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1. Introduction

etal., 1997) and to determine the flow direction and lake water content in wells situated
downstream of dredged lakes (W. STICHLER & P. TRIMBORN, 1980, B. YEHDEGHO et
al,, 1997). Detailed studies, particularly on the chemical mass budget, the hydrochemical
and hydrobiochemical processes involved in dredged lakes, and their impact on the mixing
zone, are however rare.

(1) determining the hydrochemical changes,

(2) examination of the processes responsible for the changes in concentration of the major
chemical species in the dredged lakes and

(3) assessing the impact of the lakes on the mixing zone.
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2. Description of embedding aquifers

The Schwarzl and the Weizelsdorfer Lakes (Fig. 1) were created by excavation of
predominantly gravelly glacio-fluvial sediments for construction purposes in the past
few decades.

nmenced in the early 1970s and continued
y 0.45 km? groundwater surface area. Pro-
ite that excavation work started in this area
1ally expanded, the pits were joined to give
lled Sportler Lake and FKK Lake. Finally,
o basins were adjoined in the second week
sravelly sediments, becoming one lake called
Schwarzl Lake.

Whereas, in the Weizelsdorfer Lake area dredging started in 1980 and ended in 1991,
resulting in the formation of approximately 0.11 km? exposed groundwater surface area.
Based on echo sounding measurements performed in August 1991, both dredged lakes
have comparable average depth of about 6 m and maximum depth of about 10 m. Both
lakes are currently used as recreation centers.

The lakes are embedded in shallow phreatic aquifers of fluvio-glacial origin deposited
rarzl Lake area the thickness of the aquifer
scation of well PB33, close to the western
“Grazer Feld”, to about 15 m in the central
“ig. 1). Accordingly, based on the ground-
> saturated thickness increased from about

5m to 9 m (B. YEHDEGHO, 1993).
diments, of about 250 m in thickness, serve
alic conductivity of the aquifer is approxi-
st values determined were for the area clo-

In the Weizelsdorfer Lake area, the v

The studied lakes are typical through-flow systems with no surface inflow or out-
flow. Hydrologic fluxes involved in the water budget of the lakes are direct precipitation,
subsurface inflow, evaporation from the lake surface and subsurface outflow. Clima-
tic water balance, for both above water and land surface, was determined for the
investigated areas, using long-term meteorological data.

Table 1 summarizes annual mean values of the long-term meteorological variables
and accordingly, calculated evaporation parameters and recharge rates with the standard
error of the mean. Lake evaporation was calculated using the PENMAN combined
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equation (H. L. PENMAN, 1948, 1954), whereas, the evaporation from the land surface
was determined from the equation proposed by R. J. GRANGER & D. M. GRAY (1989).
Long-term mean annual recharge in the Schwarzl Lake area amounted to 142 + 37 mm
for lake surface and 200 + 37 mm under land surface condition. In the Weizelsdorfer
Lake the recharge rate was comparatively higher, 271 + 27 mm for lake surface and
285 + 27 mm for land surface.

Tab. 1: Long-term mean annual meteorological and climatic water balance data of the studied systems;
* gverage lake water temperature measured monthly during the study period berween 1991
and 1993,
Jabresmittelwerte der meteorologischen Kenngrofien und klimatische Wasserbilanz der unter-
suchten Systeme; * mittlere Seewassertemperatur auns den monatlichen Messungen im Unter-
suchungszeitraum 1991 bis 1993,

Parameter Schwarzl Lake Weizelsdorfer Lake

Air temperature [°C] 85+02 7.6+0.2
Water temperature [°CJ* 132 12.4

Relative air humidity [%] 81+ 04 78 +0.5
Precipitation [mm] 824 + 34 880 + 22

Lake evaporation [mm] 682 + 16 610+5
Actual evapotranspiration [mm] 624+ 11 591+5

Lake recharge [mm] 142 £ 37 27127
Groundwater recharge [mm] 271+37 285 + 37

61



3. Hydrochemical and isotopic monitoring

Detailed hydrochemical and isotopic monitoring was performed from November
1990 to March 1993 in the Schwarzl Lake and the Weizelsdorfer Lake areas. Water

zelsdorfer Lake area are located upstream of the studied lakes. The remaining wells
are situated downstream of the dredged lakes. To collect representative water samples,

the wells were pumped for at least 20 minutes prior to in situ measurement and collection
of water samples.

