 1991; the results were influenced by a
strong, summer flood. In most cascs, the concentcitions of the substanees contained in the water wese below
those of the other samplings. The oecasionad ncrease in sulphue and ¢hloride concentrations can be ascribed 1o
geogenic factors (sall deposits, Werfener layers), Greater water turhidity as well as Righer concenirations of
total and dissalved organic carbons (TOC and DOC) were due [o the turbulence and eniry of soil into the water
{from the surface or through the dislurbance of cave sediments) cansed by the flood. Analyses of chlorinaied
hydrocarhon compounds Lidicated background levels caused by ambient pollution. These lewels were higher
than the values oblained from the other samplings, which wos presumably dug w the sirong karst water
dynzumics during the flood {which resulted in 2 sweong direct entry of precipitition waters), As in the case of the
other samplings. it was not possible 10 detect pesticides and polychlorinated biphenyls even though the
detecion Hmil in spring water had been sct very low,

The results of the sampling activitics in Noveinber 1991 and February 1992 basically present the same piclure
due to the prevailing winter conditions. In the abscnce of a direct precipitation influgnce (fase flowing water
compoacnty, the geogenic influgnce on the chemical water properies was particularly prominent during the
winter period. Above all, the concentrations of chiloride and sulphate, bat also those of boron and copper, lay
clearly above the concentrations of the samples taken during the other sunpling cycles.

The results of the analyses carried out in May 1992 were characterized by the onset of snow melting, Compancd
te the ofher samples, there were relatively modest dilfferences between the vatues of clectncal conductivily as
well as betwesn (he concentrations of calciwn and magnesiwn. The resulis oblained for aluminium wee
remarkable: at six of the 41 springs, the groundwater threshold value (Federal Legal Gazette No, 502719913 of
(.06 mg/i was ransgressed.

In August 1992, samples were tiken at the end of an extremely dry period. It was most steiking that the
concentrations of cadmivm were panticolacly high in the springs strongly inflocnced by the placiers. However,
the groundwaler threshold valoe was never exgeeded,



The bacteriological investigations conducted in February, May and August 1992 provided the following resnlts:
out of the springs sampied in February, 77% [ulfilled the drinking water standards of the Ausirian Food Code
for untreated waler (BUNDESKANZLERAMT, 1993). In May only 44% of the springs met these drinking
waler standards, in August the fgure dropped 10 21%. Especially at the sampling in Augost 1952, the
correlations between bacteniological contamination and concentrations of dissolved organic carbon and
orthophosphale were evident.

Figure 4: Distribution of concentrations of nitrate and sulphaie at the different springs - samplirg cycles
Dachsiein {Multiple Box & Whisker Flot)
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4.4 Additional samples

In the course of the investipations, samples were also coliecled from a stream which flows inte Lake Hallstant
and which is subject 1o anthropogenic influences. Especially in the winter months, high salt loads were
recorded, These can be traced to the "Salzberg” region. The samples taken in Movember 1991 evealed a very
high nitrate content of 127 mg/1, apparently dug 10 the intriduction of séwage inio the siream.

Severad leachmies were dewected below an gready abandotned wasie dump in the karst mountain area. The
results of the qualilative water investigations, which were only conducted a1l random., revealed that the
concenrations of a number of pammeters were higher than those measured in the surmounding area. Further
investigations would be mecessary 1o deterninine IF e waste dumnp sepresents a possible threat 1o the
groundwater.

[n Augusi 1992, the waste water disposal of several buildings in the mountian area was investigared at randomn
and sewage samples were laken at two siles. The site inspecuons indicate that, in many cases, sewage disposal
is still a problem. Among cther things, the imigdusiion of waste water intw dolines and dried omn stream beds
wits observed. Without doubt, from a bacwriological and virological perspective, this can result in an
impairment of groundwaler quality in the karst mountain regions. The waste water analyses showed high
values especizlly for the parmnelers unmonium and phosphate 25 well as fior organic sum paamciers and
bactericlogical parameters. In several cases condepls 10 inprove Lthe sileation are being worked out by either the
communities or the comimercial operalors.

4.5 Karst dynamics

Between 13 August 1992 and § October 1992 a5 well as froin 22 March 1993 10 & July 1993, water samples
were laken daily from the Klausbrunm spring, which is used for the water supply of Hallstair. This spring is
located in the headwaler area of the Waldbach strerun and, like the steeatn itself, s srongly influenced by the
Dachstein high mouniain and glacier areas. The parameters analysed were nitrate, sulphaw, chiloride. elecmical
conductivity and pH. During the entire investigation pericd also isowpe samples of the spring water a5 well as
isotope samples related 1o the individual precipitation evens were collected. At present. only part of (hese
sunples have been gvaluated. Thus, Further infommation on these parwmneters witl be expected at a Jater date.
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From the period of investigation discharge data of the neighhounng Waldbach (lhe chemical composition of the
discharge of this stream strongly coerelates with that of the Klagsbrunn spring) and precipilaton data collected
on the Krippensiein are available,

I aunmn, the hydrological situation is characterized by a relatively high water level in the karsi aquifer,
which already begins to sink due w reduced water supply. Frequentiy. heavy aulumn precipitation, which is
manifested in discharge peaks occurring stightly deferred in me. reverses this trend temporarily.

As depicied in figure 5, the concentrations of chloride lie far below those of sulphate and nitrate duoring the
entire observation period. The values are comparable with the precipitation dala on the Krippenstein. Until the
end of 1993 the data curves for nirate and sulphate are alnost parallel in their cowrse. At the end of July,
however, the sulphate concentrations rise and in some cases even exceed [he nitrate values, In precipilation
water, the concentralions of sulphate are generally higher than those of nitrale, and the sulphate concentralions
measured in the spring water largely comespond o (he precipitation values. The nilrate concentrations for
spring water, however, are ofien about twice as high as the maxnum precipitation values, which may be duc 10
soil leaching,

Due 10 the high 1emperatures in the summer of 1992, 2 great mell off was tegisiered in the glacier area of the
Dachstein, This may have been the cause for the low conceningions of nioxe and suiphate, which rose again al
ihe end of the year. This basic curve is characierized by mimor fluctuations and peaks which correlale wilh the
fiuctualions in the discharge rates of the spring due (o precipitation. In March 1993, the concentrations of both
substances reach a level that exceeds the coacentrations measured in September 1992 hy the factor 6w 7. Feak
concentrations are registered in April 1993, but the values decrease again in summer.

Figure 5: Klausbrunn spring/Hallstan - daily sanpling
SPRING WATER ANALYSIS
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Mgiears (m 't
e —— i fmgd Fr) L FERIOIk
e — s e = hivndes (gt C)
i fhare Rttucdheie
e Until 18 Apsil the discharge of the

Waldhach stream remains Tairly conslant.
Then it rises very capidly and reaches a
rate em 1imes that of the winler peniod,
This increase comelates strongly with e
onset of thawing at 2,000 m seq level, The
milting of the snow cover below 2,000 m
obviously does not affect the discharge of
the Waldbach. The direct influence the
snow melling process exerts on  the
discharge pattern is also reflected in the
immediale reduction in discharge when
the average day-time temperaure drops
{eg. 22 May).

- — .l PR, -
Au gl Seprember | Ol Eugas | Apnl [ Mty Tuane | fuly
e [ . :

ik
Mcasererd 4 B9 3 I Narasener 5W3 4

There are only minor fluctumions in the concenirations of nitrate. sulphate and chloride before the onset of
snow meling, which is marked by a shont rise in values for nilrate and sulphate, followed by a sharp decrizise,
With chlodde the peak is less pronounced and occurs slightly later (fig. 5} These peak values may be ascribed
i the fact that the fiTst snow water carrics a high concentration of dissolved substances (see also ECKER, et al.
199, The snow cover acts as reserveir for the winter precipitation. All substances stored in this reservolr in
dissolved Torm are e free a8 S0on as the snow heging o mell, Later, however, furiher melting dilutes the basic
grogenic conceniritivn.

Until snow melting sets in the ion concentrions detecied in the spring samples lie clearly above the
precipitation values. These concentrnions reach their lowest level in the middle of the snow meliing process
(mid-Juae) and amount to 1.3 mgf For nitrae and 0.7 mgA for sulphate. The average winter precipitation
values are 1.16 mg/l Tor nitre. 1,17 ma for sulphate and 0,37 mgA for chlonde.

In general, spring water investigations conducted by using daily sampling intervals reveal considerable
seasonal fluctuations as regards the concentrations of chuanical substances. This is confimed by the lirst



findings gained from the analysis of the isolope dala {see 6}. However, as opposed 1o the considerable scasonal
fluctuations, thers are hardly any prominent shoni-term changes in the daily concenirations of chemical
substances, which proves (hat the flugiuation pattern of the spring can be satisfactorily traced with daily
sampling intervals,

5  ARTIFICIAL TRACER STUDIES

D to the incling of the mountain mass on the nonh side of the Dachsiein massif, the most productive springs
can be found there, In order (o study the spatial discharge pattern, 28 tracing experiments have been carried out
since 1953, In the beginning, undyed and dyed spores were used as racers, which, as we see it today, proved o
be highly problematic. The samples were most protiably contuninated as they were 1aken by the very person
who had added the macers to the spring before. The discharge was then found o be radiating in all directions,
Since 1984 only fluorescent tracers have been used. This brought about a drustic change in the understanding
of the drainage regime (BAUER, 1989), The radial discharge could no longer be confirmed. Omn the contrary,
¢learly Favoused directions of discharge were detected, which made it possible to distinguish roughly between
areas that would discharge o the nonh and those that would discharge to the south.

More recent tracer studies in the western part of the Dachsiein area were caried out in 1990, both at high and
low weater levels in the karst aquifer. These studies indicale that there is a considerable change in the way karst
groundwater is discharged in the different seasons, They also reveal a ¢lear overlapping of the catckment areas
of the Gozau and Hallstatt springs (HERLICSKA & HOBIGER, 1991).

6  ENVIRONMENTAL ISOTOPE TRACER STUDIES

Between the Umwellbundesami Wien {Austrian Federal Envirownental Agency with seat in Vienna) and the
GS5F Miinchen (Munich-based Germnan Research Centre for Enviroruncat and Health) a ceszarch agreement has
been concluded to collect, analyse and interprele the isotope data gathered in the Dachstein investigation area.
The swnples are mainly analysed for the stable isotopes deuterium and oxygen-18 and, 1o some exignt, for
tritium. The final objective is to establizsh a correlation between the data of the hydrochemical spring water
anglyses, the hydrological and hydrogeological inlfonnation and the satope dats in ordec to receive information
on the source and residence time of karst waler and its flocluation chamelenstics. [n additdon, it is imponant o
gather experience wilh cegand 10 applicability and retiabily of isotops swdies when invesitgaling waler quality.

In the early 1970s, a sampling neiwork for precipitation isoiope analyses was established in Austria Ir is run by
the Umwehbundesamt Wien in cooperation with the BYEA Arsenal (Austrian Federal Research and Testing
[nstitute) and cumently operates 72 sampling sies. From 20 sites the cument résules Tor iritinm are reporied,
which are measored by the BYFA Amsenal. 33 siations deliver the measuremeni results lor the concenirations of
deuterivm and oxygen-15, analysed by the GSF Munchen (HUMER et al., 1994).

Chat of this measuring system 3 stations are siloated in ibe Dachstein area. In 1941 another sile was established
on the Krippenstein, The precipilation sanples fron these measuring sites are analysed for theic content of
siabile isolopes (deuteriom angd oxygen-I8) by the GSF Minchen. First resulrs from the Krippenstein have
already comg in, Lhe resulis from the other 3 sites are siill awwailed.

50 Far, the GSF Miinchen has analyscd 265 spring water sjunples from Lthe area wnder investigation for the
stable isotopes deuterium and oxyaen-18. The treatment of the rematining samples, which will maiely comprise
the analysis and interpretation of data from isotope samples related W individual precipiation events, is
expecied for the near futre,

So far, the cvaluation resuifs suggest that there is a clear differentiation between springs of similar
charactenstics (pronounced or minor Muctuation pattems). [t szems that a distinct Huctuabon pattern s mainly
displayed by those springs which arc strongly influenced by glacicrs.



7  RESULTS OF THE DIFFERENT TRACING METHODS -
COMPARISON AND CONCLUSIONS

As indicated in section 6, the full resulls have not yet been obtuingd: they will be published at a Tater date.

8 PROTECTION OF THE KARST GROUNDWATER IN
THE DACHSTEIN AREA - SITUATION AND
PERSPECTIVES

In the late 1950s, the protetion of the karst groundwater in the arca of the Dachstein massil gave nise 10
numerans hydeologically/mydrogeologically-orienied investigations in this particular area.

