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INTRODUCTION 

At the northern edge of the Northern Calcareous Alps there are sectural problems in providing a 

stable and efficient drinking water supply. The existing waterworks extract from karst springs, 

delivering waters with extremely short residence times or from wells in porous groundwater 

bodies which, because of the intensive land use in the catchment areas includes a risk of signif i-

cant pollutant levels. 

Both methods of providing drinking water supply can only be used by defining extensive pro-

tection areas in which many restrictions are applied to land usage. 

An alternative way of obtaining drinking water in the Northern Calcareous Alps region was 

investigated to ascertain the suitability of the widespread but rarely used Hauptdolomit (HD) 

feature. The typical HD-aquifer was described by Kassebaum, Zankl (2004) and Kassebaum 

(2006) as a medium of double porosity. The larger fractures representing fracture porosity are 

responsible for discharge. The micro fractures determine the matrix permeability which is 

responsible for filtering and retention capacity. In the context of these investigations the ques-

tions of the hydrochemical properties and the mean residence time of the waters in HD aquifer 

have not yet been answered satisfactory. 

Within the region between Reit im Winkl and Waidhofen/Ybbs 12 groundwater withdrawals 

(springs and wells) were found suitable for use for the characterization of this special aquifer. 

Figure 1 shows the larger study area and the single measurement points. 

 

Figure 1. Overview of the study area (simplified after Beck-Mannagetta and Matura 1980, Geol. Karte von Österreich な┺な┻のどど┻どどど┸ supplemented after Tollmann 1976) 
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METHODS 

Initially the orographical catchment areas of the chosen springs and wells were mapped geolog-

ically and hydro geologically in order to check the basic requirement to work in HD-dominated 

catchment areas. Further aims of mapping were to collect hydrogeological objects like seepages, 

swallow holes, further springs and signs of karstification. Field parameters like conductivity, 

water temperature and amounts of discharge were measured in samples from springs and 

surface waters. 

Structural data were collected to explore the characteristics of the network of fissures in the 

catchment areas as this affects infiltration, flow velocity in the aquifer, variability of discharge. 

These are very important factors in deciding on the suitability of a spring for water supply and 

the hydrological broadening of the catchment area. 

Parameters like temperature and conductivity were measured in the field. In addition laborato-

ry analysis focused on the parameters calcium, magnesium, sodium, potassium, sulphate, chlo-

ride and hydrogen carbonate ion concentrations as these are the most important ions to be 

considered in the formations of the Northern Calcareous Alps. 

The evaluation of the saturation indices for dolomite and calcite in combination with the cal-

cium-magnesium ratio was used to distinguish between HD-waters, limestone-dominated wa-

ters and waters influenced by low mineralized run off of precipitation.  

Stable isotopes were used to determine the mean elevation of the catchment areas. In addition 

Tritium was used to estimate the mean residence time and the age distribution of the investi-

gated waters. To improve the result of isotope investigations micro pollutants like CFC and SF6 

were used. 

RESULTS 

The main results of the field survey are listed in table 1.  The field survey in some of the studied 

areas in the range of Stauffen-Höllengebirgs nappe showed springs with their origins in steeply 

dipping macro fractures striking more or less in E‒W or in N‒S-direction. The more eastern 

situated springs are results of NW‒SE (Egglbrunn) and N-S (Mitterlug)-striking fractures, whe-

reas the main joint set in the catchment area of Mitterlugquelle is NW‒SE and NE‒SW-directed. 

Besides these bigger scale fractures, small-scale brittle structures play an important role in the 

dynamic behavior of the aquifer. As characteristic omnidirectional micro fractures in the HD-

unit are regarded as responsible for infiltration and for retention capacity, these small scale 

structures were of special interest of the field survey. As table 1 shows the presence of micro 

fissure structures on the surface strongly differs in the study areas. 
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To evaluate the influence of the mapped geological features on the aquifer behavior it must be 

seen in context of the discharge dynamics of the studied springs. Although the frequency of 

measurements and the observed time ranges differ strongly, the measured discharge variations 

can be used to characterize each aquifer. The measured values are shown in figure 2. 

 

Figure 2. Discharge variations of some of the studied springs. Steady discharge in Wimmerbauernquelle, 

Tiefquelle Felbertal and Mitterlugquelle is significantly different from strong variations in discharge in 

Mudlmoosquelle and Egglbrunnquelle.  