4. Interpretation of hydrochemical data

4.1. Distribution of chemical parameters
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.0) in both lakes. With an average oxygen
sout 9 mg/lin the upstream groundwater,
-acter.
solved solutes in the lakes and the processes
2, based on the regularities in the abundance
of the cations and anions, it is attempted to characterize briefly the spatial variation
of the hydrochemical composition of the shallow groundwater in the influence area
of the lakes. In the groundwater upstream of the lakes the distribution order of the
major cations reads: rCa? > rMg?>rNa* > rK*, where r is a reaction value in meq/1.
While bicarbonate made up the dominant anion in both studied systems, the abundance
sequence of CI', NO, and SO.* ions was variable. In the Schwarzl Lake area the
distribution of the anions has the order rHCO; > rCl” > rNO; > SO, and in the
Weizelsdorfer Lake area rHCO, > rSO2 > rCl” = rNOj. This is due to different
amounts of artificial CI" and NO; ion inputs to the groundwater. Salt spray used during
winter for de-icing roads and highways and intensive fertilization practices, particu-
larly in the Schwarzl Lake area caused a substantial increase in CI" and NO;” concen-
tration in groundwater. In the lake water and the groundwater in the mixing zone the
order of mobility of the cations was the same for the upstream groundwater. On the
other hand, the distribution of the major anions in the dredged lakes as well as in the
downgradient groundwater field differed from that of the groundwater inflow; in both
lake systems the distribution order was: tHCO; >rSO/> >rCl >rNO;".

4.2. Temporal variation

Peaks attributable to fertilization activit:
ticeable in the time series of the 1ons NO5
Schwarzl Lake, whereas the remaining che
temporal change. On the other hand, water
of the lakes exhibited distinct seasonality i
water temperature was measured during the summer months and |
The temporal variation of dissolved oxygen content was converse due to the inverse
relationship between temperature and solubility of oxygen gas. Concentration of NOy,
Ca? and HCOj; ions also varied seasonally in the lakes.

Tn the Weizelsdorfer Take hich NO.™ concentration was measured for the winter

>ut spring, summer and early autumn until

“his reflects the seasonal cycle of biological

) . ] ~ atsassimilate nitrogen from NO; available

in the lake water). On the other hand, the seasonal change of NO;™ concentration in

the Schwarzl Lake was rather not distinct; higher NO,” concentrations were measured

from late spring to summer and lower in winter which is in anti-phase to the seasonal

biological cycle. This could be due to the masking effect of the delayed NO; concentration

changes in the upstream lakes (STUAG Lake and Samitz Lake). Also, the distribution

of HCO, and Ca? ions in the lakes followed the seasonal climatic changes for the study

areas. In both lakes broad maximum in winter and minimum in summer have been
observed (Fig. 4).

The seasonality signature of water temperature and dissolved oxygen content
observed in the lakes is also propagated into the downgradient groundwater fields. This
could be demonstrated using the time variation of water temperature and dissolved
oxygen of the Schwarzl Lake and the observation wells SB7, PB36, PB14 and BL7, situated
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Fig. 3: Temporal variation of NOj concentration in the dredged lakes.
Jabreszeitliche Schwankungen des NOy -Gebaltes in den Baggerseen.

4.3. Saturation indices of carbonate minerals and P,

Availability of a significant amount of carbonate sediments in the Quaternary glacio-
fluvial deposits combined with higher reactivity of carbonate minerals resulted in the
domination of Ca?, Mg?" and HCOj ions in the shallow groundwater systems under
investigation (Tab. 4). Furthermore, a major change in the chemical composition of lake
water was induced by the exposure of the shallow groundwaters by the formation of
dredged lakes. In particular, the concentration of Ca?*, Mg?* and HCO, was modified
considerably, leading ultimately to the alteration of the saturation state with respect
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Fig. 4: Seasonality of Ca** and HCO; in the dredged lakes.
Jabreszeitliche Schwankungen des Ca?*- and HCO; -Gebaltes in den Baggerseen.

to calcite and dolomite minerals in lake water and the groundwater in the mixing zones
of the studied lakes.