Today, a multilude of water protection zones (or 1ocal supply with drinking water (imainly on a municipal level)
can he found i the Dachstein area. In most cases. these protection tones only inghude the inmediate Lapping
area of the springs and very ofien do not rieel Ioday’s requirements as detined by VILLINGER, 1991,
Furtherninoree, the areas around the (apped springs are freguently not protected from game and alping livestock.

Even (hough (here have been considerable and manifold inprovements with regard o groundwater prolection
in the Dachstein area, one major problem cemains. Several lifts and the "Dachsicin” glacier skiing area iself
are located within an ecologically sensitive nature reserve established in the high mountain region of this area
as early as in 1963,

Preparations for establishing a special water proservation ared which is o cover the entire Dachslein massif
with partivipatiun of the Federl provinces of Styria and Upper Austria have becn under way for several years.
For the eealization of this project, however, o series of viilisation conflicis will have 10 be resolved Orsi; the
final ordinance will most likely be still long in cooming.



IV, The geoiogical situation of the Dachstein massif (G. W. Mandl)

The text of this presentation is identical with the parts 2.2. and 2.3. of the
wPreliminary National Report Austria™ (see part 3 of the excursion guide).

Afterwards there are enclosed some geological maps used during the
presentation:

Fig. 4.1: Tectonical overview of the Dachstein nappe and of its frame

Fig. 4.2: Geological map of the Dachstein area 1: 200 000

Fig. 4.3: Triassic depositional realms of middle part of Northern Calcareous Alps
{Austria)
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V.  Present situation of water use and the realisation of protection and
preservation zones in the area of the Dachstein-massif (H. WIMMER)

The planned preservation area Dachstein

The provincial govemments of Upper Austria and Styria have been planning to
delimitate a water-preservation-area in the massif of Dachstein since the early
eighties. This area in the size of about 480 km? should cover the southermmost
region of Upper Austria (46 % of the whole area) and the northwestern region of
Styria {34 %).

Region features

The region ist wellknown as the heant of the Salzkammergut and includes beneath
the Dachstein-massif sights like the lakes of Gosauw, the skiing- and hiking-areas
of the Zwieselalm, the rough mountain-chain of Gosaukamm, the valley of Gosau,
the village of Hallstatt and its salt-minges, the impressive karstic-spring Kessel, the
Krippenstein-area with the large caves Rieseneishéhle and Mammuthdhle, the
nature-protection-area of Koppenwinkel, the Koppenbriillerhéhle and the glaciers
of Dachstein with areas for summer-skiing; all of them in Upper Austria. In Styria
the preservation area will include sights like the rafters paradise of the narrow
canyon of the river Traun, the lovely Odensee, the gorge and storage lake of
Salza, the magnificent overlook from the Stoderzinken, the mountainous scenery
of Ramsau and iast not least the steep walls of the Dachstein-Siidwand which are
ascended by climbers as well as by passengers of the cableway.

Hydrologic situation

There are about 350 karstic springs within the planned water-preservation-area.
Most of them are little ones with periodically discharges. Such types of springs
are also represented m the little group of the big spnngs up to 1000 1/s and more.
Due to the geological situation the main runoff can be located in the northem part
of the Dachstein massif.

Compared with other karstic regions in Austria the Dachstein area ist the leader
in precipitation with 2000 to 2500 mm per year. As there are glaciers which are
able to store much of the precipitation for a long term of the year the hydrological
characteristics are very different from those of karstic regions without glaciers

(e.g. the catchment areas of the Wiener Hochquelleitung in the eastern part of
Austria).
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Water supply situation

Three communities in Upper Austria and seven communities in Styria obtain
drinking-water from the region described before. Most of these waters are from
karstic springs, but there are some wells delivering water from post-glacial
sediments and landslips, which are invisible dotated by karstic waters from the
Dachstein massif. All of these waters are protected only nearby the springs or
wells, In contrast to groundwaters in porous media these karstic waters cannot be
protected on the whole by their small and isolated protection-areas.

Water power plants

Big springs attracted electricity companies long before water supplly institutions:
Since the early beginnings of this century a lot of karstic water has been used for
producing electric power,

Scientific investigations

The waters of the Dachstein area have not only been attracting planners of
power plants in former days and tourists nowadays but also scientists like
hydrologists, spelacologists or geologists as well as the water-supply- and
protection authorities of Upper Austria, Styria and Salzburg.

There have been many questions to be answered by the scientists engaged.

Which springs or wells are preferentially suitable for supplying the local
communities or, at least, whole regions?

Where are the catchment areas of those karstic waters?

What ist the minimum and average storage time?

Which paths are leading from the catchment areas to the springs and wells?
What s about the influence of the geological and geotectonical situation con the
hydrological and the hydrochemical characteristics of those waters?

What are the potential threats to karstic groundwater?

Under which conditions will it be possible to avoid bacteriological or chemical
pollutions of drinking waters like it happened to those of Hallstatt?

A lot of investigations were done. Some are just going on, and many have to be
made in future. For example, we don’t know very much about the infiltrations of
karstic waters into the porous groundwater systems as well as about the
hydrological and ecological riscs of extracting water from this area in a big
extent. Or: The fallout of Chemobyl accident caused a high radicactivity load of
the karstic waters within the first days after the fallout. Which duties for the water
supply managment should result from this?
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Aims of the regulation of the planned preservation area

Due to the present usage of waters their quality and quantitiy should not be
affected or threatened. Groundwater and karstic water should be used primary as
drinking water. Insufficient wastewater conditions should be cleared. The natural
hydrology of the ground- and karstic water should be preserved. Forest
cultivation as well as touristic development should be done carefully.

Many actions like the storage and transportation of mineral oil and chemicals, the
usage of pesticides, the clearing of woodland, the construction of roads and
cableways or the storage of waste waters are to be reconsidered by the authorities
for water legislation.

Some actions like drilling- or blasting-operations have to be reported to the
authorities before starting them.

The following actions will be prohibited:

Construction and operation of waste deposits;

Application of sewage sludge;

Treatment and deposition of radioactive materials;

Qozing or sinking of waste water;

Exploitation of sediments if the distance to the groundwater-surface is less than
10 meters,

Chemical preparation of snow on ski-tracks,

Storage of old cars;

Usage of mineral cils and fuels in the forest culture if substitutes are available.

In cases of endangering the ground- and karstic water system the authorities for
water legislation are to be informed immediately.

OQutlook

The restrictions listed beforde imply, that they have to be compensated - in most
cases with money.

So the authonties are in search for representatives of preservation-areas which
are prepared for these cases. As the number of restrictions is according to the size
of the area, it is evident, that there is only little willingness to representate a
preservation-area Dachstein. And as long as the guthorities have to wait for this
moment, the prescrvation-arca will exist only on the paper, Well designed, but as
a project.



V1. The subterranean discharge in the Dachstein area

The subterranean discharge in the Dachstein area and the consequences for
the karst water preservation
(BAUER, F. (1989}; UBA- Report UBA-89-28)

Short summary:

To investigate the catchrment areas of the springs and the subterranean
karsthydrological phenomena nineteen injections with fluorescent tracers were
carried out by the Dept. Water Resources of Karst Areas of the Federal
Environmental Agency in 1984, 1985 and 1986, thus continuing earlier injections
of the years 1953-1960 with lycopodium spores. In the report special attention
was paid to a comparison of the results obtained with this two different tracing
methods.

Added you find some maps of spore and dye tracer experiments, which have
been carried out in the Dachstein area between 1956 and 1990,

As short additional information to the maps you can use part 5. of the
wPreliminary National Report Austria®.

Fig. 6.1; Spore tracer experiments 1956 in the eastern Dachstein area (carried
out with lycopodium spores) (ZOTL, 1957}

Fig. 6.2: Spore tracerexperiments 1938 in the Dachstein area (lycopodium
spores) (BAUER, Z0TL & MAYR, 1938)

Fig. 6.3: Revised results of the spore tracer experiments in the Dachstein area
(1953 - 1960} (BAUER, 1989) '

Fig. 6.4: Situation of the subterranean discharge and necessary protection areas
in the Dachstein massif {BAUER, 1989}
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Karsthydrological investigations in the western part of the Dachstein massif
with regard to the delimitation of water protection area
(HERLICSKA, H., HOBIGER, G. (1991}); UBA-Report UBA-91-056}

Short sumrnary:

In 1990 the Austrian Federa! Environmental Agency conducted two additional
tracer experiments in the westem part of the Dachstein region.

The investigations were made on account of a demand by the planning
department of the provincial govemment of Upper Austria. The results of the
study are to provide a basis for the delimitation of a water prevention area.

One of the main purposes was the investigation of the subierranean discharge at
times of high and low water levels inside the Dachstein massif, in order to justify
the necessary delimitation of a groundwater prevention area.

The results of the investigations indicate a high variability of the karst
subterranean discharge at different seasons; it has alsc been proven that the
catchment areas of the drinking water springs in the communities of Gosau and
Hallstatt overlap each other.

For this reasons, a groundwater prevention area for the communities of Gosau
and Hallstatt must include the whole westem part of the Dachstein massif.

Due to the possibility of a fast discharge to springs, dolines and sinkholes within
the investigated area - like catchment areas of drinking water springs - should be
made subject to special protection.

Fig. 6.5.: Assessment of semi-guantitative subterranean discharge in the westermn
part of the Dachstein massif (based on maps of BAUER, 1989 and VOLKL,
1990) (IIERLICSKA & HOBIGER, 1991}
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VIL. Caves in the western part of the Dachstein area

The following map (Fig. 7.1) shows the most important big caves in the north-
western part of the Dachstein massif (PFARR & STUMMER, 1988):

1546/7: Hirlatz cave (Hirlatzhihle)

1547/9: Dachstein Mammut cave {Dachstein-Mammuthéhie)
1547/17: Dachstein Ice cave (Dachstein-Rieseneishohle)
1547/70: Schonberg cave (Schénberghohle)

As short text you can use part 2.4 of the ,,Preliminary National Report*
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Fig. 7.2: Cross-section of the siphon ,Hirschbrunn® (spring ,,206" in Fig. 2.2}

(MEYBERG, 1991}
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1. Sataga
INGEQ a.s. Zilina

HYDROGEOLOGICAL FEATURES OF THE KARST TERRAINE IN SLOVAKIA

Introduction

Karst aquifers vepresernt imporiant and ireplaceble groundwater resources in Slovakia. In
respect 1o their significance for water management the karst-fissure waters come on the second place
behind resources and reserves in Quaternary sediments. With the increasing pollution of Cruaternary
water their significance grows and their research and exploration should be intensified. Due to their
specific characler and vulnerability to the pollution a particular approach is necessary to their study,

evaluation utilization and protection.
Brief geotectonlr review of the West Carpathians

The preater part of Slovak territory belongs to the yousg orogenic syslem of the West
Carpathians which is a part of the vast Alping - Carpathian Arch running across Europe.

Geotectonic structure of the West Carpathians is similar to those, known from the Alps or East
Carpathians, but certain differences are striking. Comparison with the Central Alps having a massive
continnous erystalioe core, for the West Carpathians is typical morpho-tectonic complexity of
crystalline core cmerging from sedimentary crust as isolated mountain raoges or bills resuliing in
prononnced morphological variability wilh high mountain ranges contrasting with low depressions on
the nner side and an infermontane basing. Typical for the West Carpathians is also an extensive
young volcanic activity (Meogene) oo the inoer side of the system.

The West Carpathians consists of two parts:
- The Inner Corpathians belongs 1o late Mesozoic geosyncline folded by the Alpine orogenic evenis
in Cretaceous, and
- The Quter Carpathigns betler knowo as the Fipsh Belr originated from outer gecsyncline with

predominantly (lysh Paleogene sedimentation and orogenic events in early Tertiary.
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On the contact of the Jnngr Carpathians and Flysh Belt oceurs a narrow zone of the Klippen
Belt of flysh sequences of Upper Crelaccous and Paleogene with isolated blocks of Jurassic and
Lower Cretaceous carbonatic rocks.

The Inner Carpathions forms a wide belt consisting of 11 morphostructural elevations dissected
by intermontane depressions filled with Palcogene and/or Necgene sediments. On the Crystalline
cores lay a complex lolded and fanlted system of the Mesozoic sedimentary formations sometimes
with several nappes onc oo top of the other, lo Eastern Slovakia this system transits (o the buge
megasyncline of the Slovenské Rudchorie Mits. formed by Pre-Mesozoic mainly metamorphic rocks
and averlaid by flat - laying nappes of the Mesozoic earbonatic rocks of considerable thickness.

Geotectonic sketch map of West Carpathians in Slovakia is shown in Figure A-l.

