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Abstract

The North Alpine Foreland Basin in Upper Austria holds a manifold geogene potential.
Shallow sedimentary aquifers are used for water supply, whereas Jurassic Carbonates
(Malm) and Oligocene Linz Sands bear thermal waters utilised as a source of energy
and for balneological purposes. Additionally, hydrocarbons are recovered from different
stratigraphic horizons and gases are stored, respectively. In order to characterise different
aquifers in this region and to identify zones of potential mixing between deep geothermal
and shallow meteoric groundwater, water samples from different aquifers were investi-
gated. The analytical programme consisted of measurements of the hydrochemical com-
position, the stable isotopic composition of the water, an investigation of the gas content
coupled with a determination of the isotopic signature of these gases. Moreover, *C and
13C contents of selected water samples were measured. In total, 32 waters were sampled
from two springs and one well in the Bohemian Massif, Quaternary deposits (2 samples),
Ottnangian sediments south of the Bohemian Massif outcrop (Ottnangian Sandstone: 10
samples; Ottnangian Schlier: 6 samples; Atzbach Sands: 3 samples), Linz Sands (4 sam-
ples), Rupelian Sands (1 sample) and from Malmian Carbonates (3 samples).

Based on the measured parameters, the water samples can be categorised into four differ-
ent groups: Group I contains waters from the Bohemian Massif and one sample from the
Atzbach Sands which is characterised by a low mineralisation and presumably recharged
from the Bohemian Massif. The total mineralisation of the Ca-Mg-HCOs-type waters
ranges between 55-222 mg/1. The samples summarised in Group II are of the same type
as Group I, however, their amount of total dissolved solids is increased
(204-507 mg/1). Variations in the measured ion contents of this group are probably
caused by facial differences and anthropogenic influences. The samples of Group III
are characterised by cation exchange and assigned as Na-HCOs-type. The dissolved
mineral content ranges between 395-436 mg/1, similar to the waters of Group II. The
samples from Group IIl show higher water temperatures and lower contents in #C,
though. Moreover, stable isotope measurements imply an entry into the aquifer during a
glacial period. These characteristics could indicate a mixture with Malmian thermal wa-
ter. The ion concentration of Na-HCO3-(Cl) waters assigned to Group IV varies between
961-1409 mg/1 (Malm) and 526-648 mg /1 (Linz Sands, Rupelian), respectively. One water
sample of this group originates from a shallow well in Andorf. The stable isotope values
of the waters suggest a Pleistocene infiltration into the aquifer. The observed mixture
with thermal waters in Andorf shows that the existing thermal aquifer model needs to
be revised.

The analysed gas samples contain traces of methane in the Innviertel Group (Group II
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and IIT) and Linz Sands (Group III). The thermal water samples and the water in Andorf
are characterised by significantly higher amounts of methane (Group IV). Additionally,
higher hydrocarbons were detected in four water samples. The isotopic signatures sug-
gest a biogenic origin of the methane of shallow strata whereas the Malmian gases are
composed of a mixture between thermogenic and biogenic natural gas. Upper Austria as

well as Bavaria could serve as provenance areas for these thermogenic hydrocarbons.
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Zusammenfassung

Das Nordalpine Vorlandbecken in Oberosterreich birgt ein vielfiltiges geogenes Poten-
tial. Seichtliegende Aquifere werden fiir die Grundwasserversorgung genutzt, wahrend
jurassische Karbonate (Malm) und die oligozdnen Linzer Sande Thermalwasser fiir En-
ergiegewinnung und Badezwecke beinhalten. Zudem werden aus verschiedenen strati-
graphischen Horizonten Kohlenwasserstoffe gefordert bzw. Gase gespeichert. Um nun
Wisser verschiedener Aquifere in dieser Region zu charakterisieren und auch Mischungs-
prozesse zwischen tiefen Thermalwéssern und seichten meteorischen Wéassern zu erken-
nen, wurden Wasserproben aus unterschiedlichen Aquiferen in Oberdsterreich genom-
men und untersucht. Das Analyseprogramm umfasste die Messung der hydrochemis-
chen Zusammensetzung, der stabilen Isotope des Wassers, eine Gasanalyse und die Bes-
timmung der Gasisotopien. Dariiber hinaus wurden Messungen der *C und *C Gehalte
ausgewdhlter Brunnen vorgenommen. Die 32 Wasserproben stammen aus zwei Quellen
und einem Brunnen der Bohmischen Masse, aus quartdaren Ablagerungen (2 Proben), aus
Sedimenten des Ottnangs stidlich des Ausbisses der Bohmischen Masse (Ottnang Sand-
steine: 10 Proben; Ottnang Schlier: 6 Proben; Atzbach Sande: 3 Proben), aus den Linzer
Sanden (4 Proben), dem Rupel (1 Probe) sowie den Malmkarbonaten (3 Proben).

Die Messergebnisse zeigen, dass sich die untersuchten Wisser in vier verschiedene Grup-
pen einteilen lassen: Gruppe I beinhaltet Wasser der Bohmischen Masse und eine gering
mineralisierte Probe der Atzbacher Sande, die vermutlich aus der Bohmischen Masse
gespeist wird.  Die Gesamtmineralisation dieser Ca-Mg-HCOs; Wasser betragt
55-222 mg/l. Vom selben Typus sind auch die Wésser der Gruppe 1I, jedoch sind sie
durch einen hoheren Gehalt an gelosten Stoffen gekennzeichnet (204-507 mg/1). Vari-
ationen der untersuchten Ionen sind in dieser Gruppe wahrscheinlich auf fazielle Un-
terschiede und anthropogene Einfliisse zuriickzufithren. Die Wasser der Gruppe III
sind durch Kationenaustausch gekennzeichnet und gehéren dem Na-HCO;3-Typ an. Thre
Gesamtmineralisation betrdgt, dhnlich wie in Gruppe II, 395-436 mg/1, allerdings zeigen
die Proben der Gruppe III teilweise erhchte Temperaturen und geringe Gehalte an *C
an. Zusétzlich legen die stabilen Isotope ein kaltzeitliches Bildungsalter nahe. Diese
Indizien konnten auf eine Beimischung von Thermalwasser aus dem Malm hindeuten.
Die Ionenkonzentrationen der Na-HCO3-(Cl) Wasser aus Gruppe IV liegen zwischen
961-1409 mg/1 (Malm) bzw. 526-648 mg/1 (Linzer Sande, Rupel). Eine Probe dieser
Gruppe stammt aus einer seichten Bohrung in Andorf. Die stabilen Isotope des Wassers
dieser Proben legen eine pleistozdne Infiltration in den Aquifer nahe. Die Beimischung
von Thermalwasser in Andorf zeigt, dass das bestehende Stromungsmodell des Ther-

malwasserkorpers einer Revision unterzogen werden muss.



Die analysierten Gasproben zeigen Spuren von Methan in der Innviertler Serie (Gruppe
IT und III) und den Linzer Sanden (Gruppe III). Die Proben der Geothermiebohrungen
und aus Andorf weisen deutlich erhohte Methangehalte auf (Gruppe 1V). Zusatzlich
wurden in vier Proben auch Spuren hoherer Kohlenwasserstoffe entdeckt. Die Isotopen-
zusammensetzung dieser Gase ldsst auf einen rein biogenen Ursprung des Methans in
den seichteren Formationen schlieflen, wihrend die Gase des Malm aus einer Mischung
von thermischem und biogenem Gas bestehen. Als Herkunftsgebiet dieser thermischen
Kohlenwasserstoffe kommen Oberosterreich, aber auch das benachbarte Bayern in Frage.
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1 Introduction and Motivation

The North Alpine Foreland Basin (NAFB) forms an intensively used area for hydrocar-
bon production and for gas storage. Deep groundwaters in the Upper Jurassic (Malm)
aquifer and in deeper sections of the Oligocene Linz-Melk Formation are utilized for en-
ergetic and balneological use. Furthermore, deep groundwaters tapped by wells with a
depth of up to 500 m are used for drinking water purposes in municipal and private sup-
plies. Hydrocarbons have been recovered (partly from the same formations) in the NAFB
for decades (e.g. Reischenbacher and Sachsenhofer, 2011). In order to allow a juxtaposi-
tion of the individual interests and to secure a sustainable usage of the basin’s resources,
detailed knowledge of the basin structure, its hydrogeological units and the interactions
of the different systems within, is essential.

Several hydrostratigraphic units can be defined in Upper Austria. Those units differ in
their chemical and isotopic composition (Andrews et al., 1985; Goldbrunner, 1984). How-
ever, it is assumed that these hydrostratigraphic units are not strictly separated but sub-
jected to mixing processes. The aim of this thesis is to obtain more information about the
interaction of these hydrostratigraphic units, especially the mixing of thermal water with
water from shallower aquifers. Therefore, 32 samples from different aquifers, ranging
from springs to thermal wells, were collected and analysed. The resulting chemical and
physical properties of these samples are used to characterise the investigated aquifers and
identify possible mixtures of these waters. Moreover, the free and dissolved gases of the
water samples were analysed to supplement the hydrochemical results. The base of these
measurements is, that the hydrocarbon deposits in Upper Austria have experienced var-
ious alteration processes, e.g. biodegradation or water washing (e.g. Pytlak et al., 2017;
Pytlak et al., 2016b). Water washing is a process which transfers light aromatic, water-
soluble components, e.g. benzene, toluene, ethylbenzenes and xylenes (summarised as
BTEX) into the water enabling their transport with water currents in the subsurface (La-
fargue and Barker, 1988). The composition of the associated gases could give more infor-
mation about the interaction between the hydrostratigraphic and the petroleum system
in the area of investigation.

Fig. 1.1 shows a map with the sampling locations, accompanied by a small inset of Upper
Austria and its main geologic units, where the sampling area is framed in red. The main
geologic groups present in this area are the Bohemian Massin and the Alpine Foreland
Basin.
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Zone (yellow), Imbricated Molasse (orange), Flysch and Helvetic (brown)
and Northern Calcareous Alps (blue).



2 Geological Overview

2.1 Bohemian Massif

The Bohemian Massif is located in the northern part of Upper and Lower Austria. It
acts as a basement of the Alpine Foreland Basin and is divided into the Moldanubian
and the Moravian units which are intersected by granitic intrusions, summarised as the
South-Bohemian Plutonite. The Moldanubian and Moravian units are characterised by
the appearance of gneisses, quartzites, mica schists, phyllites and marbles (Fuchs and
Matura, 1976). The sampling locations of the samples 1, 5 and 6 are situated within the
Weinsberg granite, a subdivision of the Bavarian unit, which forms a part of the South-
Bohemian Plutonite. Due to the intrusion of neighbouring granite bodies, the formation
became subjected to contact metamorphism. Therefore, paragneisses can be encountered
along with the granites (Fuchs and Matura, 1980).

The Bohemian Massif is intersected by numerous faults which are oriented in northwest-
southeast and northeast-southwest direction. One of them, the northeast-southwest ori-
ented, sinistral "Rodl Fault" (Fuchs and Matura, 1980), is located to the west of the sam-
pling point no. 1. The sampling point no. 5 is situated in the vicinity of this fault.

2.2 Alpine Foreland Basin

The Alpine Foreland Basin in Austria overlies the southern part of the Bohemian Mas-
sif and extends to the imbricated sediments and Helvetic nappes of the Alpine orogen
(Fig. 1.1). It is characterised by an increase of sediment thickness towards the south.
Post-variscian Paleozoic and Mesozoic sediments, which form the lowermost strata of
the basin are overlain by alpidic molasse sediments of Cenozoic age (Wessely, 2006). A
stratigraphic chart of the basin infill is visible in Fig. 2.1, Fig. 2.2 shows the variation of
the observed formations in Upper Austria and Fig. 2.3 shows a north-south cross-section
through the basin.
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2.2.1 Pre-Molasse Strata

The lowermost strata deposited in the Pre-Molasse stage of the NAFB consist of quartz-
arenites and dark shale layers with thin coal layers of Carboniferous age. They are over-
lain by Permian metadiabase and volcanoclastics. The Paleozoic sediments only appear
in narrow Graben structures in the southwestern margin of the Central Swell Zone (Fig.
3.1).

During the Mesozoic and Eocene, sediment deposition mainly occurred in a passive con-
tinental margin setting of the northern Tethyan shelf adjacent to the Bohemian Massif and
was therefore controlled by the prevailing tropical, shallow marine conditions (Wagner,
1998; Grunert, 2011; Bachmann et al., 1987; Wagner, 1996; Grof3 et al., 2018). The Juras-
sic sediments comprise of Doggerian sandstones, their depositional environment ranges
from braided fluvial to shallow marine. Coal seams can be found within these sand-
stones. The siliciclastics are overlain by carbonates of Malmian to lower Cretaceous age.
They are characterised by a facies transition from deep to shallow marine environment
from the southwest towards the north (Nachtmann and Wagner, 1987; Wagner, 1996). The
boundary between the Jurassic carbonates and the late Cretaceous deposits is marked by
an unconformity. The early Cretaceous is characterised by a phase of uplift and erosion
in Upper Austria, which lead to a karstification of the carbonates. In the northeastern
part of the Alpine Foreland Basin, the karst crevasses are filled with light-grey to white,
fluvial, coarse-grained sandstones. This infill is called "Schutzfels Beds". Towards the

southwest, a major Cenomanian transgressional phase approaching from this direction
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led to the deposition of a shallow marine sediment succession (Grofs et al., 2018; Nacht-
mann and Wagner, 1987). The base of this succession is comprised of coal-bearing marls
(Wagner, 1996) rapidly transitioning to shallow marine, storm-dominated, glauconitic
sandstones (Grof et al., 2018; Nachtmann and Wagner, 1987; Regensburg Formation ac-
cording to Niebuhr et al., 2009). These depositions directly overlie the carbonates in this
area (Nachtmann and Wagner, 1987). In between the fluvial and shallow marine sed-
iments, a narrow northwest-southeast directed zone of immature beachsands, running
nearly parallel to the erosional rim of the Jurassic carbonates, can be encountered (Wag-
ner, 1996). The sedimentary succession is conformably continued by early Turonian marls
formed in deeper-water conditions due to continuous subsidence (Grofs et al., 2018) in the
lower and glauconite-bearing storm deposits in the upper section. At the late Turonian
stage, the deposition mainly consists of mudstones again. During the late Campanian,
approximately 300m thick sandstones cover the basin northwest of the Central Swell
Zone shaling out towards the southwest. However, a subsequent uplift caused an ero-
sion of these Mesozoic strata on paleogeographic highs, affecting the southern margin of
the Bohemian Massif and the Central Swell Zone (Wagner, 1996).

2.2.2 Molasse Strata

The deposition of the alpine Molasse sediments starts in the Eocene, after a phase of
basin inversion during the late Cretaceous and Paleocene resulting in an erosional phase
marked by an unconformity. This natural interface separates the Molasse from the Pre-
Molasse strata. Eocene fluvial to shallow marine transgressive siliciclastics form the low-
ermost section of the Molasse sediments, followed by Lithothamnium limestone (Nacht-
mann and Wagner, 1987).

At the beginning of the Oligocene, a deepening and widening of the Molasse Basin (Siss-
ingh, 1997) led to the deposition of deep-water sediments, rich in organic compounds.
These organic-rich marls and shales, known as the Schoneck Formation, serve as the
main source rock for the oil and thermal gas deposits within the basin. They are overlain
by the Dynow, Eggerding and Zupfing formations, which are comprised of marls with
intercalated limestone layers, pelites with sandstone occurrences towards the northern
basin margin and dark grey hemipelagites with integrated layers of gravitational mass
movements i.e. slumpings and turbidites (Sachsenhofer and Schulz, 2006). The Egger-
ding Formation is characterised by an average thickness of 35-45 m (Grofs et al., 2018).
However, during the deposition of this formation, periodically occurring north-south
oriented, submarine mass movements caused a relocation of the sedimentary material
coupled with an erosion of lower Oligocene strata. Therefore, the thickness of Oligocene
strata is significantly reduced in parts of the basin (Sachsenhofer and Schulz, 2006; Sach-
senhofer et al., 2010; Grofs et al., 2018). The reworked material, gathered at the southern
basin slope is summarised under the term "Oberhofen facies" (Sachsenhofer and Schulz,
2006).

Towards the hanging wall of the basin fill, the deep marine sedimentary succession is
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continued by the Lower and Upper Puchkirchen formations and the basal Hall Forma-
tion, which were deposited during late Oligocene to early Miocene (Fig. 2.1). The depo-
sition of those formations and their sediment distribution is mainly controlled by a deep
marine channel system, which is located close to the Alpine thrust front (de Ruig, 2003).
The sediment stratification along this eastward propagating sinuous channel system is
impacted by its depositional environments. Conglomerates and sandstones are found
within the main channel, whereas the overbank strata holds fine-grained material as silt-
and mudstones. The sediment supply is controlled by debris and slurry flows from the
Bavarian region, west to northwest of the Austrian part of the Molasse Basin (e.g. de Ruig
and Hubbard, 2006; Bernhardt et al., 2012). A time equivalent to the Puchkirchen Chan-
nel sediments are well-sorted, aeolian sandstones, the so-called Linz and Melk Sands,
which were deposited at the northern edge of the Upper Austrian Molasse Basin (Fig.
2.2; Wagner, 1998; Kuhlemann and Kempf, 2002). Their provenance area is, as opposed
to the Puchkirchen silicilastics, located in the Bohemian Massif (Roetzel et al., 1983). Be-
tween the Linz and Melk sandstones in the north and the Puchkirchen strata, further
contemporaneous deposits, the Ebelsberg and Eferding formations, can be found (Fig.
2.2). They are mainly composed of pelitic sediments which are partly bituminous and
non-calcareous and occasionally bear fish remnants (Wagner, 1998).

The Eggenburgian basal Hall Formation, holding greenish-grey marls and micaceous
pelites with layers of sandstone and conglomerates, is separated from the Puchkirchen
units by unconformities, a result of submarine erosions and sediment relocations (Wag-
ner, 1998; Grunert et al., 2013). Sub- and intertidal shallow marine sediments (Fig. 2.4)
were deposited during Ottnangian times. The occurring formations are composed of
glauconite-bearing silt- and sandstones. In the central part of the Molasse Basin, these
formations are summarised under the term Innviertel Group (Wagner, 1998). Fig. 2.5
shows a detailed stratigraphic chart of the Ottnangian subdivision. The "Robulus Schlier"
formation is characterised by its abundance in the eastern and central Molasse Basin.
These micaceous pelites can be seen as a facial continuation of the Hall Formation due
to their similar properties. Towards the west of Upper Austria, these pelites become in-
terspersed with sand layers (Vockla Beds). A similar trend can be observed towards the
hanging wall of these beds. The Atzbach Sands are fine- to medium-grained glauconitic
sandstones with frequently occurring coarser layers. The depositional environment of
this up to 100 m thick formation is interpreted as intertidal shallow-marine (Faupl and
Roetzel, 1987; Schubert, 2015). The Ottnang Schlier is located above the Atzbach Sands
(Fig. 2.5). This formation consists of clayey marls with thin sandstone layers. Towards
the northern basin margin, the Ottnang Schlier interfingers with the Enzenkirchen, Phos-
phorite and Fossil-rich Coarse Sands, which are, again, mainly composed of quartz-rich,
glauconitic sandstones with reworked Phosphorite nodules. The transition between the
Ried Beds and the "Rotalienschlier" is defined by the occurrence of the foraminifera "Ro-
talia". The only litological difference which can be observed between those formations
is a slight increase in interspersed sandstone layers from north to south. The upper-

most shallow-marine sediments are summarised as Glauconitic Series. The sediments of
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this series share similar characteristics in comparison to the footwall formations of the
Innviertel Group. The description of the individual sand bodies refer to their local abun-
dance. The Sand and Gravel Group (Wachtberg Formation after Schubert, 2015; Wagner,
1998) is comprised of detrital material from the Paleo-Salzach and mainly restricted to
the south-western part of the Ottnangian Strata. The Oncophora Formation on top of
the marine sediment is characterised by the occurrence of the eponymous mollusk in-
dicating a brackish environment (Schubert, 2015). Therefore, this formation marks the
transition from shallow marine over brackish to terrestrial conditions (Kuhlemann and
Kempf, 2002). This marine regression causes an exposure of the sedimentary deposits
leading to weathering of these strata. The remaining unconformity marks the bound-
ary between the Innviertel Group and the Upper Freshwater Molasse (Schubert, 2015).
Within the terrestrial fluviatile sediments, coal seams can be found (Wagner, 1998).

Legend

[ Oncophora Fm.

- Robulus-, Ottnang-,
Sandstreifenschlier

Atzbach Sand

(outcrop, subsurface)
Ried Beds
[ Treubach Sand
[ Glauconitic Sand

[ wachtberg Gravel

|:| Plesching Fm., Rittsteig Gravel,
Enzenkirchen Sand
e Sample points

FIGURE 2.4: Occurrence and extent of Ottnangian formations (modified
after Wagner, 1998)
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formations (framed in red) in the central part of the basin are summarized
as Innviertel Group

2.2.3 Tectonic Evolution

The Alpine Foreland Basin is intersected by several fault systems (Fig. 2.6). Two con-
jugate strike-slip fault sets are north(north)west-southeast and northeast-southwest ori-
ented. They are supplemented by east-west trending normal faults. The north(north)west
and northeast trending ruptures were developed in the Paleozoic as a result of the Varis-
cian orogeny and reactivated as a result of extensional processes at later stages of the
basin evolution in the Mesozoic and Paleocene. During the early Oligocene, overthrust-
ing of the Alpine nappes caused a downbending of the European plate which led to the
development of the east-west oriented faults and the reactivation of the formerly devel-
oped northnorthwest-oriented fracture zones (Wagner, 1996; Sissingh, 1997; Grof3 et al.,
2018). The main phase of this tectonic activity was in the Oligocene, however, some
of those ruptures remained active until Miocene times (Grofs et al., 2018; Pytlak et al.,
2016a).

Due to the northward movement of the Alpine nappes, Molasse sediments deposited
on the European plate became overthrusted and partly incorporated into the Alpine
nappe stack (Kuhlemann and Kempf, 2002). These imbricated parts are referred to as
Allochtonous Molasse, whereas the strata covering the European plate are known as Au-
tochtonous Molasse.

The Central Swell Zone forms the southeast extension of the Landshut-Neuéttingen High
(Fig. 3.1) and was developed in the Paleozoic. During the Cretaceous, a reactivation of
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the pre-existing faults in this area led to an uplift of this paleotopographic high. As a
result, the erosion of Mesozoic strata can be observed in this region (Nachtmann and
Wagner, 1987; Wagner, 1998).

During the Miocene, the ongoing transpression from the south led to a lateral eastward
oriented extrusion of the Eastern Alps (Wagner, 1998), contemporaneously earlier de-
veloped faults of the North Alpine Foreland Basin were reactivated (Nachtmann and
Wagner, 1987; Wagner, 1998).
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FIGURE 2.6: Map of the Upper Austrian part of the North Alpine Fore-

land Basin depicting the occurrence of the most prominent fault sets of

this region and the Central Swell Zone (modified after Pytlak et al., 2016b;

Grofs et al., 2018); the north(north)west-southeast and northeast-southwest

trending fracture zones were developed in the Paleozoic, the east-west

trending faults were formed in the Oligocene due to overthrusting of the
Alpine nappes

2.2.4 Hydrocarbons in the Alpine Foreland Basin

The Alpine Foreland Basin hosts numerous oil and gas deposits. According to Wag-
ner (1996), two different petroleum systems can be distinguished, a Mesozoic to lower
Oligocene system containing oil and thermal gas and an upper Oligocene to Miocene,
biogenic gas system. These two systems were assumed to be separated, with local mix-
ing (e.g. Sachsenhofer and Schulz, 2006). However, investigations of Reischenbacher and
Sachsenhofer (2011) and Pytlak et al. (2016b) showed, that mixing of thermal and micro-
bial gas can be observed in an extensive area of the Molasse Basin and that it is feasable
to distinguish several groups with variable gas composition.

The main thermogenic hydrocarbon source rocks are situated in the Oligocene Schoneck,
Dynow and Eggerding formations (Schulz et al., 2002; Sachsenhofer and Schulz, 2006;
Sachsenhofer et al., 2010). Two different facies zones of these organic-rich formations can
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be distinguished in Upper Austria. The western part is characterised by the occurrence of
the "Oberhofen facies" (Grofs et al., 2018), describing lower Oligocene strata which were
relocated with submarine mass movements (Sachsenhofer and Schulz, 2006; Sachsen-
hofer et al., 2010) and overthrusted during the Alpine orogeny (Linzer and Sachsenhofer,
2010). In contrast, the "normal facies" of the source rocks is located in the eastern part of
Upper Austria. Both facies types show variations in their geochemical parameters (e.g.
Schulz et al., 2002; Sachsenhofer and Schulz, 2006) which may be responsible for the gen-
eration of different oil types found in Upper Austrian deposits (Gratzer et al., 2011).
Basal Eocene sandstones and carbonates, along with Mesozoic and Oligocene strata serve
as the main hydrocarbon reservoirs. The Cenomanian reservoirs are sealed by Upper
Cretaceous shales and marls (Wagner, 1996), however, in some areas of the basin, these
strata became eroded, leading to a connection of Cenomanian with Eocene sandstones
(Grof3 et al., 2018). Pelitic Eocene layers locally prevent hydrocarbons in this formation
from migrating further upwards. Oligocene and Miocene shales act as regionally wide-
spread seals for the Upper Austrian deposits, though. Local thickness variations due to
erosional processes lead to local decrease in seal integrity, enabling mixtures of biogenic
and thermogenic hydrocarbons in the shallower reservoirs (Grof3 et al., 2018).
Investigations of Gusterhuber et al. (2013) showed, that thermogenic hydrocarbon gener-
ation was triggered by Miocene overthrusting of the deposited source rocks by the Alpine
nappe stack and migration processes started contemporaneously. In the Late Miocene,
hydrocarbon generation ceased due to uplift and erosion processes and favoured biode-
gradation of already formed oil and gas (Gusterhuber et al., 2012).

Biogenic gas is a result of degradation activity of microorganisms during diagenesis (up
to 60 °C), whereas thermogenic gas is formed by thermal cracking of higher hydrocarbon-
chains in the stages of katagenesis (60-225 °C) and metagenesis (from 200 °C onwards).
However, secondary microbial gas may evolve due to biodegradation of hydrocarbons.
Microorganisms reprocess the oil stored in the reservoir and generate dry gas as a metabo-
lite. Since the involved microbes consume n-alkanes first, the remaining oil in the deposit
developes a characteristic composition, moreover, API gravity decreases while sulfur
content increases (Ladwein and Schmidt, 1993).

Both processes occurred in the Alpine Foreland Basin. These are located within the Upper
Oligocene and Miocene strata, the Upper Puchkirchen and Hall formations in particular
(Sachsenhofer and Schulz, 2006; Grofs et al., 2018). For the primary microbial gas, these
sediments hold a dual function as source (pelitic layers; Schulz et al., 2009; Schulz and van
Berk, 2009) and reservoir rocks (siliciclastic layers, e.g. Puchkirchen channel ; de Ruig and
Hubbard, 2006). The primary microbial gas was generated shortly after sediment depo-
sition and fixed in gas hydrates which became decomposed during Miocene and trapped
in stratigraphic pinch-outs and compaction anticlines (Grof3 et al., 2018). Mixing of this
natural gas with thermogenic and biodegraded hydrocarbons is frequently observed and
investigated by Pytlak (2017).

In addition to biodegradation, thermogenic hydrocarbons were also affected by other
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alterations such as water washing. In the course of this process, formation waters, circu-
lating in the vicinity of hydrocarbon reservoirs, are able to incorporate benzene, toluene,
ethylbenzenes and xylenes (BTEX). These components are carried away with the water
currents in the subsurface (Lafargue and Barker, 1988). Recent analysis of hydrocarbon
and water samples in Upper Austria have shown, that some Cenomanian and Eocene

tields have experienced this alteration (Pytlak, 2017).
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3 Hydrogeological Overview

3.1 Main Aquifers

3.1.1 Bohemian Massif

The granitic intrusions of the Bohemian Massif are characterised by low discharge val-
ues (generally < 51/s). Due to the low permeability of the formations in this geologi-
cal section, water can only be produced from alluvial sediments or fractures dissecting
the weathered upper section of the Bohemian granites (Goldbrunner, 1984; Goldbrunner,
2000).

3.1.2 Malmian Carbonates

The Malmian Carbonates depict the most important thermal aquifer in the Bavarian and
Upper Austrian Molasse Basin (e.g. Andrews et al., 1987). Karstification processes dur-
ing marine regression phases led to the development of deep groundwater flow path-
ways. These karst structures, together with faults and fractures in the formation control
the permeability of the aquifer (Goldbrunner, 1984; Goldbrunner, 2000). Therefore, these
carbonates are considered as inhomogenous in terms of its aquifer properties, the trans-
missive sections are concentrated around zones of tectonic activity (Goldbrunner, 1984).
The aquifer extent in Upper Austria is bordered by the Central Swell Zone in the south
and southeast, where the carbonates have been eroded, and by the outcropping crys-
talline rocks in the Bavarian Forest and the Sauwald region in Upper Austria in the north
and northwest (Goldbrunner, 2000).

The Global Meteoric Water Line (GMWL) is a regression line which states the average
worldwide ratio between ?H and 8O for meteoric waters (Craig, 1961a). Waters from the
Malmian aquifer show a slight deviation from the GMWL regarding their stable isotopic
composition. This deviation could result from mixing of meteoric waters with forma-
tion waters of limited mobility (e.g. Puchkirchen Formation waters), since their position
is located at the mixing line of these water types (Goldbrunner, 2000). In terms of its
chemical composition, the water recovered from the Malmian carbonates is considered
as Na—-HCO;-Cl-Type. The amount of dissolved solids is on average 1.0-1.2 g /1 (Elster
etal., 2016).

In 1981, o0il was encountered in the Upper Jurassic (Polesny, 1983), indicating a connec-
tion between this aquifer and the oil-bearing Cenomanian. This is supported by the find-
ings of Pytlak et al. (2017), who stated that connate waters in the overlying Cenomanian
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and Eocene reservoirs were partly replaced by water resembling the chemical composi-

tion of Malmian water.

3.1.3 Upper Cretaceous

Most of the Upper Creataceous sediments are considered as impermeable, for which rea-
son they are often declared as a cap rock of the Malmian carbonates (Goldbrunner, 1984).
However, transmissive Cenomanian and Santonian to Lower Campanian sandstone beds
have been drilled locally (Goldbrunner, 1984). Well log interpretation (Weber, 1980; Gold-
brunner, 1984) and chemical investigations (Pytlak et al., 2017) have shown that these
Cenomanian beds are locally hydraulically connected to the Malmian aquifer, resulting
in mass transfer processes.

3.14 Lower and Upper Puchkirchen Formation & Linz Sands

The Lower and Upper Puchkirchen formations play an important role as a gas reservoir
parallel to the Alpine front in the southern Molasse Basin. Despite to their hydraulic con-
ductivity and their depth, an assessment of the geothermal potential of these strata came
to the result, that they are only suitable for geothermal use to a minor extent (GeoMol
Team, 2015).

However, the time-equivalent Linz Sands consisting of quartz sand with high permeabil-
ities and porosities (Goldbrunner, 2000) represent an important aquifer for shallow and
deep groundwater in the northern and northeastern part of the Molasse Basin (Andrews
etal., 1987).

The Na-Cl-Type formation waters from the Lower and Upper Puchkirchen formations
are characterised by a high mineralisation (up to 15-17 g/1). Due to the structural setting
of the basin, deep groundwaters from the south ascend towards their northern discharge
area at the Danube infiltrating the Linz Sands. This results in an increased geothermal
gradient of up to 6.5 °C in the convection areas of the Innviertel region. The convection
transports higher mineralized deep groundwater into shallow areas near the Danube
where mixing with meteoric water occurs (Goldbrunner, 2000).

Investigations of the stable isotope composition of Puchkirchen Group waters show a
strong enrichment in H and 80 compared to the Malmian waters. Moreover, an off-
set from the GMWL is observed, presumably caused by a lack of recharge by meteoric
waters and stagnant conditions in the aquifer (Goldbrunner, 1988). The isotopic com-
position shows different characteristics compared to the Malmian carbonates and there-
fore contradicts a recharge via the "leaky-aquifer" principle. According to this principle,
transmissive sediments are recharged by water seeping from shallow strata to aquifers in
greater depth (Goldbrunner, 1984).

3.1.5 Hall Formation

The Hall Formation is an important stratigraphic unit in the petroleum system of the Up-

per Austrian Alpine Foreland Basin since its porous sand horizons serve as a reservoir
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rock for natural gas deposits. However, its aquifer properties are hardly investigated
(Goldbrunner, 1984).

The Hall Formation waters are highly mineralised (similar to the Puchkirchen Formation
waters) and do not reach the northern basin margin, which leads to the assumption, that
their hydrodynamic activity is limited (Goldbrunner, 1988) and that there is no exchange
of these formation waters and meteoric waters (Goldbrunner, 2000). These assumptions
are supported by stable isotope data which range in a similar span than the Puchkirchen
Group waters (Goldbrunner, 2000).

However, investigations of Pytlak (2017) have shown, that Eocene oil reservoirs in the
northeastern part of the NAFB in Upper Austria, which are located directly under or in
the vicinity of the Hall strata are affected by water washing (section 2.2.4). Moreover, the
investigated water samples showed a low mineralisation, which stands in contrast to the
expected stagnant conditions. The occurrence of condensates in the Hall Formation sug-
gests a diffusion of thermal hydrocarbons from the Eocene to these shallower formations
(Pytlak, 2017). Therefore, an upwards migration of these lower mineralised waters from
the Eocene to the Hall Formation could be possible.