Saturation indices of the carbonate minerals and the corresponding equilibrium con-
centration of dissolved CO, were calculated based on the monthly chemical concen-
trations of the major ions, field pH and water temperature using the hydrogeochemical
speciation program, WATEQF (L. N. PLUMMER et al., 1976). Saturation mdex (ST) of
carbonate minerals was calculated from the equation:

SI =log (IAP/K), (Eq. 1)
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Fig. 5: Propagation of the seasonality signature of water temperature and dissolved oxygen into the
groundwater sampling points in the mixing zone of the Schwarzl Lake.
Fortpflanzung der jabreszeitlichen Schwankungen der Wassertemperatur und des gelosten Sauer-
stoffes in die Grundwassermefstellen in der Mischungszone der Schwarzl Baggerseen.

where IAP s the activity product of the ions and K is the equilibrium solubility product
for the mineral involved at sample temperature and standard pressure. SI value 0 indicates
equilibrium, > 1 supersaturation and < 1 undersaturation of the solution with respect
to the mineral considered.

The equilibrium CO, partial pressure (Pc,) in the sampled carbonate system was
derived from the equation:

Pco, = (otrico; - o)/ (Ky - Kpp), (Fq. 2)
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Fig. 7: Seasonal variability of SI ;g and SIojomice 171 the studied lakes.
Jabreszeitliche Variabilitat des SI ;o w1d SI gojomie 172 den untersuchten Baggerseen.

where co, and oy are HCO,™ and H* activities, respectively; K, and Ky are
accordingly the first dissociation constants of H,CO; and the HENRY’s law constant
for CO, gas dissolution in water.

The results of the SI calculation revealed that the inflowing groundwater to both
lakes was weakly supersaturated with respect to calcite but undersaturated with respect
to dolomite. The average Pe, values were typical for normal soils, approximately
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These values are significantly lower than that of the groundwater inflow, but larger
than the P, in the atmosphere (102% atm.).

5. Estimate of the chemical changes in dredged lakes

QG+ PCp— QoCo- ECg = VE, (Eq.3)

where Q; and Qg are groundwater inflow and outflow rates, respectively; P and E
are direct precipitation and lake evaporation rates, respectively. G, G, Co and Cy are
solute concentrations in the various fluxes denoted by the subscripts and VF is an in-
lake source/sink function.

5.1. Hydrologic fluxes
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documented in U. ZIMMERMANN (1978), A. ZUBER (1983), R. GONFIANTINT (1986),
D. P. KRABENHOFT et al. (1990), and B. YEHDEGHO et al. (1997).
For a well mixed lake in a hydrologic and an 1sotopic steady state, the subsurface

components are determined by solving the hydrologic and isotope mass balance equations
(Eq. 4 and 5):

dVL/dtZIs+IG+P—OG—E, (Eq. 4)
d(SLVL)/ de= 1565 + IGSG + PSP - OGSL - ESE, (Eq. 5)

Lake water balance calculation was performed assuming that the dredged lakes under
consideration are in a hydrologic and an isotopic steady state. This assumption is plausible
for dredged lakes that were exposed more than 10 years ago before the beginning of

station at Thalerhof Airport, Graz, located about 1.5 km in the NE of the lake and for
the Weizelsdorfer Lake from Klagenfurt Airport, about 10 km in the SW of the study
area. The stable isotopic content of precipitation was obtained from the meteorological
station on the campus of the University of Graz, 13 km in the NE of the Schwarzl Lake

Tab. 2: Meteorological values and stable isotopic contents for 1991 used to determine the lake water
balance of the Schwarzl Lake and the Weizelsdorfer Lake.
Meteorologische und isotopenhydrologische Daten frir 1991, die fiir die Erstellung der Wasser-
bilanz des Schwarzel Baggersees und Weizelsdorfer See herangezogen wurden.

Meteorological values

Lake water Relative Precipitation Evaporation
temperature [°C]  humidity [%] [mm] [mm]
Schwarzl Lake 12.9 62 1107 847
Weizelsdorfer Lake 12.5 64 1210 725

Stable isotopic content 6%0, 8*H (%)
Groundwater

Precipitation inflow Upstream lake Lake water
Schwarzl Lake - 8.7,-58.9 - 8.2,-56.6 -7.0,-53.2 —-6.5,-50.3
Weizelsdorfer Lake -10.1, -71.0 -10.3,-71.9 —9.6, —67.8
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Tab. 3: Inflow/ontflow rates (I/sec) to/from the studied lakes for 1991, * Subsurface inflow to the
Schwarzl Lake comprises the seepage from the upstream STUAG Lake (approximately 70 l/sec)
and the groundwater inflow (approximately 118 l/sec).

