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Water Across Boundaries

Espace Louis-Agassiz 1, Aula des Jeunes-Rives, Neuchâtel

14:00 - 14:15 François Zwahlen 
President SGM 2009

Opening address

14:15 - 14:45 Gordon Young 
President IAHS

Scientific understanding: essential for sound water resources management 
(Joint IUGG-CH & IUGS-CH Union Lecture)

14:45 - 15:15 Janet Hering 
EAWAG

Geochemical Perspectives on Water Quality

15:15 Coffee break

15:45 - 16:15 Steven Ingebritsen 
United States Geological 
Survey, USGS

The Role of Groundwater in Geologic Processes

16:15 - 16:45 Robert Cramer 
Conseil d’Etat de Genève

L’eau : élément fédérateur de la politique transfrontalière

16: 45 - 16:50 Musical Interlude

16:50 - 17:40 Helmut Weissert 
Bernard Grobéty 
Pierre Gander 
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Martin Hoelzle 
Gilles Borel 
Daniele Biaggi 
Christoph Heinrich 

Communications Platform Geosciences
Presentation SGM 2010 in Fribourg
Communication Erlebnis Geologie 2010
Swiss Commission of Palaeontology Prize
Swiss Snow, Ice and Permafrost Society Prize
Swiss Geological Society Award
CHGEOL Award
Paul Niggli Medal

17:40 - 17:45 Musical Interlude

17:45 - 18:00 Nexans Award

18:00 - 18:05 Musical Interlude

18:05 - 19:30 Aperitif & Posters

20:00 Swiss Geoscience Party = “Cocktail Dînatoire” on a boat in the port of Neuchâtel (reservation required)
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1	 Hering J.:  Geochemical Perspectives On Water Quality

2	 Ingebritsen S.:  The Role of Groundwater in Geologic Processes

3	 Young G.:  Scientific understanding: essential for sound water resources management

1

Geochemical Perspectives On Water Quality

Janet G. Hering

eawag, Überlandstrasse 133, Dübendorf, Switzerland
janet.hering@eawag.ch

As a sustainable source of safe drinking water, groundwater has many advantages over surface water, most no-
table its natural protection from the pathogens that are a leading cause of child mortality in developing coun-
tries.  As tragically illustrated in South and Southeast Asia, however, consumption of groundwater can also pose 
health risks due to exposure to geogenic contaminants.  This presentation will examine the biogeochemical 
controls on groundwater quality, particularly the concentration of the geogenic contaminants arsenic and flu-
oride.  The occurrence and mobility of geogenic contaminants will be discussed in terms of the composition of 
geological source materials and the biogeochemical processes by which geogenic contaminants are mobilized 
and sequestered.

2

The Role of Groundwater in Geologic Processes

S.E. Ingebritsen

U.S. Geological Survey, Menlo Park, California, USA

Historically, interest in groundwater and other subsurface fluids was confined to a few specific disciplines in 
the earth sciences, notably groundwater hydrology, soil physics, engineering geology, petroleum geology, and 
petroleum engineering.  These disciplines tended to be “applied” in nature, with practitioners concentrating on 
the immediate and practical problems of water supply, water quality, mine dewatering, deformation under 
structural loads, and the location and recovery of fluid hydrocarbons.  This situation has changed over the past 
few decades.  Hydrogeologists and geologists are now actively exploring the role of groundwater and other sub-
surface fluids in such fundamental geologic processes as crustal heat transfer, ore deposition, hydrocarbon 
migration, earthquakes, tectonic deformation, diagenesis, and metamorphism.  This talk will emphasize (1) the 
links between groundwater processes and deformation, seismicity, and permeability and (2) recent advances in 
understanding of fluid flow and heat transfer at the mid-ocean ridge.
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Scientific understanding: essential for sound water resources management

Gordon Young

President, International Association of Hydrological Sciences

The presentation looks at water from the perspectives of the freshwater hydrologist and the manager of water 
resources and examines the theme of the meeting – “Water across boundaries” – from a number of different 
view points.