Typical features of karst terrains in the West Carpathian

Duc to the different character of the geomorphological clements in the West Carpathians the
development of the karst phenomenon has distinct featuzes. The original Cyijic’s concept of the karst
typology had not reflected specific aspects of the West Carpathian, Therefore several typologies have
been suggested by some Slovak authors. A generally rocognised typology of E. Mazir - J. Jakal
(1969} divides West Carpathian karst into two main groups with subsequent sub-divisions:

1. Middle European karst of lemperate climate

2. Hiph mountain karst.

The first group is divide to two sub-lypes:

1.1 Plateau karst with a typical features ol the holokarst.

1.2 Karst of the folded and faulted structures - mergkarst.

This comprises: - karst of the moooclinal ridges (Mlaviokarst),
- horst karst,
- karst of the basins - covered karst,
- isalated karsl of the Klippen Belt

The plateau karst is developed only in vastern and south - eastern Slovakia (Slovenské
Rudohorie Mountains) and it forms three separated areas : Slovensky Kras, Murdnsky Krag and
Slovensky Raj with the total area over 800 km®. The Middle and Upper Triassic carbonates Ley nearly
horizeotally on the Lower Triassic clayey shales and Pre - Mesozoic substratem. Their thickness
varies from several hundred metres to more than 1000 metres. The relatively flat surface of the

plateau is dissected by decp canyons (some of 400 - SO0 m depth). The karst phenomencn is well



developed including polje, vvala, sinkholes, karrens, chasms, dry valleys, ponors, karst springs and
caves (The cave Domica with an uoderground river is 26 km loog). Recharge of groundwaters is
mataly from precipilation (mezan rainfall is about 700 mm). Groundwater discharge is via karst
springs at the foot of the platcau often on contact with impervious clayey sediments (Neogene).
Typical for karst springs is a yield fluctuation from several litres per scc. lo morc thaa 1000 1s™.
Slovensky Kras is one of the pilot areas of the COST - 65 and some research results will be a

part of the Slovak natiosal report.

Karst of the folded and Faulted structures is rypical for Central, Northern and Western Slovakia.
Though the conditions for karst development here were not as favourable as in South - Eastern
$lovakia and surficial karst phenomenen is less frequent, underground karst is well developed e.g.
deep chasms and extensive caves (There are ninc cave levels with a rich stalactite and stalagmite
decoration in the Deméanovi caves - Low Tatras), ponors and karst springs.

Recharge of groundwaters is directly from rainfall and often also from morphologically hicher
situated older formations e.g. from crystalline rocks and their weathered mantle via ponors or
sinkholes which occur frequently at the contact of carbanatie rocks with outeropping older formations.
Groundwater flow in the salurated Zone is mainly subborizontal with high velocity 0.01 - 0.1 ms-1
{Kullman, E. 1990). Groundwater discharge is usually performed on the margin of the structure (base

level) but ofien also inside the structure to the decp - ereded valleys via karst springs or hidden
affluzots 1o the fluvial deposits.

In the case whoro carbonate complexes submerge underneath the Tertary sedimentary
formations of the basins or valcanic sequences, part of the groundwater percolates to the depth and
then becomes part of the circulation of "the Basin karst” or covered karst. Some case studies from
the karst of monoclinal ridges will be presented during the field trip.

2. High mountain karst forms a distinet type mainly from the point of view of the climate. It
is usualy territory over a forest boundary c.g. over an altitude of 1400 m. High rainfall (about 1800
mm), low temperature (mean annual lemperature about 0 °C) and high contents of CO, in the
water increase limestone dissolution. An intensive mechamical weathering together with a poor
vegetation cover create a favourable condition for karslifieation. Some forms of karst phenomenon
are well developed - e.g. karrens, sinkholes, chasms and vertical caves. High mountain karst is limited

to some small areas in the High snd Low Tatras and in the Velka and Mald Falra Mts.
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Karstic aquifers of Slovakia

The karstic aquifers in the West Carpathian oceur generally in carbonate complexes represented
by Middle and Upper Triassic limestones, dolomites and dolomitic imestones. A limited number of
karst aquifers exists in watcr - bearing Jurassic and Lower Cretaccous limestones, Paleogene
carbonate conglomerates and Carboniferous himestones.

The karst arcas in Slovakias do rot cover a vast lerritonies as we know from Croatia, Fraoce or
$pain. These are dispersed to about 80 ratber smaller structures or groups of hydrogeologic
structures. The sketch map is Figure A-2 shows the distribution of karstic arcas in Slovakia.

The total areal extent of exposed karst carbonate formations in Slovakia is 3280 km’. In
evaluated 80 bydrogeologic structures with total area 3 082 km® the expected aatural groundwater
resources Tepreseot 27 474 - 31 523 15" (Hanzel, V. et al. 1989). This in average corresponds to the
specific grovndwater runoff of 8.9 - 102 15" km™, The specific runoff increases with the altitude of
hydrogeologic structure. In low sitvated siructures {average altitude 500 m) it is about 801 ls' km?,
in medium altitudes {625 m) about 12.0 Ls" km™ and in high situated hydrogeological structures (960
- 1100 m) 14.0 - 17.0 15" km? (Kullman, E. 1990).

In the above mentioned 30 structures 12 996 - 21 236 157 of docomented groundwater resources
were caleutated (see table A-).

Groundwater chemical composition is mostly of Ca-HCO, or Ca-Mg-HCOQ, type, rarely
Mg-HCO, (circulation in dolomites). T.D.S. range from 100 to 1000 mgl” with the maximum
frequency S6% from 300 to 500 mg.l". Groundwaters associated with lithofacies comprising gypsum
and anhydrite {mainly Permian and Lower Triassic, less Carpathian Keuper) have chemical
composition close to the Ca-50, oype, '

In respect to the Slovak standard for drinking waler the majority of the carbonatogenic
groundwaters in West Carpathian represent bhigh-quality drinking water resources.

Besides Quaterpary sediments the Mesozoic sediments with karst and karst-fissure aquifers
contain most part of the groundwater reserves ulilizable in Siovakia.

A graph of decumented groundwater resources in individual geological formations in Slovakia
is shown in Fipure A-3.

A hydrogeological research and groundwater exploration of the karst aquifers commenced jo the
late fifties and up to now an evaluation (io a cerlain degree) of the majority of the karst structures

have been completed. The aim of all researchs besides the undersianding the function of the karst






Table A-1 : Expected natural groundwater resources and documented groundwater

resources in Mesozoic hydrogeofogic structures (Hanzel V. et al. 1989)

Ovographic unit Area k') FEupecied natural Becumented
Qroundwalar resources groundwatsr tREOUICRS
5" 15"

Pazinsks Karpaty Mis, 115, g17-1827 £51-1351
Brezavskd Karpaty bits. 1eoH 850 BasE18
Cachiické Karpaty Mis. 53,6 450 237
Inovad: My, 13,5 6814-886 412-504
Tribad Mts. 17 614654 37
Har Mts, 19,2 180-190 10§-224
StraFovské vrchy hilly 2780 el I - 1543-2145
Kalh Faire M, 1194 13961506 4841590
Yelkd Falra Mis. LT 4330-4480 1724-3085
Mizke Tairy Mo - sav. Zasf
ngrthern part |mrs 2O0B0-3070 15234242
Mizke Tabry hta. - juf. Easf
southam part 130,6 11751312 10731115
Zvolenskd kotina basin 50,5 00500 139-271
Vaporskd wehy hills 0.0 BO-100 1530
Chofské vichy hills (A K 24 B18
Boliansks Tatry and north, slopes of
Wysokd Tatry Mis. 59,0 3100 £51
Braniske Mis. 182 187 142
Gietna Hora s, 0,0 a7 105
Murdnska planina plateau 148,1 1825 625-178T o
Slovensky raj Mts. 2245 17ET TAS
Galmus Mis. 7 304234 188-108
Slovensky kras

|| {groups of hy. structurss) 3890 LE b o B66
Total 3081 F 2747431532 12095-21235 H

S yr , z




aguifers was the determination of the expected natural groundwaler resources as well as assessment
of the documentcd groundwater resources in the particular hydrelogic structure or area.

The expected natural resources represent the lotal groundwater amount circulating in the
structure. They ¢an be delermined by hydrolagical balance, by evaluation of groundwaler discharpe,
derived by analogy or determincd by a qualified estimation,

The documented groundwater resources represent the total yield of significant springs, pump
tested yield of the wells and measured groundwater affluents to the streams and rivers.

For complete evaluation groundwaler quality was monitored and evaluated, protection zones
delineated and protection principles staled.

The data for hydrological balances (meteorological and hydrological were used (rom the
long-term or shori-term monitoring of the Slovak Hydrometeorological Institute.

Optima) grouodwater exploitation and groundwater protection are the most important issues for

all researchers in Slovakia.




Peter Malik - Juraj Michalko - Stanislav Rapant
Dionyz Stir Institute of Geology, Bratislava

HYDROGEOQLOGICAL INVESTIGATION
WITHIN THE FRAMEWORK OF COST 65 ACTION
PILOT AREA 2 - VELKA FATRA MOUNTAINS

A 606 km® area of the Verké Fatra Mountains, ranges from 410 to 1592 m a.s.1 in the cenlre
of Slovakiz. It is - according to the geological point of view - composed from tha crystalling
core, its Mosozoic anvelope overfain by a system of happes. This is complicated by later folds
ana overthrusts. Generalfy, each nappe including envalope iz built by an undarlying Middie and
Upper Triassic kerstic carbonale aquiler, Jurassic carbonate semipervious rocks and Upper
Jurassic - Lowar Cretaceoius marls concludad as an isofator {Fig. B-1).

Dua ta tha complicated geofogical conditions the rechargs area of some of the importart
springs, captured and used as & source of piped drinking water supply for the surrounding
region, which can be considered ag the outer protection Zona, are Unif now uhknown. Iy fact
tha groundwater discharga of these springs is much greater than the effective infiltration

indicative of the surranding area of outcropping limestonas and dolomnifes.

The first step in the very beginning of the compifation of the rough hydrologic balance
schema in the Velkd Fabra was lo determine hydrogeoiogic siruciures and unils in Triassic
carbonate rocks of the anvefope unit and KriZna nappe. The determined strugturas were drawn
at scale 1 : 25 000 or were divided inio smalfer sections wiifch befter reffect groundwater
circidation in a given hydrogeofogic structure characterized by & united circtfation. In these
hydrogeologic struclures and smaller seclions we assessed mainly their refatfonship fo surface
strearns, Gauging stations to measure tolal discharge from a unit (structure) were esfablished
befow the fowest fimestore and dolomite oulcrops in each unit. If a unit was recharged by
surface streams flowing from relatively more elevated argas, thase streams ware gauged as well.
Concea-'ed recharges and discharges were avafuated through the compifatiors of the balance
scheme. About 270 such sites were selected on surface streamns. Of course, it was itnpossible
for technical and economic reasons to bulfd a regularly-monitored gauging station in each such

place. Flows of surface streams wera therefore maasured occasionafly by hydrometric wing. The
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Fig. B-1 . Some important sampled karstic springs in Velka Fatra Mts., Slovakia
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vafues oblained In this way, howsver, camnot be used for calcuiations in their origingl siatg
because they were measured in different periods of different weather (rainfail controls discharge
by springs as welf as from the whole structire). As we did not have 270 permanent gauging
stalions {o calculate average annual discharge, we attemplad fo epply the method of analogy
and inferred the averags annual valuas from one-time observatfons. For this purpose wa tised
the results of gauging carried out in 1391 and 1992 on 11 springs dewalering Krffna nappe
fimesiones and dofomites in the Vefkd Fatra. Likewise, we employed average daily flows
determined by gauging on 23 surface streams in this mountain range.

Az far as springs ara concernad, single averago annual ofscharge twmed out 10 be suitable
for the characterfzaifonr of an annual average, Le the resultng adiustment coefficient 1o
tigterming an average annual groundwater discharge was calcufated for each day and for each
spring as an average of 11 values of average-annual-discharga /immediate-discharge ratio. The
one-time gauging of & surface-stream flow {spring discharge) was then adjusted to its assumed
annual value by refative comparison of the discharge {ffow) by gauged springs (surface sireams)
on the day gauging was done 10 the sverage annual value.

Fiows on Individual days relative to 330-day flows on 21 surface slreams in the Velkd Fatre
wera inferred in an anglogous way. Thal is how we got a set of adfustment cosfficionts. The
regime of surface streams, howevet, is more sensitive to recent rainfall (large areas in some
dralnage basing are underalin by igneous and metamorphic rocks or poorly permeable marfy
fmestones} than karst-issure springs and therefore adjusted flaws of surface streams are fess
refiabla. For surface streams it is much mora difficull or even impossible ta calcuiate the
adjustment cosfficient from the average annual flow because it overastimated average specific
discharge by about 150 % in comparison with adjustmeant coefficients for springs which
realisticafly reffect possible specific discharga from a given area. That is why the adjustment
coefficients for surface streams were based on 330-day flows. An evalvation of such adjustments
fatar indicated that they sfightly underestimated actual specific discharge but stilf their accuracy
was aceeplable for our comparisons and afso as an indicator of minimum discharge values (the
appfication of 300-day flow may have plelded better resuits).