3.1.6 Innviertel Group

The Innviertel Group occurs in the western part of Upper Austria (near Ried and Brau-
nau). The transmissive sandstone layers are widely overlain by impermeable silty and
clayey sediments, which lead to the formation of artesian groundwater deposits. The
recharge area for this aquifer is assumed in the topographically higher Kobernaufser-
wald region in the south. The water flows northwards through the Innviertel Group to
its discharge area in the Salzach and Inn river (Andrews et al., 1985; Goldbrunner, 1984).
However, some formations of the Innviertel Group located near the outcrop of the Bo-
hemian Massif are presumably infiltrated from the north (Goldbrunner, 1984).

The formation waters are characterised by their low mineralisation (TDS < 0.5g/1). Ac-
cording to stable isotope investigations, the recharge of the flow system presumably hap-
pened during the young Pleistocene (Goldbrunner, 2000). This is supported by piezomet-
ric and hydraulic conductivity observations, which gave a groundwater residence time
from the recharge to discharge area of approximately 30000 to 40000 years (Andrews et
al., 1985).

3.1.7 Upper Freshwater Molasse

The sedimentary strata of the Upper Freshwater Molasse hold artesian groundwater de-
posits (Goldbrunner, 1984). The coal-bearing fine grained layers in the Hausruck region
serve as local aquicludes, whereas the gravel and sand layers are transmissive and dis-
charge at numerous springs. Prior to the coal mining activities in this area, the aquifer
discharge took place at the interface of the sand and gravel layers ("Hausruckschotter")
and the footwall clay sediments ("Ampflwang Formation"). However, the longwall coal
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mining in those fine-grained sediment deposits created new groundwater flow pathways

and drainage systems in the subsurface (Kolmer, 2011).

3.1.8 Alluvial and Glacial Sediments

The Quaternary alluvial and glacial sediments form an important regional aquifer. Due to
their good hydraulic conductivity, the glacial terraces and fluvial deposits of interglacial
episodes have excellent aquifer properties and play an important role for groundwater
recharge and private as well as municipal and industrial water supply (Gattinger, 1980).

3.2 Hydrodynamical Characteristics

Several attempts have been made, to analyse and characterise the flow behaviour of deep
groundwaters in Upper Austria and Bavaria (e.g. Bayerisches Landesamt fiir Wasser-
wirtschaft, 1999; Schubert, 1996; Goldbrunner, 1984). In order to achieve a holistic and
comprehensive result, Upper Austria and Bavaria have been working together on a project
with the main focus on the Malmian thermal water aquifer. In Fig. 3.1, a Malmian thick-
ness map with arrows indicating the flow directions within the thermal aquifer, is dis-
played. The cross-section in Fig. 3.2 illustrates the water currents in the subsurface.

The movement of thermal water in the Malmian carbonates is bound to faults, joints and
karstified areas within the formation. Over the majority of the area, where this aquifer
is present, it is covered by 10-40 m thick, porous Cenomanian sandstones. These two
formations are hydrodynamically coupled. Towards the central part of Upper Austria
a thinning of the Malmian carbonates is observed and the role of the thermal aquifer is
taken over by the Rupelian and Linz Sands up to the Danube, where the discharge area
of this groundwater system is located.

Hydrochemical and isotopic composition may indicate groundwater origin and flow di-
rections. Therefore, results of chemical and isotopic groundwater investigations are used
to derive the flow paths of the water throughout its migration from the aquifer recharge
to its discharge area. The recharge area, located at the northwestern margin of the ther-
mal aquifer model south of the Bavarian Forest (assigned as "Bayerischer Wald" in Fig.
3.1), is characterised by a low total mineralisation with relatively high contents of Ca™,
Mg2+ and HCO3™. Tritium, which became emitted in the 1950’s and is only traceable in
groundwaters formed afterwards, can be detected in these waters. Altogether, this leads
to the assumption, that water influx from the Bavarian Forest feeds the thermal aquifer
system (Bayerisches Landesamt fiir Wasserwirtschaft, 1999).

In Upper Austria, the regeneration area of the thermal aquifer is assumed in the Sauwald
region. Due to its increased hydraulic potential (Fig. 3.1, isolines of hydraulic potential
are coloured in purple) compared to the Malmian aquifer, waters from the crystalline
basement and Innviertel Formation in this region infiltrate strata of hydraulically lower
potential towards the south (Goldbrunner, 1984). Contemporaneously, groundwater ages
increase towards the basin center (Bayerisches Landesamt fiir Wasserwirtschaft, 1999).
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Groundwaters, descending from the Sauwald area, are characterised by a low total min-
eralisation. According to their chemical composition, they can be described as Ca-(Mg)-
HCO3™ Type waters. With increasing residence time in the aquifer, calcium and magne-
sium is replaced by sodium in the course of cation exchange of clay minerals (Goldbrun-
ner, 1984).

West of Linz, the discharge of the thermal aquifer is supported by the observation of as-
cending Pleistocene waters in the Linz Sands. According to their chemical composition,
these discharging thermal waters mix with autochtonous, younger waters which leads to
a decrease in total mineralisation towards the Danube.

The southern part of the Malmian aquifer holds highly mineralised waters shaded in yel-
low in Fig. 3.1, which leads to the assumption, that these waters are hardly participating
in the hydrodynamic system and have only little to no exchange with groundwaters from
other aquifers (Bayerisches Landesamt fiir Wasserwirtschaft, 1999).

Although this hydrodynamic model is quite established, it is based on rather sparse and
heterogeonous data. In comparison to Bavaria, the amount of wells drilled into Malmian
carbonates is low and especially in the southern part of the Upper Austrian Malm oc-
currence, data is missing. Therefore, the border between high salinity and low salinity
waters in the Jurassic carbonates is mainly assumed and not exactly verified by well data.
An integration of well data from hydrocarbon wells could improve the data situation and
aid to obtain new insights into the hydrodynamic characteristics of deep aquifers in Up-
per Austria.
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FIGURE 3.1: Malmian thickness map (modified after Bayerisches Lan-
desamt fiir Wasserwirtschaft, 1999 and Pytlak et al., 2017) with ground-
water potential lines of this formation (purple lines) and flow directions of
thermal water within the aquifer perpendicular to these potential lines (red
arrows), recharge areas from the crystalline basement are marked with yel-
low arrows. The area of highly mineralised, stagnant waters is bordered
by a black, dashed line and marked in yellow. The profile visible in Fig. 3.2
is marked with a black line (A-A")
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FIGURE 3.2: Profile through a section of the Bavarian and Upper Austrian

Alpine Foreland Basin (modified after Goldbrunner, 2000 and Pytlak et al.,

2017), the course of the cross-section is marked in Fig. 3.1, thermal water
flow directions are shown with blue arrows
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4 Principles of Hydrochemistry

4.1 Hydrochemical Processes

In order to understand a hydrological system as well as the behaviour and composition
of its different components, a profound knowledge about the regeneration (e.g. from
precipitation or surface runoff), the water supply and the geochemical processes, mainly
controlled by rock-fluid interaction in the subsurface, is of great importance. These pro-
cesses allow to draw conclusions about the provenance and migration pathways of the
water. However, due to the huge variability of influencing factors, the interpretation of
water composition has to be handled with care (Matthess, 1990).

4.1.1 Dissolution and Precipitation

The dissolution of minerals is a mechanism mainly influenced by chemical weathering.
The redox-potential (Eh), pH and temperature serve as the physical boundary conditions
controlling dissolution and precipitation. Moreover, the contact area between rocks and
water within an aquifer is of great importance as it determines their extent. The larger
this area of interaction is, the greater the impact on the water propagating through the
aquifer. The same principle can be applied to the factor time. The larger the transmission
coefficient of an aquifer, the smaller the influence of the water on the rock mass and vice
versa. Therefore, a high mineralised water is more likely found in a porous aquifer, char-
acterised by small grain size and pores, resulting in a higher groundwater residence time.
The depth of an aquifer is another aspect which should be considered, since dwell time is
increased with increasing aquifer depth as well as the aquifer temperature. This results,
again, in a higher content of dissolved minerals (Matthess, 1990). Examples for these con-
ditions are found in the vicinity of hydrocarbon deposits (oilfield brines, Rogers, 1917;
Schoeller, 1956) or crystalline basement (Frape and Fritz, 1987; Pekdeger and Balderer,
1987; Nurmi et al., 1988).

Due to the fact, that the major amount of dissolved solids results from the dissolution of
Ca- and Mg-carbonates or evaporites, the main ion content is composed of Ca®*, Mg,
Na*, Cl-, 50,42~ and HCO;~. With increasing circulation time of the water in the subsur-
face, the ion proportions undergo changes, mostly in relation with groundwater depth.
The zonation of anions (equation 4.1) and cations (equation 4.2) with increasing depth
from left to right (Matthess, 1990) is stated below:
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HCO;~ — HCO; ™ + S04~ — SO42~ — SO42 +ClI- —

(4.1)
— Cl” +S0427 —s QI

Ca*" — Ca®" +Mg*" — Na* (4.2)
Increasing circulation time >
[
Increasing depth

If the concentration of dissolved solids rises, an exceedance of the solubility product

of specific substances (usually hardly soluble compounds) occurs, leading to their pre-
cipitation. This means, that the supply of one or more compounds is higher than the
maximally soluble amount in the water. The excess quantity cannot be dissolved and
remains as precipitate in the water (Matthess, 1990).

4.1.2 Adsorption and Ion exchange

If groundwater flows across specific solid layers in the earth’s crust, organic and anor-
ganic substances are bound and released, changing the composition of the water. The
most important sorbents in the subsurface are clay minerals, zeolithes, iron-, aluminium-
and manganese-hydroxides and -oxidhydrates (Krauskopf, 1956) as well as organisms
and organic compounds such as microbes, plants and humic substances.

Clay minerals (e.g. glauconite, according to Schoeller, 1962) mainly sorb cations along
their interfaces replacing H"-ions aiming for charge equalisation. This procedure is com-
monly known as cation-exchange. But also anions are absorbed instead of OH™-ions.
Organic substances show similar characteristics regarding their material exchange pro-
perties (Matthess, 1990).

4.1.3 Mixing Processes

Mixing of different waters from different aquifers often results in dissolution and precip-
itation leading to different characteristics and an overall change of the mineral content.
Especially, if an excess of specific ions is present, the solubility product acts as a bound-
ary condition for the maximum amount of this element to be dissolved. The amount,
exceeding this parameter, precipitates. If, e.g. CaCly-containing water is blended with
CaS0Oy- or Ca(HCO3),-rich groundwater, a precipitation of gypsum or calcite may occur.
In particular, the carbonate balance (section 4.2.1) is sensitive to mixing processes. It is
not only affected by changes in the chemical composition, but also by variations in pH
and temperature. These changes may lead to precipitation of carbonate, but also other
compounds can be withdrawn from the water if their solubility product is exceeded. If
specific ions are able to replace others in a mineral structure (e.g. Sr** is able to replace
Ca”*) they may coprecipitate as a result of these mixing processes as well.
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Indications, whether a sampled water has undergone mixing, can be derived from a com-
parison of the equivalent sum of Ca** and Mg?" with HCO;~ of the water. If the hydro-
carbonate content is higher than the sum of Ca®* and Mg**, a replacement of Ca®* with

Na™ is likely to have occurred, indicating a mixing process (Matthess, 1990).

4.2 Anions and Cations

4.21 Anions
Hydrocarbonate - HCO3~

Carbon is an important element in all organic substances. Kaustobiolithes (e.g. coals)
and carbonates host a major amount of bound carbon in the lithosphere, but it can be
enriched in sediments as well. Its occurrence in water is mainly controlled by the system
listed below:

CO, + HyO = H,CO3 = HCO;~ + H' = CO3*>~ + H* (4.3)

The source of the different carbonate forms in water are carbonate rocks and free
carbon dioxide. Carbon dioxide occurs in its free form (as dissolved CO; and undisso-
ciated HpCO3) and bound as hydrocarbonate-ions (HCO3; ™) and carbonate-ions (COs%-,
Matthess, 1990). The occurrence of these carbonate forms is driven by the pH, pres-
sure and temperature conditions. The diagram in Fig. 4.1 shows the percentage of CO,-
species which are present in the water with varying pH and temperature. For naturally
occurring groundwaters, ranging between 6 and 8 pH (Fig. 4.1), the dominating car-
bonate species are hydrocarbonate-ions and undissociated carbonic acid (H,COs3). In
acidic conditions, this composition shifts towards a larger amount of carbonic acid and
in basic environments, carbonate ions tend to dominate in comparison to other CO;-
species(Hem, 1985).

The supply of free CO, in water is either controlled by the solution of this gas from the
atmosphere or its release in the course of diagenetic and metamorphic processes, espe-
cially diagenesis of organic matter. Moreover, it is formed as a product of anaerobic or
aerobic metabolic activity, by combustion of fossil fuels and the reaction of acids with
carbonates.

Two important parameters are closely linked to the amount of carbonate in water: al-
kalinity and acidity. Alkalinity is a measure of the water’s ability to neutralise acids,
whereas acidity is the measure of the fluid’s ability to neutralise bases. Since carbonic
acids and hydrocarbonate-ions are the most commonly occurring buffer systems in water,
these two parameters can be set equal to their abundance. They are usually determined
by titration with specific indicators, methyl-orange (end point at pH 4.3) for alkalinity
and phenolphtalein (end point at pH 8.2) for acidity (Hem, 1985). Waters containing
higher concentrations of weak acids (e.g. silicic, phosphoric or organic acids) form an
exception regarding the rule mentioned above, since the occurrence of those acid’s ions
may lead to a misinterpretation of the carbonate content if they were neglected. This
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applies especially for oil field brines or waste disposal sites (Badecker and Back, 1979;
Golwer et al., 1976; Fresenius et al., 1977).
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FIGURE 4.1: Percentage of dissolved CO;-species as a function of pH, tem-

perature at 101.324 kPa/ 1 atm (roughly 1 bar) (only valid for diluted so-

lutions, Hem, 1985); the area shaded in blue illustrates the usual pH range
for groundwaters

Groundwaters usually contain 10-20 mg/1 of H,COs3, if the content exceeds 250 mg /1
the water is named acidulous. The concentration of HCO3 ™ in rain water is below 10 mg/1,
sometimes even below 1 mg/1. Its content in groundwaters is between 50 and 400 mg/1,
in the presence of high amounts of CO;, caused by endogene or diagenetic processes,
HCO3™ concentrations above 1000 mg/1 may occur in waters low in earth alkalines (Fos-
ter, 1950).

Chloride - C1~

The major part (> 75 %) of the naturally occurring chloride is dissolved in seawater. It
originates from volcanic gases which were released during eruptions in the early stages
of the earth’s atmosphere and hydrosphere development.

Nowadays, although there is still volcanic activity which transfers chloride-bearing chem-
ical compounds to the earth’s crust, most of the chloride supply originates from disso-
lution of evaporite deposits. To a minor extent, anthropogenic contamination may be
caused by the usage of fertilizers or road salt (Matthess, 1990; Zotl and Goldbrunner,
1993).

Transmissive layers contain less chloride than rocks with lower porosity and permea-
bility. In these clay layers, the chloride content is increased. This presence may be caused
by the relative size of chloride-ions and clay membrane effects, which prevent its emis-
sion from these strata (Hem, 1985).
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Sulfate - SO4%~

Naturally occurring sulfur is assumed to originate from degassing of magma (Ricke,
1960) and can be found in seawater, sedimentary and evaporitic rocks (e.g. gypsum or
anhydrite) today. These are the main sources for sulfate in groundwater, where its con-
tent is normally limited to few mg/l and may increase in the vicinity of formations with
a higher amount of sulfate. Moreover, decomposition of sulfur bearing minerals (e.g.
pyrite or marcasite) as well as its presence in lignite and swamps may contribute to the
sulfate supply. A lack of oxygen combined with microbial activity may lead to a conver-
sion of sulfate to gaseous hydrogen sulfide. Acid rain, fertilisers and landfill are sources
of sulfate created due to human influence (Matthess, 1990; Z6tl and Goldbrunner, 1993).

Nitrate - NO3~

Nitrate is a chemical compound which is mainly formed due to biogenic activity. In the
presence of oxygen, organically bound nitrogen is oxidised to amino acids and ammo-
nia which is later reduced to nitrite and nitrate after oxygen consumption. This nitrate
reduction usually takes place in the uppermost layers of the subsurface during early dia-
genesis and provides a natural nitrate source for groundwaters (Wisotzky, 2012). How-
ever, agricultural activity has caused a severe influence onto the nitrate content, because
it is contained in fertilisers. Nowadays, especially shallow groundwaters bear excessive,
anthropogenically induced nitrate (Matthess, 1990; Z6tl and Goldbrunner, 1993).

Fluoride - F~

Compared to chlorine, fluorine can be found in larger quantities in magmatites. But its
abundance in the earth’s hydrosphere is considerably smaller. Fluoride can be bound
to mineral surfaces, replacing OH™ -ions, but with increasing pH, this effect is reversed.
If the pH is low, fluorine attaches to H™-ions, forming HF as a product. Moreover, this
element tends to build complex compounds, especially with Al, Be and Fe>* (Matthess,
1990). Fluorine can be enriched in carbonates due to precipitation as calcium fluoride in
seawater during carbonate development (Michel, 1997).

The fluoride content of fresh waters is typically below 1 mg/1 (Matthess, 1990). Accord-
ing to Z6tl and Goldbrunner, 1993, fluorine bearing chemical compounds ascend from
great depths.

Iodide - I~

Iodine is a rare element in the litho- and hydrosphere. Its anion, iodide, occurs in waters
flowing through salt deposits (Z6tl and Goldbrunner, 1993). Iodine is biophile, living
organisms accumulate this element. In the course of degradation and transformation
of organic material, the bound iodine is transferred into the surrounding environments
(e.g. formation waters in organic rich sediments, Matthess, 1990). Thus, an enrichment in
iodide is observed in waters which have been in contact with hydrocarbons. Therefore,
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the iodide content may be related to the occurrence of natural gas or oil in the Austrian
Foreland Basin (e.g. Kolbl, 1958; Schrockenfuchs, 1975). Thermal waters recovered in
Bad Hall represent a well-known example for iodide-rich waters in Upper Austria (Z6tl
and Goldbrunner, 1993).

Bromide - Br~

Similar to chloride, the origin of bromide is volcanic emanation. Its content in seawater
is approximately 7.3 mg/1 which is significantly higher than its content in volcanic rocks
(Behne, 1953). Traces of bromide can be found in rainwater, compared to seawater, the
Br/Cl ratio is increased (Matthess, 1990). Thus, the Br/Cl ratio decreases with increasing
chloride content. Moreover, bromide is preferentially adsorbed by organic compounds
and released during their decompostion, therefore the abundance and processing of or-
ganic matter is an additional drive mechanism for the Br/Cl ratio (Gerritse and George,
1988). Similar to iodide, bromide is a characteristic component of oilfield brines or waters
related to hydrocarbon deposits (Z6tl and Goldbrunner, 1993).

4.2.2 Cations
Sodium - Na*

Sodium is an important element in magmatites, where it mostly occurs in different types
of plagioclase (e.g. Albite). To a minor extent, sodium may also be included in other
silicates. Sediments (e.g. sand and clay) contain it as well, whereas sodium is not en-
riched in carbonates. This element is liberated in the course of weathering processes and
due to its excellent solubility, it is one of the principal constituents in mineralised water.
Sodium is mainly enriched in sea water and evaporitic deposits and reaches its highest
concentration in the presence of chloride (Matthess, 1990; Z6tl and Goldbrunner, 1993).
Compared to other cations, an enrichment in sodium can be observed in deep ground-
waters. Ion exchange processes are held responsible for this augmentation of the sodium
content with increasing depth (Elster et al., 2016). Adsorptive forces and membrane ef-
fects of clay minerals cause an accumulation of e.g. calcium, while sodium is released
into the groundwater (Matthess, 1990).

Potassium - K*

Potassium can be found to a slightly minor degree than sodium in magmatic rocks. As
opposed to sodium, which is bound in plagioclase, potassium occurs in potash feldspars
(e.g. orthoclase and microcline). Mica and other silicates also contain this element. Simi-
lar to sodium, this element is released by weathering, but it can be absorbed and bound
by clay minerals on its way through the subsurface. This and its inferior chemical mobil-
ity accounts for its lower abundance in waters (especially sea water) compared to sodium.
Exceptions are undrained basins and mineral waters (Matthess, 1990; Z6tl and Goldbrun-
ner, 1993). Increased potassium contents are also observed in oil-field brines (Elster et al.,
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2016). Potassium deposits of commercial relevance can be found in evaporitic sequences
and as saltpetre.

The usage of fertilizers on agricultural land may cause an increase in the potassium con-
tent of groundwaters as a concomitant. Therefore, this anthropogenic influence must be
taken into account when interpreting analytic results (Matthess, 1990; Z&tl and Gold-
brunner, 1993).

Calcium - Ca%*

The major amount of calcium is contained in carbonates (bound in calcite, aragonite and
dolomite) and sulfates (gypsum and anhydrite). This element is essential for many living
organisms, who need it for building shells or bones. But it can also be found as a com-
ponent of plagioclase in magmatic rocks (e.g. Anorthite) and may occur in amphiboles,
pyroxenes, garnets, fluorite and apatite.

Small amounts of calcium are brought into the groundwater with rainfall, they yield from
seawater salts, dust from weathered carbonate containing rocks or industrial emissions.
Since it is a component of agricultural fertilizing products, anthropogenic contaminations
of the natural calcium content of groundwater can be observed (Hem, 1985).

The calcium concentration of fresh waters, where it is the most common cation, is con-
trolled by the carbonate balance. At 20°C temperature, 14 mg/1 of calcite can be dis-
solved in distilled water (D’Ans and Lax, 1967), contemporaneously, the pH of the fluid
rises with increasing dissolution. In the presence of CO,, hydrocarbonate-ions are formed
and the evolving H"-ions favour this process (Matthess, 1990). This sequence of activi-
ties is commonly known as carstification (Z6tl and Goldbrunner, 1993). If gypsum or
anhydrite is present in the system, the amount of Ca®" is controlled by the solubility
equilibrium of these minerals.

The content of Ca®*-ions in waters flowing in siliciclastic environment is usually below
100 mg/1. In carbonates, it can reach a multiple of this value due to the increased presence
of CO; (Hem, 1985).

Magnesium - Mg>*

The element magnesium is mainly included in minerals of the olivine, pyroxene and am-
phibole group. It also occurs in mica, cordierite, talc, serpentine, chlorite and clay miner-
als. Although magnesium is present in many different minerals and is characterised by
a high solubility, its content in fresh water is usually lower than the calcium content of
the water. This is probably caused by the lower abundance of this element in the earth’s
crust. Groundwaters flowing in olivine-basaltic, dolomitic or serpentinitic aquifers form
an exception. These environments are favourable for magnesium enrichment. Normally,
fresh water contains up to 40 mg/1 of Mg?* (Matthess, 1990; Zotl and Goldbrunner, 1993).
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Iron - Fe**

Iron is one of the most important elements included in magmatic rocks, especially in
dark minerals (e.g. pyroxene, amphibole, biotite, magnetite, garnet and olivine). Iron-
bearing chemical compounds, which are released in the course of weathering, are mostly
oxides and hydroxides. These are characterised by their poor solubility and low mobility.
Quantitatively, clay layers hold the major part of iron minerals in sediments, followed by
sandstones and carbonates.

Iron is involved in biochemical processes. Microorganisms oxidise it to Fe>* under aer-
obic conditions or reduce it in the absence of oxygen to Fe**. The content of Fe** is
normally limited to 1 mg/1, only under reducing conditions higher concentrations can be
found in water. Additionally, iron often occurs in combination with manganese (Matthess,
1990).

Strontium - Sr**

Strontium is an element, which occurs in magmatic rocks due to its similar chemical char-
acteristics compared to calcium and potassium resulting in an ability to replace them. It
can be enriched in felsic to intermediate igneous rocks (e.g. granite or syenite) and sedi-
ments. Despite its higher abundance in those rocks, its content does not exceed a relation
of Sr/Ca of 1/1000 (Matthess, 1990). Another aspect of this element is, that it indicates
an origin from or contact with a deep groundwater system (Z6tl and Goldbrunner, 1993).

4.3 Trace Elements

Elements which occur in very small amounts in groundwater are summarised as minor
and trace elements. These components may aid in provenance analysis of groundwaters
or prospection of ore deposits (Gundlach et al., 1981; Rose et al., 1979; Ginsburg, 1963).
Examples for trace elements are: lithium, rubidium, beryllium, aluminium and copper.
Some of those elements are mostly associated with certain ions in the water, e.g. Li and
Na are paired, so do Rb and K (Michel, 1997).

4.4 Water Classification

There are different ways to classify waters, either according to their genetic origin, their
hydrological characteristics or chemical parameters. One way to distinguish groundwa-
ter types is to assign them with the terms deep or superficial/shallow. According to
Goldbrunner (1984), deep groundwaters can be characterised by a lack of oxygen. This
property results from long residence times in the subsurface combined with very limited
to no infiltration of meteoric waters from the surface.

A very simple classification, regarding the concentration of total dissolved solids in water
is suggested by Davis and de Wiest (1967) and listed in table 4.1:
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TABLE 4.1: Classification of waters regarding their concentration of total
dissolved solids (Davis and de Wiest, 1967)

Type of Water Concentration of total dissolved solids [mg/kg]

fresh water 0-1000
brackish water 1000 - 10000
seawater 10000 - 100000
brine > 100000

However, mixtures of high and low salinity waters are not considered in this cate-

gorisation. A subdivision of water types according to their chemical composition offers
a greater variability and may also give indications about the formation and origin of the
water. Palmer (1911) recommended to assign weights to the individual measured ions,
taking their individual mass into account. The result is a sum of 100 % including propor-
tional shares of the contained ions in meq%. If an ion fraction exceeds 20 % of the overall
content, it is assigned to the watertype (e.g. Ca-HCOj3 type, anions before cations, Elster
etal., 2016).
In order to improve the differentiation of water types, a wide range of display meth-
ods for hydrochemical data exist. A very widely used plot is the Piper-Plot (after Piper,
1944). The data sets are plotted in two ternary diagrams, one for anions, the other one
for cations. These ternary systems are combined in a diamond-shaped plot which allows
the sampled water to be classified according to its principal components. One option of
such a characterisation scheme, according to Furtak and Langguth (1967) is displayed in
Fig. 4.2. A major advantage of this form of data presentation is, that apart from identify-
ing data clusters, it allows to see mixtures between these different water types. Another
method for visualisation of water compositions is via a pie diagram (e.g. Hem, 1985). By
colour-coding the individual components, differences in the elementary distribution of
individual samples are quickly recognized.
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FIGURE 4.2: Classification scheme of a Piper diagram (modified after

Water type

@ alkaline earth - carbonate - sulfate
@ alkaline earth - sulfate
@ alkaline earth - alkaline - carbonate
@ alkaline earth - alkaline - sulfate
® alkaline - carbonate
@ alkaline - sulfate
o Ca - carbonate (< 20 eq% Mg)
(® Ca-Mg - carbonate (20 - 40 eq% Mg)
@ dolo - carbonate (> 40 eq% Mg)

Piper, 1944 and Furtak and Langguth, 1967)

@ alkaline earth - carbonate (subdivision (®)-{0)

The term mineral and thermal water is subject to legal restrictions in Austria. In Table

4.2, the element-specific threshold values for descriptions added to a water source are
listed according to the BGBI. II Nr. 309/1999 (1999). Additionally, a water is classified as
thermal water when constantly exceeding a temperature of 20 °C (LGBIL. OO Nr. 47/1961,

1961).

TABLE 4.2: Element-specific threshold values for descriptions of mineral

or thermal waters (BGBI. II Nr. 309/1999, 1999)

Specification

Criteria

Low mineralisation

Very low mineralisation
High mineralisation
Bicarbonate bearing water
Sulfate bearing water
Chloride bearing water
Calcium bearing water
Magnesium bearing water
Fluoride bearing water
Ferrous water

Acidulous water

Sodium bearing water

The amount of TDS is < 500 mg /1.
The amount of TDS is < 50 mg/1.

The amount of TDS is > 1500 mg /1.
The amount of HCO3™ is > 600 mg/1.
The amount of SO42~ is > 200 mg/1.
The amount of CI™ is > 200 mg/1.
The amount of CaZ* is > 150 mg/1.
The amount of Mg?" is > 50 mg/1.
The amount of F~ is > 1 mg/1.

The amount of Fe?" is > 1 mg/1.

The amount of free CO; is > 250 mg/1.

The amount of sodium is > 200 mg/1.
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4.5 Dissolved and Free Gases

The major amount of gases occurring with groundwaters is composed of oxygen O, ni-
trogen N, carbon dioxide CO, and hydrogen sulfide H,S. They are either chemically
bound, physically dissolved or mechanically added. With increasing depth and overbur-
den pressure, respectively, the ability of the water to absorbe gases is increased and vice
versa (Z6tl and Goldbrunner, 1993). Therefore, gases of ascending thermal waters are
liberated during recovery.

Deep groundwaters are depleted in O, actively circulating waters in carstic aquifers are
an exception to this rule. N» finds its way into the water through contact with air (Zotl
and Goldbrunner, 1993). However, most of the nitrogen dissolved in water is related
to biogenic activity in the course of the nitrogen cycle. Anthropogenic activities (e.g.
combustion of fossil fuels, usage of fertilizers) also have a considerable influence on the
nitrogen content in the water (Hem, 1985). The amount of CO; is closely related to the
pH, temperature and pressure (as mentioned in section 4.2.1). If the CO; content exceeds
250 mg/1 (for drinking purposes) and 1000 mg/1 (for balneological purposes), respec-
tively, the water receives "acidulous" as an additional term (Elster et al., 2016). Similar to
CO;, the presence of H,S is closely related to pH and temperature conditions. Additional
control factors are O,- and dissolved CO,-contents as well as the presence of microor-
ganisms. These microbes produce HS as a result of biochemical reduction. Another
possibility for HyS-generation is by thermal reduction. The threshold of H,S detection
by its scent is around 0.1 ppm, therefore even amounts below the detection limit can
be recognized by the human sense of smell (Michel, 1997). Biodegradational anaerobic
processes also form CHy (Matthess, 1990). However, in the presence of hydrocarbon de-
posits, CH4 may also be supplied from these deposits (Humez et al., 2016 and references
therein). Whether the methane occurrence is of biogenic or thermogenic origin, can be
evaluated by isotope investigations (e.g. Schoell, 1988).

4.6 Isotopes

461 C

Y4C is a naturally occurring carbon isotope. The main source of this isotope is the trans-
formation of N to 'C as a result of the neutron bombardment of the upper atmosphere
caused by cosmic rays (Sigg and Stumm, 1989; Langmuir, 1997). This isotope is absorbed
by living organisms by photosynthesis or nutrition. During their lifetime, the amount of
Y4C in these organisms remains constant, but it starts to decrease after their death (Lang-
muir, 1997) with a half life of approximately 5720 years (Sigg and Stumm, 1989). The
amount of *C in the sample indicates its age. Due to its half-life, this dating method is
applicable up to an age of approximately 40000 years. The *C content in the atmosphere
has experienced slight anthropogenically induced variations due to the consumption of
fossil fuels (Langmuir, 1997).

The amount of C in groundwater varies between 50 and 100 pmC (per cent modern
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Carbon; Miinnich et al., 1967). Due to the reaction of limestones/carbonate rocks (which
are considered as *C-free due to their age) with atmospheric CO, (where the amount
of *C ranges at approximately 100 pmC), HCO;3 -ions with a C content of 50 pmC
are dissolved in water. This number is increased by the amount of free CO; in the wa-
ter (Matthess, 1990), by ion exchange with carbon dioxide (Miinnich et al., 1967) and
by carbonates with a remaining quantity of '*C incorporated (Geyh, 1970). Regenerated
groundwater usually contains around 85 pmC, this amount naturally decreases with in-
creasing groundwater residence time. However, a carbonate-CO; reaction with CO, from
endogenous or diagenetic processes (free of 1%C) may distort this process of natural decay
and yield a lower percentage of radioactive carbon as a result (Matthess, 1990). Moreover,
isotope exchange with carbonates present in the aquifer may be a source of errors as well
(Thilo and Miinnich, 1970). Therefore, a determination of the Dissolved Inorganic Carbon
(DIC) and '3C should be done in combination with 4C-dating in order to avoid misin-
terpretations (Pearson and Hanshaw, 1970; Fritz and Fontes, 1980; Reardon and Fritz,
1978).

462 13C

The stable isotope °C is used to determine the source of carbon dissolved in water
and supports the *C isotope analysis. High values of '*C indicate either isotope ex-
change effects or fossilized carbonates as an origin for this element. This method achieves
good results in siliciclastic aquifers, but carbonate dissolution and precipitation within a
carbonate-bearing hydrostratigraphic unit may distort the measurement outcome (Elster
etal., 2016).

4.6.3 Stable Isotopes - 2H and 20

The stable isotopes deuterium (D or ’H) and '80 are measured as %o-deviation from a
seawater standard (Standard Mean Ocean Water - SMOW; Craig, 1961b). Both, ’H and
180, are depleted in rain water with increasing inland distance from the ocean (continen-
tal effect) and altitude (altitude effect, Fig. 4.3). This isotopic fractionation is the result of
evaporation and condensation processes (Ehhalt and Knott, 1965). For 180 the altitude
decrease can be quantified as 0.2-0.3 %o per 100 m, for ?H it is 1.6-2.4 %o per 100 m (Siegen-
thaler, 1979; Siegenthaler, 1980). Since the altitude effect is based on a temperature de-
crease with increasing height, a diminished stable isotope concentration may be an indi-
cator for climatic conditions. For instance, Holocene deep groundwaters (*H= -75 %o and
180=-10.0 %0) in the South-Bavarian Molasse Basin are less depleted in stable isotopes
than their Pleistocene equivalents (*H=-92 %o and 0= 12.4 %o; Andres, 1983). This is of
great relevance, not only for the interpretation of paleowaters, but also for the estimation
of seasonal variations in shallow aquifers.
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FIGURE 4.3: Schematic depiction of ®0-fractionation in the hydrological
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5 Methodology

5.1 Sampling of Water Wells

Before sampling of the water, field parameters are measured at the site of investigation
(Fig. 5.1). The field parameters which were measured at every sampling point are: Tem-
perature, pH, Conductivity and Eh of the water. Additionally, a titration using methy-
lorange as an indicator was carried out to determine the acid capacity at a pH of 4.3. In
order to enable parameter determination at the geothermal well sites, the water had to
be cooled to at least 55 °C since the measuring devices are not able to handle higher tem-
peratures. Afterwards the water designated for Inductively coupled Mass Spectometry
(ICP-MS) measurements was filtered and sampled in flasks of polyethylene.