Hydrological sciences are placed within the broader context of earth sciences and various “boundaries” are 
considered:

•	 between hydrology and atmospheric and ocean sciences;
•	 between hydrology and the biological sciences;
•	 between hydrology and volcanic activity.

Within hydrology various “boundaries” are considered:

•	 between the various phases of water – solid, liquid and gaseous;
•	 between surface waters, soil moisture and groundwaters.

The interactions between hydrology and human activities are then considered both from the impact of humans 
on the hydrological cycle through changes in land surface characteristics, through the impact of dams and di-
versions and through the introduction of pollutants from a variety of sources into the hydrological system.

Water managers must be concerned with a number of human needs for water which must always be balanced 
by consideration of impacts on the natural environment. They must bridge the divides between hydrological 
knowledge and understanding and the need to manage wisely for the betterment of the human condition and 
must learn to use hydrological knowledge to better inform their management decisions. They must also think 
across the “boundaries” between the various uses and challenges of water:

•	 Water for the basic human needs of food security and health;
•	 Water for social development;
•	 Water for economic development – the need for water for energy and for industry;
•	 Water security from floods and droughts and pollution spills;
•	 Water for the essential maintenance of natural ecosystems.

Thus they need to consider the management of water challenges in an integrated fashion – this is the rationale 
for Integrated Water Resources Management; a mental challenge to cross sectoral boundaries.

The challenges for the water managers do not end here; water almost always flows across administrative 
boundaries whether these be at the very local level between neighbouring houses or settlements, or at provin-
cial or state level (The Cantonal level in the case of Switzerland) or at international level. And the flow of water 
is not only on the surface of the land but also within aquifers at depth. Not only does water physically flow 
across administrative boundaries but there are divides between the bureaucracies at these various administra-
tive levels – and those “boundaries” must also be crossed.

Lastly the water manager must bridge the divides between actions within the “water box”, ie the need to think 
holistically when considering the suite of water uses and challenges, and the positioning of water issues within 
the much broader framework of social and economic development. These last divides are perhaps the most dif-
ficult navigate.
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Dynamics of colloid concentrations in a small river related to hydrological 
conditions and land use.

MBock Patrick & Loizeau Jean-Luc

Institut F.-A. Forel, Faculté des sciences, Université de Genève, Route de Suisse 10, CH-1290 Versoix (Jean-Luc.Loizeau@unige.ch)

Colloids play a major role in the transport and bioavailability of contaminants in aquatic environments. Their dynamics in 
an ecosystem (erosion, transport, aggregation and subsequent settling) is a key parameter to understand the fate and poten-
tial impacts of colloid-associated pollutants such as metals or organic pollutants (e.g. Benoit et al. 1994, Irace-Guigand and 
Aaron 2003). In river systems, colloidal particles are mainly of detrital origin and derived from the erosion of soils and im-
permeable surfaces in the watershed.

In the present study, the watershed of the Versoix River (France, Switzerland), a tributary of Lake Geneva, has been investi-
gated by sampling water at different sites along the river course, and under various hydrological conditions (low flows, snow 
melting, small floods). The watershed main characteristics (slope, land use) have been determined at each sampling point 
and quantified through a GIS-based study. Colloid and particle number and size distributions have been measured in the 
range 0.05 – 20 µm using a single particle counter (Rossé and Loizeau 2003).