Zn- und Abflufirate (in l/s) der untersuchten Baggerseen fiir 1991 * Unierirdischer Zustrom
des Schwarzl Baggersees, beinbaltet Infiltration aus dem obstrom liegenden STUAG Bagger-
see (ca. 70 I/s) und Grundwasserzustrom (ca. 118 I/s).

Parameter Schwarzl Lake Weizelsdorfer Lake
Precipitation 16 4
Inflow Groundwater inflow 188* 72
Evaporation 12 3
Outflow Groundwater outflow 192 73

and from the meteorological station at Kirschentheuer, about 5 km in the E of the Wei-
zelsdorfer Lake.

Volumetric fluxes (I/sec) of the hydrologic components of the studied lakes are
summarized in tab. 3. The subsurface inflow and outflow rates to/from the lakes
represent the average values obtained from the deuterium and oxygen-18 data. The
through-flow rates of the Schwarzl Lake and the Weizelsdorfer Lake were approxi-
mately 190 I/sec and 70 Vsec, respectively. Subsurface inflow and outflow are the principal
hydrologic components of 'the lakes; precipitation accounted for only about 8 % and
6 % of the total flux to the Schwarzl Lake and the Weizelsdorfer Lake, accordingly.
The mean residence time of water in the lakes (lake volume/volumetric flux) was
accordingly about five and four months.

5.2. Chemical fluxes of major dissolved solutes

Concentrations of the major chemical components for which the chemical mass balance
was performed are summarized in tab. 4. Average concentration of the chemical species
from the piezometers SB1 and SB5, and from S1 and S2 represented the composition
of the groundwater inflow to the Schwarzl Lake and the Weizelsdorfer Lake, respec-

Tab. 4: Average concentration (mg/l) of the chemical components for 1991 (P — precipitation, I -
groundwater inflow and Og — the lake water) used for determining the chemical mass ba-
lance of the lakes. HCOj and SiO, content of precipitation was not determined (n.d.).
Konzentration der chemischen Inbaltstoffe (mg/l) fiir 1991 (im P — Niederschlag, I~ Grund-
wasserzuflufS und Oy — Seewasser), die fiir die Erstellung der Seestoffbilanz angewandt wurden.
HCO; - und 510 Konzentration in Niederschlagsproben wurden nicht gemessen (n.d.).

Chemical Schwarz] Lake Weizelsdorfer Lake
components P IG OG P IG OG
Ca2+ 0.34 111.45 62.70 0.10 8107 67.30
Mg* 0.03 16.38 21.32 0.01 1959 20.50
Na+* 0.12 26.06 17.85 0.60 420 3.30
K+ 0.08 2.57 343 0.01 1.45 1.80
HCO, n.d. 333.94 198.81 n.d. 318.6 261.90
Cl 0.18 50.40 37.09 0.12 5.44 4.70
NO, 4.43 56.21 22.14 577 8.10 6.60
SOF 2.31 36.72 55.19 3.23 24.64 27.70
Si0, n.d. 12.67 335 n.d. 4.48 2.20
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Chemical

species

CaZ
M g2+
Na*
K+
HCO,
cl
NO,
SO
SiO,

Chemjcal
species

Ca2+
Mgz+
Nar
K+
HCO,
Cl
NO,
SOxF
SO,

Inflow
I (x10% P (x10%)

16.52 429
4.05 0.63
6.72 2.63
0.39 1.04

32.46
8.42 2.56
5.38 36.05
2.27 12.14
1.25

Inflow
I (x10%) P (x10%)

4.60 0.32
1.85 0.05
041 3.29
0.08 0.03

11.86
0.35 0.43
0.30 11.74
0.58 4.24
0.17

Schwarz] Lake

Outflow*
O (x109)

9.49
5.38
4.70
0.53
19.73
633
2.16
348
0.34

Weizelsdorfer Lake

OQutflow
Og (x109)

3.87
1.97
0.33
0.11
9.88
0.31
0.25
0.66
0.08

Net Dilution
balance
(x10%) (x109)
-7.03 —4.10
1.33 -1.01
-2.02 -1.67
0.14 -0.10
~12.73 -8.06
-2.09 -2.09
-3.26 -1.34
1.21 -0.56
-0.91 -0.31
Net Dilution
balance
(x10%) (10°)
-0.73 -0.53
0.12 -0.21
-0.08 -0.05
0.03 -0.01
-1.98 -1.36
-0.04 -0.04
-0.06 -0.03
0.08 -0.07
-0.09 -0.02

