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The research project presented investigates the transport paths from flood wave via retention area to groundwater and waterworks. The major
objective of the project is the evaluation of the possibility for contaminants and micro-organisms to migrate from the river into a nearby waterworks —
under the conditions of extreme floods, on the one hand, and the regular operation of retention basins, on the other hand. Based on the acquired
knowledge, strategies are to be developed to prevent mutual impairments of flood retention and drinking water supply.

1 Background

Diverse studies were able to identify a toxicologic risk poten-
tial of suspended particles at high water (Brack et al. 2002,
Hollert et al. 2000, 2003, Oetken et al. 2005). However, there
are significant scientific deficiencies with regard to the influ-
ence of extreme floods, in particular on the extraction of drink-
ing water within areas which are inundated at high water.

Numerous studies indeed show high contaminant loads of sur-
face water samples, in part, and deposited and suspended sedi-
ments at differing water levels (Breitung 1999, Brauch et. al.
2001, Forstner & Westrich 2005, Hollert et al. 2000, 2003,
Kosmehl 2004, Maier et. al. 1997, LfU 1996a). However, there
is only one pilot study so far with regard to the toxicologic risk
potential of suspended particulate matter during flood events
on the production of drinking water. This study indicates that
suspended particulate matter during flood events cause an in-
crease of the (eco-)toxicological hazard potential (in several
biotests and chemical analyses) of near surface soil samples in a
riparian area which is frequently inundated as compared to
rarely inundated regions (Ulrich et al. 2002). Present knowl-
edge does not provide an answer to the question of whether
either the contaminants which are partially sorbed to the soil
are eluted and negatively influence the groundwater and drink-
ing water, respectively, or are reduced or adsorbed along their
passage through the unsaturated zone.

Conflicts of interests are to be expected for virtually all major
rivers in Germany. On the one hand, retention areas have to be
provided to minimize the risks associated with extreme flood
events. On the other hand, the groundwater and bank filtrate
of many riparian areas are used for the production of drinking
water. Along the river Rhine, between the cities of Basel and
Duisburg alone, there are 15 sites where projected retention
basins and water protection areas overlap (IKSR, IAWR 1998).
Water suppliers — who provide drinking water directly or indi-
rectly taken from the Rhine for more than 20 million people —
are concerned about the potentially increased risk of pollution
of the groundwater resource by the establishment of a reten-
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tion area in the vicinity of their water extraction facilities: Or-
ganic pollutants could be a danger to the extraction of drinking
water by means of the retained water and the transported, sus-
pended particulate matter at flood events (LfU 1996b). Besides
a general degradation of the quality of the groundwater by
nearby flood plains, the actual operation of water collection
facilities may be endangered over longer periods, especially
during extreme flood events.

2 Aim of the Joint Research Project

Within the project, which is supported by the German Federal
Ministry of Education and Research (BMBF), the dominant
processes and mechanisms along the transport path from flood
wave via retention area and groundwater to the waterworks
are investigated. On the one hand, it is aspired to estimate
whether contaminants and micro-organisms are able to migrate
from the river into the aquifer and a nearby waterworks under
the specific conditions of extreme floods. On the other hand, it
is investigated whether substances and micro-organisms may
reach the nearby waterworks during a regular operation of the
retention basin, which is necessary for providing the retention
area during extreme flood events.

In this project, the transport paths from the flood wave to the
nearby waterworks are regarded as a multi-barrier system. The
first barrier is the transport of contaminants and micro-organ-
isms into the retention area. The second barrier is the unsatu-
rated zone with its transport and retardation mechanisms. The
third barrier is the flow and transport behavior within the satu-
rated zone.

On the basis of the achieved knowledge, strategies are to be
established in order to minimize mutual impairments of flood
retention and drinking water supply. These strategies will be
summarized to a guideline, which highlights and helps to pre-
vent or minimize the predominant majority of present and fu-
ture conflicts between flood management and drinking water
supply by providing a corresponding package of measures.
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3 Framework of Investigation

The following studies are carried out within the joint research

project:

e Analysis of chemical and toxicological characteristics of the water
quality data and studies on suspended and deposited sediments
depending on the spatiotemporal development and the discharge
situation. The results of this work package will be published as a
literature review in JSS.

e Chemical and toxicological testing of sediment and water samples
taken from the River Rhine at diverse water levels and depending
on the method used for collecting the suspended particulate matter
using chemical and bioanalytical methods (eg., Gustavson et al.
2004, Klee et al. 2004, Reifferscheid et al. 2005, Seiler et al. 2006)

¢ |dentification of unknown contaminants with biological impact by means
of effect-directed analyses (cooperation with the Centre for Environ-
mental Research Leipzig, Dr. Werner Brack; cf. Brack et al. 2005).

e Estimation of particle retention in retention areas by hydrodynamic
modeling and approaches of the pelit research.

e Chemical and toxicological field investigations for different soil hori-
zons at the project study area Bellenkopf/Rappenwért (projected
retention area at the upper Rhine, river kilometer 354.5 to 359.5) on
the differing loads at frequently inundated and not inundated regions.

e Laboratory studies to achieve parameters of several characteristic
compounds on their behavior during elution and microbial decom-
position.

¢ Determination of hydraulic soil characteristics in retention areas and
modeling of the transport processes in the unsaturated zone.

e Chemical and toxicologic investigations at several groundwater ob-
servation wells for documenting the spatio-temporal change of the
contaminant load.

¢ Numerical groundwater modeling for the determination of conditions
on which contaminants transported into the retention area may reach
a nearby waterworks.

The projected retention area Bellenkopf/Rappenwort (retention
volume of 14 Mio. m3) near Karlsruhe is used for the field stud-
ies. A major part of this area is situated within a drinking water
protection area, which has been created for a projected water-
works. At the model site, there are regions which are already
irregularly inundated at present and are therefore suited for the
investigations in the unsaturated zone.

As there are partly sparse investigations (known to us) carried
out or published concerning the topic of the project, the project
collaborators are grateful for references to publications and also
gray literature on chemical and toxicologic loads of suspended
and deposited sediments in the context of the literature study

(fleig@tzw.de, Henner.Hollert@urz.uni-heidelberg.de).

4 Structure of the Joint Research Project

The joint research project is a cooperation of five partners from
four organizations.

The Stadtwerke Karlsruhe GmbH is the project coordinator
and operating company of the projected waterworks within
the investigation area. It is responsible for the numerical
modeling of the groundwater flow.

The DVGW-Technologiezentrum Wasser (TZW) Karlsruhe car-
ries out the chemical analyses of the soil and suspended sedi-
ment samples gathered in the field and, furthermore, investi-
gates the behavior of the contaminants in the retention area by
comprehensive laboratory studies.

The Institute for Water and River Basin Management, Univer—
sitit Karlsruhe (TH) is responsible for simulations as well as
field and laboratory studies on the suspended load transported
into the retention basin.

The Institute for Hydromechanics, Universitat Karlsruhe (TH)
carries out laboratory studies and field investigations to deter-
mine the hydraulic characteristics of the unsaturated zone in
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the study area and numerical modeling of transport and trans-
formation of characteristic compounds.

At the Heidelberg Institute of Zoology, toxicological studies
and effect-directed analyses are used to determine the biologi-
cal hazard potential of suspended particles from the flood wave
up to within the unsaturated zone and to identify unknown
groups of contaminants.
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