Results show that the size distributions (expressed in number of particles) follow a power law, with very similar slopes, in-
dependently of the concentration. At the river mouth, colloid concentrations during small flood conditions were 10 to 100 
times higher than during low flows, while suspended matter was only 2 to 3 times higher, and the discharge increased just 
by a factor two. These large discrepancies in the amplification factors between suspended particles and colloids concentra-
tions reflect the preferential mobilization of easy erodible colloidal particles during rain events. In addition, colloid concen-
trations also generally increase with the distance from the head waters, for both high and low flows. This likely reflects a 
continuous colloid source from the river bed itself. However some variations exist in the colloid concentration that may be 
related to differences in the land cover. The Versoix River watershed is complex, comprising forest, meadows, cultivated 
fields, industrial and urban surfaces, and wetlands. A careful examination of the colloid concentration evolution along the 
river course during rain events shows that proportion of urban surfaces and cultivated field are positively correlated to in-
creased colloid concentrations in the river.

As the capacity of colloidal particles to scavenge and subsequently transport contaminant is largely related to their specific 
surface, the large increase of colloid concentrations during flood implies a much larger potential contaminant load to the 
receiving water body than that generally observed with pollutant inputs related to suspended particle matter.

REFERENCES
Irace-Guigand, S,and  Aaron JJ, 2003. The role of organic colloids in herbicide transfer to rivers: a quantitative study of 

triazine and phenylurea interactions with colloids. Analytical and Bioanalytical chemistry, 376: 431-435.
Benoit, S.D., Oktay-Marshall, A. Cantu, E.M. Hood, C.H. Coleman, M.O. Corapcioglu and P.H. Santschi, 1994. Partitioning of 

Cu, Pb, Ag, Zn, Fe, Al, and Mn between filter-retained particles, colloids, and solution in six Texas estuaries, Marine 
Chemistry 45: 307–336

Rossé, P., and J.-L. Loizeau, 2003. Use of single particle single particle counters for the determination of number and size 
distribution of colloid in natural surface waters. Colloids and Surfaces A 217:109-120.
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Water disturbance as the organizer of riparian vegetation

Molnar Peter*, Perona Paolo*, Burlando Paolo*

*Institute of Environmental Engineering, ETH Zürich, CH-8093 Zürich (molnar@ifu.baug.ethz.ch, perona@ifu.baug.ethz.ch, paolo.burlan-
do@ethz.ch)

The flow regime plays an important role in the organization of riparian vegetation in natural rivers by creating suitable 
germination sites, eroding plants and changing the river morphology. An important aspect of the flow regime is the distur-
bance element, i.e. the seasonal distribution, timing and magnitude of floods. The interactions between water, sediment, 
and riparian vegetation are most evident in natural unregulated rivers, such as gravel-bed braided streams and sand-bed 
meandering rivers. Restoration projects in regulated rivers often aim to make room for these natural interactions to take 
place. Therefore we need to continuously improve the scientific basis to understand the fundamental water-sediment-vege-
tation interactions and develop new tools and methods to simulate and test them. In this paper we present two new ap-
proaches (numerical and laboratory-based) which we are developing in our group and which look at water disturbance as an 
organizing element of riparian vegetation.

The first numerical approach is a stochastic model for water-sediment-vegetation interactions in a braided gravel-bed stream. 
This is an approach that models the expansion and contraction of the exposed sediment area in a braided river driven by 
stochastic flood disturbances and by a deterministic colonization of the exposed sediment banks and bars by riparian vege-
tation in the time between the floods. The basic model allows us to develop an analytical solution for the probability densi-
ty function of the exposed sediment area as a function of the flood disturbance parameters and vegetation growth rate (Fig 
1) (Perona et al., 2009). 

stochastic disturbance term
flood mortality
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deterministic growth term
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Figure 1. Setup of the process equation for the exposed sediment area A
sw
 and an illustration of the solution for the pdf of A

sw
. 

This simple model may be extended to include successive vegetation stages and their competition for available space on the 
floodplain (Perona et al., 2008).

The second laboratory approach is an experiment which studies the role of hydrological disturbances on biomass erosion 
dynamics in a sand-bed flume which is seeded by a fast growing grass. This experiment was conducted at the Total 
Environment Simulator of the University of Hull under the Hydralab3 EU Programme (Molnar et al., 2009, in preparation). 
In the experiment we studied the interactions between the disturbances and the growth rate of the vegetation roots and 
stems. Preliminary results show that the action of fluvial erosion removes systematically plants that are not able to with-
stand the applied stress, while the non-eroded community continues to grow and develop (Fig 2).