Source/sink

function
(x10%)

—2.93
2.34
-0.35
0.24
-4.67
0.00
-1.92
1.77
—0.60

Source/sink

function
(x10%)

-0.20
0.33
-0.03
0.04
—0.62
0.00
—0.03
0.15
—0.07
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6. Impact of the dredged lakes on the adjacent groundwater field

6.1. Based on saturation indices of carbonate minerals (SI) vs.
Pco, analysis

6.2. Based on &H and 50 data
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Fig. 8: Change of specific electrical conductivity (EC), Ca*> Mg* and HCOj concentration with
decreasing lake water content in the mixing zones of the studied lakes.
_ Zunahme der elektrischen Leitfihigkeit (EC), Ca?*- Mg* - und HHCO; -Konzentration mit
der Abnabme des Seewassergehaltes in den GrundwassermefSstellen in der Mischungszone der
untersuchten Baggerseen.
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useful when assessing the vulnerability of wells situated in the mixing zone that may
result from the gradual deterioration of the lake quality and accidental pollution of the
lakes.

For this purpose, the lake water content in the wells downgradient of the investigated
lakes was calculated from deuterium and oxygen-18 data, using the simple mixing
equation r = (8,,— 8,)/(8; — &) x 100, where r is lake water content in % for the sample
collected from the well; 8, 8;and §; denote isotope content of the groundwater sample
from the well located in the mixing zone, vertical mfiltration component and lake water,
respectively. In the wells situated in the mixing zone, lake water content varied with
distance from the lake and relative position with respect to the main axis of the mixing
zone.

In the Schwarz! Lake area, the lake water content in the wells SB6, SB7, PB13, PB14
and BL3 was >90 %, in BL.2 and SB3 approximately 80-90 %, BL7 approximately 60 %,
BI 26 approximately 40 % and PB21 and BL.25 approximately 10 %. In the Weizelsdorfer
Lake area, the lake water content in the WCHIS) $4 and S5 1s > 90 %, S3, S7 and Wz75
approximately 70-80 %, S8 approximately 60 %, S$10, Ho40 and Ho50 approximately
3040 % and S6 < 10 %.

Mean & values from the investigated lakes and the samples collected from selected
observation wells in the adjacent groundwater fields have been plotted on the 8H-6%*O
scatter diagram (Fig. 10). The local meteoric water line for Graz, which s located approxi-
mately 13 km in the NE of the study area, was determined using the long-term (1981
to 1995) monthly stable isotope content of precipitation.

Isotopic content of the water samples from the wells PB33, SB1 and SB5 represented
the groundwater inflow to the Schwarzl Lake. As a result, the data points from these
wells lay very close to the cross-point between the LMWL (Local Meteoric Water Line)
and the mixing line. Whereas the 8#H-8%0O data point of precipitation for 1991 fell slightly
off the LMWL.

Owing to the strong enrichment of ’H and *#O in the Schwarzl Lake, the data points
of the observation wells influenced by the lake lay on a well defined mixing line. This
line was defined by the end-points of the average isotopic composition of the Schwarzl
Lake (SSS in the diagram denoting the Sportler Lake) and of the groundwater inflow
unaltered by the evaporation signal from the lake.

From the 82H-8%0 scatter diagram, it can be generalized that the higher the lake
water content in the observation wells located in the mixing zone of the lakes, the closer
the data points lie to the & values of the dredged lakes. For example, the data points of
the wells that contained > 90 % lake water (SB7, BL3 and PB14) lay very close to the
& values of the lake, whereas the data points from the wells that contained a small fraction
of lake water (e.g. BL26) fell close to the ¢

Based on 1991 isotope data (Tab. 2), the is
priately as high as 11 % and 20 % of the is
flow to the Schwarzl Lake. This comparat

Fig. 10 did not show a significant positive ¢
ing observation wells and precipitation frc
ric Water Line).
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7. Discussion and conclusions