An average adfustent coefficient o an average annual valuve was then delarmined for
each day in 13971 and 1992 when the discharge (flow) was gauged. The coefficients were
determined separately for springs and surace sireams.

The adjusted flows (adfusted io the day of gauging) of individual streams were added
together to get a resulting absolide surface discharge from individual hydrogeologic siruclures

and units. As the majorily of them are nat clased and their groundwaters may fow unseen from
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one strugture funit) to another, in further comparative assessments of the units we also
employed calculzied values of specific discharge according to Kultman's (1980) formufae for
represemiative karst-fissure structures in the Velky Chod cutfier and Harmanec syncline. The
former is situated about 15 km northeast of the investigated area and the latter lies divectly in
tha southern Velkd Fatra. This comparison may indicale an approximate discharge {rechsarge)
of graundwaters from finto) the studied siruciure to {fram) its peighbourhood and/or another
structure or unit,

The Velky Choé limestone and dolomite hydrogeciogic siructure makes up an exensive
oullier of the Chod nappe in the western tract of the Cholské wchy Mis.

fts impermeable substraturm consists of the highest formations of the lower Kri¥na nappe
- marly limestones and marls of Tithonian-Neocomian age. The Vefky Choé outfier itseflf is
composed of Middie Triassic limastones which occupy an area of 19.45 km2. lts average
aftitude is 1096 m (E.Kullman, 1989). Equation 1 - an empirical refationship batween precipitation
and effective pracipitation based on ten-year momitoring from 1971 to 1980 was published by
Kufiman [1930) for the Velky Chod oullier :

Q, = 04743248 Z + 11.644437 {1}

whara
Z - tatal annual precipitation (mm)

Q- effective precipitation or effective discharge (mim). '

Tha Harmane: syncline cooupies the southern section of the vast Chod nappe carbonatic
complex. The impermeable substratum along with an overlying carbonatic complex were folded
to form syncfines and anticlines whose axes run NE-SW o ENE-WSW. The hydrogeologic
strictisra consists of Middle and Upper Trizssic formaiions of the Chod nappe. The siruclure's
area is 27.9 km’ and average efevation is 963 m above sea level. Equation 2 - an empitical
refationship beiween precipitation and effective precipitation based on ten-year obsenations

from 19771 to 1984 was published by Kuffman (1980):

Q = 065911 Z - 20629721 (2}

The wo eguations can ony be used if the average altitude and average precipitation in the

investigated tarrtory are known and therefore we had to determine them in detaif by planimetric
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measuring of areas between aftitude contours wilh @ 50-m step on 1 25 D00 maps [determing-
tion of average aftitude) or by planinetric measuring of areas betwaer isohyets interpolated for
total pracipitation in individual hydrologic halfyears at scale 1: 50 00¢ {determination of average
precipitation}. We faifed/ to obizin input data for the equations (1} and (2) for the hydrologic vear
1933 and so approximate vafues of effective precipitation and potential specific runoff for that
year were calculated through & third, general equalfon (3) expressing an empiric relationship
to the average altitude of a given carbonate hydrogeologic struclure.This equation gives a
ien-year average of five monitored hydrogeclogic structures and is biased by their different
locations and different frequency of readings. Afthough these rasults are obviously fess reliable
than those cafcufated throtigh the equaifons (1) and (2), they are applicable for approximate

calculations in egquivalent climalic conditions.

G =00141 H + 13016 : (3}

where

q - specific runoff fi/s/km’)

H - avarage aftitude ().
By the compilatlon of the approximate balance scheme, the value of recharge potential was
measured with measured actial runoff. Our effarts in the compiation of the balance aimed &t
finding a potenifal balance equilibrium between potential recharge calculated from precipitation
and actual measured discharge from afl investigated structures and units. We made some
measurements during a falrly stable climatic period in autumn of 1992 {September - October]
when the immediate total and specific discharges were axtremely fow, which alfowed us to

compare these discharges with one ancther ypsing aciual sufumsn 1392 discharges and/or
adfusted average discharges by springs regardiess of precipitation and recharge potential.

The isotopic composition of oxygen in rainwater dapends on severaf factors including
the altitude of the site. Tha higher the site, the more abundant light oxygen isolope is. For the
sake of comparison wa give daia by D.Rank et al. (1990) on average isolopic composition of
rainfall in 1976- 1985 which indicate 870 content of - 10.45 %o in the Vienna-Hohe Warte station
{203 m above sea lavel}, - 9.11 %o in Graz Universitdt {366 m) and - 13.59 %6e in the Obervermunt
station {1866 m). Of course, the diffarences In the above contents in these mutually disiant
places may result from different tirmes of readings and different gecgraphic-climatic conditions.
The values determined by us are essentially identical with the contours of 870 global

disiribution fn precipitation published by Y.Yurtsever - J.R.Gat [1981). In addition, a comparisan
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between rainfall isotopic compositions in Slovakia and Austria reveals that the gradual incrassa
in the average heavy-oxygen content is caused by ihe substantial increase of its contents in
summer rainfall, The paktern of oxygen isotopic composfifon in precipitation displays a seasonal
effect when winter precipflation is systemalically much fighter than summer oOfie. The
precipitation distribution in Slovakia also seems to be affected by altitude, although variations
in 3°C content calculated from annual averages for stations Chopok, Slard Lesnd and
Mochovce {which togeiher form a sort of a profile) are only 0.03 - 0.05 %e per 100-m change in
elevation.

As Vefkd Fatra groundwaters are normal, not thermal ones, and are recharged by
precipitation, we can assume that their isctopic composition was not affected by water-rock
interaction. Oxygen shift towards the heavy fsplope when oxygen in the waler is repfaced by
much heavier oxygen from carbonales Is iypical of thermal waters. Pearson Jr. et al. (1991) give
an equation expressing the relptionship betwean the afiftude and oxygen isctope composition
in groundwaters from nine Swiss regions and nate that the change in 3°C content with altitude
varies from D17 to 0.28 %6 / 100 m. The solution io their paramalric equalions was based on
oxygen-isotopic composition and precipitation data, which alfows to check these calcufations.
The value calculated by us for waters from Velkd Fatra springs (0.1 %Be) is similar to data from
notthern Switzerland where Pearson Jr. ef al. (1991) determined a change in the oxygen isctopic
composition around 0.2 %o per 100 m. As the duration of the measurements was refatively fong
and its frequency shorl, the calculaled average isotopic compaosition of waters from individual
sources could fairly refiably indicale the reafity.

Nevertheless, varfalions in oxygen isolopgic compaosition in investigalted springs suggest
considerable stability of the otherwise variabfe vafues in karst structures probably due to
extensive mixing of waters from large water-bearing regions. Moreover, their average
composiiion corresponds o the avarage altitude of known springs and/or their recharge areas.

Oxygen isotopic compositions in the Velkd Fatra were monitored on 30 springs and one
brook which representad alf major karsi-ligsure springs and hydrogeofogic skuctures in each
part of the mountait range. The regime mondtoring fasted from Decernber 1391 to July 71323, the
sampling frequency befng roughly two manths {a iotal of 9 samples were coflectsd). Isotopic
composition of stiphatic sulphur from these springs was alse analysed {in sample coflected on
March 1 - 5, 1993 along with a sampfe for the isolopic analysis of axygen). The everage 870
contents from all analyses were then added into the aftitude/ 30 relationship. We thus
resolved a parametiic equation expressing the linear relationship between 8”0 and altitude of

the recharge area, the correfation coefficient being 0.873 {4)
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80 = -0.00097 H - 5.575 (4}
wherg
30 . 3180/8"°0 ratio in water {%q)
H - altitude {m).

This technique allowed us to rula out or confirm some poteniial recharge areas of cerfain
groundwaler sources (sprngs Jazlerce, Hradskd - Podhradie, Salatin 1 and 4, Mald and Verké
Cahaovo, Rakytov) or indicated that some springs were recharged from suface sireams (Lazcs,
Pri staref priehrade, Havranovo).

As most soiphur in groundwaters of the grea concerned came from Werfenian and Kauper
sedimanis, we decided to verily this fact by isolopic analysas of dissoived sulphatic sulphur.
Kartesian diagrams werg employed to indicate how sulphate content in spring wafer depend_s
on sulphur isolopic composition. We expecled a bimodal distdbution with projeclion points
clustered around two 8°°S values typical of the Keuper and Rhetian. However, the actusl paitermn
ifustrated in Figs. B-2 and B-3 is different. The upper diagram in Fig. B-2 shows particufanly
claarly that the curve is & mixed one, one member befng suiphate-rich walers with heavy-fsolope
sulphur (springs Matefkovd - pod priom, Rakytov - vwwieradka) and tha ofher stiphata-fow walers
with negative &S values. Suiphates in the first group came from Lower - Middia Triassic marine
aveporites, but the source of suiphur in the other member is unclear - the suiphiur could have
been derived from sufphives (but fow contents and total hydrochemical character of water) or
it can be of hiogenic crigin. Sulphates Inn therrnal waters st Turéianske Teplice - springs Nikné
Krdtko, Pod Parohami and Stubne (Fig. B-3) - are aiso probably ;I‘u:u':l:ms-':'.|r by mixing (/. Michalko,
1989, 1930). Suiphur In these springs presumably at least partly cormes I’.mm Kauper sedimonis -
we assume thal the three springs represent anather mixing ling of Keuper suiphates and
suiphate-low wailors with negative 5S values. Al the above-mentioned springs, whose
groundwaters circufate in carbonate masses without obvious sulphur pccurrences, faff Into a
single point. Both sulphate contents and isotopic compoesilion of thelr suiphate sulphur (SO,
content is approx. 20 mg/, 7S = approx. 5 - 7 %) do not exceed background values. The
origin of this sulphur is difficult to explain. it could have come from minerals (pyrite)
disseminated in rock, bt J. Hand&ek (1993) and D. Martinsky (personal communization) ohject
that such rock types contaln very Hitle sulphur. Another possible source of sulphur is
precipitation. K. Vrgna el al. (1989) nota that the average stiphate content in winter precipitation
at Donovaly is 4.19 mg/l. The isolopic composition of sulphur in precipitation rangas fram
values typical of modern marine sulphates to negative values due to human activities (industry).
An analysis of snow colfected on the roof of the Dionyz Sidr institute of Geology building (J.
Michalko, unpublished datum) yielded resufis similar to those from the above springs. Further
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dissolution of sulphates from the traditional source rocks in ihe West Carpathian Mesozoic
(Permian, Lower Triassic shales, Carpathian Keuper shales) subsequently rises the soluble
sufphate conient refleciing the isotapic composition typical of the respective source racks
modified by mixing with the ‘background" /sotopic composition which in accordance with the

mixing rule also changes & values.

The main objective of the project was o prefiminanily identify the most probable
circifation areas of the indiidual water sources rather than to compife a hydrochemical
characteristics of the lerrilory concerned and therefore the projact’s hydrogeochaimical section
did nol discuss ha hydrogecchemical conditions of the terditory nor the potentiagl rock
environment of groundwater circulation of each springs. The principal hydrogeochemical

characteristics of the individual rock emvironments are as follows;

Meszozaic limestane-dolomite circulations:

1) Mg /Ca ratio - It indicates the percentage of imesiones and dolomites in the rock
environmaent (5. 38zda - E. Kufimar, 1964; 5. Rapant in E. Kufiman et &f, 1385).

2] T.00.8. - in tho Invastigatad waters it mostly ranges from 300 to 400 mg/l, increasoas with timo
ihe water spant in tha rock environment and afso rises in the row fimestones - dofornites -
marly limestones, marls,

3 50, content - in waters unaffected by Lower ar Upper Trigssic rocks, the content is befow
or closely around 20 mg/f provided that their chamistry was not changed by secondary
contamination.

4) Na + K/ Mg+ Ca ratic - in West Carpathians carbonatogenic groundwaters the ralic is fess than
0.01 (5. Rapant in E. Kuflman et af., 1985}, Higher ratios suggest the effect of crystaliine
units, nepvolcanios, sandstone-guanzite-claystone-shale formations atc. The Na+K /Mg +Ca
ratio in groundwaters from Jurassic marly fimestones and marls largely varies from 0.01 1o
003

iphar i £ ta-suiphatagenic water
1) 30, contents in groundwaters circulating through the Werfenian are roughly 2 - 3 titmes higher
than in groundwalers from Keuper formations. SO Ao contents in the Keuper grauncwalers
fargely attain 100 - 300 mq/t, whife Werfenian ones often exceed 1000 mg /1.
2) T.D.S. - in Keuper groundwaters mostly amounts to 500 - 700 mg /7, while in Werfenian ones
it largely exceeds 1000 mgA.
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Fig. B-2 : Relationship between the amount of dissolved sulphates in the spring

waters and their isotopic composition (general, in 2 scales for 3O, content).