The two presented approaches both illustrate that the water disturbance regime plays an important role in the organization 
of braided river morphologies and sand bed streams, riparian vegetation, and plant communities. The water disturbance 
regime and vegetation growth interact and result in a dynamic riparian community. We advocate that this is not a determi-
nistic problem and that the effect of water-sediment-riparian vegetation interactions should be examined in a probabilistic 
framework both at a large field and small laboratory scale.
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Figure 2. Example of a simulation run with the histograms of the number of roots (top), length of the main root (center) and stem height 

(bottom) for eroded and non-eroded plants.

REFERENCES
Perona, P., P. Molnar, M. Savina, and P. Burlando (2008). Stochastic sediment-vegetation dynamics in an Alpine braided river, 

IAHS Publ. 325, 266-274.
Perona, P., P. Molnar, M. Savina, and P. Burlando (2009). An observation-based stochastic model for sediment and vegetation 

dynamics in the floodplain of an Alpine braided river, Water Resour. Res., doi:10.1029/2008WR007550.

1.30

Calculating bedload transport rates in Swiss mountain streams using 
new roughness approaches

Manuel Nitsche*, Alexandre Badoux*, Jens M. Turowski*, Dieter Rickenmann*

*Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Zuercherstrasse 111, 8903 Birmensdorf, Switzerland (nitsche@wsl.ch)

Most methods for predicting bedload transport do not take into account typical roughness elements of small, steep moun-
tain streams, like step-pool sequences, large boulders or woody debris. However, flow resistance due to such form roughness 
elements appears to be an important control on bedload transport rates in mountain streams. 

Recently, new approaches based on laboratory experiments were proposed to assess flow resistance due to form roughness. 
They quantify the effects of generalized models of roughness elements to flow resistance. Furthermore, several empirically 
derived formulae to calculate bedload transport rates including a respective roughness parameter have been published. 

The objective of our study is to systematically test these approaches with field observations. For this purpose, we measured 
the required roughness parameters for seven Swiss mountain streams, with local channel gradients ranging from 1.5 to 
16.5 %, and catchment areas from 12 to 43 km2. We calculated flow resistance and bedload transport for sediment transport 
events in 2000 and 2005. By comparing calculated and observed data of bedload transport we identified whether and in 
which range the examined approaches are suitable for application in natural stream conditions.
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Pollution des eaux: la santé est-elle un levier pour mettre en place une 
gestion intégrée à l’échelle du basin versant?

Niwa Nelly*, Rossi Luca** & Chèvre Nathalie***

* IPTEH - Faculté des Géosciences et de l’Environnement, Université de Lausanne, CH-1015 Lausanne (nelly. niwa@unil.ch)
**IIE-ECOL, ENAC, EPFL, CH-1015 Lausanne (luca.rossi@epfl.ch)
*** IMG - Faculté des Géosciences et de l’Environnement, Université de Lausanne, CH-1015 Lausanne (nathalie.chevre@unil.ch)

La problématique des polluants comme les pesticides, médicaments, cosmétiques, dans les eaux de surface est de plus en 
plus actuelle. Non pas que ces micropolluants soient des substances nouvelles, mais plutôt que les techniques d’analyse 
chimique se perfectionnant, on découvre de plus en plus de substances chimiques dans le milieu aquatique. Il semble éga-
lement que ces substances ne soient pas sans conséquences sur l’homme et l’environnement puisqu’on leur attribue des 
effets cancérigènes ou de diminution de la fertilité. 