Both the Schwarzl and the Weizelsdorfer Lakes are typical through-flow systems,
whose water and solute budgets are primarily controlled by the transient groundwater.
Their hydrochemical composition was considerably modified through dilution and hydro-
geochemical as well as hydrobiochemical reactions in the dredged lakes. Dilution effect
was estimated using the decrease in chloride concentration as a reference. Based on the
chloride data from 1991, the decrease in concentration due to dilution accounted for
25 % in the Schwarzl Lake and 11 % in the Weizelsdorfer Lake. By subtracting the
dilution effect from the net annual chemical balance, the change in concentration of
the dissolved solutes pertinent to geochemical and biochemical reactions in the lakes
(inake source/sink function) was then obtained. Although the impact of the in-lake
source/sink function on the various chemical components differed in magnitude, a similar
pattern of chemical change was obtained for both lake systems. A decrease in the
concentration of Na*, Ca?*, HCO;, NO; and SiO,, and a rise in the concentration of
Mg?, SO and K' ions was observed (cf. tab. 5 last column). Carbonate mineral
dissolution/precipitation reactions and biological uptake of biophilic species are the
predominant mechanisms that regulated the hydrochemical composition of the studied
lakes. The former controlled the distribution of Ca?, Mg? and HCO; and the later
the concentration of NO; and SiO,.

As a result of calcite mineral precipitation induced by Peo, drop, the concentration
of Ca?* and HCO); decreased by approximately 18 % and 14 % in the Schwarzl Lake,
and by only 4 % and 5 % in the Weizelsdorfer Lake (Tab. 4 and 5). In both lakes, a

tained with respect to calcite and exhibited
ere obtained in summer (Fig. 7), correspond-

+and HCOj ions. This suggests enhanced

water inflow to the lakes, its concentration :

lent dissolution of dolomite (a condition in
: 1s dissolved). Most of the time, lake water
» dolomite and the saturation indices showed
“ calcite; from spring to autumn SI gy, SUT-
.'This can be explained by the variable tem-
1d dolomite. Thermodynamic data indicates

that the ions involved continue to remain it
or no dolomite precipitation. Also, most likel
saturation index of dolomite surpassed that
equilibrium partial pressures of CO, were
Lake and 1026 atm. for the Weizelsdorfer 1
than the P, content in the respective grot
fourth of magnitude.
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Certain algal species (diatoms) extract silica
incrustations (J. D. HEM, 1985). Compare
inflow, the retention of NO, reached app
only about 10 % in the Weizelsdorfer Lak

kes was even higher, approximately 48 % and 41 % of the concentration in the sub-

surface influx, appropriately.

Sorption and ion exchange reactions in the fine sediments drifting from the aquifer
and organic matter accumulated in the lakes were probably responsible for the change
in Na* and K* concentration. Na* decreased only by 5 % and 7 %, while K* increased

by 62 % and 50 % compared to the conce
the Schwarzl Lake and the Weizelsdorfer
emphasized that K* content was very low

Sulfate accumulated to a considerable e
pared to the concentration in the subsurface
Lake and 25 % in the Weizelsdorfer Lake.T
budget in the lakes was very minor (Tab. 5).
parts of Austria revealed that the contril

Comparatively, a strong hydrochemic
1sotopes has been observed in the Schwarz

d the sources of the SO, 2 accumulation in

sink effects of chemical components in the
, for which unfortunately no hydrochemical
ion in the dredged lakes that are N=S aligned
hment of ?H and O in the Schwarzl Lake,
opic composition of the groundwater inflow,
hemical changes and the isotopic enrichment
rfer Lake; the 2ZH and BO enrichment was
stopic composition of groundwater inflow,

sition of groundwater was observed in the
he lakes. Figure 8 shows the increase of the

1e concentration of Ca?* and HCO; in ground-
| of the lake water content in the wells). This is
ite dissolution. It should be noted that the change
of concentration of Mg?* and the remaining chemical species (Na*, K+, NO,> SO,* and
S10,) was negligibly small. On the other hand, the pH sank with decreasing influence
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from the dredged lakes as | supply of CO, from the soil

zone. The variation of chemic ly evident from the saturation
indices of the carbonate miner 9, SL.ie and Sy ... decreased
with diminishing impact fron d in the groundwater samples
collected from wells in the r systems tended to attain the
saturation state of calcite an of the regional groundwater
system.