The water used for the investigation of dissolved gases via headspaces was sampled
in glass flasks according to a procedure proposed by Capasso and Inguaggiato (1998) as
well as Caruso and Santoro (2014). Therefore, the designated flasks were put into a vessel
filled with the sample water. Then they were completely filled with water and crimped
in the water-filled container in order to prevent any atmospheric contamination.

A device, developed by Lukasz Pytlak was used to sample the free gas of selected in-
vestigation sites. This construction is based on the same principle as desribed by Michel
(1997) and depcited in Fig. 5.3. The sampling facility consists of a plastic pipe with an
outlet valve, mounted at the bottom of the pipe. The inlet valve is placed on the opposite
side of the pipe bottom and connected to a small tube placed in the center of the pipe and
mounted along the pipe rotation axis. The first step in the free gas sampling procedure
is, to fill the pipe with sampling water. Then, a cloche is placed above the small tube to
collect the gas escaping from the water. Therefore, the water flow rate should be moder-
ately in order to enable a sufficient amount of gas to escape. This is done, until a certain
amount of gas has been collected under the cloche (Fig. 5.2 and Fig. 5.3). The collected
gas is transported into the water-filled gas collecting tube via a water-filled hose. The gas
volume replaces the water volume in the collecting tube and is then ready to be trans-
ported for further laboratory investigation.
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FIGURE 5.1: Measurement of field parameters (Temperature, pH, Conduc-
tivity and Eh at a sampling site (courtesy of Lukasz Pytlak)

FIGURE 5.2: Gas sampling with a sampling device developed by Lukasz
Pytlak (courtesy of Lukasz Pytlak)
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FIGURE 5.3: Schematic illustration of the free gas sampling device (modi-
fied after Michel, 1997)

5.2 Inductively Coupled - Mass Spectometry (ICP-MS)

A technique coupling ICP and MS (schematic setting in Fig. 5.4) was applied to analyse
the selected water samples. A plasma is used to ionise the sample components in combi-
nation with a quadrupole mass spectrometer to analyse the constituents. The sample is
inserted into the measuring device via a nebuliser and transported together with a car-
rier gas (Ar in most cases) to the high-frequency generated plasma. The next step, the
ion-extraction, starts with an ion transfer to an intermediate storage from where they are
sampled by a skimmer and induced into the mass spectrometer. Behind the skimmer,
four ion lenses are mounted in a vacuum environment. The spectrometer’s transition as
well as the mass resolution of ions is regulated by the voltage applied to these lenses.
The term quadrupole refers to the four columns placed in front of the detection unit.
Detection is carried out with electron multiplication and scintillation counting. An ad-
vantage of the ICP-MS method is the device’s ability to analyse individual components of
a sample simultaneously. Moreover, the detection limit is very low (1 ppb or even lower,
Schwedt, 1992).

The ion measurements (except for iodide and bromide) were performed at the geochem-
ical department of the Geological Survey of Austria. lodide and bromide concentrations
were measured at the Chair of Economic Geology by Ao. Univ.-Prof. Dr. phil. Walter
Prohaska. The used ion chromatography system at the Chair of Economic Geology was
a DIONEX ICS-3000. Bromide concentrations (detection limit: 0.1 ppb) were measured
by a conductivity detector using sulfuric acid with external suppression as an eluent. Io-
dide (detection limit: 1 ppb) was investigated by amperometric detection with a sodium-
hydroxide eluent (pers. comment W. Prohaska, 2018).
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FIGURE 5.4: Schematic illustration of an ICP-MS measuring device setting
(modified after Schwedt, 1992)

5.3 Molecular Composition of Dissolved Gas

5.3.1 Headspace Preparation

In order to investigate the composition of the dissolved gas, headspace samples were
taken in the field. The sampling procedure is listed in Chapter 5.1.

In the laboratory a headspace sample was prepared, following a description by Capasso
and Inguaggiato (1998). Fig. 5.5 shows the schematic procedure of headspace prepara-
tion in the laboratory. It is of great importance to determine the mass and temperature at
each step of the preparation procedure in order to be able to perform the volume calcu-
lations correctly.

First, a water volume of 10 ml was taken out of the sample flask and replaced by helium
(Fig. 5.5a). Then, the flasks were stored overnight at constant temperature to enable the
development of a gas equilibrium. Afterwards, the gas in the head of the sample was
slowly taken out by an injection, while this volume was replaced by hydrochloric acid
(Fig. 5.5b). Finally, the obtained gas samples were analysed in a gas chromatograph.
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FIGURE 5.5: Schematic depiction of Headspace preparation (modified after

Capasso and Inguaggiato, 1998); (a) shows the replacement of a certain

water volume (10 ml) by helium, (b) depicts the withdrawal of the sample

gas in the headspace after equilibration, the sample gas volume is replaced
by injected hydrochloric acid

5.3.2 Gas Chromatography (GC)

The molecular gas composition of the headspace and free gas samples was measured
with a gas chromatograph equipped with three different columns and corresponding
detectors. Helium was used as a carrier gas for all channels. FID was used to detect hy-
drocarbons on a 30 m Rtx-Alumina capillary column (i.d. 0.53 mm; filling NaySOy, 10 um
film thickness). Other gases (e.g. O,, CO, or N,) were resolved on two packed columns:
HayeSep Q (2m x 1/8” OD) and MolSieve 5A (2m x 1/8” OD). TCD was used for detec-
tion. The FPD detector was used to identify sulfur components such as H>S. The column
is an Rtx-sulfur packed column (2m x 1/8” OD).

The columns described above were assembled into an oven. The measuring sequence
was programmed to hold at 50 °C for 4.3 minutes and to increase to 165 °C using a gradi-
ent of 10 °C/min. This temperature was set to hold for 0.5 minutes.

In order to identify the detected peaks, the retention times of the individual peaks were
compared to the retention times of the calibration gas peaks. The component concen-
tration was calculated by comparing the area under the calibration gas peaks (where
the concentration is known) to the area of the sample gas peaks. A prerequisite for this
method is, that all constituents which could be detected in the investigated samples are
included in the calibration gas mixture (Pytlak, 2017). Each gas sample was split to anal-
yse its composition twice. The results of these two measurements were averaged.
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5.3.3 Calculation of Dissolved Methane

Henry’s law states that at chemical equilibrium and constant temperature, a specific
quantity of a gas (xgss) which is in contact with a known volume of a liquid, dissolves
into the liquid. The quantity is proportional to the gas’ partial pressure (Pg,s) (Henry,
1803). The proportion factor is called Henry’s constant (Ky, equation 5.1).

Ky = Pgas/ XGas (atm/mol) (5.1)

Ky varies according to the temperature and the amount of Total Dissolved Solids
(TDS). This principle was applied in this study to calculate the amount of dissolved
methane in the collected samples. In order to calculate the total gas concentration (Cyyt,1)
in the headspace sample, the following formulae were applied (Jurek, 2015):

Vs MW 273 ;
Chys = —————xCqgc * * x 10 mg/l) (5.2
B Vital = Vs °C 7 224 273+ Toample (mg/1) (5.2)
Cy = 55.5 % % * MW % 10° (mg/1) (5.3)

H
Ctotat = Chs + Cwy (mg/1) (5.4)

In order to obtain the correct Ky for the according temperature, the formula below is
used for methane (Jurek, 2015):

Kp—cr, = 748.33 % Ty ple + 22738 (mg/l) (5.5)

5.4 Isotopes

54.1 'C - Radiocarbon Dating

The 'C dating method was applied to selected water samples in order to determine the
age of its last participation in the hydrological cycle. Therefore, 120 litres of water were
taken from these wells (Fig. 5.6). The water was mixed with NaOH and BaCl, in the
tield. NaOH is used to lower the pH of the sampled water, BaCl, has the purpose to
precipitate the dissolved CO, in the water as BaCOs. The sample was left overnight to
let all dissolved CO; precipitate, afterwards the remaining water was siphoned off and
the precipitate was kept for further analysis.

The analysis was performed by Hydroisotop GmbH in Schweitenkirchen (Germany).
The collected BaCO3 was transferred into CO; in the laboratory and remaining traces
of atmospheric gases were removed from the sample. This CO, was then resublimated
to its solid phase in order to ensure that the sample only contained CO,. Afterwards, the
solid CO, was dissolved in a solvent mixture and stored for several weeks. This time is
needed to remove all possible contaminations by naturally occurring **’Ra (t = 3.8 days
according to Sigg and Stumm, 1989).
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In order to date the water sample, the *C is not detected directly, but measured by LSC
(Liquid Scintillation Counting). This method measures the number of decays per minute
and calculates the amount of *C in the sample based on the decay rate. 13.57 *C-decays
per minute per gram C is the atmospheric decay rate. This value indicates 100 per cent
modern carbon (pmC). The older the water sample and its last participation in the hy-
drological cycle, respectively, the smaller is the amount of *C in the water.

FIGURE 5.6: Sampling of water for 1%C dating (courtesy of L.ukasz Pytlak)

5.4.2 Stable Isotopes - 1>C, 2H and %0

The stable isotope measurements of the collected samples were performed by Hydroiso-
top GmbH in Schweitenkirchen. The analysing technique which was applied is Isotope
Ratio Mass Spectrometry (IRMS).

GC-IRMS (IRMS system coupled to a gas chromatograph) or LC-IRMS (IRMS system
coupled to a liquid chromatograph) are commonly used for the analysis of complex com-
pounds. These devices allow a component separation before the actual isotope ratio anal-
ysis. A prerequisite for a precise measurement is a steady gas stream (e.g. CO»). Isotope
ratios of light-weighted elements are determined in a GC-IRMS. The sample elutes from
the GC column into an oxidation chamber, an aluminium tube containing three wires
(made of Copper, Nickel and Platinum) which is normally located at the side of the GC
oven. The sample is combusted and integrated into a gas mixture (e.g. CO,, NO, and
H>0). Then it is transferred to the reduction chamber, where nitrogen oxides are reduced
to nitrogen. The excess O, is removed. H,O removal is accomplished with a semiperme-
able membrane where the analyte is passed through and separated with a dry Helium
counter-flow. This step is important due to the risk of H,O protonating into the mass
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spectrometer source causing a signal adulteration. Since a constant flow of the gas sam-
ple stream is essential, the stream velocity is constantly monitored and controlled (Muc-
cio and Jackson, 2009). The next step of the analysis is the introduction into the mass
spectrometer, which operates as described in section 5.2. The measured isotope ratios
are always expressed in relation to a component-specific standard (5-notation, Equation
5.6, 5.7 and 5.8), for carbon-isotopes a marine carbonate standard is utilised (Vienna Pee
Dee Belemnite - VPDB, Craig, 1957; Hoefs, 2009), for hydrogen- and oxygen-isotopes
VSMOW (Vienna Standard Mean Ocean Water) is chosen (Hoefs, 2009).

(BC/lZC)Sample - (13C/12C)VPDB

o13C = %1000 (%0) (5.6)
(**C/'C)ypps
(D/H)sampte — (D/H)vsmow
oD = * 1000 %o 57
(D/H)vsmow (%) (57)

("80/'0) sampre — (**0/O)vsamow

5'%0 =
(**0/0)vsmow

1000 (%) (5.8

5.4.3 Stable Isotopes (1*C and 2H) - Free Gas samples

A Trace GC-ultra gas chromatograph coupled to a ThermoFisher Delta-V isotope ratio
mass spectrometer (IRMS) with a combustion and high temperature reduction interface
(GC Isolink, ThermoFisher) was used to perform the stable isotope measurements of C
and H on the collected free gas samples. The gas chromatograph contained a 25m Po-
raPlot capillary column (i.d. 0.32 mm; 0.10 ym film thickness). Helium served as a carrier
gas. The measurement configuration was set to increase the oven temperature from 30-
180 °C by 5 °C/min and to hold it at 180 °C for 5 minutes.

The calibration measurements, performed before and after each sample analysis, were
conducted using an in-house standard gas (CO; or Hy). Another calibration gas, contain-
ing C1-C¢ hydrocarbons and CO, with a known isotopic signature, was used to secure
reproducibility via control measurements on a regular basis. The isotopic sample com-
position is reported as ’H/'H (relative to VSMOW) and '3C/'2C (relative to VPDB) ratios
(Pytlak, 2017). Similar to the analysis of the dissolved gas composition, each sample was

split to perform to measuring sequences.

5.5 Geothermometers

Geothermometers are commonly used to evaluate hydrothermal systems with a special
emphasis to receive the temperature of the water within the geothermal reservoir. Since
this temperature cannot always be determined, either because no geothermal well has
been drilled yet or due to temperature losses during thermal water recovery, geother-
mometry is used to derive this property from the chemical composition of the water.
Hence, this technique is often applied in geothermal exploration. An equilibrium state of

the multicomponent system reservoir rock - water - gas within the observed aquifer is a
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prerequisite for this method (e.g. Wishart, 2015; Can, 2002; Michel, 1997). Because of the
individual properties and conditions in the underground, depending on the occurring
formations and their structural setting, most of the proposed formulae for geothermome-
ters are based on empirical measurements and regional calibrations. However, there are

a few prerequisites, which have to be met in order to obtain meaningful results (Michel,
1997; Fournier et al., 1974; Michard, 1979):

¢ Long contact duration of thermal water and the homogenous aquifer formation

¢ Dissolution of ions and molecules from the formation into the water resulting in a

temperature-dependent, thermodynamic equilibrium state

® Due to the abundance of dissolvable mineral components, the equilibrium is con-
trolled by the temperature-dependent saturation of the thermal water

* Long groundwater residence time to reach this equilibrium

¢ Rapid ascension of thermal waters to prevent a variation of the equilibrium during
water cooling

¢ No mixture of thermal waters and shallow or superficial groundwaters

¢ An oversaturation of specific mineral components in recovered thermal waters, this

oversaturation enables an estimation of the reservoir temperature in the subsurface

Several Alkali-geothermometers (Na/K, K/Mg and Na/Li) have been calculated for
selected samples. The equations which were used for these calculations are listed be-
low. They were derived from the following publications: Fournier (1979), Arnérsson et
al. (1983), Nieva and Nieva (1987), Giggenbach (1988), Verma and Santoyo (1997), Can
(2002) and Drever (2005). The ion concentrations are given in mg/1.

Trournier = 1og(Na}§<1)7+ 1483 2721 O 69
Tamarson et ot = o0 Na}%ﬁ g — 27315 Q) (5.10)
T'Nievag&Nieva = log(Na}%S—F 1239 273.15 (°C) (5.11)
Taisennot = ooy ) 71750 ~ 27515 Q) G12)
Tuermassanion = jo Naﬁf)g g5~ 2315 °C) (5.13)
Tean = 1052 476 CC) (5.14)

1 + e1.714+log(Na/K)+0.252
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4410 .

Teiggentaci2 = 7 “Tog (E /i) " 273.15 °C) (5.15)
1590

Threver = > —273.15 °C) (5.16)

0.776 + log(Na/Li)
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6 Results and Discussion

6.1 General Data

In total, 32 samples were taken from springs, municipal water supply wells, private wa-
ter wells and thermal wells either utilised for balneological or energy supply purposes.
These samples can be categorised into different aquifer horizons (Fig. 1.1): two samples
were taken from springs in the Bohemian Massif and one from a well in this group, two
samples from Quaternary deposits, ten samples from Ottnangian Sandstones (either de-
scribed as Ottnangian Sandstone, fossil-rich coarse sands (Ottng.) or Natternbach Sands),
six samples from Ottnangian Schlier, three samples from the Atzbach Sands, four sam-
ples from the Linz Sands, one sample from the Rupelian and three samples from Malmian
carbonates. The samples were taken in five campaigns between September 2017 and Jan-
uary 2018.

General data of the sample locations (visible in Fig. 1.1) are summarised in Table 6.1.
Well depth and total depth of the samples corrected to sea level are listed in two separate
columns. The aquifer information was either provided by the owners of the according
water wells or derived from literature data. For data security reasons, the well names
were anonymised.

Due to the lack of well data for several of the selected sampling points, the drilled aquifers
had to be reconstructed on the base of literature data. This was applied to the sample
points no. 4, 15, 20, 22, 24 and 25. Geological surface maps and borehole data of wells
drilled near the sample points 4, 20 and 22 (according to Land Oberosterreich, 2018)
served for the reconstruction of aquifer data for these locations. A study conducted by
Lengauer et al. (1987) provided sufficient information to assign an aquifer to the corre-
sponding well location and depth. Fig. 6.1 and 6.2 show cross-sections of the publication
with the inserted sample points of this thesis.
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TABLE 6.1: Sample number, well depth (true vertical depth is listed in
column 2 and corrected depth above sea level is listed in column 3) and
aquifer of collected samples

Sample No. Well Depth Above Sea Level Aquifer
[m] [m]
1 0 843 Spring in Bohemian Massif
2 88 192 Linz Sands
3 26 257 Glacial Terraces
4 34 278 Ottnangian Sandstone”
5 65 645 Bohemian Massif
6 0 360 Spring in Bohemian Massif
7 200 89 Linz Sands
8 160 236 Fossil-rich Coarse Sands (Ottng.)
9 51 319 Fossil-rich Coarse Sands (Ottng.)
10 71 333 Fossil-rich Coarse Sands (Ottng.)
11 120 280 Fossil-rich Coarse Sands (Ottng.)
12 125.5 305 Fossil-rich Coarse Sands (Ottng.)
13 124 312 Fossil-rich Coarse Sands (Ottng.)
14 66.5 306 Fossil-rich Coarse Sands (Ottng.)
15 166 194 Linz Sands’
16 220 160 Atzbach Sands
17 140 215 Atzbach Sands
18 180 228 Ottnangian Schlier
19 50 332 Natternbach Sand
20 72 323 Ottnangian Sandstone’
21 55 375 Atzbach Sands
22 87 369 Ottnangian Schlier’
23 85 340 Ottnangian Schlier
24 158 177 Ottnangian Schlier’
25 9 326 Alluvial and Glacial deposits*
26 60 284 Ottnangian Schlier
27 65 285 Ottnangian Schlier
28 646 -326 Rupelian
29 479 -173 Linz Sands
30 2214 -1799 Cenomanian/Malmian/Doggerian
31 1560 -1228 Malmian
32 2056 -1489 Malmian/Doggerian

! Aquifer derived from literature
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[ Quartenary deposits
[ Robulusschlier
[ Fossil-rich Coarse Sand (Ottng.)
[ Hall Formation

[ Freshwater Limestone (Egerian)
[ Linz Sands

I Pielach Tegel

[1 Bohemian Massif

FIGURE 6.1: Three-dimensional subsurface model of the southern

Taufkirchen Bay south of Leoprechting; the cross-section was recon-

structed according to the formation tops of wells drilled in this area, well

abbreviations BR 1 - Braunau 1; IV 3 - Innviertel 3; T 15 - Taufkirchen 15;

SH 1 - Siegharting 1; SH 2 - Siegharting 2; 15 - Sample no. 15 (modified
after Lengauer et al., 1987)

Kallin
25 5

300 m

[ Quartenary deposits
[ Robulusschlier
[ Fossil-rich Coarse Sand (Ottng.)
[ Linz Sands

[ Pielach Tegel

[ Bohemian Massif

200 mJ

100 m

FIGURE 6.2: Cross-section across the Taufkirchen Bay near Kalling, well
abbreviations IV 3 - Innviertel 3; 24 - Sample no. 24; 25 - Sample no. 25
(modified after Lengauer et al., 1987)
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TABLE 6.2: Physical parameters of collected samples (field measurements)

Sample No. Depth Temperature pH Redox Potential Conductivity (03

[m] [°C] [-] [mV] [uS/cm] [mg/1]
1 0 8.0 6.14 360 75 8.80
2 88 16.4 8.38 -295 460 0.04
3 26 12.9 7.15 270 867 11.25
4 34 11.7 6.70 130 360 0.49
5 65 8.1 6.76 34 160 0.01
6 0 11.4 7.13 59 282 0.21
7 200 19.7 8.34 -248 467 2.50
8 160 11.7 7.57 24 378 0.17
9 51 10.8 7.53 45 534 6.30
10 71 10.9 7.75 -124 322 0.01
11 120 11.8 7.68 -85 317 0.02
12 125.5 10.8 7.56 -98 468 0.16
13 124 10.6 7.53 -150 476 0.01
14 66.5 114 7.60 -133 410 0.10
15 166 13.2 8.29 93 703 2.50
16 220 12.2 8.76 -173 460 0.04
17 140 12.5 8.64 -213 480 0.03
18 180 114 8.61 -149 471 0.06
19 50 10.1 7.38 -18 544 0.27
20 72 10.7 6.59 75 511 0.07
21 55 10.5 6.44 175 154 8.39
22 87 10.0 7.44 - 571 -
23 85 9.7 7.48 -168 605 0.50
24 158 12.0 7.89 16 440 5.17
25 9 8.8 7.29 141 254 10.25
26 60 11.0 7.41 20 577 247
27 65 9.1 7.77 -57 460 2.55
28 646 36.6 8.34 -315 558 0.01
29 479 38.3 8.59 -303 827 0.01
30 2214 27.1° 7.25 -190 1428 1.92
31 1560 514" 6.93 -310 1431 0.04
32 2056 492" 7.72 -80 2010 2.29

" Water temperature after cooling

6.2 Hydrochemical Characteristics

6.2.1 Physical Parameters

The field parameters, which were measured at the sampling site, are listed in table 6.2.
The O, content is supposed to be close to zero for the deep groundwater samples. How-
ever, due to the sampling conditions this value could not always be achieved.

All samples show pH values in a range of 6 to 9. According to investigations of Kra-
lik et al. (2005), this range is common for water samples in Austria. Sample no. 1 shows
the lowest pH, plotting between values of rain water and waters hosted by fractured
aquifers. This is explained by the sampling location, a spring within the Bohemian Mas-
sif which results in a high influx of meteoric water. Sample no. 21 is also characterised by
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a low pH value. Although this well recovers water from the Atzbach Sands, its location
is close to the Bohemian Massif. The highest pH values are encountered in the samples
located in the Rupelian, Linz and Atzbach Sands. The thermal water samples do not
show a deviation compared to the shallower waters.

Eh values indicate environmental conditions regarding the supply of oxygen. Positive
values are linked to oxidising conditions and contact of water with O,, negative val-
ues are the result of oxygen depletion and therefore reducing environments. Mostly,
these negative Eh values appear in combination with the occurrence of CHy and H,S
(Wisotzky, 2012). Most of the collected samples show values in accordance with this de-
scription. While deeper wells are characterised by negative Redox potentials, positive
values were measured in the shallow waters and springs. Samples 15 and 24 show a
positive Eh although their well depth would suggest, that these waters originate from
reducing environments. Since both waters were only accessible via a tap, this facility
could have caused a contamination of oxygen during the measurements. The same effect
could have also caused the different Redox potential in sample 32 compared to the other
Malmian waters. Sample 6, a spring in the Bohemian Massif shows a significantly lower

Eh than expected for a spring sample.

In comparison to the other wells, the conductivity of the Malmian thermal water sam-

ples is highly increased. They range between 1428-2010 uS/cm, which is more than dou-
ble as the other results. The samples from the Bohemian Massif form the lower end of
the conductivity scale with values between 75-282 uS/cm. The waters from wells 21
and 25 fit into this range as well. Although sample 3 was also recovered from shallow
strata, its value is significantly increased. Waters from the Innviertel Group and Linz
Sands (except for the samples 15 and 29) are characterised by conductivities between
317-605 uS/cm. Surprisingly, sample 28 does not show an increased value, although it is
recovered from a geothermal well in the Rupelian.
In order to visualise possible correlations of physical parameters of the water samples,
pH was plotted against Eh (Fig. 6.3) and electrical conductivity (Fig. 6.4). The crossplot
in Fig. 6.3 is also used to derive information about the activity of specific compounds (e.g.
Fe; Matthess, 1990). The water samples from this study are located in the range of natural
groundwaters. A group of samples in the bottom right corner shows high pH values cou-
pled with low Eh. This indicates reducing and anaerobic surrounding conditions. Waters
sampled from the Malm aquifer also originate from anaerobic environments, neverthe-
less, their pH values are significantly lower than the pH values of the siliciclastic deep
groundwaters.
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Fig. 6.4 could indicate a correlation for those samples which do not recover Malmian
water. An increase in pH occurs in combination with an increase in the electrical conduc-
tivity of the samples. The samples of the crystalline basement are located in the bottom
left part of the plot. Samples ( between 88-646 m depth) from the Linz and Atzbach Sands
and the samples 18 and 28 form a group at the right part of the plot. Sample 3 is charac-
terised by an offset from the other groundwater samples induced by a higher electrical
conductivity. This parameter is mainly influenced by the amount of dissolved solids in
the water. Since the total mineralisation is significantly augmented in sample 3 as well as
the Malmian water samples, they do not fit into this correlation.

Geothermal use of water resources is strongly connected with the temperature in the
subsurface. Geothermal wells are usually drilled in regions with an elevated geothermal
gradient, a phenomenon that is observed in the Alpine Foreland Basin. Fig. 6.5 shows the
measured temperature of the water samples. Due to cooling of the thermal water during
the sampling procedure, the original subsurface temperature of the samples 30, 31 and 32
could not be determined. Therefore, literature values from Elster et al. (2016) were used
for this graph.

Temperature [°C]

0 20 40 60 80 100
1000 . . . *
1 ; :
g Aquifer signature
@5 © Quartenary deposits
@ Ottnang Schlier
500 - © Ottnang Sandstone
©  Atzbach Sands
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O Malmian Carbonates
0 @ Bohemian Massif
E
A -500 1
o
=
-1000 A
. O3
-1500 A Qe
Temperature gradient ' Y
----- 4°C per 100 m 030"'~..,
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-2000

FIGURE 6.5: Crossplot of water temperature of collected samples vs. well

depth (corrected to sea-level), the geothermal gradients of 3°C and 4°C

are marked in green and blue, water temperatures for the samples 30, 31
and 32 were taken from Elster et al. (2016)
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Most of the samples plot in a temperature range of 10 °C-15 °C. Apart from three sam-

ples, the well depths are greater than 15m. In moderate climate zones, this is considered
as a boundary for the influence of seasonal temperature variations on subsurface tem-
peratures (Matthess, 1990). Sample 1 and 5 show a similar temperature compared to the
large sample cluster in the plot, however, their offset position in the graph is explained
by their elevation in reference to sea level. Moreover, the temperature value of the spring
(sample 1) corresponds to the surface temperature of the sampling date.
The geothermal well samples as well as two samples from the Linz Sands (2 and 7) are
clearly distinguishable from the others due to their increased temperature. They follow
roughly the trendline of the 4 °C geothermal gradient (Fig. 6.5). Especially sample 2 and
7 show a significant temperature difference despite their similar depth compared to the
major part of the other samples. This could indicate that the recovered water arises from
greater depths. In terms of the reaction rate, this ascension process proceeds probably
faster than the time which would be necessary to reach a temperature balance. This ef-
fect is also visible for the samples 28 and 29. The neighbouring wells are drilled in two
juxtaposed fault blocks characterised by an offset of approximately 150 m. The distinct
elevation of the temperature of sample 29 in relation to the geothermal gradient trendline
is a second indication for this northward drainage of deep groundwater.

6.2.2 Chemical Parameters

The chemical elements and compounds which were analysed in this study are sum-
marised in the tables below (6.3, 6.4 and 6.5). The last column in table 6.5 lists the water
types assigned to the samples according to their chemical composition as suggested by
Palmer (1911) and Elster et al. (2016).

A ternary diagram system after Piper (1944) summarises the most important ions of
the individual samples in a graph (Fig. 6.6). Two different sample populations can be
distinguished in this plot. A cluster of samples, characterised by an increased amount
of Cap* and Mg, " is located at the left corner of the diamond plot. The second cluster
is concentrated around the bottom corner of the diamond plot. These samples show a
higher amount of Na™, the thermal waters (samples 30, 31 and 32), which form a part of
this second group indicate a movement in direction towards the corner at the right side of
the diamond plot. This movement is connected to an increase in the amount of dissolved
chloride in the samples (table 6.5).
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FIGURE 6.6: Ternary diagram (after Piper, 1944) of the collected samples.

The movement of the sample points within the plot according to the physi-

cal processes (cation exchange according to Goldbrunner, 1988) are marked
with arrows and labelled

The results of the sampled Ca-(Mg)-HCO3 waters from this study are consistent with
data published by Kralik et al. (2005), who investigated shallow water wells in Upper
Austria. This could be an indication that most of the groundwater samples investigated
in this study are neither in contact with the Malmian carbonate aquifer nor have they ex-
perienced mixing with this thermal water. Samples from the Malmian aquifer are similar
to published data of Andrews et al. (1987) and Goldbrunner (1988). Waters showing sim-
ilar characteristics to the Malmian samples and which plot in the vicinity of these thermal
aquifer samples could be interpreted as waters characterised by an advanced cation ex-
change, the direction of movement within the plot during cation exchange is marked
with an arrow (Fig. 6.23). A second process, which could lead to a further movement
of the sample points towards the Malmian groundwaters is the increased thermal water
influence due to mixing processes. This is illustrated by a second arrow (Fig. 6.23).

In Figure 6.7, a basemap of the study area with all sampling locations is shown. The
chemical composition of the water samples is illustrated using pie diagrams showing the
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main ions in different colours stated in the legend. The size of the pie diagrams reflects
the overall mineralisation of the sample; large diagrams indicate a high mineralisation,
whereas small circles stand for a low amount of Total Dissolved Solids. The dots marking

the sampling sites are coloured according to the aquifer layer.
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FIGURE 6.7: Basemap of Upper Austria with locations of the collected wa-

ter samples, marked according to their aquifer (the aquifers which can be

assigned to the Innviertel Group are framed with a black rectangle) and
pie diagrams illustrating the percentual composition of the main ions.

The summary of all pie diagrams in one figure clearly shows, that the major part of
the samples belong to the Ca-(Mg)-HCO3-Type. These samples, mainly concentrated in
the northern part of the study area, are included in the cluster on the left corner of the
diamond diagram in Fig. 6.6. Seven samples (samples 2, 7, 15, 16, 17, 18 and 29) can
be assigned to Na-HCOs-Type, four to Na-HCO3-Cl-Type waters (samples 28, 30, 31 and
32). The lowest mineralisation is observed in samples from the Bohemian Massif (sam-
ples 1,5 and 6) and sample 21, which resembles the groundwater of the Bohemian Massif
in its characteristics. Therefore, it can be assumed that the recharge area for this part of
the aquifer is located in the crystalline basement. On average, the total mineralisation
of samples 1, 5, 6 and 21 is 134 mg/l. The amount of dissolved solids from the shallow
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porous strata of the Molasse Basin is on average 385mg/1 (table 6.5). The thermal wa-
ters recovered from the Malmian carbonates range between 961-1409 mg/1 (table 6.5). A
closer look at the regional distribution of these samples reveals that, with exception of
sample 15, samples containing high amounts of sodium or chloride are preferably en-
countered in the southern part of the study area. The same waters can be found in the
bottom cluster of the diamond graph in Fig. 6.6. Apart from the geothermal wells, the
well depths of these samples mentioned (samples 2, 7, 15, 16, 17 and 18) do not greatly
differ in their order of magnitude from the wells sampled in the north. However, the
samples 15, 16, 17 and 18 are located in the vicinity of the Lindach fault and a conjuga-
tion of this fracture zone. This fault could maybe serve as a pathway for the upwards
migration of thermal water. An increased groundwater residence time in the area of the
samples 16, 17 and 18 could have also lead to the development of their hydrochemical
characteristics.

Figures 6.8-6.23 show crossplots of different ions against the amount of dissolved

solids of the individual samples. In Figure 6.8, sodium is plotted on the diagram ordi-
nate. The plot shows, that the sodium concentration of the major part of the samples does
not exceed 21 mg/l. Only the thermal water samples (samples 28-32) and a few other
waters (samples 2, 7, 15, 16, 17 and 18) exceed this sodium content. Their amount of dis-
solved sodium ranges between 99-400 mg/1 (table 6.3). These waters from the Malmian
carbonates form a linear trendline with the waters from the Rupelian, Linz and Atzbach
Sands.
Although sample 3 comes from a quaternary age aquifer, it has a higher mineralisation
than all other waters, except the ones from the Malmian carbonates. This is probably
caused by the sampling conditions and not by natural conditions. Since this sample was
taken from a public pool facility, chloride is added to the water due to hygiene regu-
lations. The sample was taken at a tap bearing untreated groundwater. However, the
chloride is added in the vicinity of this tap. Since the chloride content of the sample is
strongly increased in comparison to the other ions contained (Fig. 6.16) it is probably
contaminated by the additive and hence, cannot give a reliable result regarding its total
mineral content.
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FIGURE 6.8: Crossplot of Na* vs. Total Dissolved Solids

The crossplot with K on the diagram ordinate (Fig. 6.9) shows, similar to the major
part of the other figures (Fig. 6.13, 6.15 and 6.16), that this element is enriched in the
Malmian waters. The potassium content of the samples 30, 31 and 32 varies between
14 and 18 mg/1, whereas the amount contained in other waters does not exceed 5 mg/1.
Sample 25 is the only exception, this water is characterised by a K*-content of 8 mg/1
(table 6.3). In contrast to the Malmian samples, the thermal wells producing from the
Linz Sands and Rupelian do not show any significant differences in comparison to the
shallower groundwater wells. This leads to the assumption, that potassium is not able
to serve as an indicator for (ascending) deep groundwaters. Sample 25 also shows an in-
creased potassium content. However, because this water originates from a shallow water
supply source, this K'-content may be a result of anthropogenic influence. Wastewa-
ter or agricultural fertilisers could be responsible for an enhanced potassium supply in
groundwater (Matthess, 1990). Sample 1, 5 and 6 from the Bohemian Massif form a group
with a slight offset from the other groundwaters. Thus, the reason for this observation is
probably naturally conditioned. Feldspar is one of the major components of granite, es-
pecially in felsic granite, potassium-rich feldspar occurs frequently. Weathering processes
decompose and dissolve these minerals. The released elements are then diluted into the
surrounding groundwater causing an enrichment of certain ions. Moreover, an increase
of this ion coupled to the amount of total dissolved solids is also observed within these
three samples. For sample 23, a different reason for the increased potassium content is
assumed. Since this well recovers water from the Ottnang Schlier, a clay-rich formation, a
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higher circulation period within this formation could have lead to a concentration of this
element because potassium forms a major component in clay minerals (Matthess, 1990).