Dans une optique de gestion durable des ressources en eau, il est donc indispensable de prendre en compte l’aspect des mi-
cropolluants. Cependant, cette pollution est très difficile à maîtriser car elle n’est pas confinée dans un endroit clos. Les 
substances sont souvent transportées sur de longues distances et peuvent ainsi engendrer des effets loin de leur source 
d’émission. A titre d’exemple, des rejets industriels dans le Valais ont conduit à une contamination du Léman par certains 
pesticides et médicaments qui se retrouvaient ensuite dans les eaux brutes des stations de pompage autour du Léman. Cette 
pollution est aussi difficile à limiter car si des quotas peuvent êtres définis par secteurs, la somme globale des substances de 
tous les secteurs peut vite donner lieu à une pollution ayant des conséquences importantes sur l’environnement. Enfin, 
cette pollution est complexe car l’association entre différentes substances peut aussi donner lieu à des cocktails détonants. 

Pour minimiser le risque pour l’homme et l’environnement des micropolluants, il est donc indispensable de passer à une 
gestion « intégrée» de l’eau qui prenne en compte les acteurs et leur organisation à une échelle régionale. Au travers d’un 
jeu de rôle organisé dans le cadre d’une formation post-grade, nous avons tenté d’explorer comment la santé pourrait être 
(ou ne pas être) un levier pour mettre en place cette gestion intégrée et en quoi cela pourrait conduire à revisiter les pratiques 
de l’aménagement du territoire. 

La brève analyse que nous avons mené du jeu de rôles nous permet de mettre en exergue trois conclusions principales: 
La première, c’est que la santé est un levier particulièrement pertinent pour déclencher une prise de conscience du problème 
et permet d’amorcer de façon très rapide une démarche visant à le résoudre. En cela, la santé semble être un élément dé-
clencheur et catalyseur du processus.

La seconde, c’est que la santé est un thème sensible dont il est très difficile de déterminer et d’assumer la responsabilité. 
Pour autant, cette complexité engendre aussi la prise de conscience de la nécessitée de mettre en place un processus collec-
tif. La santé permet donc de rassembler et de dynamiser une démarche collective, globale et intégrée.

Enfin, la troisième, c’est que le processus entier ne peut entièrement reposer sur l’argument de la santé. En effet, il semble 
que la santé, même si elle représente un enjeu fort, peut être vite en concurrence avec d’autres enjeux, particulièrement 
avec les enjeux économiques. Il en résulte alors souvent la mise en place de solutions réduites, « end of pipe », qui ne corres-
pondent plus à l’objectif de départ, à savoir : une solution globale et intégrée. 

Pour conclure, il nous parait important de souligner à nouveau que si le jeu de rôle est un outil très intéressant pour analy-
ser des processus, il ne remplace en aucun cas l’étude de cas réels. En effet, il s’agit d’une situation simplifiée, accélérée dans 
le temps et avec des acteurs factices. Néanmoins, il est intéressant de constater que les situations décrites dans le jeu de rôles 
se retrouvent souvent dans des cas réels.

REFERENCES
Edder P, Ortelli D, and Ramseier S, 2006 : Métaux et micropolluants organiques.  Rapp. Comm. int. prot. eaux Léman contre 

pollut. Campagne 2005. CIPEL (Commission pour la protection des eaux du Léman): Lausanne. p. 65-87.
Niwa N, Rossi L, Chèvre N. Micropolluants dans les eaux: la sante sera-t-elle un levier suffisant pour mettre en place une 

gestion intégrée ?. Chapitre de livre CEAT. A paraître.



42
Sy

m
p

o
si

u
m

 1
: 

W
a

te
r 

a
cr

o
ss

 (
sc

ie
n

ti
fi

c)
 b

o
u

n
d

a
ri

e
s 1.32

Effective stress and fracture permeability in regional groundwater flow: 
numerical comparison of analytical formulas

Preisig Giona* & Perrochet Pierre

*Centre of Hydrogeology, Emile-Argand 11, CH-2009 Neuchâtel (giona.preisig@unine.ch)

The dependency of fracture permeability on effective stress is a subject well known and has been intensively studied last 
decades. In regional and deep groundwater flow system underground draining structures as tunnels, cause a diminution of 
pore pressure leading to an increasing effective stress and a decreasing permeability. One approach consists to insert consti-
tutive laws relating effective stress to permeability in Darcy’s law, which is used to evaluate 3D regional simulations of 
discharge rates, pressure distributions and flow paths. This approach gain in accuracy as compared to the classical ones 
which consider constant permeability field. However, the type and parameterization of the constitutive law influence the 
final result.