The estimate of the chemical mass flux for the studied lakes is probably accurate to

within 20-30 %. The certainty of the calculated chemical mass balance primarily depends

water budget and the chemical data used. Therefore, to

rdrochemical and isotopic composition of the lake system

> monitored rather extensively at monthly intervals for at

', the modified chemical characteristics, particularly SI of

calcite and dolomite and Pe,, as well as the evaporative signature on the stable isotopes

(deuterium and oxygen-18), allowed the evaluation of the impact of dredged lakes on

the downgradient groundwater field. However, when the lake water content in the

wells was low (< 60-70 %), the influence of the dredged lakes was hardly recognizable

from hydrochemical data. This emphasizes the advantage of the stable isotopes as

conservative tracers over chemical parameters in determining the impact of evaporated
lakes on adjacent downgradient groundwater fields, particularly the mixing zones.

Summary

A detailed hydrochemical and isotopic study performed during 1990 to 1993 allowed
the determination of the impact of the formation of dredged lakes on the hydrochemical
and isotopic composition of the shallow groundwater fields in the Schwarzl Lake and
Weizelsdorfer Lake areas. The knowledge of the resulting hydrogeochemical and bio-
chemical changes due to the formation of dredged lakes 1s not only of importance in
taking precautionary measures to protect the shallow aquifers from pollution, it also
provides a basis for decisions regarding the location of future projects for sand and gravel
mining in shallow groundwater fields, particularly when the aquifer is exploited for
water supply.

The Schwarzl and the Weizelsdorfer Lakes are typical through-flow systems, whose
water and solute budgets are primarily controlled by transient groundwater. Through-
tlow rates, estimated with the help of stable isotopes, deuterium and oxygen-18, to-
gether with the hydrochemical data from 1991 allowed the quantification of the chemical
mass budget of the major chemical species within 20-30 % of uncertainty. Dilution and
in-lake source/sink processes altered the hydrochemical composition of studied lakes
considerably. The dilution effect (due to precipitation falling direct on the surface of
the lakes) was approximated at 25 % and 11 % of the inputs to the Schwarzl Lake and
the Weizelsdorfer Lake, respectively, using chloride concentration data. The change
in concentration of the major dissolved solutes resulting from in-lake source/sink function
(net annual budget minus dilution effect) was variable. However, the general change
pattern was a decrease of Na*, Ca®*, HCO;, NO; and SiO, components and an in-
crease in Mg?', SO,Z and K* concentrations in both lakes.

Dissolution/precipitation reactions of carbonate minerals and biological uptake of
biophilic elements were the main contributors to the in-lake source/sink function. The
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former caused a substantial change in Ca?, Mg?* and HCO,” concentrations. Precipitation
of calcite mineral induced by Pe, drop in the lakes resulted in the decrease of Ca?* and
HCO; concentration in lake water. On the ot}

reaction resulted in a considerable increase ¢

uptake in lake water caused a substantial ¢

as conservative tracers over chemical parame
lakes on the downgradient groundwater fi
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Zusammenfassung

Am Schwarzl-und Weizelsdorfer See wurden in den Jahren 1990 bis 1993 detaillierte hydrochemische
und isotopenhydrologische Untersuchungen durchgefiihrt, um die Auswirkungen von Baggerseen
auf das unterstromige Grundwasser zu erkunden.
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Losungserscheinungen oder Ausfillungen und biologische Umsetzungen tragen wesentlich zu Zu-
bzw. Abnahmeprozessen im Seewasserchemismus bei. Sie verursachen eine deutliche Verinderung
der Ionenkonzentration bei Ca?*, Mg?" und HCO, . Ausfillungen von Caleit durch die Entweichung
von geldstem CO, bewirken zudem eine Abnahme des Ca?*- und HCO, -Gehaltes im Seewasser. Auf
der anderen Seite kommt es durch Lsungserscheinungen zu einer deutlichen Zunahme der Mg2-
Konzentration im See. Biologische Umsetzungen fithren zu einer Verringerung der Konzentration
bei den Parametern NO,” und SiO,.

Neben der chemischen Zusammensetzung des Seewassers sind vor allem die stabilen Isotope als
konservative Tracer zur Abgrenzung des Einflufibereiches der Baggerseen auf thr umgebendes Grund-
wasserfeld von Bedeutung. So konnten jene Brunnen, die auch nur geringfligig mit Seewasser konta-
miniert waren, identifiziert und ihr Mischungsverhaltnis quantifiziert werden. Mit Hilfe der chemischen
Signatur waren nur jene Brunnen erkennbar, die mindestens einen Anteil von 60-70 % Seewasser
hatten.
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