Proceedings of the 4™ Mini Conference on Noble Gases in the Hydrosphere and in Natural Gas Reservoirs
held at GFZ Potsdam, GERMANY, 28.02.-02.03.2007

Multi-tracer data and groundwater modelling from modern to
glacial ages: a case study in southern Poland

J. Kania' P. Mochalski’, R. Purtschert’, K. Rozanski', S. Witczak', A. Zuber

'AGH University of Science and Technology, Al. Mickiewicza 30, PL-30059 Krakow, Poland

% Institute of Nuclear Physics, Polish Academy of Sciences, ul. Radzikowskiego 152, PL-31342 Krakow, Poland
3 Institute of Physics, University of Bern, Sidlerstrasse 5, CH-3012 Bern, Switzerland

*Polish Geological Institute, Carpathian Branch, ul. Skrzatow 1, PL-31560 Krakow, Poland

Environmental tracers, including noble
gases, are powerful tools for quantifying
timescales of groundwater flow. They are
also often employed in the process of cali-
bration and/or validation of numerical flow
and transport models.

The Bogucice Sands aquifer, southern Po-
land (Fig. 1) was investigated under EU
research project [1]. It constitutes a typical
Tertiary structure of deltaic origin, re-
charged at the outcrops in the south and
discharged by upward seepage through the
confining cover to Pleistocene sands in the
north. Multi-tracer approach involving *H,
*He, *He, ¥Kr, CFCs, SFg, §'°0, §°H, §"°C,
14C, 3TAr and *°Ar was used to determine
groundwater ages by lumped-parameter
modelling and to improve the numerical
flow and transport models of the system.
Heavy noble gases measured by gas-
chromatography and mass-spectrometry
provided noble gas temperatures (NGT) for
selected wells. Among 35 wells sampled
for hydrochemistry, 25 were sampled for
selected tracers and 15 were repeatedly
sampled over the period of several years,
mainly for *H.
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Fig. 1. Simplified hydrogeological map of
the investigated groundwater system [2].
The results of tracer study and modelling
focussing on the aquifer zone occupied by
modern waters were reported in [2, 3, 4].
Within the present work, preliminary re-
sults obtained for the zones occupied by
pre-modern waters are presented. Some
findings from the earlier work are also re-
called, especially in comparison with de-
terminations of *’Kr content and *H/*He
ratio in some wells.

Spatial distributions of *H and '*C shown
in Fig. 2 allow qualitative assessment of
the timescales characterising the studied
aquifer. It is apparent that while *H distri-
bution is strongly influenced by abstraction
wells in and close to the recharge area, the
¢ distribution still maintains natural pat-
tern, with gradually decreasing '“C content
towards the discharge area.

Fig. 2. Spatial distribution of *H (a) and
C (b) measured in 2000-2001, with isoli-
nes of °H in TU and "C in pmc [4].



Typical ""C contents in modern waters
were 35-66 pmc, whereas in wells Nos 32-
34 they dropped below 0.5 pmc, with 8'°0,
8"H and NGT values characteristic for re-
charge under cooler pre-Holocene climate.
Assuming that initial '*C content in the
system is 42+12 pmc, and that the waters
with lowest '*C content have the age of ca.
12 ka, an effective half-life of "C in the
order of 2 ka is obtained [4]. That half-life
results from radioactive decay and isotope
exchange of '*C with carbonates present in
the matrix. Although quartz is the main
component of aquifer material, the carbon-
ate content ranges from 3-10% in sands
and 25-30% in sandstones. This apparent
half-life of '*C was confirmed by *’Ar ages
determined for six selected wells. There-
fore, the '*C and *Ar data may serve as
calibration tools for the flow and transport
model of the system, within the zones con-
taining pre-modern waters.

Wide distributions of water ages, repre-
sented by RTD functions, are usually ob-
served in abstraction wells, strongly influ-
encing the concentration of transient trac-
ers and pollutants, particularly in and close
to recharge areas. The RTD function ob-
tained for well No 7 represents modern
water CH contents >10 T.U.) whereas that
of well No 13 represents practically trit-
ium-free water (Fig. 3). The later was ob-
tained from the transport model by assum-
ing an instantaneous appearance of a con-
servative tracer over the whole recharge
area. Young waters are very often mixtures
of water containing tracer(s) with tracer-
free water in proportions easily obtainable
from the RTD function. These mixing pro-
portions are generally functions of time [2],
which means that often used binary mixing
m(1)(61els are not time-invariant.
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Fig. 3. Examples of RTD functions ob-
tained from numerical and box models [3].

%Kr and *HA°He were measured in two
wells in the recharge area, yielding ages of
ca. 20 and 35 years, whereas tritium data
yielded mean ages of ca. 60 and 160 years,
respectively, for models indicating very
wide RTD functions extending up to sev-
eral hundred years. For the well with mean
water age of 160 years, 4Heexc of 1.7x10®
cm’STP/g confirmed the presence of old
component. Knowledge of RTD functions
obtained either from the interpretation of
trittum data, or from numerical modelling,
or from both, leads to a better understand-
ing of the aquifer response to existing or
potential pollution hazards.

For some wells situated in and close to the
recharge area, the simulated concentrations
of transient tracers were in disagreement
with the measured concentrations, even
after recalibration of the numerical models,
indicating the need for further improve-
ment of the conceptual model.
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