20

1 B

8 032

16 O3t

030

14 A

12 A
g
£ 10
3

8 Q25

6 - Aquifer signature

O Quartenary deposits
@2 @ Ottnang Schlier
4 © Ottnang Sandstone
@®5Q O Atzbach Sands
1617 O Linz Sands
@5 o3 © Rupeli
> | e B18,, upelian
@ 28 2.0290 - 2 Malmian Carbonates
1(% 7979 1528 Bohemian Massif
@21 11 %’133
0 200 400 600 800 1000 1200 1400 1600

Total Dissolved Solids [mg/I]

FIGURE 6.9: Crossplot of K* vs. Total Dissolved Solids

The figures 6.10 and 6.11 show the same overall trends, although the ion content of
both differs slightly for individual samples. The difference between both diagrams is the
order of magnitude of the ion concentrations. Whilst the calcium concentrations reach
values up to 130 mg/1, the magnesium values range around a third of these Ca** values
(table 6.3). Again, in both plots two different groups of samples exist. The first group
is characterised by a linear increase in calcium and magnesium coupled to the increase
of the total dissolved solids. The meteoric groundwaters of the springs and wells with
shorter groundwater residence times form this group. In contrast, the population of deep
groundwaters (samples 2, 7, 15-18 and 28-32) show a noticeable depletion in calcium as
well as magnesium. This phenomenon is explained by the replacement of Ca®* and Mg?*
by Na* with increasing depth and dwell time. The offset of the Malmian waters is caused
by their increased mineral content. Fig. 6.8 therefore forms a counterpart to these plots,
because in this previous plot, samples with increased Na*-content are elevated, whereas

in the figures 6.10 and 6.11 the same samples plot near the abscissa.
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Sample 3 shows a significantly higher amount of calcium and magnesium, leading to
its position outside of the normal range of the other shallow groundwaters. This could be
a result of anthropogenic influence. Federal regulations specify the hygienic standards
for public pool facilities (e.g. Umweltbundesamt, 2014). In order to meet these require-
ments, chemicals are added to the water, e.g. calcium hypochlorite. These additives
would not only account for the amount of chloride in the water, but also for the calcium
content. Hence, the results of the chemical analyses do probably not show the original

water composition.

The diagram which plots strontium on the y-axis and total dissolved solids on the
x-axis (Fig. 6.12), does not show clear trends regarding all samples. The strontium con-
tents of all samples do not exceed 1 mg/1, they range between 0.017-0.944 mg/1 (table
6.3). Due to their increased total mineralisation, the thermal water samples form a sepa-
rate group, thus, their strontium content does not differ from the shallower groundwater
samples. Zotl and Goldbrunner (1993) stated, that strontium is a trace element which can
be used to identify deep groundwaters. However, this can not be confirmed for the sam-
ples of this study, quite the contrary is observed in the investigated waters. Sample 29,
a geothermal well is characterised by the lowest strontium content of all samples in this
study. The highest amount of this element is included in sample 24, a water well of 158 m
depth. Therefore, strontium can be excluded to serve as a tracer element for Malmian
groundwaters.

Although the contents are still in the usual range, higher strontium mineralisations could
be observed at the sampling sites 23 and 24. Due to the ability of strontium to replace
calcium, this element could be enriched in any mineral which includes calcium. This cre-
ates a broad variety of possible strontium sources. Therefore, a definite statement about
the cause of the higher amount of strontium in those two samples cannot be made.

Even though the total strontium content does not deliver any significant results, an in-
vestigation of the isotope ratios of this element could give indications about the origin,
age or mixing of groundwaters. Due to this reason, further investigations of the isotopic
composition should be considered.
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FIGURE 6.12: Crossplot of Sr** vs. Total Dissolved Solids

The amount of barium in the sampled wells is generally low and does not exceed

0.15mg/l. Only sample 32 is characterised by an augmented portion of this element
(table 6.3). An explanation for this observation could be found in the adjacent region.
Matthess (1990) described higher barium concentrations in oilfield brines which are poor
in or free of sulphate. The oilfield Trattnach is located at an adjacent fault block east-
wards of the sampling point 32. This oil within the reservoir is characterised by a low
sulfur content (Grof et al., 2015). Furthermore, Andrews et al. (1987) has mentioned the
low salinity of the formation waters associated with this oilfield, indicating a hydrody-
namic connection of the Cenomanian with the underlying Malm. Due to the proximity
of this hydrocarbon deposit, a diffusion of contained compounds into the vicinity of the
oilfield may provide a possible explanation for the barium supply of this water.
Another characteristic feature of the water from site 32 is the slightly increased mineral-
isation. Due to the connection of Malm and Cenomanian in this area, this higher value
of dissolved solids may be explained. The geological setting of this area may also pro-
vide an explanation th the increased mineralisation. Since the well is located close to the
Schwanenstadt fault, which forms part of the structured trap of the Trattnach oilfield, the
impermeability of this discontinuity may cause a slight decrease in water circulation and
therefore, provide a reason for the enrichment of dissolved solids.

For all samples, except the Malmian thermal waters (sample 30, 31 and 32), lithium
contents between 0.002-0.084 mg/1 were measured (table 6.3). In contrast, the Malmian
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samples have increased amounts of this trace element (between 0.243-0.272 mg/1; Fig.
6.13). The amount of lithium contained in these waters is three times as high as in the
shallow aquifers. Waters from sites 15, 16, 17 and 18 (encircled in red in Fig. 6.13) also
show a slight elevation in this element. Both, Matthess (1990) and Zo6tl and Goldbrun-
ner (1993), state that a raised lithium concentration is a characteristic feature of thermal
waters. Due to this reason, the four shallow groundwater samples mentioned earlier
could be the product of a mixing process of meteoric water with deep thermal ground-
waters causing this alteration. However, temperature-dependant water-rock interactions
coupled with ion exchange processes control the supply of this element. During diage-
nesis, illite-smectite is converted to illite and further to illite/muscovite. This results in
an exchange of potassium (or sodium) by lithium which dissolves into the water flowing
through the formation (Hoth et al., 1997). Because these processes preferably occur in
siliciclastic sediments, the Malmian geothermal aquifer bears little amounts of lithium
in comparison to other thermal waters. As opposed to that, the wells where increased
temperatures were measured (Fig. 6.5) do not show any conspicuities in this plot.
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FIGURE 6.13: Crossplot of Li" vs. Total Dissolved Solids, the shallow

groundwater samples 15, 16 17 and 18 (encircled in red) are characterised

by an increased lithium content which could indicate mixing with thermal
waters

In comparison to lithium, the rubidium contents in the samples are more than ten
times lower with values between 0.0001-0.0025 mg/1 (table 6.3). This range excludes
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the Malmian samples, because, again, the contents in the three geothermal wells are en-
hanced (between 0.0339-0.0377 mg/1). The data which have been collected, suggest that
this ion is characteristic for Malmian thermal waters, because all other samples have
nearly no rubidium dissolved. Unfortunately, no additional former investigation of this
element is published inhibiting comparison of the results with literature data.

The iron contents in the samples lie between 0.000-1.857 mg/1 (table 6.3) and show
no clear trend (Fig. 6.14). The only apparent feature which is visible is, that the deep
groundwaters are concentrated in the lower section of the plot whereas the water located
closer to the surface are characterised by a higher iron concentration. A reason for this
distribution may be related to the aquifer specifications, the Malmian carbonates are pre-
sumably low in iron which decreases the provided dissolvable amount of this element,
despite the fact that reducing, oxygen-poor conditions are favourable for iron dissolu-
tion (Matthess, 1990). In comparison to their total mineralisation, samples 5 and 6 show a
high iron content. This characteristic is depicted in Fig. 6.14 where those two samples are
located in the uppermost part of the graph. The increased iron supply of plutonites of the
Bohemian Massif may be responsible for this elevated iron content. This increased iron
content in sample 6 may also provide an explanation for the low redox potential mea-
sured in this spring (Fig. 6.3, table 6.2), since an augmented amount of this ion reduces
the redox potential of water (Wisotzky, 2012). The samples 22 and 23 originate from the
Ottnangian Schlier aquifer. These two waters show higher values of iron as well. Due
to the proximity of both sampling wells, the higher iron content could result from an

enrichment of iron-bearing sediments in this area.
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FIGURE 6.14: Crossplot of Fe>* vs. Total Dissolved Solids

The trace element manganese (table 6.3) holds similar characteristics as iron, but its
solubility is significantly lower. For this reason, its content in groundwater is reduced in
comparison to iron (Matthess, 1990). Except for three samples, the manganese contents
observed in the samples do not exceed 0.1 mg/1. The values of concentrations of samples
5 (0.118 mg/1) and 6 (0.0997 mg/1) are again slightly increased in this plot. The water
from the sampling site 20 is noticeable due to its manganese content of almost 0.9 mg/1.
However, since this phenomenon is neither observed in other samples of the same aquifer
nor in the vicinity of the sampling location, its origin must be locally restricted.

The hydrocarbonate contents of the collected waters vary between 20.86-676.06 mg /1.
Therefore, this compound, which takes up approximately half of the total dissolved
solids, is the principal component of all samples. All samples range between pH val-
ues of 6-9. In this pH range, HCO;3™ is the main CO;-species present in water (Fig. 4.1).
Although the HCO3™ content is supposed to decrease with increasing depth or ground-
water residence time (equation 4.1), the observed decrease in the Malmian thermal water
samples (30, 31 and 32) is very low. The water composition of the thermal water samples
reflects their origin from a carbonate aquifer with an increased supply of HCO3 ™.

Fig. 6.15 shows the hydrocarbonate contents of the collected waters. After Matthess
(1990), the hydrocarbonate range of common groundwaters lies between 50-400 mg/1.
The sampling points characterised by a low mineralisation are situated at the lower end
of the linear trend visible in the graph. The geothermal water samples form the other
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end of the trendline due to their high amount of dissolved minerals resulting in a larger
hydrocarbonate content. However, these water samples located at the top right part of
the plot seem to follow a different trend characterised by a lower gradient compared to
the shallow groundwater samples. An explanation for this development could be given
by the increasing admixture of chloride in deep groundwaters (cf. equation 4.1). This an-
ion takes up to a third of the total anion share of these samples and contemporaneously
reduces the amount of HCO3 ™. The integration of sample 3 into this trend would confirm
this assumption due to its high anthropogenically induced chloride content.
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groundwater trendline marks the trend for all samples, except 3 and 30-

32, the trendline for the samples 30-32 is marked as Malmian groundwater
trendline

A closer observation of the amount of chloride of the samples (Fig. 6.16) confirms
the trend for the deep groundwater samples which was mentioned above. The waters
recovered from deeper formations show a significantly increased amount in chloride in
comparison to the shallow groundwater samples which are characterised by a chloride
mineralisation which does not exceed 25 mg/1. For the deeper situated geothermal wells
a chloride increase with rising amount of dissolved solids is observed. Sample 15 forms
an exception to this description. Although its well depth is 160 m, it is situated between
two samples taken from balneologically used geothermal wells and therefore, follows the
deep groundwater trendline. This could be a clear sign that deep groundwaters ascend
to shallow strata in this region.
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FIGURE 6.16: Crossplot of C1~ vs. Total Dissolved Solids

Although the absolute sulfate contents of the samples 1 and 5 located in the Bohemian
Massif as well as sample 21 are rather low (3.8-9.8 mg/1), their contents take up to 24 eq%
of the overall anion share (Appendix). Most of the Ca-(Mg)-HCOj3 type waters show sul-
fate contents up to 22 eq% (4.4-47.8 mg/1). However, it remains questionable if these
amounts are caused by natural processes or anthropogenically induced. Vohryzka et al.
(1986) states, that the Bohemian Massif mainly composed of granite and gneiss is rich
in sources of sulfide, but these hardly participate in the groundwater mineralisation of
this aquifer. Maybe this is caused by the fact that the Bohemian Massif conducts water
through fractures, which do not provide as much surface for water-rock interaction as
porous aquifers. However, a dissolution of pyrite in these fractures should not be com-
pletely neglected and could maybe serve as a source for sulfate. Sample 6 (characterised
by a sulfate content of 20.3mg/1) is located in an area, where high sulfate contents are
observed in groundwaters. These were either induced by fertilising products for agri-
cultural purposes or industrial sulfur emissions. The content which is then taken up by
groundwaters is mainly driven by the filter characteristics of the uppermost formations
and its clay minerals (Vohryzka et al., 1986). However, a natural sulfate supply by dis-
solution of pyrite and markasite contained within the aquifer should not be excluded.
An increased pyrite content and dissolution in the subsurface could also explain the aug-
mented sulfate contents (44.4-447.8 mg /1) of the samples 12, 13 and 20.

A crossplot of sulfate content versus TDS (Fig. 6.17) does not show significant differences
in shallow and deep groundwaters. This observation is opposed to the trends illustrated
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in equation 4.1, which states that the sulfate amount takes up a major share in deeper
located groundwaters. However, samples from the Linz Sands and Rupelian as well as
two samples from the Malmian carbonates are characterised by a low sulfate content
(4.5-6.4 mg/1). In contrast to these waters, the amount of sulfate measured in sample 32
(43.6 mg/1) is among the highest concentrations of all samples taken. An enrichment in
this ion caused by limited water circulation and dissolution of sulphate from the carbon-
ate aquifer is probably responsible for this higher content. A second argument for this
theory is the comparably high mineralisation of this sample. A connection of the sulfate
content with the oil deposit located in the vicinity of the sampling site can be excluded
since this hydrocarbon deposit bears low amounts of sulfur (Grof8 et al., 2015). The sul-
fate depletion of the remaining deep groundwaters could be the result of microbial or
thermogenic sulfate reduction. Thereby, sulfate is reduced to hydrogen sulfide, either by
microorganisms under anaerobic conditions (biogenic sulfur reduction; Matthess, 1990)
or by a reaction with gaseous hydrocarbons at temperatures between 100-180 °C (ther-
mogenic sulfur reduction; Orr, 1974; Orr, 1977; Machel, 2001). Since many of the deep
groundwaters were accompanied by the characteristic odour of hydrogen sulfide during
sampling, this assumption is probably realistic.
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FIGURE 6.17: Crossplot of SO42~ vs. Total Dissolved Solids

Waters from the wells 15, 24, 28 and 29 are characterised by a fluoride content be-
tween 0.49-0.92 mg/1 which is significantly different to the remaining shallow ground-
waters. Their amount of dissolved fluoride does not exceed 0.35mg/1. Only the thermal
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water samples gave fluoride results of more than 5mg/1. Therefore, according to BGBL
IT Nr. 309/1999 (1999), "fluoride-bearing" can be supplementary added to the water type
description of samples 30, 31 and 32. This ion content could be influenced by numerous
factors. Zotl and Goldbrunner (1993) claims, that high amounts in fluoride occur in deep
groundwaters which is the case for these geothermal samples. Michel (1997) proposes
two different reasons: Firstly, due to the co-precipitation of CaF, during carbonate for-
mation in marine conditions, the aquifer itself provides a potential source of this element.
Secondly, the amount of fluoride is increased during ion exchange processes. This the-
ory is supported by the increased pH of the samples 30-32, which is a side-effect of these
reactions (Michel, 1997) and by the fact that samples 28 and 29 as well as 15 bear higher
fluoride contents, too.
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FIGURE 6.18: Crossplot of F~ vs. Total Dissolved Solids

Only a few water samples have yield a higher nitrate concentration than 0.5mg/1. A
common property of all these samples is their depth, they either originate from springs
or shallow aquifers (samples 1, 3, 4, 21 and 25). Due to their position, the nitrate con-
tamination is probably induced from the surface. The areas where samples 1 and 21 are
located are partly covered by forests. These forests could have contributed to the nitrate
concentrations measured (pers. comment F. Eichinger, 2017). Moreover, the spread of
fertilizers is probably responsible for increased nitrate amounts as well.

As far as the other trace elements and metals which were investigated are concerned,
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a major amount of the values was below the detection limit of the measuring device (ta-
bles 6.4 and 6.5). Therefore, none of these can be used as a trace element for the detection
of thermal water or mixtures of groundwater and thermal water, because no regional
trends or correlations can be identified. For the trace element Cadmium no results above
the detection limit could be reached by any sample.

The inspection of the ratio between sodium and chloride of the samples (Fig. 6.19)
reveals, that most of the shallow groundwater samples gather near the origin of the plot
at a position along the Seawater Dilution Line (marked as Na:Cl=1:1). This implies that
these waters have very small amounts of diluted NaCl, probably caused by the dissolu-
tion of minerals in the subsurface or contact with formation waters. Three samples are
located close to the first group - but aside the Seawater Dilution Line. Sample 3 is influ-
enced by its chloride additives as mentioned above. Samples 20 and 24 show a slightly
increased sodium content. This could be interpreted as a sign for commencing cation
exchange. During this process, the samples would move towards higher Na* values and
thus, towards the second group displayed in the crossplot. The upper blue dashed trend-
line marks the trend of the waters most probably affected by cation exchange. The rise
of the sodium content is a result of cation exchange. During this process, the chloride
content of the water is not affected. However, after the termination of cation exchange,
the amount of sodium and chloride increase contemporaneously with depth and overall
mineralisation. Again, this plot shows, that the sample taken at location 15 clearly fol-
lows the trendline of the thermal waters and shares their characteristics. According to
these observations, two different sample groups can be distinguished. The first group is
concentrated at the Seawater Dilution Line near the plot origin and includes the major
part of the shallow groundwaters. The second group plots aside the Seawater Dilution
Line on a separate trend. This group contains thermal waters and shallow groundwaters

which are probably affected by cation exchange.
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Crossplots of chloride against bromide are used to identify the origin of salinity of a
water (e.g. seawater origin, leaching of evaporites or anthropogenic effects; Alcald and
Custodio, 2008). The ratio of these two elements is very conservative, which means that
it remains constant for natural waters with varying ion concentration. The reason for this
consistency is, that both elements hardly participate in physical processes in the subsur-
face. Hence, it is even possible to reconstruct the origin of deep groundwaters with long
subsurface residence times (Alcald and Custodio, 2008; Davis et al., 1998). A prerequisite
for this reconstruction is, that the investigated water originates from one source and is
not a mixing product of waters from different sources. Mixing processes are able to influ-
ence and distort the Cl:Br ratio (Davis et al., 1998). Common chloride to bromide ratios
of meteoric waters with chloride contents below 200 mg/1 do not exceed 200. Halite is
known for its high ratio in chloride to bromide (Davis et al., 1998). The dissolution of this
mineral augments the amount of chloride and as a result the quotient of these two ele-
ments. Natural factors (flow through evaporitic strata or mixture with formation waters)
may produce this alteration as well as human influence (e.g. industrial aerosols or road
salt for de-icing in winter; Davis et al., 1998).

Generally, the ratios of chloride and bromide from the samples of this study vary be-
tween 39-5059. The crossplot of chloride versus bromide (Fig. 6.20) visualises that those
water samples, which are geothermal waters as well as those which could be affected by
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a mixture with geothermal waters show higher amounts of chloride and bromide and
plot in the upper half of the plot. The Seawater Dilution Line (marked with Cl:Br=288 ac-
cording to Stober and Bucher, 1999) is illustrated as a dashed line. This trendline reflects
the Cl:Br ratio of seawater (similar to the Seawater Dilution Line in Fig. 6.19). Although
the Malmian waters are located next to this line, their calculated chloride to bromide ra-
tios vary considerably compared to the marine ratios (dashed line in Fig. 6.20). Their
ratios range between 162 and 202. Although sample 32 possesses 252mg/1 Cl~, its Cl:Br
ratio remains at a value of 202. This admits the assumption that waters recovered from
this carbonate aquifer are of meteoric origin, which is presumed for the samples located
above the Seawater Dilution Line, too. Although the water below the Seawater Dilution
Line are probably of meteoric origin as well, the Cl:Br ratio of these samples may have
been influenced by the dissolution of halite. However, since no evaporitic formations
occur in the study area, this option can be excluded. Therefore, an anthropogenic influ-
ence should be considered. Sample 25, which is probably affected by this influence (Fig.
6.20) is characterised by a Cl:Br ratio of 920. The well depth of this location is 9m and
the sampling occurred in January, when a snow cover had to be removed from a street,
located near the well.
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The ratio of chloride to iodide varies considerably between 38-394000. The highest
value of this ratio is observed in sample 3 and distorted by the high amount of chloride.
Iodine is a biophile element and becomes enriched in sediments bearing organic matter
(Matthess, 1990). Therefore, waters which pass these organic-rich layers in the subsurface
may become enriched in iodine. A crossplot of the chloride and iodide content of the col-
lected samples (Fig. 6.21) shows a separation of the thermal groundwaters and samples
which may be influenced by thermal waters (located in the upper half of the plot) from
the rest of the wells (located in the lower half of the plot). The low amounts of iodide (ap-
proximately < 0.01mg/1) in the samples plotting at the lower section of the graph may
be related to a shorter dwell time of these waters. During this time the samples did not
get in touch with substances which could have increased their iodide content. However,
the samples in the upper section (approximately > 0.01 mg/1) are characterised by an
increased groundwater residence time and may have flown through organic-rich strata
causing an augmentation of the iodine content (pers. comment, Goldbrunner 2018).
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FIGURE 6.21: Crossplot of C1™ vs. I~

A comparison of iodide and bromide (Fig. 6.22) shows, that most shallow groundwa-
ters occur as a cluster of similar characteristics. In contrast, the Malmian, Rupelian and
Linz Sand groundwaters form a trendline, which links rising iodide contents with in-
creasing bromide amounts. However, a connection of this trend with the overall sample
mineralisation cannot be observed since sample 28 is characterised by a greater amount
of dissolved solids than samples 15 and 29, which appear next to the Malmian waters.
Five samples (samples 16, 17, 18, 19 and 20) can neither be associated with the shallow
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nor with the deep groundwaters (Fig. 6.22). The higher iodide amount could be a result
of an increased contact with organic matter. The depletion in bromide visible for sample
19 may be associated with anthropogenic effects. The other four samples show simi-
lar bromide contents than the shallow groundwaters, the shift occurs because of slightly
higher I™ contents, which could be caused by a contact of these waters with organic-rich
sediments.
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Various ion contents (e.g. Na*, Li*, C17) could indicate an influence of Malmian ther-
mal water on several water samples (e.g. 2, 7, 15, 16, 17, 18). Therefore, an attempt to
create a mixing line was made to quantify the assumed influence of thermal waters of
selected samples (Fig. 6.23). This mixing line is based on the comparison between the
sum of cations and sodium content of the waters. The diagram shows that shallow Ca-
(Mg)-HCO3 waters aligned along the x-axis, whereas the samples containing an increased
amount of sodium are set apart from these samples and located on a trendline (marked
as a black dashed line in Fig. 6.23). As in Fig. 6.8, a linear trend among the sodium-rich
waters is visible. To calculate the mixing ratios, a decision concerning the end-members
of the mixing line were made. The upper end-member of this trendline is taken by the
Malmian waters which are considered to be pure thermal waters in the Upper Austrian
Foreland Basin. The lower end-member on the other side is formed by samples 1, 5 and
21. These samples were chosen due to their low mineralisation (on average 100 mg/1)
and the fact that an influence by thermal waters can be entirely excluded. If an average
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total mineralisation of 1167 mg/1 is assumed for the Malmian samples, an average sum
of cations of 15 meq/1 and a sodium share of 14 meq/1 can be expected, respectively.
Taking these assumptions into account, a calculation for samples 28 and 29 would ap-
proximately result in a 30 % proportion of thermal water (pers. comment, G. Schubert
2018). The remaining water would be meteoric water. Since the samples 2, 7, 16, 17 and
18 are plotted on a similar position, a share of around 4 % of thermal water is calculated.
The diagram also shows, that not only samples from the Linz Sands, where a mixture
with Malmian waters has already been assumed, lie on this trendline, but also wells (16,
17 and 18) which do not show all characteristics of the deep carbonate groundwaters.
Therefore, it still remains questionable if these waters are really influenced by the ther-
mal water aquifer or if they are just the result of extensive cation exchange. However,
sample 15 clearly shows thermal water influence, not only derived from this crossplot
but due to its similarity in many different chemical characteristics. To illustrate the geo-
graphic position of the samples discussed before (encircled in red), a map of all sample
points was inserted to display their spacial distribution (Fig. 6.23).
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6.3 Isotopic Signature of water samples

The investigation of different isotopes in water was part of the analysis program. For all
samples the ratios of 8%H, 6°H - excess and 580 were measured as part of the standard
procedure, some samples were selected for additional investigations of 6'*C - DIC and
SMC. All results received from these investigations as well as the results of the measured
isotopic composition of the free gas samples taken from selected wells are summarised
in table 6.6.

The stable isotope ratios of 610 and §°H were plotted in Fig. 6.24, in order to derive
connections between individual samples and to draw conclusions about the formation
conditions and connection between different aquifers. Most of the samples taken from
shallow strata (quaternary deposits, Ottnang Schlier, Ottnang Sandstone and Bohemian
Massif) show 630 values around -10.5 %o coupled with §°H values ranging from -72.0 to
-76.0 %o. These values fit to the results obtained by Goldbrunner (1988), who investigated
samples from shallow aquifers in the Innviertel region as well. The range of isotopic ra-
tios in these water samples of the Innviertel Group is marked as a red solid line within
the graph (Fig. 6.24). All samples from this study which can be assigned to aquifers
included in the Innviertel Group can be encountered within this zonal sector. Since the
water samples from the Bohemian Massif as well as sample 4 taken from a well west of
Linz, plot in this isotopic range, it can be assumed that this range of stable isotope ratios
is probably not only valid for waters with comparably short residence times from the
Innviertel Group but generally for shallow waters in the Upper Austrian area with short
groundwater residence times.

The samples of the Malmian aquifer are located slightly apart from the other waters in
the plot. They show values of §°H between -76.5 and -79.5 %o paired with 'O rang-
ing from -9.8 to 10.6 %o (Fig. 6.24). Sample points 30 and 31 plot closely together at the
Malmian regression line (marked in blue in Fig. 6.24) suggested by Goldbrunner et al.
(2007), whereas point 32 is set to a value with a larger offset from the Global Meteoric Wa-
ter Line (GMWL). Higher mineralisation of this sample may indicate a slightly increased
evaporation leading to this effect (Mayrhofer et al., 2014). If this process of evaporation
continues , the measured results would move upwards along the orange dashed line (af-
ter Elster et al., 2016 and Goldbrunner, 2000) with increasing evaporation as illustrated
by the scheme in Fig. 4.4.

The deep groundwater samples (samples 2, 7, 15-18, 28 and 29) form a group in the stable
isotope plot in the same manner as in many diagrams observing the chemical parame-
ters of the samples before. The samples plot along the GMWL but they are characterised
by lighter isotopic values. These depletions in 6130 and §°H are the results of a climatic
effect, during glacial periods the ratio of stable isotopes contained in water is reduced.
Therefore, these values resemble the climatic conditions at the entry of the aquifer, prob-
ably Pleistocene. The shallow water samples serve as reference values for the isotopic
ratio in warmer time spans like today.
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Sample 25 forms an exception in this study. The isotopic ratio of 6'%0 and §*H is depleted.
Therefore, this sample plots in a different area than the other shallow water samples.
However, since this well has a well depth of 9m and its hydrochemical characteristics
can be assigned to the Ca-Mg-HCOj3 type, its isotopic ratios are expected to plot in the
cluster of shallow wells. The explanation for this phenomenon is found in the date of
the sampling campaign. Since the water sample was taken in January 2018, the shallow
well was affected by the seasonal conditions during winter. A comparison of the isotopic
signatures from this study with published data (e.g. Elster et al., 2016) shows similar
results for the samples 2, 7, 28 and 29. This confirms that the measuring procedure was
performed correctly.
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FIGURE 6.24: Stable isotope composition of collected samples, the black

dashed trendline is the GMWL with the range of stable isotope values

for waters from the Innviertel Group marked as a solid red line, the blue

dashed trendline indicates the Malmian carbonate trendline and the or-

ange dashed line marks the evaporation trendline of intermediate aquifers

(e.g. Puchkirchen or Hall Formation, after Goldbrunner, 2000; Elster et al.,
2016 and Goldbrunner et al., 2007)

In order to verify the infiltration times during the glacial period, an investigation of
the *C content of the deep groundwater samples discussed above, was conducted. For
this study, six different sampling locations were selected for analyses of *C and *C-DIC
isotopes. Fig. 6.25 shows a map of all sampling locations. The results of the *C investiga-
tions are written next to the sampling points in purple. Moreover, results from previous
investigations published by Elster et al. (2016) and Goldbrunner (1988), respectively, have
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been added to the corresponding locations (orange colour in Fig. 6.25).

Fig. 6.26 depicts the assumed hydrodynamic concept of the Innviertel Group after
Goldbrunner (1984) and Goldbrunner (1988). According to this model, the recharge area
for waters in the Innviertel Group is located in the Kobernaufier Wald High. From this
recharge area, the water propagates northwards through the aquifer towards the river
Inn, where the discharge area of this flow model is assumed. This means, that older
groundwaters in this aquifer should be located in the northern Innviertel region. How-
ever, the collected data show that the highest 14C concentrations are situated in the north-
ern part of the Molasse Basin, near the outcrop of the Bohemian Massif. Especially sample
11, characterised by more than 30 pmC suggests that this well contains a high portion of
meteoric water. This young meteoric water could originate from the Bohemian Massif.
Near the outcrop of this formation, this young waters infiltrating the Ottnangian strata
are mixed with the older waters ascending from the south, creating the measured *C
concentration. In the Taufkirchen Bay, where the sampling points 8, 9, 12, 13 and 14 as
well as 24 and 25 are located, an investigation by Goldbrunner (1988) of a well in the
vicinity of sample 14 gave a result of 28.24-1.8 pmC C. Further to the south, sample 8
delivered a value of 22.541.5 pmC. These values and their decrease in the *C concentra-
tion towards the south support the argument of an infiltration from the Bohemian Massif
in the northern Innviertel area.

The measured C concentrations of samples 2 and 7 show a similar trend as observed
in the Ottnangian formations further to the northeast, which could have resulted from
a mixing process as well. These two wells, recovering water from the Linz Sands gave
results of 20.2+1.7 and 17.94+1.4 pmC. In contrast to the Innviertel area, an influence of
ascending Malmian waters and meteoric waters is supposed for these samples since they
are located in the discharge area of the Malmian thermal aquifer model (Fig. 3.1). This
is supported by the increased temperatures of the recovered samples (Fig. 6.5) and their
chemical characteristics (tables 6.3, 6.4 and 6.5). Whereas samples 8, 11 and Rainbach 2
(cf. Goldbrunner, 1988; Fig. 6.25) can be described as Ca-Mg-HCO3 waters, water of the
Linz Sand aquifer (samples 2, 7 and 29) have experienced cation exchange and are there-
fore assigned to the Na-HCOs-type. Moreover, the stable isotopic signature of the water
suggest a Pleistocene infiltration age.

Further south of the sampling points 2 and 7, C investigations were also performed on
the waters from the locations 28 (646 m well depth) and 29 (479 m well depth; cf. Elster
et al., 2016). The wells are drilled on both sides of a fault, well 28 in the south reaches
the Rupel sediments on the footwall of this fault, well 29 in the north stops in the Linz
Sands at the hanging wall. The thermal water originating from the Malm is thought to
rise at this fault from the Rupel to the Linz Sands (e.g. Goldbrunner, 2000; Elster et al.,
2016). The measured values of well 28 fit into this proposed concept, however, well 29 is
characterised by a higher percentage of *C in the water. This contradicts the other three
values (from the samples 2, 7 and 28). Therefore, another source of freshwater supply is
assumed to feed the aquifer system in the area of this well, otherwise this result could
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not be generated.

The C concentration is surprisingly low in sample 16. Despite the sample depth of
220m, the water hardly contains any *C. A closer examination of the contemporane-
ously measured '°C gives a closer insight into the generation of the C content in this
sample. During exchange of calcium by sodium in this water it becomes undersaturated
in calcite. To counteract this procedure, calcite contained in the host rock is dissolved
to compensate the undersaturation. Usually, a '*C isotope ratio of -22 %ois measured
in the subsurface, the '3C ratio of carbonates formed in marine conditions reaches 0 %o.
The equilibrium state of waters in the subsurface would give a value of approximately
-10 %o(Goldbrunner, 1988). The '*C content of sample 16 is -8.2 %o. This indicates an
oversaturation in calcite, probably induced by carbonate dissolution in the aquifer. The
dissolved carbonate induces carbon without C into the water system and therefore,
distorts the original amount of 14C As a result, the measured amount of *C does not
provide any information about the age of the water and should be verified by a different
method of age determination. A similar effect was observed by Goldbrunner (1988) in
samples which are classified as group 3 in this publication.