Comparing the discharge variations seen in the results of the field survey it is evident that the 

presence of karstified limestone in the catchment area significantly influences to flow behaviour 

of a spring. This is also the case if the main aquifer is dominated by little karstfied HD. 

The relation between Ca‒Mg-ratio and the saturation index of dolomite is shown in figure 3. 

Here three groups of water types can be defined: dolomite waters in equilibrium with the phas-

es calcite and dolomite, saturated mixed waters and unsaturated mixed waters. 

The different approaches to classify the investigated aquifers on the base of their hydrochemi-

cal settings are shown in table 2. 

The table shows that pure dolomite waters are Ca-Mg-HCO3-water type, free of sulphate (and 

other extraneous parameters) and saturated in dolomite. 

To determine the mean residence times tritium concentrations were measured in the period of 

2005 and 2006. Some older samples were available for the measurement points in Bad Rei-

chenhall (Brunnen Listsee, Listanger and Listwirt) and for Mitterlugquelle. In combination with 

CFC and SF6-data measured in Mitterlugquelle, Egglbrunnquelle and Brunnen Baderluck, the 

mean residence times of the waters were calculated by using the software MULTIS by Richter 

and Szymczak (1992). Regarding the hydrogeological situation and the hydrochemical classifi-

cation of the measuring points the best fit between output function and measured values was 

calculated. 

 

 hydrograph curves of the studied springs
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Figure 3. Ca-Mg ratio versus SI Dolomite. Three groups of waters can be defined considering Ca-Mg-ratio 

and saturation indices of dolomite. Mature dolomite waters show a Ca-Mg-ratio < 1.2 and are saturated in 

the dolomite phase. The influence of limestone in the range of the aquifer leads to a widespread group of 

mature mixed waters or unsaturated waters.  

Generally the exponential model represents the situation in a dolomite aquifer as micro fractur-

ing allows a perfect mixing in every part of the aquifer. Karstification in limestone dominated 

units as well as the lack of micro fractures in the dolomite-dominated sections lead to a partial 

conduit flow and a mixed discharge model with a more or less important participation of piston 

flow components. 

For some of the measuring points the dating via tritium was verified by measuring the concen-

trations of CFC (Mitterlugquelle) or SF6 (Tiefbrunnen Baderluck and Egglbrunnquelle). By 

means of the example Mitterlugquelle the approach is shown in figure 4. 
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Figure 4. Groundwater dating by means of tritium and CFC-data measured in Mitterlugquelle. Top diagram 

shows the very few differences between the different output function. It is not possible to identify the cur-

rent function only by comparing with the measured values. For finding the best fitting output function a 

second tracer (CFC11) was used. As shown in the figures middle part the best accordance is found in using 

the exponential flow model. The combination of tritium and CFC11 i s shown in bottom diagram, according 

to BAUER et al. (2002).  
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CONCLUSIONS 

Hydrogeological mapping in the different study areas showed that the expected typical micro 

fractured weathering structures are not developed consistently over the HD-dominated catch-

ment areas. Of more importance is the presence of limestone units in the orographic catchment 

areas. Obviously karstified limestone units overlying the HD-formation impact the tendency for 

internal karstification of the HD-aquifer. In those cases HD-aquifer acts like a karst aquifer and 

looses the advantages of a typical double porosity medium considering the suitability for water 

supply. 

The comparison of the hydrochemical composition of the samples generally supports the above 

statement as the classification by hydrochemical modelling leads to the three groups mature 

dolomite waters, mature mixed waters and unsaturated mixed waters. Conductivity obviously is 

not a significant parameter to identify HD-dominated waters. 

Groundwater dating had the aim to find out if there are significant differences in age distribu-

tion between pure dolomite waters and limestone influenced aquifers. The assumption that 

pure dolomite aquifers show significantly longer mean residence times without any contingents 

of very young waters was associated with the advantage of smaller protection areas and fewer 

restrictions within these areas. It was shown that there is no significant difference in age distri-

bution between pure dolomite waters and mature mixed waters. As the mean residence times 

differ between 10 and about 30 years the contingent of young components (< 1 year) varies 

between 2 and 9.5% while the contingent of old components (> 50 years) are in the range of 0.9 

to 6.2% independent of the classification of the catchment area. 
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