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Motivation
» Pumping stations close to rivers Objectwes

» Swiss legislation requires a 10 days residence time.

« Artificial tracer tests are expensive and represent only
specific hydrological situation.

Methods
Data collection

Sensors with data loggers ~ Time-series of water level,
temperature and EC in the river and in observation wells.

Cross correlation

« Correlation coefficient of the river and groundwater signals
after shifting and smoothing the input data.

» Optimal time shift  characteristic time of transfer.

» Optimal degree of smoothing (moving average) indicator

of diffusive processes

« Linear regression of smoothed and shifted data
slope: recovery rate
intercept: bias in mean

Non-parametric deconvolution after Cirpka et al. (2007)
» Constructs breakthrough curve of a tracer test without
injection of an artificial tracer travel time distribution.

« Transfer function (Green function) is free to adjust to the
data set  Features like multiple peaks are determined.

* Use of geostatistical smoothness criterion and Lagrange
multipliers to enforce nonnegativity.

Determine travel times of infiltrated river water
by time-series analysis of naturally varying
tracers (temperature, EC).

Results

Pumping station Mullheim

Anti-correlated signals of EC and temperature.

No river water infiltration ~ No further analysis.
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Pumping station Widen Il

Continuous river water infiltration with very well connection to the aquifer.

Cross correlation
» Example well: maximum correlation for 24 h time shift and 49 h smoothing width.
» Mineralization and mixing with older alluvial groundwater.

Electrical conductivity Cross correlation function EC data: smoothed and time shift
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Travel time distribution after non-parametric decon volution
» Example well: mean travel time = 35h; instantaneous breakthrough.
» Pumping station: significant breakthrough starts after 10 days
» Produced drinking water consists to  25% of freshly infiltrated river water.
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Conclusions
Non-parametric deconvolution yields full distributi on of travel
times rather than a single optimal time-shift value
Such distributions may be used:
« to predict the breakthrough of contaminants in case of an

accidential spill into the river

to quantify the risk that a degrading river-borne ¢
a production well.
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