The C isotope measurement at the sampling site 32 gave a result of 5.04+1.2 pmC. If
this value is compared to literature data from sample 30 (cf. Elster et al., 2016), a slightly
increased value can be observed. However, considering the supposed hydrodynamic be-
haviour of the Malmian carbonates (flow directions in Fig. 3.1), this should not be the
case. An atmospheric contamination of the sample during the *C sampling procedure
may have resulted in a slightly increased 14C concentration. For further comparison, an
unpublished report, provided by the owner of the geothermal plant was consulted. An
earlier investigation resulted in a value of < 2 pmC (Hydroisotop GmbH, 2017b). This
means, that the amount of *C contained in the sample was below the detection limit.
For data security reasons, the reference title in the bibliography was slightly modified to
guarantee anonymisation.

Apart from the *C-DIC value from sample 16, which has already been discussed above,
the remaining investigation results (samples 2, 7, 8 and 11, between -11.8 and -15.6 %)
are in a normal range for groundwaters (between approximately -20 and 0 %.). Sample
32 is characterised by a *C-DIC isotopic ratio of -6 %o, which is commonly observed
in freshwater carbonates (between approximately -18 and +7 %.; Clark and Fritz, 1998).
This fits to the Malmian aquifer.
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6.4 Gas Composition and Isotopic Signature of gas samples

The results of free and dissolved gases associated with the sampled waters are listed in
tables 6.7 and 6.8. Table 6.7 contains the results of detected concentrations of dissolved
methane. A headspace sample was taken from every site of investigation. The main gas
phase which was investigated in these samples was methane, other phases which were
detected were oxygen, nitrogen, carbon dioxide and hydrogen sulfide. A free gas sample
was taken from those wells, where a significant amount of free gas was noticed during
sampling. Apart from the hydrocarbons detected in these samples and listed in table 6.8,
the atmospheric gases mentioned before were encountered as well. Moreover, for some
free gas samples which were taken from the wells, it was possible to determine the iso-
topic composition of the hydrocarbons within the gas samples (table 6.6).

TABLE 6.7: Methane concentrations of headspace samples

Sampleno. CHy | Sampleno. CHy
[mg/1] [mg/1]
1 - 17 1.879
2 0.066 18 0.244
3 - 19 0.008
4 - 20 0.012
5 - 21 -
6 - 22 -
7 0.241 23 -
8 - 24 0.015
9 - 25 -
10 - 26 -
11 - 27 -
12 - 28 7.440
13 - 29 2.195
14 - 30 6.937
15 0.053 31 4.477
16 2.351 32 0.812

14 samples from this study contain dissolved methane in various amounts. Since
methane is a common trace component in groundwaters and can be formed biogenically
via acetate fermentation or CO, reduction under anaerobic conditions, its occurrence in
small amounts in shallow groundwater systems is widely observed (e.g. Barker and
Fritz, 1981; Coleman et al., 1988; Gooddy and Darling, 2005 and Grossman et al., 1989).
Therefore, the small amounts of this gas which were observed in shallow groundwater
wells were probably formed during metabolic processes of microorganisms in the aquifer.
However, the headspace samples from geothermal wells are characterised by a methane
content of 0.812-7.440 mg/1. In contrast to the other geothermal water samples, sample
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32 contains less than one mg/1 dissolved natural gas. This may result from the sampling
procedure, as it was not possible to take the sample directly at the well head. The short
cooling phase coupled with a pressure decrease after the withdrawal of the water could
have lead to a degassing and phase transition of the methane from dissolved to free gas.
To avoid any distortion in the gas composition of the free gas sample, this sample was not
taken from the well head but from the heat exchanging device of the geothermal plant.
Fig. 6.27 illustrates the spatial distribution of the measured methane concentrations in
the headspace samples. A decrease in methane concentrations from south to north is
well visible in the graph. This trend is probably controlled by the well depth and drilled
formations of the individual samples. The deepest wells selected are located in the south
of the study area with well depths ranging between 479 and 2056 m. Due to the increased
hydrostatic (and lithostatic) pressure acting on these deep aquifers, the water is able to
dissolve a bigger gas volume compared to water located in shallow strata (Enns et al.,
1965). The major part of the sampled wells are characterised by a depth of 0-220 m. Fur-
thermore, a decline of the methane concentration from south to north is observed in the
samples 28, 29, 7 and 2. A degassing of Malmian water during the migration from the
Rupelian towards its discharge area in the Linz Sands south of the Danube could be re-
sponsible for this decrease in dissolved methane.

None of the headspace samples showed indications of higher hydrocarbons. To summa-
rize, the analysis of dissolved gases via headspaces reveals quite useful results. However,
a correct sampling procedure, if possible directly from the well head and without atmo-
spheric contamination is crucial in order to receive realistic results. Secondly, this method
depicts a good supplement of the free gas inspection.
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FIGURE 6.27: Calculated concentrations of methane from headspace sam-
ples

The analysis of free gas samples of the locations 2, 7, 22 and 26 gave results of methane
concentrations below 1.5 %. Although all of these samples indicated a noticeable gas con-
tent during sampling in the field, the main components were atmospheric gases such as
nitrogen, oxygen and carbon dioxide with only minimal amounts of methane (table 6.8).
However, the investigation of the free gas samples of the geothermal wells (28-32) and
sample 15 showed major amounts of methane (between 11.5 and 60.3 %). In the Malmian
wells not only methane but also detectable amounts of higher hydrocarbons up to hex-
ane were observed (table 6.8). Fig. 6.28 shows a gas chromatogram of sample 32, several
peaks of different hydrocarbons and their isomers were identified and labelled. During
sampling of the geothermal waters, a scent of hydrogen sulfide was noticed. However,
these HoS contents were below the gas chromatograph detection limit.

Sample 15 is characterised by a free methane concentration of around 30 % despite of
its well depth of 166 m. Moreover, the gas chromatography detected traces of ethane as
well. Due to these results, the sampled water shows similarities compared with the ther-
mal wells. The observed gas composition in combination with the hydrochemical and
isotopical characteristics provides a multitude of remarks for the ascension of Malmian
water into the drilled aquifer at this location.

Unfortunately, a sampling of free gas of some wells which hold methane in their headspa-

ces was omitted and should be considered for future campaigns and investigations.
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FIGURE 6.28: Magnified gas chromatogram of sample 32; in this sample
methane and higher hydrocarbons and their isomers were detected addi-
tionally, the according peaks were labelled

The occurrence of higher hydrocarbons in samples of the Malm aquifer and sample
15 reveals a non-exclusive biogenic natural gas source. In order to support this hypoth-
esis, the stable isotopic composition of these hydrocarbons was determined. The results
are listed in table 6.6. Fig. 6.29 shows a diagram of 6'°C-CHy against the gas dryness, the
proportion of methane to the sum of ethane, propane and butane (Bernard et al., 1978).
The plot depicts that all four investigated gas samples contain dry gas, however, sample
32 contains a significant amount of C,; components (dryness of sample 15: 1520, sample
30: 288, sample 31: 257, sample 32: 102). Especially sample 15 consists of nearly pure
methane, only traces of ethane were measured. Furthermore, its methane isotopic ratio
is lower compared to the other samples (-73 %o). In contrast to this gas, the free gases of
samples from the Malm aquifer still plot in the range of microbial gas, but a mixture with
thermal gas or biodegradation of thermal gas by microorganisms resulting in a partly
microbial signature cannot be excluded according to their location within the diagram.
Regarding their isotopic composition, those samples are characterised by heavier isotopic
ratios (between -57 and -59 %o).
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(suggested by Milkov, 2011; Jones et al., 2008)

A different illustration plotting 0D versus 6'3C-CHy of the gas samples is used to de-
lineate the formation mechanisms of the different gases (Fig. 6.30). Samples 15 as well as
28 and 29 are located in the area of microbial CO, reduction whereas the gases of 30, 31
and 32 are displayed in the transition zone between thermal and microbial natural gas.
This confirms the suspected mixing of thermal hydrocarbons with biogenic methane.
However, the origin of biogenic methane in these samples is questionable due to various

processes which could have lead to its generation.
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position indicate different genetic sources

Lower Oligocene strata (Schoneck and Eggerding formation) are considered to serve
as the main source rocks for thermogenic hydrocarbons in Upper Austria (Sachsenhofer
and Schulz, 2006; Sachsenhofer et al., 2010; Schulz et al., 2002). They became mature
under the Alpine nappe stack in Miocene times (Gusterhuber et al., 2013) and were ex-
pulsed into Cenomanian and Upper Eocene reservoirs. Since the Cenomanian strata are
directly underlain by Malmian carbonates, a migration of these thermally generated hy-
drocarbons into Jurassic layers could be possible. Microbial gas generation could have
been feasable by reduction of CO, within the aquifer or by biodegradation of present
thermal hydrocarbons. The isotopic signature results from mixing of those two hydro-
carbon types. The reservoir temperature (table 6.2) may provide an argument against
the hypothesis of biodegradation in the Jurassic carbonates because microbial activity is
considered to cease at around 80 °C (Pytlak, 2017 and references therein). Thermal sulfate
reduction may also provide an explanation for the occurrence of minor amounts of CHy
in the Malm aquifer, since this gas may be produced as a by-product of this abiogenic
process. Moreover, thermal sulfur reduction is observed at elevated temperatures (above
100 °C, preferably between 120 and 140 °C; Machel et al., 1995). A comparison with in-
vestigations performed by Pytlak et al. (2016a) reveals that sample 30, 31 and 32 appear
in a similar area than the hydrocarbon accumulations in Oligocene and Miocene strata.

These are also considered as mixtures of thermal and microbial gas. The origin of the
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microbial gas components in these Oligocene/Miocene reservoirs seem to be different,
since a downward migration of natural gas from Oligocene/Miocene to the Malm is un-
likely.

A second theory to explain the presence of hydrocarbons in the Upper Austrian thermal
aquifer implies that the natural gas was generated in Bavaria and transported through
thermal water flux. The occurrence of hydrocarbon deposits in Mesozoic and Paleogeone
reservoirs of the Bavarian part of the Alpine Foreland Basin supports this hypothesis.
Several formations could serve as a source rock in the region east of Munich. Accord-
ing to Wehner and Kuckelkorn (1995), lower Oligocene, organic-rich sediments ("Sannois
fish shale", a time equivalent of the Schoneck Formation) may have served as the main
source rock for oil occurrences in eastern Bavaria. The oil was probably generated below
the Alpine nappe stack. In the western part of Bavaria, Mesozoic strata may also serve
as a source rock for hydrocarbon occurrences (Wehner and Kuckelkorn, 1995). Microbial
gas could have been formed in the Sannois fish shale during early diagenesis and trans-
ferred into the Malm as a result of a Pliocene pressure decrease in the Jurassic carbonates
which caused a downward migration of pore water. The microbial methane could have
been carried downwards with these descending pore waters where it mixed with present
thermogenic hydrocarbons (Lemcke, 1981; Hahn-Weihnheimer et al., 1979). Faults may
also provide migration pathways for microbial gas from the Oligocene to the Malm (pers.
comment, Grof$ 2018).

An analogue to the observed phenomenon in this study of the Upper Austrian Alpine
Foreland Basin was described in Switzerland. The geothermal well St. Gallen GT-1 holds
thermogenic gas. The gas composition of this well is characterised by a major amount
of methane with traces of higher hydrocarbons. Isotopic investigations revealed a ther-
mal gas generation process from a supposed Permo-Carboniferous origin. The vitrinite
reflectance which is assumed for the generation of this kerogen type II/IIl gas is > 2 %R,,
supporting its origin from Carboniferous coals or Autunian shales (Wolfgramm et al.,
2015).

Although an oil deposit with associated gas is located in the vicinity of sample 32, it is
unlikely that the gas found in the sampled waters originates from this hydrocarbon oc-
currence. According to Grof3 et al. (2015), the Cenomanian reservoir bears wet (Dryness
< 50) and isotopically light (& 13C ~ 70 %o) gas. Both of these features cannot be con-
firmed in the geothermal well. It is assumed, that the gas of the Cenomanian reservoir
was generated due to biodegradation of the trapped oil leading to its observed proper-
ties. Moreover, the oil from this deposit is undersaturated in gas (Grof3 et al., 2015).

A crossplot of §13C isotope ratios from ethane and propane together with a maturity trend
derived from Pytlak (2017) gave a vitrinite reflectance of around 1.4 %R, for sample 32.
This could be an indication for an allochtonous origin (e.g. Bavaria) of the observed gas
since model calculations of Gusterhuber et al. (2013) gave a maximum vitrinite reflectance
of 1.0 %R, for the Schoneck Formation below the Alpine nappe stack.
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Wells 15, 28 and 29 hold solely biogenic gas. For the samples 28 and 29, either an au-
tochtonous CO; reduction (Whiticar et al., 1986) in the drilled aquifers could have formed
this methane. A combination of both versions should be considered, too. Sample 15 may
be charged with biodegraded gas stemming from shallow oil deposits near this well (Fig.
1.1). Oil trapped at approximately 200 m depth in Leoprechting north of the sampling
location is characterised by heavily biodegraded oil (Grof et al., 2015; Nachtmann, 2001).
Moreover, a water well of around 300 m depth in the town Andorf near Scharding (close
to the location of sample 15) encountered an oil film at the surface of the recovered water
(pers. comment Sachsenhofer, 2018). Unfortunately, a sampling of this well is not pos-
sible, since this well collapsed years ago. Additionally, wells recovering water from the
Innviertel Group carry methane according to Goldbrunner (1988). Therefore, an origin
of the methane in Bavaria cannot be excluded. However, if this is the case, the hydrody-
namic conditions of this aquifer should be reevaluated since the Inn is considered to form
a major water discharge area in the Innviertel (Fig. 6.26, Goldbrunner, 1984; Goldbrunner,

1988).
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6.5 Geothermometers

Alkali-geothermometers have been calculated for selected wells according to the formu-
lae in section 5.5. The calculations were performed on the following samples: 2, 7, 15, 16,
17,18, 28, 29, 30, 31 and 32. The results of the geothermometric calculations are listed in
table 6.9. The second column in this table lists the water temperature which was mea-

sured in the course of sampling and derived from literature, respectively.

A comparison of the calculated geothermometer results in table 6.9 with the mea-
sured (or literature derived) water temperature clearly shows, that all results are remark-
ably higher than the temperature measured at the sampling sites. For those samples re-
covered from shallow water supply wells, temperatures between 39 °C and 139 °C were
received, the values of the geothermal wells range from 98-199 °C. These data ranges
also exhibit a great variation which leads to the assumption that the majority of calcu-
lated temperatures are not representative for the subsurface reservoir temperatures and
cannot be considered as realistic. However, one column, listing the results of equation
5.15 gives values which could be considered as realistic for the water samples. For the
shallower wells (samples 2, 7, 15, 16, 17 an 18) the results range between 39-60 °C, the two
geothermal wells recovering water from the Rupelian and Linz Sands, achieved results of
66 °C (sample 28; Rupelian) and 54 °C (sample 29; Linz Sands). The calculated Malmian
aquifer temperatures (samples 30, 31 and 32) yield results between 98-103 °C. Since these
values are only slightly increased in comparison to the measured water temperatures
and literature data from Elster et al. (2016), it could be realistic that the thermal waters of
the Malm reached their equilibrium state at these temperatures and cooled down during
their ascension within the aquifer (Fig. 3.2). During this ascension, an equilibrium state
could not have been reached again resulting in the higher values for the geothermometer
according to Giggenbach (1988). The temperature difference for the samples 2, 7, 15, 16,
17 and 18 is higher in comparison to the water samples from geothermal wells. This in-
creased temperature difference could be caused by a mixing with meteoric waters. These
mixing processes lead to a change of the initial ion concentrations and therefore, a distor-
tion of the calculated reservoir temperatures.

In order to determine, whether water samples are suitable for the application of cation
geothermometry, a ternary diagram developed by Giggenbach (1988) can be used (Fig.
6.32). Although this diagram was originally developed for a hydrothermal system influ-
enced by magmatic activity, it is widely used to determine the maturity /equilibrium state
of geothermal waters. The three corners display the relative proportions of potassium,
sodium and magnesium. Isothermal lines as well as two curves, separating immature
from partly equilibrated waters and indicating the state of full equilibrium are illustrated
as well. If samples reach the line of full eqilibrium, it can be assumed that water-rock
interactions have created balanced conditions and therefore the calculated geothermom-
etry result can be considered as reliable. If this is not the case, the waters have not reached
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this state yet, which could be due to various influencing factors, e.g. mixing with shal-
low or superficial waters, short residence time in the aquifer, low aquifer temperatures
(diminishing the reaction velocities).

The samples taken during this study are plotted in Fig. 6.32. The plot illustrates that none
of the investigated samples is in equilibrium state. All samples are immature, except
three waters from wells 28, 29 and 32. They are located in the area of partial equilibrium
at low temperatures. The samples 30 and 31 plot very close to the boundary between
immature and partly equilibrated waters, therefore it can be assumed that they are in
the transition of these two states. Most of the shallow samples are concentrated around
the bottom right corner, where magnesium is depicted. This clustering phenomenon can
be explained by the higher magnesium content. This element can be dissolved in cooler
waters providing an adequate groundwater residence time.

The samples characterised by a higher amount of dissolved sodium are located in the
vicinity of the boundary between immature and partly equilibrated waters. This shows,
that the increased retention time in the aquifer has already resulted in mineral-water in-
teraction processes and therefore, in a movement in direction of an equilibrium state.
Due to the low temperature of all sampled wells, the groundwater residence time has to
be appropriate to enable a balance approach between the individual components in the
aquifer. However, this amount of time has not been reached in these samples yet. Accord-
ing to Giggenbach (1988) geothermometric formulae containing the sodium concentra-
tion of the water are not suitable for disequilibrated samples, but K-Mg-Geothermometers
could still deliver useful results if the water is not acidic. Therefore, most of the calcu-
lated cation-geothermometer values can be discarded and should not be used for further
interpretation in this case. The values received by equation 5.15 gave the lowest tem-
perature values for the investigated samples and therefore, confirm the observations of
Giggenbach (1988). Moreover, these values are closer to the measured water tempera-
tures leading to the assumption that those results could be realistic.

Cation geothermometers are commonly compared to silica geothermometers in order to
verify the obtained results because both methods are able to calculate the same property
by using independent variables. Unfortunately, this parameter has not been analysed so
far. A determination of the silica content of the collected samples is highly recommended
to cross-check the reservoir temperatures received for the cation-geothermometers. Fur-
thermore, since most of the waters seem to have undergone mixing processes during
their flowpath in the subsurface, a numerical approach by simulation of different mixing
models could give new insights into the behaviour of the Malmian water during its resi-
dence time in the underground and its ascension into shallower strata.
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FIGURE 6.32: Ternary diagram with relative contents of Na, K and Mg
in order to distinguish fully or partly equilibrated and immature waters,
respectively (modified after Giggenbach, 1988); the samples for which
cation-geothermometers have been calculated plot either in the partly
equilibrated state area or close to the border of partial equilibrium and
immature waters, the other groundwater samples located at the bot-
tom right corner have been plotted for comparison, however, cation-
geothermometers have not been calculated for these waters

6.6 Impact on the Hydrodynamic Concept of Upper Austria

The combination of the collected data and performed analyses of all samples reveals that
the collected water samples can be categorised into different groups according to their
hydrochemical signatures (Fig. 6.33). Four different groups can be distinguished among
the sampled waters.

The first group (Group I) summarises waters originating from the Bohemian Massif and
those, where the aquifer is recharged by waters from this crystalline formations, re-
spectively (Fig. 6.33). This group contains samples 1, 5, 6 and 21. They are primarily
characterised by their low amount of dissolved solids between 55-222 mg/1 (on average
130mg/1). According to the ion content, this group can be classified as Ca-Mg-HCOs-
type. The low total mineralisation is induced by the aquifer, a fractured aquifer like the
Bohemian Massif shows a relatively small contact area of water and rock matrix, limit-
ing the amount of possible water-rock interaction processes. As a result, the dissolved
mineral content is reduced. Higher amounts of nitrate and sulfate in the samples are
probably anthropogenically induced and not naturally obtained. The stable isotopic ra-
tios of the waters suggest a recent infiltration (6*H-values between -72.2 and -75.1 %. and
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A major share of the collected waters from shallow wells of the Inn and Hausruck
region can be categorised as a second group (Group II, Fig. 6.33). Sample numbers 4,
8-14, 19, 20 and 22-27 form this group. Sample 3, taken south of Linz cannot be clearly
categorised due to the influence of added substances changing the chemical characteris-
tics of the water. Therefore, the composition of the pure water could not be investigated
and assigned to a group. The amount of total dissolved solids ranges from 204-507 mg /1
(on average 383 mg/1), which is significantly higher compared to the total mineralisa-
tion of waters from the Bohemian Massif. As already observed in Group I, these shallow
wells also contain Ca-Mg-HCOg3-type waters. The aquifer properties are responsible for
the increased mineralisation of Group II. Porous aquifers, like the Ottnangian Molasse
strata provide a significantly increased internal surface enabling more contact between
the formation and the contained water in comparison to the Bohemian Massif. Hence,
more reactions between those components in the aquifer system occur. The ion compo-
sition varies slightly between the individual samples due to the large extent of the study

area. These effects are probably caused by aquifer heterogeneities, e.g. facies variations
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in the individual formation sections. Stable isotope results are in a similar range than
the samples from Group I (§°H-values between -71.0 and -75.2 %o and §'%0-values be-
tween -10.11 and -10.72 %o; the values of sample 25 have been excluded due to a seasonal
distortion), this leads to the assumption that the sampled waters entered the aquifer in
recent times. Traces of methane have been detected in three headspace samples, free gas
samples did not encounter any hydrocarbons, only nitrogen, oxygen and carbon dioxide
were observed.

A previous study of water samples in the Innviertel Group classified three different types
(Goldbrunner, 1988; Schubert, 2015). A few samples collected in the course of the recent
project can be added to one of those three groups (Group 1, Group 2 and Group 3) de-
fined by Goldbrunner (1988). Samples 8, 9 and 24 (Group II; Fig. 6.33) fulfill some of the
criteria (Eh > 72 mV, Cl < 1mg/1, pH between 6.90 and 7.80) in order to be classified
as members of "Group 1" from this former publication. The collected waters from wells
12, 13, 14, 19, 22, 23 and 26 (Group II; Fig. 6.33) share characteristics of "Group 2" (Eh
between -6 and 82 mV, Cl > 1mg/l, pH between 7.76 and 8.60) according to Goldbrun-
ner (1988). Despite of their smaller redox values, many of the other defined features of
this group were observed. Four of the samples from the current study cannot be clearly
added to either "Group 1" or "Group 2" of Goldbrunner (1988), since they show charac-
teristics from both groups. However, the measured redox potential in the current study
is characterised by a greater instability than the chloride content and therefore, subjected
to a higher variation of the measured values. Hence, the samples 10 and 11 (Group II;
Fig. 6.33) would be assigned to "Group 1" due to their low chloride content and the sam-
ples 20 and 27 (Group II; Fig. 6.33) would belong to "Group 2" since their chloride values
exceed the threshold value of 1 mg/1, defined by Goldbrunner (1988).

The samples 16, 17 and 18 as well as the waters from location 2 and 7 are summarised in
Group III (Fig. 6.33). This group consists of cation exchange waters with a low amount
of chloride in comparison to the thermal waters. As opposed to other samples from
shallow aquifers, their water type can be defined as Na-HCOz3-type, with a total min-
eralisation ranging from 395-436 mg/1 (on average 415mg/l). Since samples 2 and 7
are located within the discharge area of the Upper Austrian and Bavarian thermal water
aquifer (Fig. 3.1), a mixture of meteoric, shallow groundwater with deep thermal water
is assumed (cf. Fig. 6.23). Increased water temperatures paired with a low 14C content
and a stable isotope signature (6*H-values between -82.1 and -90.7 %o and 6'®0-values
between -11.74 and -12.87 %o) suggesting a groundwater recharge during a glacial pe-
riod give numerous indications for this theory. The waters from locations 16, 17 and 18
show similar features, but in contrast to the other two samples, their water temperatures
are not increased. This does not exclude the possibility of a mixture with Malmian ther-
mal waters, the groundwater residence time in the aquifer near those wells is increased,
though. Elster et al. (2016) and Schubert (1996), however, stated that a reduced propor-
tion of chloride in the samples disagrees with the mixing theory. They assume that no
mixture of thermal and shallow groundwaters can be observed in the vicinity of the sam-
ples 2 and 7. Samples 16, 17 and 18 share some features with "Group 3" (Eh between -104
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and 41 mV, Cl > 1mg/1, pH between 7.95 and 8.89), described by Goldbrunner (1988),
thus these waters are comparable with waters from this group. The dissolved methane
concentrations in the headspace samples yielded values between 0.06-2.35 mg/1. 0.3 %
(sample 7) and 1.2 % (sample 2) of methane were detected in the free gas samples.

The amount of chloride contained in the deep geothermal waters is the major differen-
tiation criterion for the last group of samples. This group (Group IV) contains six sam-
ples, 15, 28, 29, 30, 31 and 32 (Fig. 6.33). The waters of wells 30-32 are recovered from
wells penetrating Malmian carbonates, the geothermal wells 28 and 29 bear thermal wa-
ter which ascends from these carbonates into the Rupelian and Linz Sands, as already
described in literature (e.g. Elster et al., 2016). The three Malmian waters are charac-
terised by an amount of dissolved solids from 961-1409 mg/1 (on average 1136 mg/1),
the other three samples show values between 526-648 mg/1 (on average 589 mg/1). The
stable isotopes of the samples 15, 28 and 29 are depleted in *H and '®O, which indi-
cates a Pleistocene infiltration (6°H-values between -79.5 and -84.7 %o and ¢'80O-values
between -11.45 and -12.10 %o). The stable isotopes of the Malmian samples plot on a sep-
arate trendline for waters from this aquifer ($*H-values between -76.5 and -79.5 %o and
6180-values between -9.84 and -10.57 %o). The analyses of dissolved and free gases gave
a significant amount of dissolved methane in the headspace samples (0.053-7.440 mg/1).
Moreover, the free gas samples of the Malmian carbonates did not only detect methane,
but also traces of higher hydrocarbons. The gaseous hydrocarbon content in the samples
30, 31 and 32 ranges between 35 and 60 %.

Although many of the obtained results have already been observed and described, sam-
ple 15 provides a new insight into the hydrodynamic characteristics of the thermal water
aquifer. This water gives the first proof of thermal water mixture in the Innviertel region.
The sample is recovered from the Linz Sands and documents the rise of water with chem-
ical characteristics of Malmian thermal water in this area (approximately 30 % of thermal
water; cf. Fig. 6.23). This assumption is supported by the investigation of free and dis-
solved gases, which detected a significant amount of methane measured in sample 15
(> 30 %). Furthermore, the stable isotopic composition suggest a Pleistocene infiltration
of the water.

Due to these new findings and observations a revision of the hydrodynamic concept of
the Malmian thermal water aquifer is suggested. According to this concept, the north-
ern part of the Innviertel region is not solely recharged by meteoric waters from the Bo-
hemian Massif (as shown in Fig. 3.1) but also experiences a northward movement of
thermal water contradicting the established model (Bayerisches Landesamt fiir Wasser-
wirtschaft, 1999). These currents from south to north are coupled with an upward mi-
gration of thermal water from the Jurassic towards shallower Cenozoic formations, like
the Linz Sands, as observed in the sampled well in Andorf. Hence, Fig. 6.34 shows an
isopach map of the Malmian carbonates assigned with the corresponding water flow di-
rections (red arrows; Bayerisches Landesamt fiir Wasserwirtschaft, 1999) and the new,
revised flow directions in agreement with the results from this study (yellow arrows).
According to the new suggestions, the water currents do not only reach the Linz Sands
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south of Linz as observed in the samples 28 and 29, but also in the Inn- and Hausruck-
viertel area due to their migration parallel to the Malmian isolines. The area framed in
red is enlarged in Fig. 6.35. This augmented area depicts two faults, the Lindach Fault
and a conjugation of this fault with an elongation towards the north, in bold and red.
These highlighted faults could deliver an explanation for the occurrence of Malmian wa-
ter in shallower formations, otherwise a northward flow direction of the thermal water
would contradict the assumed hydrodynamic potentials of the Malm (Fig. 6.35). Sam-
ple 15 is located in the vicinity of this conjugated fault (Fig. 1.1, Fig. 6.1). In samples
28 and 29, an ascension of thermal water via a normal fault is observed. Moreover, a
cross section through the Upper Austrian Foreland Basin illustrates a movement along
those fracture zones in the basin (Fig. 3.2). Likewise, the Lindach fault and its conju-
gation could provide pathways for the ascension of thermal waters. Unfortunately, no
other wells penetrating the Linz Sands near these faults could be found to confirm this

assumption.

Furthermore, this study provides investigations which show a significant amount of
higher hydrocarbons contained in the free gas samples of thermal wells 30, 31 and 32.
Since Cp4 components are generated by thermal maturation of organic-rich sediments,
this observation provides additional evidence for an interaction of the geothermal and
the petroleum system in this basin and a transport of these gaseous phases with ther-
mal water currents in the subsurface. Similar conclusions in a different area of the basin
were already drawn by Pytlak et al. (2017). However, what remains unclear is the origin
of these hydrocarbons found in the samples. Lower Oligocene source rocks beneath the
Northern Calcareous Alps could have generated the thermogenic hydrocarbons either in
Upper Austria or Bavaria. Bavarian hydrocarbons would have been transported to Up-
per Austria via water currents in the Malmian aquifer (Fig. 3.1, Fig. 6.34). Moreover, there
are several options which could explain the occurrence of biogenic methane in thermal
water samples. Microbial generation via degradation of organic matter or hydrocarbons
provide an option. These processes could have either occurred in Bavaria coupled with
a transport of the natural gas to Upper Austria, but an autochtonous formation in Up-
per Austria may be possible as well. A further investigation of the properties of these
formations and undergone processes could lead to the solution of these open questions.
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FIGURE 6.34: Malmian thickness map (modified after Bayerisches Lan-
red is enlarged in Fig. 6.35.

desamt fir Wasserwirtschaft, 1999) with flow directions of the thermal
waters within the aquifer (red arrows), the yellow arrows at the formation
margins mark the recharge areas, the yellow arrows in Upper Austria mark
the new, proposed flow direction of the thermal water. The area framed in
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arrows mark the flow direction of the thermal waters within the aquifer,
the yellow bold arrows outside of the Malmian outcrop mark recharge ar-
eas, the yellow arrows within the Malmian aquifer mark the new, proposed
thermal water flow direction based on the outcome of this study. The Lin-
dach fault and its conjugation towards the north and north-west is marked
in red. This fault could act as a pathway for the ascension of thermal water
into shallower strata
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7 Conclusion

Based on the results and possible reasons for the data obtained from the sampled waters,
which have been discussed in the previous chapter (chapter 6), the following conclusions
can be drawn for the investigated samples.

* The samples can be categorised into four different groups (Group I-IV) according
to their hydrochemical signatures.

* Group I includes the samples from the Bohemian Massif (samples 1, 5 and 6) and
sample 21, for which a water supply from the Bohemian Massif is assumed. The
total mineralisation of these Ca-Mg-HCOs-type waters is between 55-222 mg/1 (on
average 130 mg/1). This low mineralisation is caused by the aquifer type, since the
Bohemian Massif as a fractured aquifer only provides a small internal surface for
interactions between the water and the host rock. The stable isotopic ratios of the
samples suggest a recent infiltration of the aquifer. As far as the gas content of this
group is concerned, only oxygen, nitrogen and carbon dioxide were detected.

* Group II comprises of a major part of the sampled wells (samples 4, 8-14, 19, 20
and 22-27). The water from these samples is assigned as Ca-Mg-HCOs-type, the
amount of dissolved solid varies between 204-507 mg/1 (on average 383 mg/1). This
increased total mineralisation is a characteristic which distinguishes the waters of
Group II from Group I. Ottnangian sediments, which serve as a porous aquifer,
enable a larger contact area for interactions between water and rock matrix due
to the larger internal surface. This results in the augmented amount of dissolved
solids in the water. An entry of these waters into the aquifer during recent times
is derived from the stable isotopic ratios of the samples. An investigation of free
and dissolved gases resulted in traces of methane, which could be detected in four
headspace samples. However, free gas samples only contained oxygen, nitrogen
and carbon dioxide.

* The samples 2, 7, 16, 17 and 18 are included in Group III. These waters are charac-
terised by cation exchange and a low proportion in chloride. This feature separates
the Na-HCOg3-type samples from the thermal waters. Total mineralisation lies be-
tween 395-436 mg/1 (on average 415 mg/1). For the samples 2 and 7, a mixture with
thermal water is assumed, since these wells are located within the discharge area
of the Upper Austrian and Bavarian thermal water aquifer. Low '“C contents and
an increased water temperatures support this theory. Although this increased tem-
perature is not observed in the samples 16, 17 and 18, an influence of thermal water
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on these samples cannot be excluded. Stable isotopic ratios of the water show a de-
pletion in 0 and ?H, suggesting a Pleistocene infiltration of the aquifer. Methane
was detected in the headspace samples as well as in the free gas samples. However,
these methane contents are significantly lower than those of the thermal waters.

* Group IV summarises the six samples 15 and 28-32. These waters originate from
Malmian carbonates, the Rupelian and Linz Sands. The type assigned to these sam-
ples is the Na-HCO3-(Cl)-type. A characteristic which distinguishes them from
the waters of Group III is the higher amount of chloride contained in the waters.
Malmian thermal waters hold between 961-1409 mg/1 of total dissolved solids (on
average 1136 mg/1), whereas the samples from the Linz Sands and the Rupelian
show a mineralisation of 526-648 mg/1 (on average 589 mg/1). The stable isotopic
ratios of the six samples indicate a Pleistocene infiltration age, similar to the waters
from Group III. However, the investigation of dissolved and free gases revealed
a significant amount of methane associated with the water. Moreover, traces of

higher hydrocarbons were detected.