Explanation of the Stovak expressions :
Cholsky pritrov = Chol nappe
Jepailskd venva = the spring in the vicinty of fergaly (unclear peneris)
Kriffiansky prikray = Krlfna nappe
MNejasng pdvod = unclear genesis
Ghal = Envelope unit 13

fné = pthers




Fig. B-3 : Relationship between the amount of dissolved sulphates in the spring

waters and their isotopic composition (detailed, with spring names).
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3) Water pe after S. Gazda - groundwaters from the Keuper are usually A2-52(8Q } transient,
while those from the Werfenian ara 5,(80 ) basic, clear.

4) Mg /Ca ratip - is considerably low as a resuft of gypsum dissolution,

Silicgtogenic waters of the cnystafling unit and neovolcanics
1} Low T.0.5., below 100 mg/l.
2) Groundwsaicrs from the neovolcanics are characiarized by Increased silica contents -
frequantly as much as 50 mgA.
3) Na+K /Mg +Ca ration above 0.1,

The genesis of groundwalers in the imvestigated tarritory cannot be rasolived by individual
separate disciplines and lechrigues of applied research. However, it was cleared up through
tha combinaiion of all threa essaenlial disciplines - hydrogeology, hvdrogecchemistry and fsctope
gaofogy which allowed us o determine the characteristics of respacifve groundwealer sources
and their circifation,

The infitration arsa of the spring Mradskd near the Jifage of Podhradlie In the
nartheastarn section of the mouniain range was assigned into the envelope unft imestones and
dofomnites in the vicinity of Mt Priefolnica. The water sotirce Jazierce at RuZomberok - Biely
potok was afso assigned into the envelope unit in the area of elevation points Madarovd and
Puldfovo, although the spring lself is sitbaled amidst Kn¥ng nappe dolomites. Analogous
asseggment crletia suggest that groundwaters fssued forth in ihe spring Bukoving, another
major waler saurce for the town of fudomberpk, cowd also come from the same area. it seems
that these groundwaters probably communicate with suface waters of an Imporiant water source
for Martin - spring Lazce - not only in the upper section of the Belianska dofina valfey as was
previously assumed but afso in e Necpalskd dofina vafley from a brook flowing in the
immediate vicinity of the spring. This circulation is fikely to be affected by purmping gratnd-
waters from a well situated near the water sourca. Tha communicalion with surface walers has
been praved in sorme minor springs as well (Havranovo, Pri staref prishrade, Hridkov). Moreover,
Werfanfan sulphur was idemiffiect in the spring Lazce passibly Indicating tha presence of Lower
Triassic Werfenlan shales in the KriZna nappe sequence of strata in this area or the envelope
urtit in the immediate vicinity of the groundwater circulation rotde in the Hroskovd - Osidno
structure {P.Malk - J Michalko - S.Rapant 1993).

The assessment of Rydrogecchemical properifes of groundwaters discharged by five

springs alfowed us to identlfy iwo possible genetic groundwaler lypes in the source area of the
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Jergaly branch of the Pohronie waler pipe. Each of the types is assoclated with a different
tectanic unit - springs Stary miyn and Podzemny iok are probably recharged by groundwaters
from a Chod nappe ouifier in Velky Sturec pass between Dolny Jelenec and Vyiné Revilca. The
infiltration areas of groundwaters discharged by the three highest sources of the Pohronje
waterpipe {Jergaly, Stubne and Generdl Cunderlik) are presumably i surlace carbonate
exposures of the envelope unit (Bukovec syncline) and Krifna nappe between MolyCky, Hahesy
and Donovaly as welf as on the scuthern sfopes of M1, MotyCkovd hofa and Mt. Zvofen (gradual
seepage from surface sireams on an areg of 12.59 km® inlo carbonate subsiraium) and finally
in a 6.8 km® area north of the Vah/Hron waler divide extending approximately as far as the
southern edge of carbonate infiers in Zamovka and Velkd Bidovd valleys and roughly fower
edge of the higher inlier of the Kri¥na nappe Triassic carbonates in Hrickov valfey. ft implies
groundwaier circufation befow the gecmorphologic water divide (P.Malik - JMichalko - S.Rapant
1993},

With only one exception - an infier of Triassic limestones and dofomites of the gnvelope
unit in tha vpper and of Befianska dolina vafley where gauging in the dnest season of 1992
indicated & loss of 14.28 {/s - in all oiher fnflers we have noled that the volumes of flows
increass downsiream. Hydraufic passivity, 1.e. no communication with the adfacent areas, has
been notetf in severaf cases. It has also turned out that this drainage function reflects stream
fiows and, particularly in the upper sections of valleys, the amount of water recharged from ihe
acjacent areas falls nearly to zero during dry perfods.

Major drainage has been noted in the Tureckd area. Seepage i the upper tract of the
Turecké valfey amounted to 50.92 /s in 1997, 15.92 /5 in 1992 and 65.68 I/5 in 1993. Seepages
in the jower valley lracts were smafler - only 25.34 and 38.84 I/s respeciively in 1992 and 1953,
J-year gauging in the upper section of the Mecpalskd dolina vafley, calfed HornoboriSovskd,
revealed concealed seepages 3G.38, 21.43 and 30.49 I/s and in Bysirica valley near Harmanec
12.35 and 11.75 I/5. No major segpage was noled in the othar inliers.
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RNDr. Peter Némethy, CSc.
Faculty of Nalural Sciences, Comenius University, Bratisfava

Dapartment of Groundwalers

RECONSTRUCTION WORKS IN THE HARMANEC SUMMIT TUNNEL

Introduction

The Harmanec tunnel on the raitway line from Banska Bystrica to Diviaky was completed
in 1938. The tunnel had to be dewatered and since the mid-1960s its waters were diverted to the
Pohronia water-supply network, The tunnel thus became a major source of potable water.

As the railway line was to be slectrified, the ralis in the tunnel were lowered and at the same

tima measures to improve water quality were taken.

1. Hydrogeologlc setting of Harmane¢ summit tunnel

The area around Harmanec tunnel has been assigned into the so-called Harmanec syncline
hydrogeologic structure composed of I'mestones and dolomites. It occuples 27.9 km® and is
average altitude is 963 m (E.Kullman, 1950}

The structure consists of Mlddlé to Upper Trassic formations of the Sturec nappe, ie.
dark-gray Guttenstein limestanes 10 - 200 m thick (Anissian} overlaln by light thick-bedded to
massive dolomitas (Ladinian} whose maximum thickness attaing 500 - 600 m in the axis of the
syncline. (n the eastern saction of the area concemed, above a thrust line there occur brecciated
dolomites which were assigned by earier geclogists (D.Andrusov, 1838; O Zaruba-Plefferman -
D.Andrusov, 1937 to the KriZna nappe {ses secticn of the summit tunnel - Appendix C-2).

The wnne! lies 540 - 630 m above sea level. It runs E-W across a synclinal structure
composed of permeable carbonates - limestones ardd dolomites except in the interval 30.5 - 31.6
km where it intersacted mary limestones (Neocomlan) which we characterize as an impermeable
substratum. According to Zaruba and Andrusov (1939), dolomites account for 47 % of the tunned
length, Neocomian mary limestanes for 34 % and Guitenstein Limestones for 19 %. The tunne!
diverted majar amounts of groundwaters, and conseguently nearby surface streams and springs
went dry. Archiva records note that huge water incursions occurred during the driving of the
tunnel, The biggest of them took place on Jan. 17, 1338 in krn 29.992 when after blasting the
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tunnel was finoded with 300 - 400 1/s of water. Its colour was brick-red in the beginning and later
turned dirty yellow. At the same time, maximum discharge from the tunnel on the Harmaneg slde
was recorded - around 800 |/s. The maximum discharge on the Gremoéné side - about BS 1/
- was noted on Oct. 2, 1937. After the tunnel driving was completed in August 1338, the
discharge from the tunnel on the Harmanec side fell 1o 400 I/s and on the Cremodné side to
about 40 I/s. The authors assumed that in 1539 the average discharge would ba less than 400
I/s. In 1961 - 1991, the average monthly discharges varied from 203 to 453 Ifs. At present the
tunne! is recharged mostly in the interval composed of dolomites (Appendix 1). Our gauging in
the tunnel's dewatering channel was almed to find out the amount and distribution of inflows into

the tunnel.

2. Results of gauging

We carrled out gauging in a way 1hat did not disturb the reconstruction works. During the
reconstruction, the water source was not used and had to be replaced by other ones. Data
pravided by the company Banské stavby (Mining Constructions) Indicate that the first inflow is
roughly in km 30.525,
The results of our measurements unalfected by the reconstruction warks are given in Tab. C-1.

Appendix C-2 shows all gauging sites.

Table C-1 : Resulls of gauging during tunnel reconstruction

Kilameterage Date Discharge
[ km ] _ [/8] _i
30.067 29.3.1993 40.67
3 29.905 26.3.1993 94.55
29.755 5.4.1993 123.05 i
29 628 5.4.1993 153.08
29.497 14.4.1953 185.39
i 29.244 19.4.1953 201.33
[ 27.782 17.5.1993 264.82 i
L 28.624 4.5.1993 . 2 36.15 J
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To better illustrate the inflows between gauging sltes, we calculated inflows per 100 m of

tunnel length (Tab. C-2).

Tahle C-2 : Inflows in the tunnel

—_— - .
interval Length inflow into Specific
tha interval inflow
[ km | fm} [i/s] [ 1/s/100 m ]
30.525 - 30.067 458 40.57 8.88
- 28.905 162 53.88 33.26
- 28.755 150 28.50 19.80
28.628 127 30.02 23.65
29.497 131 32.37 24.66
28.244 253 : 1554 6.0
- 28.624 620 34.82 562
- 27.872 752 28.67 3.95

The measured maximum inflows well torrespond to the maxima recorded during tunnel driving.

3. Qualitative properties

This mast significant source of the Harmanec branch of the Pohronle water-supply
network is recharged by meateoric water which underwent karst-fissure cirgulation in carbanates.,
The water is of clear Ca-Mg-HCO, typs and its Mg/Ca ratio 0.77 - 0.82 suggests interaction with
dolomites. T.D.5. is around 350 mg/l, with Ca-SO, content being low. A wide range ot Cl values
and faifly high Na‘ contents (around & mg/l) are noteworthy. We do not assume that the
chlorides are of fecal grigin, the overall pattern of water chemistry here suggests that infilirated
precipitation is a more likely source of Na-Cl. However, the most probable initial source |s winter
salting of roads and dumps of road salt.

Water quality in the source Tunnel was monitored before and during the reconstruction as
well as before supplies to the distribution network were resumed. The samples were collected
and analysed {complete physicochemical, biclogic andmicrebiologic analyses) by employees of
the company Stredoslovenské kanalizicie a vodarne (Central Slovakian Water Managemenit
Company - 5t¥ak) headquartered [n Banska Bystrica. The laboratories of Geologicky prieskum
{Geological Survey) at Spisska Novi Yes analysed the contents of Na, K, Se, Ag, Pk, Ni, &d, v,
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Be and Ba.
After the works had been complated, anather compiete chemical analysls was made to

check the previous ones. It was analysed by the staff of the Groundwaters Department of 1the
Faculty of Natural Sciences at the Comenius Universiy in cooperation with the Analytle
Department and the Instittte of Geology at the same facuity and the Medical Engineering
Department of the Bullding Faculty at the Slovak Technlcal University.

The last samples for physicochemical, blologic and microbiologic analyses befora the water
solrce stopped to operate were collected by StvaKn personnel on March 18, 1993. The results
of the analyses are given In Tabs. C-3 and C-4.

Dwring the reconstruction, samples wers collected and analysed from individual inflows into
the tunnel, dewatering channel and one sample also fram a spring hear the tunnel ponal on the
Cremosgné side. The sampling sites are marked by small letters on a section (Appendix C-2) and
the results of the analyses are given in Tab. C-5. A total of 19 samples ware coliected and
analysed [shorter chemicat analyses} by the employees of the groundwaters Depantment and
Medical Engineering Department.

