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Abstract

Simple box models such as exponential or dispersion models are a convenient tool in dating
groundwaters on the basis of environmental tracer data. However, under certain circumstances (very
young groundwaters, mixing of water compounds of different ages and origin, transient flow fields)
these simplistic models lead to misinterpretation and the use of more complex and physical models
such as 3-dimensional hydrodynamical transport models is appropriate.

This article presents a high resolution numerical mode1 of a part of an aquifer that is recharged
by infiltration from the river Toss in the Linsental (north-eastern Switzerland). The flow mode1 was
constrained and calibrated by transport modelling of tritiogenic “He. This tracer proved to be a good
choice since it reflects both the aging of the water (by accumulation of “He resulting from tritium-
decay) as well as the two different components of the mixture (river water free of 3He due to
degassing, and groundwater enriched in 3He due to accumulation). By simulating a &pulse-shaped
input of a conservative tracer at different sources (river cells or upstream flux boundary cells) it is
possible to determine the age distributions as well as the mixing ratios of the two types of water at the
two pumping stations within the model area.

1. Introduction

In alpine and pre-alpine countries like Switzerland, young groundwater is commonly used as
drinking water. A remarkable amount of this groundwater is recharged by infiltration of river water.
For the protection of these groundwater resources the information about the mean residence time and
the dynamics of water exchange between river and aquifer is of central importance. A way to arrive at
such information is the integration of hydraulic, hydrogeologic and environmental tracer data in a
comprehensive flow and transport model.

The present model is part of a larger interdisciplinary research program undertaken with the
goal to evaluate the possible impacts of a planned revitalisation of the Swiss pre-alpine river Toss.
The work is performed in the following steps:

. A conceptual sedimentological model of the aquifer was constructed on the basis of geophysical
and stratigraphic borehole  data.

. The flow model parameters were constrained by pumping test data and calibration.
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Based on the flow model a tracer transport model was built [5].  For the investigation of river-
groundwater interaction tritiogenic helium (3He,,.J  originating from the decay of 3H proved to be a
valuable tracer. On one hand it is sensitive to the mixing ratio between 3He,ti-free  river water and
“He,,-enriched older groundwater, on the other hand the extent of 3He,,+-accumulation  in groundwater
depends on the residence time. Therefore successful modelling of this tracer does not only confirm the
mixing ratios between river water and groundwater but also the velocities of the flow model.

5. Results of the Transport Modeling of ‘He,,+

Transport modelling requires a few more model parameters such as effective porosity,
dispersivities, decay or degradation rate and adsorption parameters of the tracer. A value of 0.25 for
the effective porosity is considered reasonable for the Toss valley. The longitudinal dispersivity was
estimated from the scale length of the transport phenomenon. Its scale dependence has been observed
for field-scale physical transport processes in many tracer experiments [6].  For transport over
distances between 100 m and 1000 m the longitudinal dispersivity is roughly an order of magnitude
smaller than the transport distance. Values of 20 m for the longitudinal dispersivity and of 2 m for
both the horizontal and the vertical transverse dispersivities are appropriate for the present transport
model. As a noble gas, 3He does not undergo degradation nor retardation caused by adsorption.
Instead, the ingrowth of 3He by decay of tritium must be taken into account, especially if the residence
times are not negligible compared to the half-live of 3H (about 12.3 years).

The result of the transport model is a spatial distribution of tracer concentrations. Fig. 5 shows
the distribution of 3He,ti originating from tritium decay within the model area, while Fig. 6 shows the
total ‘HeIti including the amount imported via the upstream model boundary. A comparison of the two
figures shows that 3H-decay  within the model area adds only a small amount to the total ‘He-
concentration in the upper river loop; in the lower loop, however, its contribution amounts to
up to 40 %.
Comparing the calculated 3He,,+-concentrations  of the two wells with the measured concentrations
(Table I), one obtains a good correspondence for Sennschiir“.  The computed value for ,,Obere Au“
is, however, too low by about 40 %.  Possible reasons could be:
0 The well obtains more 3He,ti-free  river water in the model as a result of a too high estimated

value for the hydraulic conductance of the river bed,
. the 3He,ti-rich  deeper groundwater is diluted too strongly with river infiltrate in the model due to

too high lateral dispersion coefficients,
. the flow velocities of the groundwater are too high (i. e. especially porosity may be too small),

leading to too low an accumulation of ‘Hetri by 3H-decay.
A sensitivity analysis of the corresponding parameters shows, that the calculated concentrations

mainly react to changes in the hydraulic conductance of the river bed. The other parameters (effective
porosity and lateral dispersivity) would have to be varied to unrealistic values to achieve the same
effect.

TABLE I: MEASURED AND COMPUTED CONCENTRATIONS OF TRITIOGENIC 3HE (‘HE&
FOR THE TWO WELLS ,,SENNSCHUR”  AND ,,OBERE  AU“ FOR TWO DIFFERENT VALUES
OF THE RIVER BED CONDUCTANCE.

Pumping
Station

,,Sennschtir“
,,Obere  Au“

3Heti computed ‘Heti computed 3Helti measured
conductance = 3.1 OA m’/s conductance = 1.1  OA m2/s

(cm3STP.g-i) (cm3STP.g-‘) (cm’STP-g-l)

5.08.10-” 5.46.10-r’ (4.9 f 1.0)lo-15
1.60. IO-” 2.27.  lo-l5 (2.8 + 0.9)W15



6. Spectrum of Residence Times and Mixing Ratios of the wel)  waters

Transport modelling offers a simple method to determine the residence times of the
groundwater within the model area and the mixing ratios between river infiltrate and deeper
groundwater in the wells. For that purpose the transport of a conservative tracer is modelled  which is
introduced in the form of a &pulse applied to the inflows of the aquifer, namely the river and the
upstream model boundary in our case. Under the assumption of small transverse mixing the
normalized break through curves at the wells correspond to the spectrum of residence times. If the
procedure is performed separately for the two types of inflow, the integrals over the respective break
through curves allow to determine the mixing ratios in the wells (see below).

Comparing the normalized break-through curves calculated by transport modelling with a
spectrum of residence times of a dispersion model, as it is often used for the interpretation of
environmental radioisotopes (see e.g. [7]),  one gets good correspondance for the river water
component in the well Sennschiir“  (Fig. 7). For well ,,Obere Au” however a mixture of two
components originating from different river sections and therefore with different mean residence
times can be found.

Fig, 7: Normalized break-through curve of a conservative tracer computed for well ,,Sennschiir ” as
response to a &pulse to river cells (diamonds). The computed curve can be compared with the
spectrum of residence times (dotted lines) of a two-parameter dispersion model (mean residence time
T and dispersion parameter D/IX).
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Fig. 8: Normalized break-through curve of a conservative tracer computed for well ,, Obere Au” as
response to a &pulse input to river cells (diamonds). Because of the mixture of river water
components with different mean residence times the computed break through curves cannot be
reproduced by a simple box model. The resulting bimodal distribution of residence times could only
be reproduced by two dispersion models in parallel respecting the exact mixing ratios.
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