* Sample 15 is a 166 m deep water well in Andorf, recovering water from the Linz
Sands. This well gives the first evidence of an occurrence of thermal water in the
Innviertel region. The hydrochemical characteristics of this sample resemble the
characteristics of the waters from geothermal wells, therefore, this sample was in-
cluded in Group IV. The amount of total dissolved solids in this water is 594 mg/1,
which is in a similar order of magnitude than the mineralisation of the samples 28
and 29. The amount of methane which was detected in the free gas sample is signifi-
cant (> 30 %) and supports the conclusions drawn from the chemical investigations.
These new findings suggest that the hydrodynamic concept of the Malmian ther-
mal aquifer needs to be revised in the Upper Austrian area, considering the recently
obtained new data. A northward conjugation of the Lindach fault could serve as a
possible migration pathway against the hydraulic potential of the Malmian carbon-
ates, enabling a rise of thermal water into shallower strata.

* Methane was detected in various samples from different aquifers. Whereas the
Ottnangian strata contained only traces of dissolved methane (Group II and III),
significant amounts of hydrocarbons were detected in the geothermal water sam-
ples (Group IV). Four samples contained higher hydrocarbons (samples 15, 30, 31
and 32). An investigation of the isotopic ratios of these gases yielded, that most
of the methane included in the waters is of biogenic origin. However, due to the
occurrence of C components, a mixing of the biogenic methane with thermo-
genic natural gas is assumed. The origin of these thermogenic hydrocarbons is not
clear yet. Two regions could serve as possible provenance areas for the thermo-
genic hydrocarbons. The first option suggests a formation from organic-rich strata
in Bavaria coupled with a transport of the gas with water currents from Germany
to Upper Austria. The second option considers a formation in Lower Oligocene
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source rocks beneath the Northern Calcareous Alps and a northward migration of
the thermogenic gas.
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8 Recommendations and Outlook

The project outline aimed to create a thorough and holistic analytical program by us-
ing different methods and approaches to classify the water samples as good as possible.
However, there are some additional procedures which could improve further investiga-
tions.

Firstly, a denser observation network of different aquifers in the basin would be of advan-
tage for this project to delineate the proposed zones of shallow and deep groundwater
mixture in more detail. However, since this is coupled to the number of water wells
drilled in these aquifer horizons, this attempt may pose a challenge. Therefore, the num-
ber of water wells, which can be sampled, especially in the intermediate formations be-
tween the Malmian carbonates and the shallow Ottnangian strata, is probably limited. A
solution to this problem is the incorporation of hydrocarbon wells in the Upper Austrian
Molasse Basin. These wells mostly target the mentioned formations and could provide
a significant amount of additional information for this project. Moreover, since the area
east of Linz is hardly investigated in terms of deep groundwater flow paths, an expan-
sion of the investigation area towards the east is highly recommended.

In terms of hydrochemical properties, the broad variety of measured parameters is well
suitable to derive hydrochemical signatures and characteristics of aquifers. Nevertheless,
a determination of the SiO,-content of the samples taken up to now as well as samples
of future campaigns could give supplementary information. Especially in order to dis-
tinguish waters hosted by siliciclastic or carbonate aquifers. Eventually, SiO, may en-
able the distinction of waters originating from the Bohemian Massif from waters from
the North Alpine Foreland Basin. Additionally, this compound can be used to calculate
SiO,-geothermometers which are widely used in geothermal exploration. An advantage
of these geothermometers in contrast to alkaline or earth-alkaline geothermometers is the
applicable temperature range, which is significantly lower. Therefore, these calculations
may provide more reliable and realistic results.

Furthermore, since most geothermal wells in the Malm do not host any '*C anymore, an-
other method to determine the age of water from this aquifer should be considered. The
measurement of ' Kr-decay is an alternative approach to investigate groundwater ages.
Due to its half-life period of 229000 years (Audi et al., 2003) paired with its characteristic
feature, that neither environmental sources in the subsurface nor anthropogenic contam-
ination influence its content (Lehmann et al., 1993), it is a well-suitable isotope to identify
groundwater residence times exceeding the detection limit of *C. Recently conducted
81Kr-investigations of Malmian thermal wells the western part of the North Alpine Fore-
land Basin delivered results which fit to the assumed hydrodynamic characteristics of the
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Jurassic formation in this part of the basin (Hydroisotop GmbH, 2017a). Therefore, this
method could aid to clarify the hydrodynamic situation in the Upper Austrian part of the
basin.

Regarding the content of free and dissolved gases in the water samples, the investiga-
tion procedure should be applied to more wells since this method seems to support the
hydrochemical investigations by giving additional indications for mixture of deep and
shallow groundwaters. To complete the assumptions from this investigation, free gas
samples from the wells, where CHy was detected in the headspace sample should be
taken, if this has not occurred yet. Especially the thermogenic origin of the free methane
and the occurrence of higher hydrocarbons in the geothermal wells introduce a new field
of research. In order to gain more data, gas from all geothermal wells in Upper Austria
should be sampled and analysed regarding their molecular and isotopic composition. A
comparison with gases sampled from Bavarian geothermal wells could unveil the origin
and migration pathways of the thermogenic gaseous hydrocarbons and give new insights
into the interaction of the petroleum systems in Upper Austria and, if present, Bavaria
with the Malm aquifer.
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C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 1
Koordinaten M n.b. | RW: 14°1510.32"E| HW: 48°24'9.96"N (GOK (m i. A)) n.b.
Bezeichnung: 1 Geochemie-Nr.:| GCH-2017-061-001
Probenahmetiefe: n.b. Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 05.09.2017 10:30 | Eingangsdatum: [  07.09.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 75 2250 2500 JRedoxpotenzial (mV) 306
el. LF (uS/cm) (Labor) 70 Temperatur (°C) 8
H I 6.14 6,5 - 9,5 /l 8.8
PH (Gel) Sauerstoff (O,) md
pH (Labor) 5.82 (%) 81.9
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Caz") 4.7 Hydrogencarbonat (HCO3’ 20.86
Magnesium (Mgz") 2.4 Chlorid (CI") 1.6 180 200
Natrium (Na*) 5.0 200 |[sulfat (50,%) 8.4 225 250
Kalium (K*) 2.0 Nitrat (NO3) 9.6 45 50
Strontium (Sr?*) 0.0543 Nitrit (NO,") n.b. 0.09 0.1
Barium (Ba®") 0.0107 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li*) 0.0023 Sulfid (%) n.b.
Rubidium (Rb") 0.0006 [Fluorid (F) <0,05 1.5
Cisium (Cs*) <0,0001 z 40.4
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe®* ) . mg/l lonenbilanz
isen (Fe )2+ 0.002 02 || Ges. lonengehalt 55 mg/
Mangan (Mn**) 0.0005 0.05 = 1.1 mmol/l -1.8 %
b 14.1 [Dichte n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0011 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0101 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0027 0.2 Samarium (Sm) n.b.
Arsen (As) <0,0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) 0.0002 0.045 Terbium (Tb) n.b.
Nickel (Ni) 0.0013 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) <0,0001 Zinn (Sn) n.b.
Vanadium (V) 0.0004 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 1.2
Messwert Messwert Carbonatharte(®° dH) 1.0
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.3
ca? 4.72 0.24 33.55|[HCO; || 20.86 | 0.34 47.8 Erdalkalien (mmol/l) 31.0
Mgz+ 2.41 0.20 28.26 ||cI’ 1.56 0.04 6.1
Na* 4.95 0.22 30.68 3042' 8.39 0.17 24 .4 Berechnung des CO,
K* 1.99 0.05 7.25 |[NO5’ 9.58 0.15 21.6 Ig(pCO,) -1.90
sr?* 0.05 0.00 0.18 |INO, n.b. n.b. n.b. freies CO, (mg/l) 31.99
Ba* 0.011 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.7268
Lit 0.002 0.00 0.05 |[s* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||F <0,05 | 0.00 0.0 Berechneter Ammoniakgehalt
Ccs’ <0,0001 0.00 0.00 3 40.37 0.7 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.002 0.00 0.0
mn?*|| 0.0005 | 0.00 00 K;es. lonengehalt 55 mg/l | 1.1 mmol/l |
z 14.14 0.7 100.0
lonenbilanz
% Kationen (meq/l) 0.70 1 8 ¢y
% Anionen (meg/l) 0.71 =1 0

| Mg2+

Aquivalentanteile

B so,>




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 2
Koordinaten M n.b. | RW: 14° 1'"14.10" HW: 48°16'39.48"N |GOK (m . A.) n.b.
Bezeichnung: 2 Geochemie-Nr.:] GCH-2017-061-002
Probenahmetiefe: 90 Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 05.09.2017 12:45 | Eingangsdatum: [  07.09.2017
Feldparameter
QzV* MAP ** IP *** |Schittung (I/s) 0.4
el. LF (uS/cm) (Gel.) 460 2250 2500 |Redoxpotenzial (mV) -295
el. LF (uS/cm) (Labor) 442 Temperatur (°C) 16.4
. 8.38 6,5-9,5 | 0.04
PH (Gel) Sauerstoff (O,) ma/
pH (Labor) 7.98 (%) 0.4
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Caz") 5.7 Hydrogencarbonat (HCO;’ 284.95
Magnesium (Mgz") 1.1 Chlorid (CI") 6.2 180 200
Natrium (Na*) 106.2 200 |[sulfat (50,%) 5.6 225 250
Kalium (K*) 1.5 Nitrat (NO3) 0.0 45 50
Strontium (Sr*") 0.1026 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0093 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li*) 0.0225 Sulfid (%) n.b.
Rubidium (Rb") 0.0020 [Fluorid (F) 0.27 1.5
Cisium (Cs*) <0,0001 z 297.0
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?") 0.000 0.2 I 412 mgl/l lonenbilanz
. lonengehal
Mangan (Mn?") 0.0054 0.05 Ges. lonengehalt 9.8 mmol/l 1.1 %
b 114.5 [Dichte | n.b. g/icm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV* MAP ** [P *** Parameter Messwert
Kupfer (Cu) 0.0002 1.8 2 Lanthan (La) n.b.
Zink (Zn) <0,0001 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0019 0.2 Samarium (Sm) n.b.
Arsen (As) <0,0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) <0,0001 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile

Harten
Kationen Anionen Gesamthirte (° dH) 1.0
Messwert Messwert Carbonatharte(®° dH) 1.0
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.0
ca® 5.68 0.28 5.64 |[HCO; || 284.95] 4.67 93.9 Erdalkalien (mmol/l) 3.7
Mg?* 1.05 0.09 1.72 |lcr 6.23 0.18 35
Na* 106.19 462 91.78 3042' 5.56 0.12 2.3 Berechnung des CO,
K* 1.45 0.04 0.74 |INOy 0.03 0.00 0.0 Ig(pCO,) -2.98
sr?* 0.10 0.00 0.05 |INO, n.b. n.b. n.b. freies CO, (mg/l) 2.01
Ba* 0.009 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.0458
Li* 0.022 0.00 0.06 |[s* n.b. n.b. n.b.
Rb* 0.002 0.00 0.00 ||IF 0.27 0.01 0.3 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 z 297.03] 5.0 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.000 0.00 0.0
Mn*| 00054 | 000 00 [Ges. lonengehalt | 412 mg/l | 9.8 mmol/l |
z 114.52 5.0 100.0
lonenbilanz
% Kationen (meq/l) 5.03 1 1 ¢y
% Anionen (meg/l) 4.98 - o

Aquivalentanteile

o mg? Ca*

O Na*

B HCO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 3
Koordinaten M nb. | RW: 14°15'8.55"E HW: 48°16'0.04"N |GOK (m ii. A.) n.b.
Bezeichnung: 3 Geochemie-Nr.:| GCH-2017-061-003
Probenahmetiefe: n.b. Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 05.09.2017 15:40 | Eingangsdatum: [  07.09.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 867 2250 2500 JRedoxpotenzial (mV) 270
el. LF (uS/cm) (Labor) 843 Temperatur (°C) 12.9
H l. 715 6,5-9,5 / 11.25
PH (Gel) Sauerstoff (O,) md
pH (Labor) 7.07 (%) 109.6
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Caz") 122.2 Hydrogencarbonat (HCO;’ 435.08
Magnesium (Mgz") 311 Chlorid (CI") 39.4 180 200
Natrium (Na*) 13.8 200 [[sulfat (50,%) 36.1 225 250
Kalium (K*) 2.7 Nitrat (NO5) 29.1 45 50
Strontium (Sr*") 0.2078 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0750 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0027 Sulfid (S%) n.b.
Rubidium (Rb") 0.0007 [Fluorid (F) 0.12 1.5
Cisium (Cs") <0,0001 z 539.9
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.002 02 llg 710 mgl/l lonenbilanz
es. lonengehalt
Mangan (Mn?*) 0.0017 0.05 ? 14.1 mmol/l -1.5 %
T 170.1 [Dichte | n.b. gicm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0024 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0272 Cer (Ce) n.b.
Blei (Pb) 0.0002 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0017 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0002 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) 0.0014 0.045 Terbium (Tb) n.b.
Nickel (Ni) 0.0005 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) 0.0012 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0002 Zinn (Sn) n.b.
Vanadium (V) 0.0005 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 24.3
Messwert Messwert Carbonatharte(®° dH) 20.0
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 4.3
ca?* 122.17 6.10 65.33|[HCO; |[ 435.08 | 7.13 75.3 Erdalkalien (mmol/l) 46.4
Mgz" 31.10 256 27.42]cr 39.43 1.1 11.7
Na* 13.81 0.60 6.44 3042' 36.08 | 0.75 7.9 Berechnung des CO,
K 2.72 0.07 075 [[NO; || 29.15 | 047 5.0 Ig(pCO,) -1.61
sr?* 0.21 0.00 0.05 |[INO, n.b. n.b. n.b. freies CO, (mgl/l) 52.99
Ba* 0.075 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 1.2040
Li* 0.003 0.00 0.00 |[s* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||IF 0.12 0.01 0.1 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 = 539.86| 9.5 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.002 0.00 0.0
Mn>| 00017 | 000 00 [Ges. lonengehalt 710 mg/l | 14.1 mmol/ |
z 170.09 9.3 100.0
lonenbilanz
% Kationen (meq/l) 9.33 1 5 ¢y
% Anionen (meg/l) 9.47 =1 o

Aquivalentanteile

B HCO,

E S0,

B NO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 4
Koordinaten M n.b. | RW: 13°56'20.94"§ HW: 48°18'0.66"N |GOK (m . A.) n.b.
Bezeichnung: 4 Geochemie-Nr.:| GCH-2017-061-004
Probenahmetiefe: n.b. Probenehmer: Be/Po
Probenahmedatum und Uhrzeit: 05.09.2017 17:00 | Eingangsdatum: [  07.09.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 360 2250 2500 |Redoxpotenzial (mV) 130
el. LF (uS/cm) (Labor) 351 Temperatur (°C) 1.7
H l. 6.7 6,5 - 9,5 /l 0.49
PH (Gel) Sauerstoff (O,) md
pH (Labor) 6.57 (%) 4.6
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV * MAP ** |p ***
Calcium (Ca®") 45.0 Hydrogencarbonat (HCO;’ 137.84
Magnesium (Mgz") 12.6 Chlorid (CI") 13.1 180 200
Natrium (Na*) 6.5 200 [[sulfat (50,%) 39.6 225 250
Kalium (K*) 1.4 Nitrat (NO3) 13.4 45 50
Strontium (Sr*") 0.1225 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0283 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0048 Sulfid (S%) n.b.
Rubidium (Rb") 0.0013 [Fluorid (F) 0.14 1.5
Cisium (Cs*) <0,0001 z 204.1
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.047 0.2 | 270 mgl/l lonenbilanz
. lonengehal
Mangan (Mn?") 0.0214 0.05 Ges. lonengehalt 5.2 mmol/l -1.8 %
z 65.8 |Dichte n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0013 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0181 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0020 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0009 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) 0.0009 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) 0.0020 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) 0.0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0013 Zinn (Sn) n.b.
Vanadium (V) 0.0003 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 9.2
Messwert Messwert Carbonatharte(®° dH) 6.3
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 29
ca? 45.04 225 62.24 HCO, ([ 137.84| 2.26 61.4 Erdalkalien (mmol/l) 45.5
Mgz+ 12.62 1.04 28.76 ||cI’ 13.11 0.37 101
Na* 6.51 0.28 7.84 sof' 39.57 | 0.82 22.4 Berechnung des CO,
K* 1.39 0.04 099 [[NOs [ 13.41 ] 022 59 19(pCO,) -1.64
sr?* 0.12 0.00 0.08 |INO, n.b. n.b. n.b. freies CO, (mg/l) 50.94
Ba* 0.028 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 1.1574
Li 0.005 0.00 0.02 |[s* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||IF 0.14 0.01 0.2 Berechneter Ammoniakgehalt
Ccs* <0,0001 0.00 0.00 z 204.07) 3.7 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.047 0.00 0.0
Mn*| 00214 | 000 00 [Ges. lonengehalt 270 mg/l | 5.2 mmol/l |
z 65.79 3.6 100.0
lonenbilanz
% Kationen (meq/l) 3.61 1 8 ¢y
% Anionen (meg/l) 3.68 =1 o

Aquivalentanteile

O cr

3 so,>




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 5
Koordinaten M n.b. | RW: 14°18'54.00"§ HW: 48°29'16.08"N |GOK (m . A.) n.b.
Bezeichnung: 5 Geochemie-Nr.:| GCH-2017-061-005
Probenahmetiefe: 45 Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 06.09.2017 11:00 | Eingangsdatum: [  07.09.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) 0.5
el. LF (uS/cm) (Gel.) 160 2250 2500 JRedoxpotenzial (mV) 34
el. LF (uS/cm) (Labor) 149 Temperatur (°C) 8.1
H I 6.76 6,5 - 9,5 /l 0.01
PH (Gel) Sauerstoff (O,) md
pH (Labor) 6.5 (%) 0.1
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Ca®") 16.5 Hydrogencarbonat (HCO;’ 83.96
Magnesium (Mgz") 4.7 Chlorid (CI") 1.1 180 200
Natrium (Na*) 6.6 200 |[sulfat (50,%) 9.8 225 250
Kalium (K*) 2.6 Nitrat (NO3) <05 45 50
Strontium (Sr*") 0.1137 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0473 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0099 Sulfid (S%) n.b.
Rubidium (Rb") 0.0010 [Fluorid (F) 0.07 1.5
Cisium (Cs*) <0,0001 z 95.0
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?") 1.284 0.2 I 127 mgl/l lonenbilanz
. lonengehal
Mangan (Mn?") 0.1178 0.05 Ges. lonengehalt 2.5 mmol/l 0.2 %
z 32.0 |Dichte n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0013 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0030 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0019 0.2 Samarium (Sm) n.b.
Arsen (As) <0,0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0004 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 3.4
Messwert Messwert Carbonatharte(®° dH) 3.4
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.0
ca® 16.53 0.82 50.92 |[HCO; || 83.96 1.38 85.2 Erdalkalien (mmol/l) 37.4
Mgz+ 4.67 0.38 23.74||cI 1.11 0.03 1.9
Na* 6.64 0.29 17.84 sof' 9.84 0.20 12.7 Berechnung des CO,
K* 2.60 0.07 4.11 |[NOs <0,5 | 0.00 0.0 Ig(pCO,) -1.92
sr?* 0.11 0.00 0.16 |INO, n.b. n.b. n.b. freies CO, (mgl/l) 30.23
Ba* 0.047 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.6869
Lit 0.010 0.00 0.09 |[s* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||IF 0.07 0.00 0.2 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 = 94.97 1.6 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 1.284 0.05 28
mMnz || 01178 | 000 0.3 E;es. lonengehalt 127 mg/I | 2.5 mmol/l |
z 32.01 1.6  100.0
lonenbilanz
% Kationen (meq/l) 1.62 0 2 ¢y
% Anionen (meg/l) 1.62 - o

Aquivalentanteile

B S0,

B HCo,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 6
Koordinaten M n.b. | RW: 14°3'13.38" HW: 48°22'18.48"N |GOK (m . A.) n.b.
Bezeichnung: 6 Geochemie-Nr.:] GCH-2017-061-006
Probenahmetiefe: n.b. Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 06.09.2017 13:00 | Eingangsdatum: [  07.09.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) 0.96
el. LF (uS/cm) (Gel.) 282 2250 2500 |Redoxpotenzial (mV) 59
el. LF (uS/cm) (Labor) 269 Temperatur (°C) 1.4
H l. 713 6,5-9,5 / 0.21
PH (Gel) Sauerstoff (O,) md
pH (Labor) 6.75 (%) 2
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Caz") 321 Hydrogencarbonat (HCO;’ 142.05
Magnesium (Mgz") 9.3 Chlorid (CI") 4.5 180 200
Natrium (Na*) 8.6 200 |[sulfat (50,%) 20.3 225 250
Kalium (K*) 3.4 Nitrat (NO3) 0.6 45 50
Strontium (Sr*") 0.1209 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.1193 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0162 Sulfid (S%) n.b.
Rubidium (Rb") 0.0016 [Fluorid (F) 0.23 1.5
Cisium (Cs") <0,0001 z 167.6
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?") 0.670 0.2 I 222 mgl/l lonenbilanz
. lonengehal
Mangan (Mn*") 0.0997 0.05 Ges. lonengehalt 4.4 mmol/l -1.1 %
= 54.5 [Dichte n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0003 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0016 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0015 0.2 Samarium (Sm) n.b.
Arsen (As) <0,0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0013 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 6.6
Messwert Messwert Carbonatharte(®° dH) 6.5
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.1
ca? 32.14 1.60 55.98 [[HCO; || 142.05| 2.33 80.3 Erdalkalien (mmol/l) 41.4
Mg2+ 9.28 0.76 26.65||cI 4.45 0.13 4.3
Na* 8.63 0.38 13.10||ls0,> 20.32 | 0.42 14.6 Berechnung des CO,
K* 3.44 0.09 3.07 [[NO; 055 | 001 03 19(pCO,) .2.06
sr** 0.12 0.00 0.10 |INO, n.b. n.b. n.b. freies CO, (mg/l) 19.85
Ba“" 0.119 000 0.1 [fo-Po{| nb. | nb.  nb. freies CO, (mmol/l) 0.4511
Lit 0.016 0.00 0.08 ||s* n.b. n.b. n.b.
Rb* 0.002 0.00 0.00 ||IF 0.23 0.01 0.4 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 z 167.60] 2.9 100.0 NH; (mgl/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.670 0.02 0.8
Mn2 || 0.0097 | 0.00 0.1 K;es. lonengehalt 222 mgll | 4.4 mmol/l |
z 54.51 2.9 100.0
lonenbilanz
% Kationen (meq/l) 2.87 1 1 ¢y
% Anionen (meg/l) 2.90 =1 o
Aquivalentanteile
@ HCOy

H S0,

B NO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 7
Koordinaten M n.b. | RW: 14° 1'45.59" HW: 48°16'1.28"N |GOK (m . A.) n.b.
Bezeichnung: 7 Geochemie-Nr.:| GCH-2017-061-007
Probenahmetiefe: n.b. Probenehmer: Be/Po
Probenahmedatum und Uhrzeit: 06.09.2017 15:30 | Eingangsdatum: [  07.09.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 467 2250 2500 JRedoxpotenzial (mV) -248
el. LF (uS/cm) (Labor) 450 Temperatur (°C) 19.7
H l. 8.34 6,5 - 9,5 /l 25
PH (Gel) Sauerstoff (O,) md
pH (Labor) 8.18 (%) 18.3
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Ca®") 9.3 Hydrogencarbonat (HCO;’ 285.36
Magnesium (Mgz") 1.4 Chlorid (CI") 7.9 180 200
Natrium (Na*) 99.6 200 [[sulfat (50,%) 3.6 225 250
Kalium (K*) 1.3 Nitrat (NO3) n.b. 45 50
Strontium (Sr*") 0.1458 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0129 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0219 Sulfid (S%) n.b.
Rubidium (Rb") 0.0020 [Fluorid (F) 0.25 1.5
Cisium (Cs*) <0,0001 z 297.2
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.013 0.2 I 409 mg/l lonenbilanz
. lonengehal
Mangan (Mn?") 0.0058 0.05 Ges. lonengehalt 9.6 mmol/l -0.8 %
b 111.7 [Dichte n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0003 1.8 2 Lanthan (La) n.b.
Zink (Zn) <0,0001 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0022 0.2 Samarium (Sm) n.b.
Arsen (As) <0,0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) 0.0003 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) <0,0001 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile

Harten
Kationen Anionen Gesamthirte (° dH) 1.6
Messwert Messwert Carbonatharte(®° dH) 1.6
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.0
ca® 9.25 0.46 9.33 |[HCO; |/ 285.36 | 4.68 93.7 Erdalkalien (mmol/l) 5.8
Mgz+ 1.38 0.11 2.29 |lcr 7.91 0.22 4.5
Na* 99.61 4.33 87.56 3042' 3.65 0.08 1.5 Berechnung des CO,
K 1.30 0.03 0.67 |NOy nb. | nb. nb. Ig(pCO,) -2.92
sr** 0.15 0.00 0.07 |[INO, n.b. n.b. n.b. freies CO, (mgl/l) 2.09
Ba* 0.013 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.0475
Li* 0.022 0.00 0.06 |[s* n.b. n.b. n.b.
Rb* 0.002 0.00 0.00 ||IF 0.25 0.01 0.3 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 = 29716 5.0 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.013 0.00 0.0
Mn? || 0.0058 | 000 0.0 [Ges. lonengehalt | 409 mg/l | 9.6 mmol/l |
z 111.74 49 100.0
lonenbilanz
% Kationen (meq/l) 4.95 0 8 ¢y
% Anionen (meg/l) 4.99 V- o

O Na*

0 Mg

Aquivalentanteile

,. O Ca?

B HCO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 8
Koordinaten M n.b. | RW: E13°32.051"| HW: N48°26.034" (GOK (m . A)) n.b.
Bezeichnung: 8 Geochemie-Nr.:] GCH-2017-071-001
Probenahmetiefe: 197 Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 12.10.2017 10:15 | Eingangsdatum: |  16.10.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 378 2250 2500 |Redoxpotenzial (mV) 24
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 13.8
H . 7.57 6,5-9,5 / 0.17
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 1.7
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV* MAP ** |P *** lon Messwert QZV * MAP ** |p ***
Calcium (Ca”) 53.9 Hydrogencarbonat (HCO3’ 241.01
Magnesium (Mgz") 16.7 Chlorid (CI) 0.8 180 200
Natrium (Na*) 4.8 200 [[sulfat (SO,%) 15.6 225 250
Kalium (K") 1.1 Nitrat (NO5) <0,5 45 50
Strontium (Sr*") 0.3098 Nitrit (NO,") n.b. 0.09 0.1
Barium (Ba®") 0.0262 o- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li*) 0.0161 Sulfid (S%) n.b.
Rubidium (Rb") 0.0015 [Fluorid (F) 0.13 15
Cisium (Cs™) <0,0001 z 257.6
Ammonium (NH,") n.b. 0.45 0.5
Ei Fe?" } i 334 mql/l lonenbilanz
fsen (Fe®) | 0.019 02 | Ges. lonengehalt 9 -
Mangan (Mn®") 0.0055 0.05 h 6.4 mmol/l 0.1 %o
T 76.9 [Dichte | n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV* MAP ** [P *** Parameter Messwert
Kupfer (Cu) 0.0011 1.8 2 Lanthan (La) n.b.
Zink (Zn) <0,0001 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0014 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) 0.0007 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0011 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001)
*** .. Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Hobigor



Geologische Bundesanstalt

< — FA Geochemie
A Leitung: HR Mag. Dr. Gerhard Hobiger

Berechnungen aus den Analysenwerten

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 1.4
Messwert Messwert Carbonatharte(®° dH) 1.1
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.3
ca®* 53.88 2.69 62.37 ([HCO, [[ 241.01| 3.95 91.8 Erdalkalien (mmol/l) 47.2
Mg?* 16.69 1.37 31.86|lcr 0.81 0.02 0.5
Na* 4.84 0.21 4.89 |lso,> || 15.65 | 0.33 76 Berechnung des CO,
K* 1.07 0.03 0.63 |[NO5’ <0,5 | 0.00 0.0 Ig(pCO,) -2.26
sr** 0.31 0.01  0.16 |INO, n.b. n.b. n.b. freies CO, (mg/l) 11.44
Ba* 0.026 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.2600
Li* 0.016 0.00 0.05 |[s* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||IF 0.13 0.01 0.2 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 = 25759 4.3 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.019 0.00 0.0
Mn>| 00055 | 000 0.0 [Ges. lonengehalt | 334 mgil | 6.4 mmol/l |
z 76.86 4.3 100.0
lonenbilanz
% Kationen (meq/l) 4.31 0 1 ¢y
% Anionen (meg/l) 4.31 - o

Aquivalentanteile

B HCO,

B NO,




Ca

Wasseranalyse

Geologische B

Leitung: HR Mag. Dr.

undesanstalt
FA Geochemie
Gerhard Hobiger

n.b. .. nicht bestimmt

* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** .. Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 1l 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001)

Probenahmepunkt: 9
Koordinaten M n.b. | RW: E13°32.219'| HW: N48°26.583" [GOK (m . A)) n.b.
Bezeichnung: 9 Geochemie-Nr.:| GCH-2017-071-002
Probenahmetiefe: n.b. Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 12.10.2017 11:15 | Eingangsdatum: |  16.10.2017
Feldparameter
QzV* MAP ** IP *** |Schittung (I/s) 5.3
el. LF (uS/cm) (Gel.) 534 2250 2500 |Redoxpotenzial (mV) 45
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 10.8
H I 7.53 6,5 - 9,5 /l 6.3
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 59.2
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV* MAP ** |P *** lon Messwert QZV * MAP ** |p ***
Calcium (Ca”) 87.5 Hydrogencarbonat (HCO3’ 341.69
Magnesium (Mgz") 19.8 Chlorid (CI) 0.9 180 200
Natrium (Na*) 3.1 200 [[sulfat (SO,%) 24.2 225 250
Kalium (K") 1.3 Nitrat (NO5) <0,5 45 50
Strontium (Sr*") 0.3268 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0182 o- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0189 Sulfid (S%) n.b.
Rubidium (Rb") 0.0015 [Fluorid (F) 0.23 1.5
Cisium (Cs™) <0,0001 z 367.0
Ammonium (NH,") n.b. 0.45 0.5
Ei Fe** ) i 479 mgl/l lonenbilanz
isen (Fe™) | 0112 92 llGes. lonengehalt 9 -
Mangan (Mn®") 0.0266 0.05 h 9.1 mmol/l 0.6 %
T 112.2 [Dichte | n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0005 1.8 2 Lanthan (La) n.b.
Zink (Zn) <0,0001 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0015 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0002 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0006 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 16.8
Messwert Messwert Carbonatharte(®° dH) 15.7
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 1.1
ca? 87.48 4.37 70.66 [[HCO, [[ 341.69| 5.60 91.2 Erdalkalien (mmol/l) 48.6
Mg?* 19.79 1.63 26.36|lcr 0.92 | 0.03 0.4
Na* 3.1 0.14 219 sof' 24.15 | 0.50 8.2 Berechnung des CO,
K* 1.29 0.03 0.54 |[NOs <0,5 | 0.00 0.0 Ig(pCO,) -2.09
sr?* 0.33 0.01  0.12 |INO, n.b. n.b. n.b. freies CO, (mgl/l) 18.58
Ba“" 0.018 0.00 00 [fo-Po{| nb. | nb.  nb. freies CO, (mmol/l) 0.4223
Li* 0.019 0.00 0.04 |[s* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||IF 0.23 0.01 0.2 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 = 366.99| 6.1 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.112 0.00 01
mn2 | 0.0266 | 0.00 0.0 [Ges. lonengehalt [ 479 mg/l | 9.1 mmol/ |
z 112.18 6.2 100.0
lonenbilanz
% Kationen (meq/l) 6.18 0 6 ¢y
% Anionen (meg/l) 6.14 - o

Aquivalentanteile

B HCo,




Ca

Wasseranalyse

Geologische B

Leitung: HR Mag. Dr.

undesanstalt
FA Geochemie
Gerhard Hobiger

Probenahmepunkt: 10
Koordinaten M n.b. | RW: E13°41.279'| HW: N48°21.228' (GOK (m . A)) n.b.
Bezeichnung: 10 Geochemie-Nr.:| GCH-2017-071-003
Probenahmetiefe: n.b. Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 12.10.2017 14:00 | Eingangsdatum: |  16.10.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 322 2250 2500 |Redoxpotenzial (mV) -124
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 10.9
H . 7.75 6,5-9,5 / 0.01
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 0.1
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV* MAP ** |P *** lon Messwert QZV * MAP ** |p ***
Calcium (Ca”) 47.3 Hydrogencarbonat (HCO3’ 213.56
Magnesium (Mgz") 11.9 Chlorid (CI) 0.7 180 200
Natrium (Na*) 4.0 200 [[sulfat (SO,%) 6.3 225 250
Kalium (K") 1.0 Nitrat (NO5) <0,5 45 50
Strontium (Sr*") 0.1093 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0091 o- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0071 Sulfid (S%) n.b.
Rubidium (Rb") 0.0011 [Fluorid (F) 0.15 1.5
Cisium (Cs™) <0,0001 z 220.7
Ammonium (NH,") n.b. 0.45 0.5
Ei Fe** ) i 285 mgll lonenbilanz
isen (Fe™) | 0.312 92 llGes. lonengehalt 9 -
Mangan (Mn®") 0.0384 0.05 h 5.5 mmol/l -2.8 %
T 64.7 [Dichte | n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0013 1.8 2 Lanthan (La) n.b.
Zink (Zn) <0,0001 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0022 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0015 0.009  0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) 0.0003 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0004 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt

* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** .. Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 1l 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001)



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 9.4
Messwert Messwert Carbonatharte(®° dH) 9.4
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.0
ca? 47.32 2.36 66.40 [[HCO, [[ 213.56 | 3.50 95.7 Erdalkalien (mmol/l) 47.0
Mg?* 11.88 0.98 27.48]|lcr 0.70 | 0.02 0.5
Na* 4.02 0.18 4.92 sof' 6.31 0.13 3.6 Berechnung des CO,
K* 1.03 0.03 0.74 |[NOs <0,5 | 0.00 0.0 Ig(pCO,) -2.51
sr?* 0.11 0.00 0.07 |[INO, n.b. n.b. n.b. freies CO, (mgl/l) 7.7
Ba“ 0.009 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.1630
Li* 0.007 0.00 0.03 |[s* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||IF 0.15 0.01 0.2 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 = 220.71) 3.7 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.312 0.01 0.3
mMn* || 0.0384 | o000 00 [Ges. lonengehalt [ 285 mg/l | 5.5 mmol/l |
z 64.72 3.6 100.0
lonenbilanz
% Kationen (meq/l) 3.56 2 8 ¢y
% Anionen (meg/l) 3.66 T&- o