The water guallty from the source Tunnel befare its operation resumed |s characterized by

analyses of samples collected on May 31, 1953,
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Tabie C-3 : Physicochemical analyses of water

e — e —— —
Détum 16.3.93 10,544 17.5.93 24.5.0% 3154 31503 X
3

walar tamperaturg " - - - - B0

air ternparature "C - - - - 185
colour {FT} mg.” 5 5 5 5 5

obacurily ZF 1 1 1 1 5 -
smell o [0 o s] 1] 0 -

I conductity m.s.m* 36,0 38,0 40,0 33.0 .5 7.0
pH T2 72 7.2 7.2 r.2 V.2
KMNK-4.5 mmal."’ 34 3,85 2,08 39 3,85 3,83
ZMNE-RA mmeol.l 0,12 0,12 0,12 0.15 ni1z2 0,13
free CO, mg 1’ 5,3 53 5.3 65 53 57
€O, Heyer aggr. mgJ”’ o0 0.0 0.0 0D 0.0 0.0
0, mg.i" 14 10,3 0.2 10.5 1.8 .
ChEK-Mn mg” 0.8 13 1.3 1,3 0A 0sETOC 19 ||
Ma mrgd! 548 £0 58 57 4.5
K mg.!"! o1 05 . 0.4 02 0.7
ca®’ mg.l" 42,1 46,1 45,1 48,1 2E,1 43,0
Mg** my." 230 255 255 26,7 25,5 25,1
Fa mg.” 0.0 0.0 0,0a .02 002 < 005

| e mgd’ 00 o0 0.0 0.0 g0 < 005
Al mg.!" 0.0 00 0 o0 0.0 -
NH,* mg."! 0.1 0.5 0,05 0,0 st. 0,13 |
NO, mg.” 0,0 o0 0o a0 0.0 005
NO, mg.I™ 98 8.3 6.3 6.8 8.3 9,48
HPO,® mg.”! 0,04 b.0s 0,03 0.03 0,04 0,08
50, mg.” 21,0 220 22,0 240 180 200
cr ma.l’ 12,8 113 121 121 13,1 9.8
F mg.t" (i1 a6 o0 o0 0.0 Ol
evaporation resid, mg.l'1 20 320 15,0 280.0 2000 -
S, mg." 51 40 53 49 3.3 -

I Huminous matiar m.+"' . . . . . 22
Fhenols mg.l" 0.0 0.0 &0 0,0 0.0 .
Patraleum der. mg I’ - o012 0,005 0,005 0.002 < 0,001
Absorbancy Q012 1]} o012 0012 0.008 -
Mercury mop.I’ 310" 1107 7.10% R I 6,107
Copper mg I 0,009 0,007 n.oor am 0,000 -
Zines mg.’ 0,06 0,05 0.04 0,05 0,005 -
Chramiunm my I’ an 0.0 0.0 0,0 0.0

— — — | I

HWote: 31,583 (K] = Chack analysis
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Table C-4 : Microbiologic and biologic analysis of water

Date 15383 70.5.93 17593 24.5.93 37.5.93

Cofiform baclera in 100 m ! 7 1 0 45
Mesophitous bacteria in 1 (4] 4 ) 2 3
Psychrophifous bacteria in 1 mi 5 58 25 13 7
Enterpcocct in 100 mf 0 5 0 i 7
Fermentation test (neg., pos.) neg. poL. poz. neg. poz.
Pathogenic microorganisms

Bigzasion i 1 2 1 1
Saprobity index - - -
Tortal nurnber of microorganisms 10 0 8 9 O
in 1 - - -
Saprobity (Purity class) 1-2 1-2 -2 1-2 1-2

‘Emnrphous matter in %

The results obtained so far confirm that the reconstruction works have not worsen the water
quality. Temporary microbiclogic changes [h the water guallty were caused by construction

activities in tha tunhel,
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Table G-5 : Resulls of short chemical analyses

Cramosné - 3157893 | 73 368 0.56
spring in fropt
of the tunne!
P 71151883 | 74 393 - 5% 29 247 3 35 6.9
a 2231993 | A5 410 14 - - - 4 - 8.5
b 22.3.199% | *.7 393 or &7 2% 234 & 28 7.5
I 2231583 | 7.7 50t 0.6 57 rd 258 28 15 LX)
[ 1571993 | 7.7 62 - 0 27 242 e 21 83
) 1447993 | A3 474 18] 45 27 237 22 21 0.7
& 14.4.7983 | &0 354 o8 L3 24 231 3 id .3
f 19.4.7983 | 7.9 400 0.8 50 27 243 11 22 0.3
F 19.4.7993 | a2 460 o6 51 rd 245 29 tE 8z
26.4.1933 | 817 60 0.6 47 24 )] a 15 7.5
f 2231922 | 77 301 0.8 -1 27 258 29 & a8
I 11.51%332 | 7.3 £ - H 2 253 27 17 7.8
r- mecess I 751993 [ 7.2 438 0.63 L) 27 250 25 7 a4
{krn 28.874)
k £.5.79493 a1 385 0.2 47 25 231 10 15 B3
! 7157883 | 7.5 365 od a7 24 230 i1 19 B0
it ir5.1883 | 73 372 0ne 8 25 233 11 14 a4
R 1151993 | T8 362 0.6 47 15 230 11 15 a.n
Harmanes - channa! 3.519993 ¢ 7.3 ace 0.56 49 M 230 14 20 L]
in front of tha twamal “
Harmanee - channg 7.6 1223 7.3 368 0.53 a7 25 230 (hl 132 84
in front of the lunne!
= —_—— ]

Anafysed by Groundwarers Depadment, Facufly of Natural Sciances, Bratis/ava.

tiote; pH measunsd in labaratory,
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4. Assessment of Reconstruction Works

During the reconsiruction of rails, water channel on the Harmanec side of the lunnel was
refurbished as well. The ralls, gravel bed and original reinforced-concrete slab 15-26 cm thick
were removed, and the height of the dewatering channel was lowersd so that the new 15
cin-thick concrete slab is on the same level as the concrete base. The space obtained in this
way was used o make an insulation layet. The layer should keep poliuted water from the
dewatering channe! and ultimately from the water distribution system. The orlginal project was
modified in the interval 30.326 - 31.071 km where the dewatering channel |s made of monolithic
concrete. Here the ofiginal channel was not demalished but a polyethylene tube 200 mm in
diameter was placed in it. Smaller pipes 63 mm acress entered into this maln tube and all this
was covered with concrete. The reconstruction staried near the highest point of the tunnel 12
m towards Cremogné whera the dewatering channe! was closed by a 150-mm-thick concrete wall
covered by a PENETRON film on the outer side.

Water flowed into the main dewstering channel lhmugh minor channels (8 x B and 16 X 16
cm). 63 mm polyethylene pipes were placed in the B x B Lchannels while the 16 x 16 cm
channels were covered by slabs. After new cover slabs were put on top of the main and 16 ,mm
channels, and plpes were inserted into the 8 ;n‘m channels, the whole concrete base was
smoocthed by the adgition of further concrete. 1565 right-hand and 1559 left-hand channels were
built between the portal and the tunnel summit. Of this number, 1004 channels are larger (16
“him) and 2120 smaller.

The smoothed base was covered with a layer of concrete capillary insulation PENETRON.
Chemical reaction between PENETRON and concrete will make the latter waterproof but not
alrtight and therefore the concrete can dry up. Above is 4-mm-thick geotextile TATRATEXT on
which in turn rests 1 mm insulation foil EKQOPLAST which will repulse petroleum derivatives. All
this 1s topped by another geotextile layer.

The insulation |5 protected from mechanical damage by a 150 % 150 mm mesh bars of 5.5
mm wire. In the middle of the protective concrete layer is a ceramic channel fo divert water
sgeping through the gravel bed. The channe! is topped by a 60-mm-thick cover of reinforced
concrate,

The layer ot waler-construction concrete is in fongitudinal direction divided by dilatation
jolnts into 8-m-long sections. The dilatation joints are filled with medium-elastic polyuretan putty
RGC-270 manyfactured by the firm BURKE.

A new gravel bed was placed ang new rails will be mounted on the new concrete base.
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Despite its smaller depth, the dewatering chanrnel Is sufficlent to divert all water flowing intg the
tunnel.

The reconstruction works did not apply only to the tunnel but also to the connection
between the dewatering channel in the tunpel and water distribution object.

In fromt of the tunnel portal at the mouth of the dewatering channel, an exit pocl was built
from which leads a 600-mm tube with 2 regulation flap in an Inspection room and a tube to a
bypass channel. When the flap Is closed, the water level in the exit pool will rise and water wil
be diverted intoc the earler bypass channgl fto make repairs between the inspection room and
water distribution object).

The water flows further through an Inspaction shaft, calm-down channel gauging object to
ithe water distribution object. From here some water will low on into a distribution system and
the rest through a Poncellet dam to a brock.

In the former distribution chamber are & vertical PVC tubes 100 mm In diameter in which
gauging instruments will be Installed. A Iimnigraph was nstalled here to record the amount of
water discharged from the tunnel.

In the bypass channel near the Poncellet dam, the Slevak Hydrometeorologic Institute
installed a limnigraph to record the amount of surplus water.

The reconstruction works as well as thelr technical design should improve the guality of
distributed water. Once the proposed measurement and control apparatuses are installed, this
water source will be better equipped than any other source in Slovakia.
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Ing. Kvetoslava Hyénkova, CSc. - RNDr. Zlatica Zeni$ové - Ing. Denisa
Gulifova - mgr. Renata Frakova

Facufly of Natural Sciences, Comenius University, Bralisiava

Department of Groundwaters

WATER QUALITY OF PODZEMNY TOK AND JERGALY SPRINGS

a) "PODZEMNY TOK® spring

The water source Podzemny tok {Undergreund flow} situated 571 m above sea level is the
lowest-lying source in the valley of the Staroborsky polok brook. [is groundwaters are of basic clear
Ca-Mg-HCO, type. From a genctic poiunt of view, the waler here is comparable with that from the
spring Jergaly but its circulation is shallower as is suggested by its T4, (370 mg/l) and water
temperatre (7 - 8 °C). Anions are dominaled by HCO, jons (230 - 260 mg/l) while most abundanl
cations include Ca®* (55 - 65 mg/1) and Mg'™ (20 - 25 mg/l} ions. The content of 5O,” ions (20 -
30 mg/1) is much lower than in the spring Jergaly. The water quality is affecled by a surface stream.
The watcr sairee Podzemny ok has been monilored since 1981, The water’s physical and chemical
propertics meet potable-water standards except for lemperatuze which is usually lower thano permitted
- only 5.5 - &6 °C. Microbidlogic and biolegic analyses show that the water is not potable because
of the constant presence of eoliform bacteria (as many as 94 % of analysed samples) and frequent
oceurrences of pathogenic microorganisms and enterococd (56 % of samples). The amounts of
psychrophilous bacteria never cxceed permitted limits and mesophilous ones do so only exceptionally,
Specific clectric conduetivity and HCOQ," contents {Figs. D-1 and D-2) indicate that the primary
compasition of the water is fairly stable and scasonal differences are small - c.g. only 10 - 20 my/l
in the case of HCO,. In contrast, secondarily affected componenis {CI, NGy} display a slightly
increasing trend (Figs. D-3, D-4 and D-5) but their contents arg still insignifscant and cannot (hreaten
the source’s water qualily.

Organic pollution, however, can pose a major threat as the average ChSK Mn values are fairly
high and variable (0.6 - 2.2 mg/I). Its slightly decreasing contents should be viewed cauliously as the
sct of analysed samples is Euwle representalive and the overall evolution in Hme is obscured by some
anomalies.

The microbiologic composition which was very alarming in 1981 - 1962, with an extreme analysis
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indicating 800 KTJ of coliform bacteria, gradually improved afier 1985, But still this souree of potable
water always contains coliform bacteria. Because of Lhe bacierial contamination and inereased
cootents of organic malter it it necessary io monitor the influence of the pearby surface siream on

the source’s water guality.

b) spring "JERGALY"

Water source Jergaly situated 708 m above sea level is a typical fissure-karst spring in Mesozoic
carbonates, Water of this source is of clear Ca-Mg-HCO, type. The Ca-Mg-HCO, componenl came
from Jurassic limestones and dolomites of the crystalline oot eovelope series but mainly from
Triassic imestones and dolomites of the KriZna nappe. The Ca-80, component probably came from
Carpathian Keuper gymsum. Water temperatore 10 - 11 °C supgests deeper circulation of the
groundwaters. Anions in these waters are dominated by HCO, ions (280 - 350 mg/1) and cations by
Ca®* (85 - 95 mg/1) and Mg®* (30 - 40 mg/1) ions. 50, ion content {75 - 95 mg/l} is higher than
in other springs in 1he valley including spring Podzemny tok. T.D.S. averaging 510 mg/] is controlled
by the character of fairly fast circulation in a fissure-karst environment and a lower CO, content on
circulation roules. pCO, values (2.4 x 10° MPa) suggest that the CO, is of exogenic origin.

The source’s water quality has been continously monitored since 1982, Physical properties
and chemical compositica of the watcr bere meet standards for potable waler, bul permanent
presence of coliform bacteria (in 50 % of samples), frequent pathogenic microorganisms and
eolerpeaea make it unsuitable from a bactericlogic-biclogic point of view. Amounts of psychrophilous
bacteria do act exceed permitted limits and nor do mesophylous bacteria exeept for ane casc.
ChSK Mn is always below permitted limits but is kighly variable (0.4 - 2.4 mg/I) - during large spring
discharges it is sometimes twice the annual average. Watcr samples callected in November 1991 had
increased contents of petroleum derivalives (0038 mg/l}, buminous matter (1.27 mg/1) as well as
sormm¢ phenols indicating that the source is contaminated. The source of the contamination most
probably is a busy road from Bansks Bysirica to Dooovaly and further on to Rudomberok. The
source is seriously threatened by traffic accidents with spills of pollutants.