Aquivalentanteile

B HCO,

B NO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 1
Koordinaten M n.b. | RW: E13°40.379'| HW: N48°21.426° [GOK (m . A)) n.b.
Bezeichnung: 1 Geochemie-Nr.:| GCH-2017-071-004
Probenahmetiefe: n.b. Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 12.10.2017 14:45 | Eingangsdatum: |  16.10.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 317 2250 2500 JRedoxpotenzial (mV) -85
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 11.8
H I 7.68 6,5 - 9,5 /l 0.02
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 0.2
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV* MAP ** |P *** lon Messwert QZV * MAP ** |p ***
Calcium (Ca®") 46.4 Hydrogencarbonat (HCO3’ 207.45
Magnesium (Mgz") 10.0 Chlorid (CI) 0.8 180 200
Natrium (Na*) 4.0 200 [[sulfat (SO,%) 6.4 225 250
Kalium (K") 0.7 Nitrat (NO5) <0,5 45 50
Strontium (Sr*") 0.1240 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0070 o- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0055 Sulfid (S%) n.b.
Rubidium (Rb") 0.0008 [Fluorid (F) 0.14 1.5
Cisium (Cs™) <0,0001 Py 214.8
Ammonium (NH,") n.b. 0.45 0.5
Ei Fe** ) . 277 mgl/l lonenbilanz
fsen (Fe®) | 0425 02 | Ges. lonengehalt 9 -
Mangan (Mn®") 0.0490 0.05 h 5.3 mmol/l -6.0 %
) 61.7 [Dichte | n.b. g/icm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV* MAP ** [P ** Parameter Messwert
Kupfer (Cu) <0,0001 1.8 2 Lanthan (La) n.b.
Zink (Zn) <0,0001 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0010 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0000 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0004 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** .. Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 1l 304/2001)
*** .. Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) ALayout: G. Holiger



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 8.8
Messwert Messwert Carbonatharte(®° dH) 8.8
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.0
ca®* 46.39 2.31 69.02 [[HCO, [[ 207.45| 3.40 95.4 Erdalkalien (mmol/l) 46.9
Mg?* 10.05 0.83 24.65|lcI 0.76 0.02 0.6
Na* 3.98 0.17 5.16 3042' 6.42 0.13 3.8 Berechnung des CO,
K" 0.72 0.02 0.55 [[NOs <0,5 | 0.00 0.0 lg(pCO,) -2.44
sr** 0.12 0.00 0.08 |INO, n.b. n.b. n.b. freies CO, (mg/l) 8.05
Ba* 0.007 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.1829
Li 0.006 0.00 0.02 |[s* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||IF 0.14 0.01 0.2 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 z 214.77) 3.6 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.425 0.02 05
Mn*|| 00490 | 0.00 0.1 [Ges. lonengehalt [ 277 mg/l | 5.3 mmol/l |
z 61.75 3.4 100.0
lonenbilanz
% Kationen (meq/l) 3.35 6 0 ¢y
% Anionen (meg/l) 3.56 =9 o

Aquivalentanteile

B HCO,

B NO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 12
Koordinaten M n.b. | RW: E13°30.211"| HW: N48°28.077" [GOK (m . A)) n.b.
Bezeichnung: 12 Geochemie-Nr.:| GCH-2017-071-005
Probenahmetiefe: n.b. Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 12.10.2017 16:00 | Eingangsdatum: |  16.10.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 468 2250 2500 JRedoxpotenzial (mV) -98
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 10.8
H . 7.56 6,5-9,5 / 0.16
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 1.7
Kationen (mg/l) Anionen (mg/l)
lon Messwert QzZV * MAP ** P *** lon Messwert QZV* MAP ** |p **x
Calcium (Ca”) 74.9 Hydrogencarbonat (HCO3’ 247.11
Magnesium (Mgz") 13.5 Chlorid (CI) 5.4 180 200
Natrium (Na*) 3.1 200 [[sulfat (SO,%) 45.7 225 250
Kalium (K") 0.8 Nitrat (NO5) <0,5 45 50
Strontium (Sr*") 0.2224 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0087 o- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0102 Sulfid (S%) n.b.
Rubidium (Rb") 0.0017 [Fluorid (F) 0.11 1.5
Cisium (Cs™) <0,0001 z 298.3
Ammonium (NH,") n.b. 0.45 0.5
Ei Fe** ) i 391 mg/l lonenbilanz
fsen (Fe®) | 0029 02 | Ges. lonengehalt 9
Mangan (Mn®") 0.0040 0.05 h 7.3 mmol/l -3.0 %
) 92.5 [Dichte | n.b. g/icm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0003 1.8 2 Lanthan (La) n.b.
Zink (Zn) <0,0001 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0011 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0005 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0010 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** .. Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 1l 304/2001)
*** .. Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) ALayout: G. Holiger



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 13.6
Messwert Messwert Carbonatharte(®° dH) 11.4
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 2.2
ca? 74.86 3.74 T74.62|HCO; || 247.11] 4.05 78.5 Erdalkalien (mmol/l) 48.4
Mg2+ 13.47 111 2214 ||cr 5.38 0.15 29
Na* 3.1 0.14 270 ||so,> || 45.69 | 0.95 18.4 Berechnung des CO,
K* 0.75 0.02 0.38 [[NOs <0,5 | 000 00 Ig(pCO,) -2.26
sr?* 0.22 0.01 0.10 [[NO, n.b. n.b. n.b. freies CO, (mgl/l) 12.65
Ba“ 0.009 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.2875
Lit 0.010 0.00 0.03 ||ls* n.b. n.b. n.b.
Rb* 0.002 0.00 0.00 ||IF 0.11 0.01 0.1 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 p2 298.29| 5.2 100.0 NH; (mgl/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.029 0.00 0.0
mMn?* || 0.0040 | 000 00 [Ges. lonengehalt 391 mg/l | 7.3 mmol/l |
z 92.47 50 100.0
lonenbilanz
% Kationen (meq/l) 5.01 3 0 ¢y
% Anionen (meg/l) 5.16 - o

Aquivalentanteile

O Ca?*

B HCO;

3 so,>

B NO,




Ca

Wasseranalyse

Geologische B

Leitung: HR Mag. Dr.

undesanstalt
FA Geochemie
Gerhard Hobiger

Probenahmepunkt: 13
Koordinaten M n.b. | RW: E13°30.214'| HW: N48°28.083' [GOK (m . A)) n.b.
Bezeichnung: 13 Geochemie-Nr.:] GCH-2017-071-006
Probenahmetiefe: n.b. Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 12.10.2017 I Eingangsdatum: | 16.10.2017
Feldparameter
QzV* MAP ** IP *** [Schiittung (l/s) 7.8
el. LF (uS/cm) (Gel.) 476 2250 2500 |Redoxpotenzial (mV) -150
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 10.6
H . 7.53 6,5-9,5 / 0.01
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 0
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV* MAP ** |P *** lon Messwert QZV * MAP ** |p ***
Calcium (Ca”) 79.5 Hydrogencarbonat (HCO3’ 253.22
Magnesium (Mgz") 13.3 Chlorid (CI) 5.7 180 200
Natrium (Na*) 2.7 200 [[sulfat (SO,%) 47.8 225 250
Kalium (K") 0.7 Nitrat (NO5) <0,5 45 50
Strontium (Sr*") 0.2291 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0063 o- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0100 Sulfid (S%) n.b.
Rubidium (Rb") 0.0020 [Fluorid (F) 0.08 15
Cisium (Cs™) <0,0001 z 306.8
Ammonium (NH,") n.b. 0.45 0.5
Ei Fe** ) i 403 mgll lonenbilanz
isen (Fe™) | 0.027 92 llGes. lonengehalt 9
Mangan (Mn®") 0.0029 0.05 h 7.5 mmol/l -1.9 %
T 96.5 [Dichte | n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0005 1.8 2 Lanthan (La) n.b.
Zink (Zn) <0,0001 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0013 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0004 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) 0.0008 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0010 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt

* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** .. Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 1l 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001)



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile

Harten
Kationen Anionen Gesamthirte (° dH) 14.2
Messwert Messwert Carbonatharte(®° dH) 11.6
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 2.6
ca? 79.48 3.97 76.15|[HCO; || 253.22| 4.15 78.2 Erdalkalien (mmol/l) 48.7
Mgz+ 13.34 1.10 21.08||cI 5.70 0.16 3.0
Na* 2.71 0.12 2.26 sof' 47.77 | 0.99 18.7 Berechnung des CO,
K 0.73 0.02 0.36 [NOy <0,5 | 000 0.0 Ig(pCO,) 2.22
sr** 0.23 0.01  0.10 |INO, n.b. n.b. n.b. freies CO, (mg/l) 13.93
Ba* 0.006 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.3164
Li 0.010 0.00 0.03 |[s* n.b. n.b. n.b.
Rb* 0.002 0.00 0.00 ||F 0.08 0.00 0.1 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 3 306.77| 5.3 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.027 0.00 0.0
Mn? || 0.0029 | o000 00 [Ges. lonengehalt | 403 mg/l | 7.5 mmol/l |
z 96.53 5.2 100.0
lonenbilanz
% Kationen (meq/l) 5.21 1 9 ¢y
% Anionen (meg/l) 5.31 =1 o
Aquivalentanteile
O ca?t @ HCOy

B S0,

B NO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 14
Koordinaten M n.b. | RW: E13°31.706') HW: N48°27.328' [GOK (mi. A)) n.b.
Bezeichnung: 14 Geochemie-Nr.:| GCH-2017-071-007
Probenahmetiefe: n.b. Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 13.10.2017 08:50 | Eingangsdatum: |  16.10.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 410 2250 2500 |Redoxpotenzial (mV) -133
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 1.4
H I 7.6 6,5 - 9,5 /l 0.1
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 0.7
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV* MAP ** |P *** lon Messwert QZV * MAP ** |p ***
Calcium (Ca”) 60.1 Hydrogencarbonat (HCO3’ 241.01
Magnesium (Mgz") 16.0 Chlorid (CI) 21 180 200
Natrium (Na*) 3.3 200 [[sulfat (SO,%) 29.6 225 250
Kalium (K") 0.8 Nitrat (NO5) <0,5 45 50
Strontium (Sr*") 0.2507 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0174 o- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0124 Sulfid (S%) n.b.
Rubidium (Rb") 0.0014 [Fluorid (F) 0.13 1.5
Cisium (Cs™) <0,0001 z 272.8
Ammonium (NH,") n.b. 0.45 0.5
Ei Fe** ) . 353 mg/l lonenbilanz
isen (Fe™) | 0.083 92 llGes. lonengehalt 9 -
Mangan (Mn®") 0.0048 0.05 h 6.7 mmol/l -3.0 %
T 80.6 [Dichte | n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV* MAP ** [P ** Parameter Messwert
Kupfer (Cu) 0.0002 1.8 2 Lanthan (La) n.b.
Zink (Zn) <0,0001 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0010 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0002 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0009 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** .. Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 1l 304/2001)
*** .. Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) ALayout: G. Holiger



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 121
Messwert Messwert Carbonatharte(®° dH) 1.1
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 1.0
ca®* 60.10 3.00 66.73 |[HCO; || 241.01] 395 853 Erdalkalien (mmol/l) 48.1
Mgz+ 16.04 1.32  29.37|lcI 2.10 0.06 1.3
Na* 3.30 0.14 3.19 3042' 29.58 | 0.62 13.3 Berechnung des CO,
K* 0.81 0.02 0.46 |[NOs <0,5 | 0.00 0.0 Ig(pCO,) -2.31
sr** 0.25 0.01  0.13 |INO, n.b. n.b. n.b. freies CO, (mg/l) 11.18
Ba* 0.017 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.2540
Li* 0.012 0.00 0.04 |[s* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||IF 0.13 0.01 0.2 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 = 27283 46 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.083 0.00 01
mMnz || 0.0048 | 0.00 0.0 E;es. lonengehalt 353 mg/| | 6.7 mmol/l |
z 80.63 45 100.0
lonenbilanz
% Kationen (meq/l) 4.49 3 0 ¢y
% Anionen (meg/l) 4.63 - o

Aquivalentanteile

B HCO,

H S0,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 15
Koordinaten M n.b. | RW: E13°32.257"| HW: N48°22.336° [GOK (m . A)) n.b.
Bezeichnung: 15 Geochemie-Nr.:| GCH-2017-071-008
Probenahmetiefe: n.b. Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 13.10.2017 10:00 | Eingangsdatum: |  16.10.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 703 2250 2500 |Redoxpotenzial (mV) 93
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 13.2
H I 8.29 6,5 - 9,5 /l 25
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 26
Kationen (mg/l) Anionen (mg/l)
lon Messwert QzZV * MAP ** P *** lon Messwert QZV* MAP ** |p **x
Calcium (Ca”) 6.4 Hydrogencarbonat (HCO3’ 375.25
Magnesium (Mgz") 3.0 Chlorid (CI) 46.7 180 200
Natrium (Na*) 160.5 200 [[sulfat (SO,%) <0,5 225 250
Kalium (K") 1.5 Nitrat (NO5) <0,5 45 50
Strontium (Sr*") 0.1426 Nitrit (NO,') n.b. 0.09 0.1
Barium (Ba®*) 0.0113 o- Phosphat (0-PO,) n.b. 0.3
Lithium (Li") 0.0559 Sulfid (S%) n.b.
Rubidium (Rb") 0.0015 [Fluorid (F) 0.58 1.5
Cisium (Cs™) <0,0001 Py 422.5
Ammonium (NH,") n.b. 0.45 0.5
Ei Fe** ) i 594 mgll lonenbilanz
fsen (Fe®) | 0.014 02 | Ges. lonengehalt 9
Mangan (Mn®") 0.0039 0.05 h 14.8 mmol/l 1.3 %
) 171.6 [Dichte | n.b. g/icm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0016 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0747 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0014 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0000 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0005 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** .. Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 1l 304/2001)
*** .. Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) ALayout: G. Holiger



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile

Hérten
Kationen Anionen Gesamthirte (° dH) 1.6
Messwert Messwert Carbonatharte(®° dH) 1.6
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.0
ca? 6.44 0.32 4.23 |[HCO; || 375.25] 6.15 82.0 Erdalkalien (mmol/l) 3.8
Mg?* 2.98 0.25 3.23 |lcr 46.69 | 1.32 17.6
Na* 160.51 6.98 91.89 3042' <0,5 0.00 0.0 Berechnung des CO,
K* 1.46 0.04 0.49 |[NOs <0,5 | 0.00 0.0 Ig(pCO,) -2.80
sr** 0.14 0.00 0.04 |INO, n.b. n.b. n.b. freies CO, (mgl/l) 3.40
Ba* 0.011 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.0774
Li 0.056 0.01  0.11 |[s* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||F 0.58 0.03 0.4 Berechneter Ammoniakgehalt
Ccs’ <0,0001 0.00 0.00 3 42251 75 100.0 NH; (mg/l) | n.b.
NH, n.b. nb. n.b.
Fe?* 0.014 0.00 0.0
Mn>| 00039 | 000 00 [Ges. lonengehalt [ 594 mg/l | 14.8 mmol/ |
z 171.62 7.6 100.0
lonenbilanz
% Kationen (meq/l) 7.60 1 3 ¢y
% Anionen (meg/l) 7.50 - o

O Na*

Aquivalentanteile

O mg? Ca*

B HCO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 16
Koordinaten M n.b. | RW: E13°43.871'| HW: N48°14.806° |GOK (m . A.) n.b.
Bezeichnung: 16 Geochemie-Nr.:| GCH-2017-078-001
Probenahmetiefe (m): 220 Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 09.11.2017 09:00 | Eingangsdatum: [  10.11.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 460 2250 2500 |Redoxpotenzial (mV) -173
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 12.2
H I 8.76 6,5 - 9,5 /l 0.04
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 0.4
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Ca®") 3.3 Hydrogencarbonat (HCO;’ 268.47
Magnesium (Mgz") 1.1 Chlorid (CI") 5.6 180 200
Natrium (Na*) 100.3 200 [[sulfat (50,%) 13.6 225 250
Kalium (K*) 2.4 Nitrat (NO;) <0,5 45 50
Strontium (Sr**) 0.0848 Nitrit (NO,") n.b. 0.09 0.1
Barium (Ba®") 0.0295 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0839 Sulfid (S%) n.b.
Rubidium (Rb") 0.0011 [Fluorid (F) 0.16 1.5
Cisium (Cs*) <0,0001 z 287.7
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.003 0.2 I 395 mgl/l lonenbilanz
. lonengehal
Mangan (Mn?") 0.0018 0.05 Ges. lonengehalt 9.3 mmol/l -3.2 %
z 107.3 |Dichte n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0005 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0070 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0019 0.2 Samarium (Sm) n.b.
Arsen (As) <0,0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) 0.0002 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0003 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 0.7
Messwert Messwert Carbonatharte(®° dH) 0.7
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.0
ca? 3.29 0.16  3.50 |[HCO; |/ 268.47 | 4.40 90.8 Erdalkalien (mmol/l) 2.8
Mgz+ 1.12 0.09 1.97 |lcI 5.57 0.16 3.2
Na* 100.25 436 92.92 3042' 13.55 | 0.28 58 Berechnung des CO,
K* 2.38 0.06 1.30 |[NOs <0,5 | 0.00 0.0 Ig(pCO,) -3.41
sr*t 0.08 0.00 0.04 |INO, n.b. n.b. n.b. freies CO, (mg/l) 0.86
Ba* 0.030 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.0195
Li* 0.084 0.01 0.26 |[s* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||IF 0.16 0.01 0.2 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 3 287.74] 438 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.003 0.00 0.0
Mn*| 00018 | 000 00 [Ges. lonengehalt [ 395 mg/l | 9.3 mmol/l |
z 107.26 4.7 100.0
lonenbilanz
% Kationen (meq/l) 4.69 3 2 ¢y
% Anionen (meg/l) 4.85 - o

O Na*

Aquivalentanteile

O '\Ezcab—

B HCO;




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 17
Koordinaten M n.b. | RW: E13°46.301"| HW: N48°15.153' |GOK (m . A.) n.b.
Bezeichnung: 17 Geochemie-Nr.:] GCH-2017-078-002
Probenahmetiefe (m): n.b. Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 09.11.201710:30 | Eingangsdatum: [  10.11.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 480 2250 2500 |Redoxpotenzial (mV) -213
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 12.5
. 8.64 6,5 - 9,5 | 0.03
PH (Gel) Sauerstoff (O,) ma/
pH (Labor) n.b. (%) 0.4
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Ca®") 31 Hydrogencarbonat (HCO;’ 286.78
Magnesium (Mgz") 1.0 Chlorid (CI") 2.5 180 200
Natrium (Na*) 107.4 200 [[sulfat (50,%) 18.3 225 250
Kalium (K*) 2.4 Nitrat (NO;) <0,5 45 50
Strontium (Sr*") 0.0602 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0390 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0838 Sulfid (S%) n.b.
Rubidium (Rb") 0.0014 [Fluorid (F) 0.13 1.5
Cisium (Cs*) <0,0001 z 307.7
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?") 0.013 0.2 I 422 mgl/l lonenbilanz
. lonengehal
Mangan (Mn?") 0.0036 0.05 Ges. lonengehalt 9.8 mmol/l -3.3 %
b 114.2 [Dichte n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV* MAP ** [P *** Parameter Messwert
Kupfer (Cu) 0.0017 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0163 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0027 0.2 Samarium (Sm) n.b.
Arsen (As) <0,0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) 0.0002 0.045 Terbium (Tb) n.b.
Nickel (Ni) 0.0002 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0003 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 0.7
Messwert Messwert Carbonatharte(®° dH) 0.7
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.0
ca? 3.15 0.16  3.15 |[HCO; |/ 286.78 | 4.70 91.1 Erdalkalien (mmol/l) 24
Mg?* 1.00 0.08 1.65 [lcr 248 | 0.07 14
Na* 107.43 4.67 93.67 sof' 18.32 | 0.38 7.4 Berechnung des CO,
K 2.42 0.06 1.24 |INO; <0,5 | 000 0.0 Ig(pCO,) -3.26
sr?* 0.06 0.00 0.03 |INO, n.b. n.b. n.b. freies CO, (mg/l) 1.20
Ba* 0.039 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.0273
Lit 0.084 0.01 0.24 ||Is* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||IF 0.13 0.01 0.1 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 = 307.70| 5.2 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.013 0.00 0.0
Mn>| 00036 | 000 00 [Ges. lonengehalt | 422 mg/l | 9.8 mmol/l |
z 114.19 5.0 100.0
lonenbilanz
% Kationen (meq/l) 4.99 3 3 ¢y
% Anionen (meg/l) 5.16 - o

O Na*

Aquivalentanteile

O N%z@ab

B HCO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 18
Koordinaten M n.b. | RW: E13°40.239'| HW: N48°16.225 |GOK (m . A.) n.b.
Bezeichnung: 18 Geochemie-Nr.:] GCH-2017-078-003
Probenahmetiefe (m): 180 Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 09.11.201711:30 | Eingangsdatum: [  10.11.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 471 2250 2500 JRedoxpotenzial (mV) -149
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 1.4
H l. 8.61 6,5-9,5 1 0.06
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 0.6
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Ca®") 3.7 Hydrogencarbonat (HCO;’ 317.28
Magnesium (Mgz") 1.9 Chlorid (CI") 0.5 180 200
Natrium (Na*) 110.5 200 [[sulfat (50,%) 0.3 225 250
Kalium (K*) 1.8 Nitrat (NO;) <0,5 45 50
Strontium (Sr*") 0.1071 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0116 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0756 Sulfid (S%) n.b.
Rubidium (Rb") 0.0005 [Fluorid (F) 0.33 1.5
Cisium (Cs*) <0,0001 z 318.3
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.010 02 llg 436 mg/l lonenbilanz
es. lonengehalt
Mangan (Mn?*) 0.0030 0.05 ? 10.3 mmol/l -0.5 %
T 118.1 [Dichte | n.b. gicm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV* MAP ** [P *** Parameter Messwert
Kupfer (Cu) 0.0003 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0274 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0015 0.2 Samarium (Sm) n.b.
Arsen (As) <0,0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) 0.0002 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0002 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 1.0
Messwert Messwert Carbonatharte(®° dH) 1.0
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.0
ca®* 3.73 0.19  3.58 ||HCO; || 317.28 ] 5.20 99.3 Erdalkalien (mmol/l) 3.3
Mg?* 1.93 0.16  3.04 |lcr 0.47 0.01 0.3
Na* 110.51 481 92.25 sof' 0.26 0.01 0.1 Berechnung des CO,
K" 1.75 0.04 0.86 [[NOs <0,5 | 0.00 0.0 lg(pCO,) -3.19
sr?* 0.11 0.00 0.05 |[INO, n.b. n.b. n.b. freies CO, (mgl/l) 1.46
Ba* 0.012 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.0331
Lit 0.076 0.01 0.21 |ls* n.b. n.b. n.b.
Rb* 0.000 0.00 0.00 ||F 0.33 0.02 0.3 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 3 318.33| 5.2 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.010 0.00 0.0
Mn? || 0.0030 | o000 00 [Ges. lonengehalt | 436 mg/l | 10.3 mmol/ |
z 118.13 5.2 100.0
lonenbilanz
% Kationen (meq/l) 5.21 0 5 ¢y
% Anionen (meg/l) 5.24 V- o

O Na*

Aquivalentanteile

O mB+Ca*

B HCO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 19
Koordinaten M n.b. | RW: E13°49.150'| HW: N48°21.584' [GOK (m . A)) n.b.
Bezeichnung: 19 Geochemie-Nr.:| GCH-2017-078-004
Probenahmetiefe (m): 50 Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 09.11.201713:30 | Eingangsdatum: [  10.11.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 544 2250 2500 JRedoxpotenzial (mV) -18
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 10.1
H I 7.38 6,5 - 9,5 /l 0.27
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 2.6
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Caz") 86.8 Hydrogencarbonat (HCO;’ 347.79
Magnesium (Mgz") 211 Chlorid (CI") 3.0 180 200
Natrium (Na*) 3.6 200 [[sulfat (50,%) 25.1 225 250
Kalium (K*) 1.3 Nitrat (NO3) 1.6 45 50
Strontium (Sr*") 0.2215 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0164 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0160 Sulfid (S%) n.b.
Rubidium (Rb") 0.0004 [Fluorid (F) 0.09 1.5
Cisium (Cs*) <0,0001 z 377.5
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.231 0.2 | 491 mgl/l lonenbilanz
. lonengehal
Mangan (Mn?") 0.0315 0.05 Ges. lonengehalt 9.3 mmol/l -0.9 %
T 113.3 [Dichte | n.b. g/icm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0007 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0073 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0016 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0010 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) 0.0002 0.045 Terbium (Tb) n.b.
Nickel (Ni) 0.0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) 0.0009 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) 0.0002 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0006 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 17.0
Messwert Messwert Carbonatharte(®° dH) 16.0
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 1.0
ca? 86.79 4.33 69.00 [[HCO, [[ 347.79| 5.70 90.0 Erdalkalien (mmol/l) 48.4
Mgz+ 21.15 1.74 27.72||cr 2.99 0.08 1.3
Na* 3.61 0.16  2.50 3042' 25.08 | 0.52 8.2 Berechnung des CO,
K* 1.26 0.03 0.51 |[NO5 1.58 | 0.03 0.4 Ig(pCO,) -1.94
sr** 0.22 0.01  0.08 |INO, n.b. n.b. n.b. freies CO, (mg/l) 27.11
Ba* 0.016 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.6159
Li* 0.016 0.00 0.04 |[s* n.b. n.b. n.b.
Rb* 0.000 0.00 0.00 ||IF 0.09 0.00 0.1 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 z 377.53] 6.3 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.231 0.01 0.1
mn? || 00315 | o000 00 [Ges. lonengehalt 491 mg/l | 9.3 mmol |
z 113.33 6.3 100.0
lonenbilanz
% Kationen (meq/l) 6.28 0 9 ¢y
% Anionen (meg/l) 6.34 V- o

Aquivalentanteile

B HCO,

B NO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 20
Koordinaten M n.b. | RW: E13°45.937"| HW: N48°20.635° [GOK (m . A)) n.b.
Bezeichnung: 20 Geochemie-Nr.:| GCH-2017-078-005
Probenahmetiefe: n.b. Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 09.11.2017 14:15 | Eingangsdatum: [  10.11.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 511 2250 2500 |Redoxpotenzial (mV) 75
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 10.7
H I 6.59 6,5 - 9,5 /l 0.07
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 0.7
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Caz") 61.3 Hydrogencarbonat (HCO;’ 244.06
Magnesium (Mgz") 17.6 Chlorid (CI") 19.1 180 200
Natrium (Na*) 20.9 200 [[sulfat (50,%) 44.4 225 250
Kalium (K*) 1.8 Nitrat (NO;) <0,5 45 50
Strontium (Sr*") 0.2039 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0273 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0173 Sulfid (S%) n.b.
Rubidium (Rb") 0.0025 [Fluorid (F) 0.11 1.5
Cisium (Cs*) <0,0001 z 307.7
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?") 0.138 0.2 I 411 mgl/l lonenbilanz
. lonengehal
Mangan (Mn?") 0.8829 0.05 Ges. lonengehalt 8.2 mmol/l 0.7 %
T 102.9 [Dichte | n.b. g/icm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV* MAP ** [P *** Parameter Messwert
Kupfer (Cu) 0.0015 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0199 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0028 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0014 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) 0.0003 0.045 Terbium (Tb) n.b.
Nickel (Ni) 0.0024 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) 0.0004 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) 0.0006 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0023 Zinn (Sn) n.b.
Vanadium (V) 0.0002 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 12.7
Messwert Messwert Carbonatharte(®° dH) 11.2
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 1.4
ca® 61.34 3.06 55.54 |[HCO; || 244.06 | 4.00 73.1 Erdalkalien (mmol/l) 41.0
Mgz+ 17.64 145 26.33||cI 19.14 | 0.54 9.9
Na* 20.90 0.91 16.49|so,> || 44.43 | 0.93 16.9 Berechnung des CO,
K* 1.79 0.05 0.83 |[NOs <0,5 | 0.00 0.0 Ig(pCO,) -1.30
sr** 0.20 0.00 0.08 |INO, n.b. n.b. n.b. freies CO, (mg/l) 116.69
Ba* 0.027 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 2.6515
Li* 0.017 0.00 0.05 |[s* n.b. n.b. n.b.
Rb* 0.003 0.00 0.00 ||IF 0.11 0.01 0.1 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 = 307.75| 5.5 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.138 0.00 01
Mn>|| 08829 | 003 06 [Ges. lonengehalt 411 _mg/ | 8.2 mmol/l |
z 102.93 55 100.0
lonenbilanz
% Kationen (meq/l) 5.51 0 7 ¢y
% Anionen (meg/l) 5.47 - o

Aquivalentanteile

B HCO,

O cr

B so,>




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 21
Koordinaten M n.b. | RW: E13°45.018'| HW: N48°23.280" |GOK (m . A.) n.b.
Bezeichnung: 21 Geochemie-Nr.:| GCH-2017-078-006
Probenahmetiefe (m): 55 Probenehmer: Be/P6
Probenahmedatum und Uhrzeit: 09.11.201715:30 | Eingangsdatum: [  10.11.2017
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 154 2250 2500 JRedoxpotenzial (mV) 175
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 10.5
H l. 6.44 6,5-9,5 1 8.39
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 79
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Ca®") 20.5 Hydrogencarbonat (HCO;’ 67.12
Magnesium (Mgz") 3.0 Chlorid (CI") 1.8 180 200
Natrium (Na*) 4.2 200 |[sulfat (50,%) 3.8 225 250
Kalium (K*) 0.7 Nitrat (NO3) 15.5 45 50
Strontium (Sr*") 0.0365 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0353 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0026 Sulfid (S%) n.b.
Rubidium (Rb") 0.0001 [Fluorid (F) 0.07 1.5
Cisium (Cs*) <0,0001 z 88.3
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?") 0.001 0.2 I 117 mgl/l lonenbilanz
. lonengehal
Mangan (Mn?") 0.0038 0.05 Ges. lonengehalt 2.3 mmol/l -0.7 %
z 28.5 |Dichte n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0007 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0119 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0021 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0002 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) 0.0009 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) <0,0001 Zinn (Sn) n.b.
Vanadium (V) 0.0003 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
H,SiO; n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 3.6
Messwert Messwert Carbonatharte(®° dH) 341
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.5
ca? 20.53 1.02 69.53 [|HCO; || 67.12 1.10 741 Erdalkalien (mmol/l) 431
Mgz+ 2.97 0.24 16.57 ||cI 1.79 0.05 3.4
Na* 4.24 0.18 12.53 3042' 3.80 0.08 53 Berechnung des CO,
K* 0.72 0.02 1.24 |[NOs 15.54 | 0.25 16.9 Ig(pCO,) -1.69
sr** 0.04 0.00 0.06 |INO, n.b. n.b. n.b. freies CO, (mgl/l) 47.89
Ba* 0.035 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 1.0882
Li 0.003 0.00 0.03 |[s* n.b. n.b. n.b.
Rb* 0.000 0.00 0.00 ||IF 0.07 0.00 0.2 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 z 88.31 1.5 100.0 NH; (mg/l) | n.b.
NH, n.b. nb. n.b.
Fe?* 0.001 0.00 0.0
mMnz || 0.0038 | 000 0.0 K;es. lonengehalt 117 mg/I | 2.3 mmol/l |
z 28.53 1.5 100.0
lonenbilanz
% Kationen (meq/l) 1.47 0 7 ¢y
% Anionen (meg/l) 1.48 V- o

Aquivalentanteile

B 50>




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 22
Koordinaten M  nb. | RW: N48°20.817'| HW: [E13°30.098' |GOK (mii. A.) n.b.
Bezeichnung: 22 Geochemie-Nr.:] GCH-2018-006-001
Probenahmetiefe: n.b. Probenehmer: P6/Be
Probenahmedatum und Uhrzeit: 22.01.201809:30 | Eingangsdatum: |  24.01.2018
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 571 2250 2500 |Redoxpotenzial (mV) n.b.
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 10
H l. 7.44 6,5 - 9,5 /l n.b.
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) n.b.
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV * MAP ** |p ***
Calcium (Ca®") 70.6 Hydrogencarbonat (HCO;’ 335.59
Magnesium (Mgz") 26.0 Chlorid (CI") 7.3 180 200
Natrium (Na*) 6.6 200 [[sulfat (50,%) 21.8 225 250
Kalium (K*) 1.8 Nitrat (NO;) <0,5 45 50
Strontium (Sr*") 0.3750 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0388 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0298 Sulfid (S%) n.b.
Rubidium (Rb") 0.0009 [Fluorid (F) 0.10 1.5
Cisium (Cs") <0,0001 z 364.8
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?") 1.857 0.2 I 472 mgl/l lonenbilanz
. lonengehal
Mangan (Mn?") 0.0659 0.05 Ges. lonengehalt 9.1 mmol/l -1.4 %
T 107.4 [Dichte | n.b. g/icm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) <0,0001 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0404 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0008 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0008 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
Silicium (Si) n.b. Gallium (Ga) n.b.