In the long term, the water chemistry is stable, with regular scasonal oscillations whick are most
COBSPICIOUS in a primary component - HCO, jons. The differences between minimum concenirations
(in March and Junt) and winter maxima (roughly from October to February) attain as much as 40
mg/1 HCG, . These cyclical changes similar 10 analogous changes i surface waters suggest karst
circulation in continuous chapnedways without a major accumulation reserveir. Sulphates, which are

both of primary and secondary origin, display no cyclical changes but in the loog term their contents
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increased by § -9 mg/l over the len years they were montlered (Fig. D-103. This fact may altest to
the contamination of the catchment area, particularly in heating periods.

BCO,, CI' and NO; contents are virtually stable {Figs. D-6, D-8, D-9). In contrast, as mentioned
above, ChSK Ma values are much higher during spring snow thawing. In 1982 - 1983 the values
decreased considerably whilc in the following years the water quality was fairly stable with low ChSK
Mo values and since 1999 it slightly deteriorates. Over the whole moaitored period, the ChiK Mo
values slightly Fell,

The organic contamination was accompanied by increased bacterial contamination in 1932 - 1983
even with an extremely high number of coliform bacteria. From 1984 onwards these bacteria are siill
present but only in small amounls.

The water quality here is considerably affecteded by seasonal fluctuations, especially hupge summer
flows. It is noteworthy that (he flow culmination antedates ibe worsening of qualitalive propertics,
1.. contamination, by sarme 7 - 8 days. During the flow culmination the water's electric conductivity
and ChSK Mn contents are extremely low, even lower than their average values. However, about
seven days after the maximum flow these characteristics begin to increase and electric conduoctivity
becomes stable aftcr about two months. The changes in ChSK Ma contents and bacteriologic indices
are of shorter duration.

As regards protection of this waler source against contamination, its structure is very vilnerable
despile its deep circulation. 1 the recharging water was secondarily contaminated, ali contamipnants

would probably reach the spring.
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Peter Malik - Juraj Michalko - Stanislav Rapant
Dionyz Stdr institute of Geology, Bratisiava

Catchment Area of Major Groundwater Sources in the Donovaly Area

Five springs of the Jorgaly branch of the Pohronia waler-supply system in the Donovaly
- Dolny Jelenac area make up & major groundwaier source, its average total discharge baing
about 502 1/3. Hydrogeochemical properiies of their groundwalers alfowed us to delermine two
source areas of these springs: 1. carbonalic rocks of the Chol& nappe - springs Podzemny tok
and Stary m'.‘yn and 2. Kri¥na nappe and/or the envelope unit - springs Generdl Cunderik,
Stubfa and Jergaly. The catchment area of the former presumably is a dofomite and limesione
outiler in the vicinity of the Vefky Sturee pass. The springs are situated in the fowest section of
the outlier which is large enough (15.326 km’, average altitude 815.4 m) to provide sufficient
recharge potential for such springs as Stary mivn with an average discharge 33.7 I/ and
Podzemny tok which vields 866 1/s,
The other springs (Jergaly - avergage discharge 278.5 l/s, Stubne 39.2 I/s and Generdl
Sunderifk 64.4 1/5), however, have only one obvious calchment area In their vicinity - Krilna
nappe limestones and dofomites exposed on an area 2.726 km’ betwsen Donovaly, Hanssy ang
Stubne, their average altitude being 889.9 km'. Likewise, this unit is discharged only by the
above-maniioned springs. Nevertheless, gauging indicated that carbonate rocks of this unit are
racharged from the immediate vicinity - brooks on tha southern sfopes of M. Motydkovd hofa
and ML 2volen graduslly disappear in their affuvia and seep inta the carbonate substralim
higher upstream than is suggesisd by the geological map. Some of the brooks dry up
complately during dry periods - this applies 1o alf righthand tibitarfes south of Donovaly as far
as the Mackova dolina vaffev. The mast parsistant is ihe brook in Mackova dolina, probably as
a rasuit of a geologic complication in the subsiratum, but still in the driest periods it gradually
disappears in e area of Siarohorsky potok brook. The recharge potential of the
Donovaly-Hanesy-Stubne hydrogeologic siructure composed of KriZna nappe Triassic carbonates
darivedf frorm ity area and 1982 precipitation /s 45.751/5 (16.79 I/s/km’). The recharge potential
calcilated according o empirical equations (1) and (2) based on len-year-long monitoring
{Kufimarn, 1990) for representative closed karst-Fissure siruclures in the Velky Chod outlier and
Harmanec syncline siliated clfose to the investigated area i as folfows:

Q, = 04743248 Z + 11.644437 (1)
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for Vefky Chod atifier and

Q, = 065917 Z- 206.29721 f2)
for Harmanec syncling, whers
Z - iotaf annual precipitation (mm)

Q, - affactive precipitation or specific discharge (mm}.

South of the Donovaly-Hanesy-Siubne struciure lfes another carbonate body - Bukovec syncline
in the Donovaly envefope series. (Geclogic situation suggests thal these two hvdrogeologic
structures are not hydravlically connected with one another (M Rakis in E.Kulfman, 1971} but
hycirogeochemical, bafance and fsotopic evidence indicates the opposite. The Bukover syncline
covers an area of 10.248 kv, fis average altitude is 936.5 m and its recharge as well as
discharge capacily based on the area of carbonates exposed on the surface is as much as
184.41 /5 fassumed i e potential specific discharge is 17.99 {/s/km’). in addilion, the structure
recelves an average of 27.78 I/s finferred from average spring discharges in 1882) from a
sinkhofe in the valley ‘pod Bulami® (south of setfferment Buly) about 300 m above the seltfement
Moce. Given the combined recharge potential of both hydrogeologic units, their tolal average
gnnual recharge is 230.19 I/s. The connectipn between the Mbce sinkhole and springs of the
Pohronie water-gistribution system has not yet been confirmed. Discharge from the syncline
through the valleys Jalenskd and Bukoveckd is roughly 32.88 1/s. If we sublract this discharge
and fgnora rechérge from Mobce sinkhole, the remaining tatal recharge polential of the
Donovaly-Hanesy-Sitibre structure and Bukovec syncfine amounis to 197.57 I/s compared with
the actual discharge of 382.1 I/s. The discharge thus exceeds recharge by 184.59 I/s whose
recharge area must fie somewhere oufside these sfructures.

Int the very beginning of our specufations we have o realize that springs Jergaly (712 m above
sea fevelj, Stubne (690 m) and Generd! Cunderiik {650 rry) are situated close ta ifie erosion fevel
of the very degp valley of Starohorsky potok whose boltom lres much fower than those of alf
nearby valfeys. Thanks to their geomorphalogic position, the springs may be recharged from
& fairly wide area. Sulphur isolopic composition from springs Jergaly and Generél Cunderiik
suggests that their walers percofated through Werfenian members, mast probably in envelope
sequences. The isotopic composition of oxygen in these springs is stabfe, the average & "o
content in the Jergaly spring being -11.05 %o A clear minimum was noted in September (ses Fity.
E-3). If the minimum was caused by fight waters from tRawing srnow in spring, the duration of

groundwater circulaiion would be about 5 months. This is not sure, however, and so the age
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of the waters camnot be determined accurately. Sulphate sulphur from these groundwalers
displays valuas Wpical of Lower Triassic marine sulphates (Werfenian shales) mixed with 20
mg A of background mineralization with gpprox. € %o content of 88 fFig. E-2). Total 5'S content
fn spring Jergaly is 19.84 %o, in caonirast, the composition of suiphur from spring Stubne fies an
the mixing curve of Keuper suiphates {8 V'S is 16.02 %a but SO qion content is approdimately 80
mg A} - probably as & resuit of Keuper layers exposed on the foothifls of Me. Bukovec 1061.0.m
high. In this case the spring would be recharged mostly from the north. Jts oxygen isotopic
compositions, temperatures, conductivites and discharges aver time ara very simiar 1o those
of the preceding spring (Fig. E-4). The minimum s not 80 conspicuous and, like in the previous
soring, 1§ accompanied By a coevel conductvity maximum. The average oxygen isotopic
composition, & 0 = -11.00 %a is fighter thar in spring Jergaly but heaviar than in spring
Generdl Cuncleriik.

Spring Genoral Gunderiik has an anafogous isolppic composition, changes over time in alf its
monitored propertles {87°0, specitic eleciric corductivily, water temperature, discharge) are very
sinifar 1o the two foregoing springs - Jergaly and Stubne, the average 4 "0 content 10.83 %a
fFig. E-5) characterizing the aftitude of precipilation is somewhat fower, Sulphur isotopic
composition 8 'S = 16.52 %e fies an the same mixing curve as in the case of Jargaly (Fig. E-2).
Isotopic analyses of suiphate sulphur from springs Stary miyn and Podzemnny tok suggest that
thair waters must have dissolved a fitthe bit of Werfenian gyvpsum as is indicated by their position
oft the mixing curve compiled by us. Spring Stary miyn has nearly ail fis characteristics fchanges
in & "0, discharge, temperalure and specific electric conductivity; F::g.E-E} simifar to the
above-described springs, but its average 8 0 content -10.70 %e is fower than in any other
spring of the Jergaly branch and its suiphate sufphur content is almost the lightest from all {578
= 14.58 %aq; Fig. E-2). Spring Podzemny 1ok, the fast in the Jergaly branch, has the average 870
content (-10.80 %%d) very simifar to the other springs but its range is much wider - 10.48 10 -11.22
% (Fig. £-7). ts characteristics resemble those of the other springs but the curves characterizing
changes in the monitored properties over time seem to be relarded as if two superposed sets
were put together {mixing 7). The isolopic composition of sulphatic sulphur from the spring 678
= 11.2 %o falls among values typical of the Permian (Zechsleinian), provided that pure Permian
suiphates were dissofved, or it could result from the mixing of Werfenian and “background”
sulphur of unknown origin as in the case of the loregoing springs except tor Stubne (Fig. £-2).
Recharge from the crystaffine unit or Lower Triassic quanzites s, because of the hydrochermical
characteristics of Jergaly branch springs, less probable than from Tithonian-Neocomian marly

limestones. In conirast, sulphates in waters particularly from the three highest springs in the
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Jergaly branch most probably came from Werfenian beds in the envefope unit. Therefore we
assume the folfowing structursf setting: carbonatic rocks of the Kriina nappe are underlain by
ernvelope fimestones and dolomites at a substantial depth which In turn rest on Werfenian
sufphate-bearing shales of Lower Triassic age. The straligraphically higher members of the
gnvelope sequence are probably faulted and consequently at feast in some places poorly
permeable Jurassic and Cralacecus envelope members do not separate the emselope
carbonates from the overfying Trassle carbonalic rocks of the Kefna nappe. The envelope
limestones and dolomites thus presurnzbly make Up a single hydrogeofogic unit with fimastones
and dofomites of the Kri¥na nappe. We also assume recharge along faults and fractures from
the overlying Tithonlan-Neocomian beds or by seepage from surface streams in more elevated!
areas composed of Tithonian-Meocomian rocks as well. Surface sireams on an area of 12.59
km® How down the siopes composed of Tithonian-Neocomian rocks towards Jergaly and
gradually disappesr in Triassic carbonaies. Gaologic evidence indicates that the overlying nearly
Rarizontal Tithonfan-Neocomian beds of the KrlZna happe along with the permeable Triassic
subsiraturm streteh further narih beyond the Vdh / Hron water divide (leading through Mt Zvolen
1402.3 m and Motyékova hofa 1292.1 m high} on an area of 6.8 km® roughly as far as the lower
ediga of Krifna nappe Triassic carbonate ipfiers in Zarnovka and Veltkd Bzdovd valleys and
approximatoly the fower edge of the higher Kr¥na nappe Triassic carbonata inflar in tha Hrickov
vafley. Therefore we assume that groundwaters circufate below the geomorphologic water
divide. Formerly wa expecied that the amounts missing from the recharge potential of the Krikna
rappe Triassic carbonate intiars in 2amovka and Vefié Brdovs valleys (which have virtually no
visible dicharge) percofate beneath Mt Zvolen (1402.3 m) and Maly Zvolen {137222.1 m) fo
ancther Kri2na nappe carbonate infier in Hridkov valley (Liptovské Rewviice) where the
fowesl-afiitudle carbonates fie 702 m above sea level Nevertheless, pauging on alf three
slrictures oid not confirm this assumplion - the Hrifkov unit tumed oot to be balanced
fmeasured discharge in 1992 was 4.59 /s snd oischarge adjusted to spring discharge was 5.32
1/8) with a specific discharge 16.64 [/s, but the other two units displayed deficits in comparison
with their racharge poltential -18.00 [/s (carbonate infier in Vefkd Brdovd valley) and -16.44 1/8
(carbonate intier in Zarnovka valfey). This fact afone does not explain the surplus in the
Donovaly-Hanesy-Siubne structire and Bukovec synciina below Donovaly, but provides clues
for a possible solution. The jower margins of these unils siuated north of the water divide fie
ar an efevation of 560 m {carbonate intier in Zarnovka valley} and 72( m {carbonate infier in
Verkd Bzdovd vallay), and the lowar one of the iwo infiers in Hrikkov valley ends at an aflitixie

of 720 m. Surface streems In valiey Barboring - near tha road from Donovaly to Korytnica -
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obviously have less water than other streams of simifar drainage area in the neighbourhood
(. Valusiak, pers. comm.). A rough hydrofogic bafance thersfore indicates that the three highest
sources of the Pohronie water-supply syslem (Jergaly, Subne and Generdl Cunderlth) are
recharged from exposed carbonates of the envefope unit (Bukovec synciine) and KriZna nappe
{Dannvafy—Hanesy—Stubne unit), from the southern sfopes of M. Motykovd and Zvolen (gradual
disappearance of suface streams on an area of 12.59 km'} and finally from a 6.8 K -large
tetritory north of the Véh/Hron water divide extending roughly as far as the lower edges of
carbonate infiers in Zarmovka and Vefkd Bzdovd valleys and the fower edge of ihe higher Kri¥na
nappe Triassic carbonate infier in Hridkov valiey.

if tha effective recharge amounts to only 2 half of the recharge poteniial inferred by E Kullman’s
{1990) equations for local total precipitation, fe. 9 i/s/kmt’ instead of 18 f,fs,fkm’, possible
recharge I the latter two terrifories is about 175 I/s. This amount corresponds to the 184.59 I/s
surplus above the recharge capacity of carbonates exposed In this area which were fooked for
in the beginning of this chapter. The existence of such & recharge area in the north is also
suggesied by oxygen isotopic compositions in springs Jergaly, Stubne and Generdl Cunderlik
- thesa isolopes indicate that waters from spring Jergaly are recharged about 150 m higher than
is the average aftitude of the Bukovec synciine and 200 m higher than is the aliftude of the
Donovaly-Hanesy-Stubne unit. The roughly estimated average altitude of spring Jergaly and ML
2volen is 1057 m, which comesponds faitly well to the assumed average iSotopic compesition
of precipitation accarding to the regression equalion expressing the change in /"0 isoiopic
ratio with aftitude {calculated assumed aftitude 1095 m),

The above evidente confirms EXuliman's (1972} assumption that Jergaly spring groundwalers
are racharged along dislecations dissecting Tithonian-Neocomian marly limestones which res!
on permeable carbonates in this area. Further evidence presenied by E.Kufiman to suggest that
carbonatic racks underlying younger members of the Kri¥na pappe are dewatered is as folows:
1. guantitative - given the locaf climatic conditfons, recharge potential 16.3 I,fs,fkm’and the area
of carbonales exposed on the surface 7.37 knv', the discharge from the area concerned should
be about 120 I/5 whereas the three above-mentioned springs discharge a total of 420.0 - 560.0
175

2. lempergtura - aithough the average yearly lemperature in the vicinity of the spring varles from
4.5to 5.0 °C, waler from spring Jergaly always has a constant temperature of 1 1.5°C suggesting
groundwaler circufation at a depth of 150 - 200 m.

3. retardation - discharge by spring Jergaly increased 7 o 14 days after rain, which is a

ratardation lypical of deeper circulaifon.
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Further recherge to this siructure through a connection between the carbonate infiers at iha
botiom of some valleys, e.g. In the Ploské - Siaré Hory area E.Kullman - M.Kr&ak, 1872}, has
not been confirmed by these invesiigations nor by geuging in Triassic carbonale inliers in
valfeys Suchd, 2elend and Lopuding (Liplovské Revice).

Two gaugings near spring Genaral Cunderifk, between the outilow from spring Jergaly and the
line graveyard - wafer tank in the seftfiement MotySky rovesled that a surface siream herg loses
6.69 and 18.20 1/5. As walsr from spring Generdl Cundertfk Is turbid after heavy rains and snow
melfing, & connection betwaen this spring and surface streams in Bukoveckd dolina valley or
Starohorsky potok brook was assumed long sgo (E.Kuliman - M.Kr3ak, 1979). Cur resuits and
gauging in Bukoveckd dofina, whera only smail discharges were noted (14.08, 2.73 and 17.00
I/s in 1991, 1992 and 1993, respectively), indicaie that the latter is more probablfa. The drop In
the discharge of the Starchorsky potok between Jergaly and MoiyCky is given in Tab. £-1.

Table E-1 : Drop ic discharge in the upper section of the Starohorsky potok brock in the Motylky
arca indicated by gauging between profiles No. 314 (below the outflow of spring Jergaly} and 221
{opposite to a cemetery at Motyltky).

1992 1993
Frofile
#o discharge discharge
(ts"] [1s"]
Diatw Dutw
CRALE A feniubd
M sy r s Ay r
HrawT ceCraary abwwm Focrakte
a4 210 2184 FLES I8P
i 21 1405 - s08 b R4 B, 74 - 1820
ol ; - 66915 toal - - 18,20 Ls
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Fig. E-2 : Relationship between the amount of dissoived sulphates in the spring

waters and their isotopic composition.
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Eugen Kullman

Dionyz §ttr institute of Geology, Bratislava

Optimizing Exploitation of Karst-Fissure Groundwaters

from Spring Jergaly in the Velka Fatra Mts.

The spring lergaly was comprchensively assessed with the objective lo increase the
exploitation of groundwaters from both the spring itscif and the adjacent sections of its hydrogeolage
structure.

The bydrogeologic structure drained by spring Jergaly consists of two tectonic voits - a belt of
Jurassic lmestones of the Mesozoic cnvelope sequence of the crystalline unit and Mesozoic
formations of the Kri?na nappe composed of permeable Triassic limestones and dolomites. The main
catchment and accumiulation areas are composed of Lhe Krina nappe carbonates while the discharge
area lies on the tectonic contact between the nappe and the envelope unit combincd with a fractured
beit of Jurassic envelope limestones {Fig. F-1). The spring’s discharge vanies from 123 to 1315 Ifs
and ils water temperature s permanently by 6.5 °C higher Lhan the average annual temperature mn
the area concerned. The waters risc from 2 depth of 200 - 250 m and the retardation after effective
precipitalion is 7 - 14 days.

To solve the probiem, the following procedure was uscd:

- compiling a representative discharge curve for the spring based oo long-term systemalic
measurements,

- drilling hydrogeclogic wells in the arca whete the spring's karst-fissure waters rise towards the
surface and carrying out pumping I¢sts in periods unaffected by precipitation,

- dividing the pumped amounts of water (through the application of discharge curve io the period
of the pumping test} into a volume correspondiog io natural discharge and a volume rcpresenting
pumped groundwaters previously accumulated in the siructure, the lauer being a potential source of
water in dry periods,

- assessing the possibility of the permancotly increased use of groundwaters based on loog-term
systematic gauging on the spring and seasomal usc of a calculated exploitation volume of
groundwaters from (ke hydrogeologic struclure.ln the concrelc case of the spring Jergaly, Lhe
following procedure was employed :

1, Discharge curves of groundwalezs hased on syslematic gauging on the spring were assessed yielding

roughly iduatical results particularly in periads of average and low discharge. The following



SE NW

0 -

altitude
[ m i oK
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Fig. F-1 : Hydrogeological section of "Jergaly” spring (Jergaly, Velkd Fatra Mis.).
Compiled by E.Kullman - M.Ralals 1972,

Donovaly envefope unit © I - Lower Triassic sendy shales and sandstores, impermeable, 2 - Middlz
Trassic fimestones, high karst-fisqure  permeobility, 3 - Liagsic fimestones, high karse-fissure
permeabiliny, Krifna neppe : 4 - Middle Triassic {imestones, high karst-fissure  permeability, 5 -
Middle Triassic dolomites, high fissure permeability, 6- variegated claystones (Corpathian Keuper -
Upper Trigssic), marstones, marly limestones and and radiotartes, Dogger - Malm, marly
Neocomion limesiones - low pemmneoble fo Impermeable, 7 - Quatemary loamy gravel-sends and

cofcarecus Wuffs, medinm - to high pore permeability domingnt, 8 - faules
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represcntative discharge corve for the spring was thus oblained:

Dr = 03150 4 ﬂll-umim
Q, = 0525m’, ©Q =014l m'/s, t = 105 days

A total of 642 470 m* of groundwaters was pumped out. OF this, the natural groundwater discharge
divided with the application of discharge curve accounted for 381 446 m”. 261 024 m’ of groundwaters
were pumped from the reserves accumnlated in the tesied bydrogeologic structure (Fig. 2). This
volume are recoverable accumulated reserves at a 4.5 m drawdown, The volume was insufficient even
10 ensure a permanent discharge of 200 1/s and therefore it was decided to increase the recoverable
reserves by a much larger drawdown. The recoverable accumulated groundwater reserves were
expected to grow linearly during pumpiog at a constant rate of 286 /s until the drawdown reached
19 m. This calcelation indicated the volume of recoverable accumulated reserves of 1 332 500 m’.
The second stage was aimed at verifying the above assumption, This stage included drilling three
lazge-diameter hydrogeologic wells (designed to serve later as part of a waler-supply object) and the
secand long-term pumping test in winter 1973-1974. its objective was to confirm the results from 1971
and to document the volume of the bydrogeologic struclure’s recoverable reserves al a 19 m
drawdown, The spring's discharge before the start of the second pumping test amounted to 157 1/s.
In 54 days, the water table was lowered by 19 m, and 1 793 742 m’ of groundwaters were pumped
from the structure. OF Uhs, the natural discharge calcutated by the application of discharge curve
accounted for 659 489 m’ and the volume of recoverable accumulated rescrves for the remaining
1,134 253 m’. The documented recoverable volumne of zccumulated groundwaters was by 15 % lower
than that inferred by theoretic speculations based on the first pumping test. To be sufficiently safe,
the groundwater reserves were reduced o 911 800 m’.

A comparison between the accumulated reserves and long-term gauging on the spring in 1962 - 1974
(Tab. F-1, Fig. F-3} has showed that the exploitation of 911 800 m* of accumulated groundwaters from
the hydrogeologic structure, which will be recharged in periods of high spring discharges, allows Lo
increase Lhe capacity of the water source at least to 250 1fs, ie. by 60 - 70 % in periods of low
discharges. The only major exception during the 1Z-year-long ipvestigalions (aside from an
insignificant deficit of 0,004 m*/s from Aug. 10, 1962 to April 2, 1963) is the period from June 1973
to February 1574 when the aceumulated reserves (911 797 m’) could only partly ensure the necessary
amount of groundwaters (1 683 619 m") and permanent water supplies would have ta be reduced to
215 Ifs. Knowledge obtained so far suggests that such an infavourable period takes place only once

in 10 - 15 ot even more years.
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Tab. F-1 : Periods of “Jergaly" sprng vield befow 250 1/s, fis possible recharge to 250 i/s from

accumulated grounadwater reserves of hydrogeclogical structure (Rydrofogieal years 1962 - 1974).

Peniods witen spring Toral defictt Foleme of recoverable Surpiur ar defieit
discharge weas below aceuwmufated proundwdrer i expladtation
i in mt resaves in ax, af accamulaged reserves
in m’.
2%, L1962 . 28 27967 7R 476 W1 + 431 3H
My 21962 - 2 41963 S 297 wi 79T - 57500
Fo& e - 27 8103 32 348 $if 97 * N7 a9
17 BI04 - 10101964 in2 g6 L]l + 509 471
I 971 - 12 31972 24 B - + 5if 998
20.NLTETL . BE 47973 31 57 o 77 + 50 Fol
AL A R ) I 453 619 98 v - MP 822

The source can best be exploited by a combination of three techniques - natural discharge when the
spring discharge exceeds 250 /s, pumping through a hose to a § m drawdown at discharge below
250 1/s and finally, in eritical penods, pumping by submersible pumps to a 19 m dravwdown.

This water source has been exploited in the above-described way since 1982, The source operates
very effectively, despite the extremely dry climate in the past decade and consequently ever
decreasing discharpes of karst-fissure springs from 1984/85 1o 1993 (by 20 - 40 5 in 1993) in
comparison with loog-term averages until 1984, The average annual volumes of groundwaters
recovercd from the spring berwen 1982 and 1990 varied from 230 to 240 I/s. The major peneral
decrease in discharges of karst-fissure groundwaters did mol appear until 1991 - 1993 wheno the

average annual recovered amounts of groundwalers fell to 203 - 230 I/s.
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