Die HCO3- Konzentration wurde berechnet
n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 15.9
Messwert Messwert Carbonatharte(®° dH) 15.4
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.5
ca? 70.59 3.52 57.96 |[HCO; || 335.59| 5.50 89.2 Erdalkalien (mmol/l) 46.7
Mgz" 25.99 214 3519]|lcr 7.35 0.21 3.4
Na* 6.61 0.29 4.73 sof' 21.78 | 0.45 7.4 Berechnung des CO,
K* 1.80 0.05 0.76 |[NOs <0,5 | 0.00 0.0 Ig(pCO,) -2.01
sr?* 0.37 0.01 0.14 |[NO, n.b. n.b. n.b. freies CO, (mg/l) 22.88
Ba* 0.039 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.5200
Li 0.030 0.00 0.07 |[s* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||IF 0.10 0.01 0.1 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 z 364.82| 6.2 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 1.857 0.07 1.1
Mn* | 00659 | 000 0.0 [Ges. lonengehalt 472 mg/l | 9.1 mmol/l |
z 107.36 6.1 100.0
lonenbilanz
% Kationen (meq/l) 6.08 1 4 ¢y
% Anionen (meg/l) 6.17 =1 o

Aquivalentanteile

B HCO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 23
Koordinaten M  nb. | RW: N48°21.195'| HW: E13°30.135" |GOK (mii. A.) n.b.
Bezeichnung: 23 Geochemie-Nr.:| GCH-2018-006-002
Probenahmetiefe: n.b. Probenehmer: Po6/Be
Probenahmedatum und Uhrzeit: 22.01.201810:45 | Eingangsdatum: [  24.01.2018
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 605 2250 2500 |Redoxpotenzial (mV) -168
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 9.7
H I 7.48 6,5 - 9,5 /l 0.5
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 0.4
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Ca®") 74.7 Hydrogencarbonat (HCO;’ 356.9
Magnesium (Mgz") 28.4 Chlorid (CI") 6.3 180 200
Natrium (Na*) 6.7 200 [[sulfat (50,%) 27.8 225 250
Kalium (K*) 4.8 Nitrat (NO;) <0,5 45 50
Strontium (Sr**) 0.6474 Nitrit (NO,") n.b. 0.09 0.1
Barium (Ba®") 0.0554 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0316 Sulfid (S%) n.b.
Rubidium (Rb") 0.0012 [Fluorid (F) 0.11 1.5
Cisium (Cs*) <0,0001 z 391.2
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.677 0.2 I 507 mgll lonenbilanz
. lonengehal
Mangan (Mn?") 0.0357 0.05 Ges. lonengehalt 9.8 mmol/l -1.2 %
b 116.2 [Dichte n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0004 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0055 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0385 0.2 Samarium (Sm) n.b.
Arsen (As) <0,0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0008 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
Silicium (Si) n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 17.0
Messwert Messwert Carbonatharte(®° dH) 16.4
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.6
ca? 74.70 3.73 57.08|[HCO; || 356.9 | 5.85 88.5 Erdalkalien (mmol/l) 46.6
Mgz+ 28.44 2.34 3584 ]|cr 6.32 0.18 2.7
Na* 6.74 0.29 449 sof' 27.79 | 0.58 8.7 Berechnung des CO,
K* 4.84 0.12  1.90 |[INO5 <0,5 | 0.00 0.0 Ig(pCO,) -2.03
sr** 0.65 0.01  0.23 |[INOy n.b. n.b. n.b. freies CO, (mgl/l) 22.26
Ba* 0.055 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.5058
Li* 0.032 0.00 0.07 |[s* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||IF 0.11 0.01 0.1 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 z 391.16] 6.6 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.677 002 04
mn?*|| 0.0357 | 0.00 00 K;es. lonengehalt 507 mg/| | 9.8 mmol/l |
z 116.18 6.5 100.0
lonenbilanz
% Kationen (meq/l) 6.53 1 2 ¢y
% Anionen (meg/l) 6.61 =1 o

Aquivalentanteile

B HCO,

B NO,




Ca

Wasseranalyse

Geologische Bundesanstalt
FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Die HCO3- Konzentration wurde berechnet
n.b. .. nicht bestimmt

* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001)

Probenahmepunkt: 24
Koordinaten M  nb. | RW: N48°24.431"| HW: E13°33.875' |GOK (mii. A)) n.b.
Bezeichnung: 24 Geochemie-Nr.:| GCH-2018-006-003
Probenahmetiefe: n.b. Probenehmer: Po6/Be
Probenahmedatum und Uhrzeit: 22.01.201811:35 | Eingangsdatum: [  24.01.2018
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 440 2250 2500 JRedoxpotenzial (mV) 16.00
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 12
H I 7.89 6,5 - 9,5 /l 5.17
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 50
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Ca2+) 55.8 Hydrogencarbonat (HCO;’ 298
Magnesium (Mgz") 18.6 Chlorid (CI") 0.6 180 200
Natrium (Na*) 20.7 200 [[sulfat (50,%) 17.8 225 250
Kalium (K*) 1.6 Nitrat (NO;) <0,5 45 50
Strontium (Sr**) 0.9441 Nitrit (NO,") n.b. 0.09 0.1
Barium (Ba®") 0.0462 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0362 Sulfid (S%) n.b.
Rubidium (Rb") 0.0024 [Fluorid (F) 0.53 1.5
Cisium (Cs*) <0,0001 z 316.9
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.268 0.2 | 415 mgl/l lonenbilanz
. lonengehal
Mangan (Mn?") 0.0044 0.05 Ges. lonengehalt 8.2 mmol/l -0.1 %
z 98.0 |Dichte n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0010 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0326 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0049 0.2 Samarium (Sm) n.b.
Arsen (As) <0,0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0002 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
Silicium (Si) n.b. Gallium (Ga) n.b.




Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 121
Messwert Messwert Carbonatharte(®° dH) 121
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.0
ca®* 55.85 2.79 52.66 ||[HCO, 298 4.88 92.2 Erdalkalien (mmol/l) 41.0
Mg?* 18.56 1.53 28.86 |[cI 0.60 0.02 0.3
Na* 20.71 0.90 17.03 sof' 17.78 | 0.37 7.0 Berechnung des CO,
K* 1.56 0.04 0.75 |[NO5’ <0,5 | 0.00 0.0 Ig(pCO,) -2.50
sr** 0.94 0.02 0.41 |[NO, n.b. n.b. n.b. freies CO, (mg/l) 6.97
Ba* 0.046 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.1584
Li 0.036 0.01 0.10 |[s* n.b. n.b. n.b.
Rb* 0.002 0.00 0.00 ||F 0.53 0.03 0.5 Berechneter Ammoniakgehalt
Ccs* <0,0001 0.00 0.00 3 316.90| 5.3 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.268 0.01 0.2
Mn? || 0.0044 | o000 00 [Ges. lonengehalt 415 mg/l | 8.2 mmol/ |
h> 97.98 5.3 100.0
Die HCO3- Konzentration wurde berechnet
lonenbilanz
% Kationen (meq/l) 5.29 0 1 ¢y
% Anionen (meg/l) 5.30 V- o

Aquivalentanteile

B HCO,

B NO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 25
Koordinaten M  nb. | RW: N48°24.432'| HW: E13°33.881" |GOK (mii. A)) n.b.
Bezeichnung: 25 Geochemie-Nr.:| GCH-2018-006-004
Probenahmetiefe: n.b. Probenehmer: Po6/Be
Probenahmedatum und Uhrzeit: 22.01.201812:15 | Eingangsdatum: |  24.01.2018
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 254 2250 2500 JRedoxpotenzial (mV) 141.00
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 8.8
H I 7.29 6,5 - 9,5 /l 10.25
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 91.8
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Ca2+) 33.3 Hydrogencarbonat (HCO;’ 134.24
Magnesium (Mgz") 5.3 Chlorid (CI") 2.3 180 200
Natrium (Na*) 47 200 |[sulfat (50,%) 4.4 225 250
Kalium (K*) 8.0 Nitrat (NO3) 11.2 45 50
Strontium (Sr*") 0.1297 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0075 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0018 Sulfid (S%) n.b.
Rubidium (Rb") 0.0017 [Fluorid (F) 0.10 1.5
Cisium (Cs*) <0,0001 z 152.2
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.101 0.2 | 204 mgl/l lonenbilanz
. lonengehal
Mangan (Mn?") 0.0029 0.05 Ges. lonengehalt 4.0 mmol/l -1.2 %
T 51.5 [Dichte | n.b. g/icm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV* MAP ** [P *** Parameter Messwert
Kupfer (Cu) 0.0095 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.1303 Cer (Ce) n.b.
Blei (Pb) 0.0002 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0251 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0015 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) 0.0009 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) 0.0003 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0005 Zinn (Sn) n.b.
Vanadium (V) 0.0013 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
Silicium (Si) n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 5.9
Messwert Messwert Carbonatharte(®° dH) 5.9
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.0
ca? 33.25 1.66 66.10 [[HCO; || 134.24 | 2.20 86.5 Erdalkalien (mmol/l) 41.8
Mgz+ 5.28 0.43 17.30||cI 2.30 0.06 2.6
Na* 4.73 0.21 820 ||so,> 4.41 0.09 3.6 Berechnung des CO,
K* 7.97 020 8.12 [[NOy || 1116 | 018 7.1 Ig(pCO,) -2.25
sr?* 0.13 0.00 0.12 |INO, n.b. n.b. n.b. freies CO, (mgl/l) 13.84
Ba* 0.007 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.3145
Lit 0.002 0.00 0.01 ||s* n.b. n.b. n.b.
Rb* 0.002 0.00 0.00 ||IF 0.10 0.01 0.2 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 p2 152.20) 25 100.0 NH; (mgl/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.101 0.00 0.1
Mn> | 00029 | 000 00 [Ges. lonengehalt | 204 mg/l | 4.0 mmol/l |
z 51.48 2.5 100.0
lonenbilanz
% Kationen (meq/l) 2.51 1 2 ¢y
% Anionen (meg/l) 2.54 =1 o

Aquivalentanteile

B HCO,

3 so,>




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 26
Koordinaten M nb. | RW: N48°21.612'| HW: E13°34.291" |GOK (mii. A)) n.b.
Bezeichnung: 26 Geochemie-Nr.:| GCH-2018-006-005
Probenahmetiefe: n.b. Probenehmer: Po6/Be
Probenahmedatum und Uhrzeit: 22.01.201813:15 | Eingangsdatum: |  24.01.2018
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 577 2250 2500 JRedoxpotenzial (mV) 20.00
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 1
H l. 7.41 6,5 - 9,5 /l 2.47
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 23.5
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Ca®") 78.5 Hydrogencarbonat (HCO;’ 323.38
Magnesium (Mgz") 21.3 Chlorid (CI") 4.1 180 200
Natrium (Na*) 6.7 200 [[sulfat (50,%) 28.8 225 250
Kalium (K*) 1.8 Nitrat (NO;) <0,5 45 50
Strontium (Sr*") 0.2948 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0261 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0158 Sulfid (S%) n.b.
Rubidium (Rb") 0.0011 [Fluorid (F) 0.19 1.5
Cisium (Cs*) <0,0001 z 356.5
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.069 0.2 I 465 mgl/l lonenbilanz
. lonengehal
Mangan (Mn?") 0.0258 0.05 Ges. lonengehalt 8.9 mmol/l -0.1 %
T 108.8 [Dichte | n.b. g/icm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV* MAP ** [P *** Parameter Messwert
Kupfer (Cu) 0.0015 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.1147 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0040 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0003 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) 0.0013 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0005 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
Silicium (Si) n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 15.9
Messwert Messwert Carbonatharte(®° dH) 14.9
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 1.0
ca? 78.50 3.92 65.06 |[HCO; | 323.38| 5.30 87.9 Erdalkalien (mmol/l) 471
Mgz+ 21.29 1.75 29.09 ||lcI 413 0.12 1.9
Na* 6.73 0.29 4.86 ||so,> || 28.84 | 0.60 10.0 Berechnung des CO,
K* 1.83 0.05 0.78 |[NO5’ <0,5 | 0.00 0.0 Ig(pCO,) -2.00
sr?* 0.29 0.01 0.11 |[NO, n.b. n.b. n.b. freies CO, (mg/l) 23.12
Ba* 0.026 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.5253
Li* 0.016 0.00 0.04 |[s* n.b. n.b. n.b.
Rb* 0.001 0.00 0.00 ||IF 0.19 0.01 0.2 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 z 356.54] 6.0 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.069 0.00 0.0
Mn? || 00258 | 000 00 [Ges. lonengehalt 465 mg/l | 8.9 mmol/l |
z 108.77 6.0 100.0
lonenbilanz
% Kationen (meq/l) 6.02 0 1 ¢y
% Anionen (meg/l) 6.03 V- o

Aquivalentanteile

B HCO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 27
Koordinaten M  nb. | RW: N48°22.847'| HW: E13°35.418 |GOK (mii. A)) n.b.
Bezeichnung: 27 Geochemie-Nr.:| GCH-2018-006-006
Probenahmetiefe: n.b. Probenehmer: Po6/Be
Probenahmedatum und Uhrzeit: 22.01.201814:50 | Eingangsdatum: [  24.01.2018
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 460 2250 2500 JRedoxpotenzial (mV) -57.00
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 9.1
H l. 7.77 6,5-9,5 / 2.55
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 23.8
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Ca®") 63.4 Hydrogencarbonat (HCO;’ 259.32
Magnesium (Mgz") 16.8 Chlorid (CI") 2.6 180 200
Natrium (Na*) 3.3 200 [[sulfat (50,%) 21.4 225 250
Kalium (K*) 1.2 Nitrat (NO;) <0,5 45 50
Strontium (Sr*") 0.1900 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0083 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0108 Sulfid (S%) n.b.
Rubidium (Rb") 0.0019 [Fluorid (F) 0.13 1.5
Cisium (Cs*) <0,0001 z 283.5
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.250 0.2 I 369 mg/l lonenbilanz
. lonengehal
Mangan (Mn?") 0.0546 0.05 Ges. lonengehalt 7.0 mmol/l -0.9 %
z 85.1 |Dichte n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0015 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.6885 Cer (Ce) n.b.
Blei (Pb) 0.0004 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0049 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0032 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) 0.0004 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
Silicium (Si) n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 12.7
Messwert Messwert Carbonatharte(®° dH) 11.9
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.8
ca®* 63.36 3.16 66.81|[HCO; || 259.32| 4.25 89.0 Erdalkalien (mmol/l) 48.0
Mgz+ 16.76 1.38  29.14||cI 2.63 0.07 1.5
Na* 3.32 0.14 3.05 3042' 21.45 | 045 9.3 Berechnung des CO,
K* 1.19 0.03 0.64 |[NOs <0,5 | 0.00 0.0 Ig(pCO,) -2.46
sr** 0.19 0.00 0.09 |INO, n.b. n.b. n.b. freies CO, (mg/l) 8.55
Ba“ 0.008 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.1942
Li* 0.011 0.00 0.03 |[s* n.b. n.b. n.b.
Rb* 0.002 0.00 0.00 ||IF 0.13 0.01 0.1 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 3 283.52] 4.8 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.250 0.01 0.2
Mn* || 0.0546 | 000 0.0 [Ges. lonengehalt | 369 mg/l | 7.0 mmol/l |
z 85.14 4.7 100.0
lonenbilanz
% Kationen (meq/l) 4.73 0 9 ¢y
% Anionen (meg/l) 4.78 V- o

Aquivalentanteile

B HCO,

B NO,




Ca

Wasseranalyse

Geologische Bundesanstalt
FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 28
Koordinaten M  nb. | RW: N48°13.678'| HW: E13°55.056' |GOK (m ii. A.) n.b.
Bezeichnung: 28 Geochemie-Nr.:| GCH-2018-006-008
Probenahmetiefe: n.b. Probenehmer: P6/Be
Probenahmedatum und Uhrzeit: 22.01.201816:15 | Eingangsdatum: [  24.01.2018
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 827 2250 2500 |Redoxpotenzial (mV) -303.00
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 38.3
. 8.59 6,5-9,5 | 0.01
PH (Gel) Sauerstoff (O,) ma/
pH (Labor) n.b. (%) 0.2
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV * MAP ** |p ***
Calcium (Ca®") 0.9 Hydrogencarbonat (HCO;’ 369.15
Magnesium (Mgz") 0.2 Chlorid (CI") 76.9 180 200
Natrium (Na*) 192.3 200 [[sulfat (50,%) 6.4 225 250
Kalium (K*) 1.4 Nitrat (NO;) <0,5 45 50
Strontium (Sr*") 0.0172 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0022 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li*) 0.0306 Sulfid (%) n.b.
Rubidium (Rb") 0.0021 [Fluorid (F) 0.92 1.5
Cisium (Cs*) <0,0001 z 453.4
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.021 02 llg 648 mgll lonenbilanz
es. lonengehalt
Mangan (Mn?*) 0.0019 0.05 ? 16.8 mmol/l 0.8 %
T 194.9 [Dichte | n.b. g/icm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0014 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0132 Cer (Ce) n.b.
Blei (Pb) 0.0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0242 0.2 Samarium (Sm) n.b.
Arsen (As) <0,0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) <0,0001 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
Silicium (Si) n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt

* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001)



Geologische Bundesanstalt

< — FA Geochemie
A Leitung: HR Mag. Dr. Gerhard Hobiger

Berechnungen aus den Analysenwerten

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 0.2
Messwert Messwert Carbonatharte(®° dH) 0.2
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.0
ca® 0.94 0.05 0.55 |[HCO; || 369.15] 6.05 72.0 Erdalkalien (mmol/l) 0.4
Mgz" 0.24 0.02 0.23 |lcI 76.93 | 2.17 25.8
Na* 192.29 8.36 98.74 3042' 6.43 0.13 1.6 Berechnung des CO,
K* 1.36 0.03 0.41 |INO; <0,5 | 0.00 0.0 Ig(pCO,) -2.95
sr*t 0.02 0.00 0.00 |INO, n.b. n.b. n.b. freies CO, (mgl/l) 1.23
Ba* 0.002 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.0279
Li 0.031 0.00 0.05 |[s* n.b. n.b. n.b.
Rb* 0.002 0.00 0.00 ||F 0.92 0.05 0.6 Berechneter Ammoniakgehalt
Ccs’ <0,0001 0.00 0.00 3 453.43] 84 100.0 NH; (mg/l) | n.b.
NH, n.b. nb. n.b.
Fe?* 0.021 0.00 0.0
mnz | 0.0019 | 000 00 [Ges. lonengehalt | 648 mg/l | 16.8 mmol/ |
z 194.90 8.5 100.0
lonenbilanz
% Kationen (meq/l) 8.47 0 8 ¢y
% Anionen (meg/l) 8.40 - o

Aquivalentanteile

mngg?*

B HCO,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 29
Koordinaten M  nb. | RW: N48°13.534'| HW: E13°54.734' |GOK (mii. A.) n.b.
Bezeichnung: 29 Geochemie-Nr.:| GCH-2018-006-007
Probenahmetiefe: n.b. Probenehmer: P6/Be
Probenahmedatum und Uhrzeit: 22.01.201817:20 | Eingangsdatum: |  24.01.2018
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 558 2250 2500 |Redoxpotenzial (mV) -315.00
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 36.6
H . 8.34 6,5 - 9,5 | 0.01
PH (Gel) Sauerstoff (O,) ma/
pH (Labor) n.b. (%) 0.2
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV * MAP ** |p ***
Calcium (Ca®") 2.9 Hydrogencarbonat (HCO;’ 353.89
Magnesium (Mgz") 0.7 Chlorid (CI") 211 180 200
Natrium (Na*) 139.1 200 [[sulfat (50,%) 6.3 225 250
Kalium (K*) 1.5 Nitrat (NO;) <0,5 45 50
Strontium (Sr*") 0.0498 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0055 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.0268 Sulfid (S%) n.b.
Rubidium (Rb") 0.0022 [Fluorid (F) 0.49 1.5
Cisium (Cs") <0,0001 z 381.8
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.005 02 llg 526 mgll lonenbilanz
es. lonengehalt
Mangan (Mn?*) 0.0063 0.05 ? 12.7 mmol/l -3.9 %
) 144.3 [Dichte n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV* MAP ** [P *** Parameter Messwert
Kupfer (Cu) 0.0007 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0012 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0079 0.2 Samarium (Sm) n.b.
Arsen (As) <0,0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) <0,0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) <0,0001 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
Silicium (Si) n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Ca
Berechnungen aus den Analysenwerten

Geologische Bundesanstalt

FA Geochemie

Leitung: HR Mag. Dr. Gerhard Hobiger

Aquivalentanteile

Harten
Kationen Anionen Gesamthirte (° dH) 0.6
Messwert Messwert Carbonatharte(®° dH) 0.6
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonatharte (°dH) 0.0
ca®* 2.93 0.15 232 [[HCO; || 353.89] 580 885 Erdalkalien (mmol/l) 1.7
Mg?* 0.75 0.06 0.97 [lcr 21.08 | 0.59 9.1
Na* 139.11 6.05 96.03|ls0,> 6.34 | 0.13 2.0 Berechnung des CO,
K 1.46 0.04 0.59 |INOs <0,5 | 000 0.0 Ig(pCO,) 2.72
sr** 0.05 0.00 0.02 |INO, n.b. n.b. n.b. freies CO, (mg/l) 214
Ba* 0.006 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.0486
Li* 0.027 0.00 0.06 |[s* n.b. n.b. n.b.
Rb* 0.002 0.00 0.00 ||IF 0.49 0.03 0.4 Berechneter Ammoniakgehalt
cs* <0,0001 0.00 0.00 z 381.81] 6.6 100.0 NH; (mg/l) I n.b.
NH, n.b. nb. n.b.
Fe?* 0.005 0.00 0.0
mn?* || 0.0063 | 000 00 [Ges. lonengehalt 526 mg/l | 12.7 mmol/ |
z 144.35 6.3 100.0
lonenbilanz
% Kationen (meq/l) 6.30 3 9 ¢y
% Anionen (meg/l) 6.55 - o

Aquivalentanteile

O D|$32+

B HCOo,




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 30
Koordinaten M  n.b. | RW: N48°16.308' | HW: E13°25.003' |GOK (mii. A.) n.b.
Bezeichnung: 30 Geochemie-Nr.:| GCH-2018-009-001
Probenahmetiefe: n.b. Probenehmer: Po6/Be
Probenahmedatum und Uhrzeit: 25.01.201809:15 | Eingangsdatum: |  26.01.2018
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 1428 2250 2500 JRedoxpotenzial (mV) -190.00
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 271
H l. 7.25 6,5-9,5 / 1.92
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 23.6
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Caz") 9.9 Hydrogencarbonat (HCO;’ 524.74
Magnesium (Mgz") 1.5 Chlorid (CI") 134.4 180 200
Natrium (Na*) 263.5 200 |[sulfat (50,%) 5.9 225 250
Kalium (K*) 14.7 Nitrat (NO;) <0,5 45 50
Strontium (Sr*") 0.3687 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0626 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.2465 Sulfid (S%) n.b.
Rubidium (Rb") 0.0339 [Fluorid (F) 5.61 1.5
Cisium (Cs*) 0.0016 z 670.6
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.014 02 llg 961 mg/l lonenbilanz
es. lonengehalt
Mangan (Mn*") 0.0011 0.05 ? 24.9 mmol/l -2.4 %
T 290.4 [Dichte | n.b. g/icm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV* MAP ** [P *** Parameter Messwert
Kupfer (Cu) 0.0013 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0096 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0135 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0003 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) 0.0006 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) <0,0001 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
Silicium (Si) n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Geologische Bundesanstalt

< — FA Geochemie
A Leitung: HR Mag. Dr. Gerhard Hobiger

Berechnungen aus den Analysenwerten

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 1.7
Messwert Messwert Carbonatharte(®° dH) 1.7
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonathérte (°dH) 0.0
ca® 9.86 0.49 3.93 |[HCO; || 524.74| 8.60 67.1 Erdalkalien (mmol/l) 2.5
Mg?* 1.55 0.13  1.02 |lcr 134.38| 3.79 296
Na* 263.54 11.46 91.67 3042' 5.91 0.12 1.0 Berechnung des CO,
K* 14.71 0.38 3.01 |[NOs <0,5 | 0.00 0.0 Ig(pCO,) -1.54
sr?* 0.37 0.01  0.07 |INO, n.b. n.b. n.b. freies CO, (mg/l) 40.85
Ba* 0.063 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.9282
Li* 0.247 0.04 0.28 ||Is* n.b. n.b. n.b.
Rb* 0.034 0.00 0.00 ||IF 5.61 0.30 2.3 Berechneter Ammoniakgehalt
cs* 0.002 0.00 0.00 = 670.64| 128 100.0 NH; (mg/l) | n.b.
NH, n.b. nb. n.b.
Fe?* 0.014 0.00 0.0
Mn>| 00011 | 000 00 [Ges. lonengehalt | 961 mg/l | 24.9 mmol/ |
z 290.39 12.5 100.0
lonenbilanz
% Kationen (meq/l) 12.50 2 4 ¢y
% Anionen (meg/l) 12.81 T&- o

Aquivalentanteile

O '\%2€32+

O Na*




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 31
Koordinaten M  n.b. | RW: N48°19.639' | HW: E13°20.549' |GOK (mii. A.) n.b.
Bezeichnung: 31 Geochemie-Nr.:| GCH-2018-009-002
Probenahmetiefe: n.b. Probenehmer: P6/Be
Probenahmedatum und Uhrzeit: 25.01.201811:30 | Eingangsdatum: |  26.01.2018
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 1431 2250 2500 JRedoxpotenzial (mV) -310.00
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 51.4
. 6.93 6,5-9,5 | 0.04
PH (Gel) Sauerstoff (O,) ma/
pH (Labor) n.b. (%) 0.9
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV * MAP ** |p ***
Calcium (Ca®") 12.5 Hydrogencarbonat (HCO;’ 533.04
Magnesium (Mgz") 2.0 Chlorid (CI") 169.8 180 200
Natrium (Na*) 292.2 200 [[sulfat (50,%) 45 225 250
Kalium (K*) 16.3 Nitrat (NO;) <0,5 45 50
Strontium (Sr*") 0.4083 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.0622 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.2433 Sulfid (S%) n.b.
Rubidium (Rb") 0.0377 [Fluorid (F) 6.01 1.5
Cisium (Cs*) 0.0017 z 713.3
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.013 02 |lg 1037 mgl/l lonenbilanz
es. lonengehalt
Mangan (Mn?*) 0.0035 0.05 ? 27.4 mmol/l 0.2 %
z 323.7 |Dichte n.b. g/cm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV * MAP ** |P *** Parameter Messwert
Kupfer (Cu) 0.0003 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0070 Cer (Ce) n.b.
Blei (Pb) 0.0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0090 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0002 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) 0.0001 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) <0,0001 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
Silicium (Si) n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor



Geologische Bundesanstalt

< — FA Geochemie
A Leitung: HR Mag. Dr. Gerhard Hobiger

Berechnungen aus den Analysenwerten

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 2.2
Messwert Messwert Carbonatharte(®° dH) 2.2
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonathérte (°dH) 0.0
ca? 12.50 0.62 4.47 |[HCO; || 533.04| 8.74 62.7 Erdalkalien (mmol/l) 2.8
Mgz+ 1.96 0.16  1.16 |lcI 169.78 | 4.79 34.4
Na* 292.22 12.71  91.06 3042' 4.48 0.09 0.7 Berechnung des CO,
K* 16.28 0.42 2.98 |[NOs <0,5 0.00 0.0 Ig(pCO,) -1.04
sr?* 0.41 0.01 0.07 |[NO, n.b. n.b. n.b. freies CO, (mg/l) 75.31
Ba* 0.062 000 00 |fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 1.7113
Li* 0.243 0.04 0.25 ||Is* n.b. n.b. n.b.
Rb* 0.038 0.00 0.00 ||IF 6.01 0.32 2.3 Berechneter Ammoniakgehalt
Ccs* 0.002 0.00 0.00 z 713.30| 13.9 100.0 NH; (mg/l) | n.b.
NH, n.b. nb. n.b.
Fe?* 0.013 0.00 0.0
Mn*| 00035 | 000 00 [Ges. lonengehalt [ 1037 mg/l |  27.4 mmol/ |
z 323.73 14.0 100.0
lonenbilanz
% Kationen (meq/l) 13.96 0 2 ¢y
% Anionen (meg/l) 13.93 - o

Aquivalentanteile

O Mgeca?




C—A Wass e ra n a Iyse Geologische Bundesanstalt

FA Geochemie
Leitung: HR Mag. Dr. Gerhard Hobiger

Probenahmepunkt: 32
Koordinaten M  n.b. | RW: N48°10.519' | HW: E13°38.215' |GOK (mii. A.) n.b.
Bezeichnung: 32 Geochemie-Nr.:| GCH-2018-009-003
Probenahmetiefe: n.b. Probenehmer: P6/Be
Probenahmedatum und Uhrzeit: 25.01.201814:30 | Eingangsdatum: |  26.01.2018
Feldparameter
QZV* MAP ** IP ** ISchiittung (I/s) n.b.
el. LF (uS/cm) (Gel.) 2010 2250 2500 JRedoxpotenzial (mV) -80.00
el. LF (uS/cm) (Labor) n.b. Temperatur (°C) 49.2
H l. 7.72 6,5-9,5 1 2.29
PH (Gel) Sauerstoff (O,) md
pH (Labor) n.b. (%) 42.8
Kationen (mg/l) Anionen (mg/l)
lon Messwert QZV * MAP ** |P *** lon Messwert QZV* MAP ** |p **x
Calcium (Ca®") 9.6 Hydrogencarbonat (HCO;’ 676.06
Magnesium (Mgz") 1.7 Chlorid (CI") 252.2 180 200
Natrium (Na*) 399.6 200 [[sulfat (50,%) 43.6 225 250
Kalium (K*) 17.6 Nitrat (NO;) <0,5 45 50
Strontium (Sr*") 0.3811 Nitrit (NO,) n.b. 0.09 0.1
Barium (Ba®") 0.3944 0- Phosphat (0-PO,*) n.b. 0.3
Lithium (Li") 0.2722 Sulfid (S%) n.b.
Rubidium (Rb") 0.0351 [Fluorid (F) 7.24 1.5
Cisium (Cs*) 0.0024 z 979.0
Ammonium (NH,") n.b. 0.45 0.5
Eisen (Fe?') 0.039 02 llg 1409 mg/l lonenbilanz
es. lonengehalt
Mangan (Mn?*) 0.0026 0.05 ? 37.2 mmol/l -5.1 %
T 429.7 [Dichte | n.b. g/icm3
Spezielle Parameter (mg/l) Spezielle Parameter (mg/l)
Parameter Messwert | QZV* MAP ** [P *** Parameter Messwert
Kupfer (Cu) 0.0010 1.8 2 Lanthan (La) n.b.
Zink (Zn) 0.0049 Cer (Ce) n.b.
Blei (Pb) <0,0001 0.009 0.025 Praseodym (Pr) n.b.
Cadmium (Cd) <0,0001 0.0045 0.005 Neodym (Nd) n.b.
Aluminium (Al) 0.0130 0.2 Samarium (Sm) n.b.
Arsen (As) 0.0001 0.009 0.01 Europium (Eu) n.b.
Antimon (Sb) n.b. 0.005 Gadolimium (Gd) n.b.
Chrom (Cr) <0,0001 0.045 Terbium (Tb) n.b.
Nickel (Ni) 0.0002 0.018 Dysprosium (Dy) n.b.
Quecksilber (Hg) n.b. 0.0009 0.001 Holmium (Ho) n.b.
Bor (B) n.b. 1 Erbium (Er) n.b.
Uran (U) <0,0001 0.015 Thulium (Tm) n.b.
Thorium (Th) n.b. Ytterbium (Yb) n.b.
Cobalt (Co) <0,0001 Lutetium (Lu) n.b.
Molybdan (Mo) <0,0001 Zinn (Sn) n.b.
Vanadium (V) <0,0001 Thallium (TI) n.b.
Selen (Se) n.b. 0.01 Silber (Ag) n.b.
Tellur (Te) n.b. Beryllium (Be) n.b.
Niob (Nb) n.b. Bismut (Bi) n.b.
Silicium (Si) n.b. Gallium (Ga) n.b.

n.b. .. nicht bestimmt
* ... Qualitatszielverordnung Chemie Grundwasser QZV Chemie GW (BGBI. Il 98/2010)

** ... Mindestanforderungsparameter aus der Trinkwasserverordnung - TWV (BGBI. 11 304/2001)
*** ... Indikatorparameter aus der Trinkwasserverordnung - TWV (BGBI. Il 304/2001) Layout: G Holigor
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Berechnungen aus den Analysenwerten

Aquivalentanteile Harten
Kationen Anionen Gesamthirte (° dH) 1.7
Messwert Messwert Carbonatharte(®° dH) 1.7
lon mg/l meq/l eq% lon mg/l | meg/l eq% Nichtcarbonathérte (°dH) 0.0
ca®* 9.62 0.48 259 [[HCO, || 676.06 ] 11.08 56.9 Erdalkalien (mmol/l) 1.7
Mgz+ 1.75 0.14 0.78 |lcI 25217 7.1 36.5
Na* 399.58 17.38 93.90 3042' 43.57 | 0.91 4.7 Berechnung des CO,
K 17.59 045 2.43 |NOy <0,5 | 0.00 0.0 Ig(pCO,) -1.76
sr?* 0.38 0.01  0.05 |INO, n.b. n.b. n.b. freies CO, (mgl/l) 15.15
Ba* 0.394 001 00 [fo-P0,*| nb. | nb.  nb. freies CO, (mmol/l) 0.3443
Li* 0.272 0.04 0.21 ||s* n.b. n.b. n.b.
Rb* 0.035 0.00 0.00 ||IF 7.24 0.38 2.0 Berechneter Ammoniakgehalt
cs* 0.002 0.00 0.00 = 979.02 | 19.5 100.0 NH; (mg/l) | n.b.
NH, n.b. nb. n.b.
Fe?* 0.039 0.00 0.0
Mn? || 0.0026 | 000 00 [Ges. lonengehalt | 1409 mg/l | 37.2 mmol/ |
z 429.66 18.5 100.0
lonenbilanz
% Kationen (meq/l) 18.51 5 1 ¢y
% Anionen (meg/l) 19.48 = o

Aquivalentanteile

O DI$32+

O Nat+