In this work, three different model functions relating effective stress to permeability are implemented in the tensor form of 
Darcy’s law, and compared by means of numerical experiments. Two of these functions were derived from experimental 
works (Louis 1969; Walsh 1981), the other one was theoretically derived from Hooke’s law. Numerical simulations are all 
based on an initial fractured hydrostatic system where an underground draining structure is activated, causing a steady-state 
saturated flow from the upper boundary condition (surface) to the lower boundary condition (underground structure). The 
governing non linear equations are solved using the finite element method.

In the three cases, results show that the introduction of stress-dependent permeabilities in Darcy’s law leads to discharge 
rates significantly lower than those calculated with the classical approach. This is explained by a decreasing permeability 
due to an increasing effective stress, particularly in the vicinity of the deep draining structure. Louis’ experimental model 
yields the largest difference and has the deficiency of not considering the vertical stress term, while Walsh’s model is diffi-
cult to solve numerically due to higher order non linearities. The elasto-statistical model analytically derived from Hooke’s 
law seems to be better adapted for solving such problems and yields differences which are somewhat smaller than the two 
others.

REFERENCES
Louis C. 1969: A study of groundwater flow in jointed rock and its influence on the stability of rock masses. Technical 

Report No 10, 9/69, Rock Mechanics, Imperial College, UK.
Walsh J.B. 1981: Effect of pore pressure and confining pressure on fracture permeability. Int. J. Rock Mech. Min. Sci. 

Geomech. Abstr., 18: 429 – 435.



43

Sy
m

p
o

si
u

m
 1

: 
W

a
te

r 
a

cr
o

ss
 (

sc
ie

n
ti

fi
c)

 b
o

u
n

d
a

ri
e

s1.33

Debris flows, landslides, and sediment transport in mountain catchments

Rickenmann Dieter*

* Swiss Federal Research Institute WSL, Zürcherstrasse 111, CH-8903 Birmensdorf (rickenmann@wsl.ch)

In mountain headwater catchments with steep channels and hillslopes, floods are often associated with sediment transport 
and/or with debris flows. Possible interactions between debris flows, shallow landslides and fluvial sediment transport in 
steep streams are illustrated Figure 1. These processes often occur during high-intensity or long-duration rainstorms, possibly 
combined with snowmelt, resulting in slope instabilities, sediment transporting flows and floods. These processes are often 
associated with damage to houses or infrastructure, particularly along the channel network, and may involve also casual-
ties.

Debris flows typically occur in steep headwater catchments. A torrent catchment is characterised by sporadic and sudden 
high discharges of both water and sediments, and it typically comprises a catchment area less than about 25 km2. The chan-
nel gradient may vary from more than 60 % to a few % in the fan area. The torrent system and debris-flow occurrence can 
be characterised by three main zones: The headwater area or initiation zone where the flow is triggered, the transit zone 
(gully and channels) where entrainment of more solid material may occur, and the debris fan area where often major depo-
sition takes place. Debris flows in the Alps may involve total sediment volumes of up to some hundred thousand cubic me-
tres. The sediment may be supplied from point sources such as landslides or from incision of the torrent bed by vertical and 
lateral erosion. The total event magnitude is often used as a rough indication to characterise the intensity of a debris flow. 
This parameter largely influences the flow behaviour in the channel and – in the case of overtopping - the extent of the af-
fected areas on the fan. Debris flows may deliver important quantities of sediment to the receiving mountain river.

In contrast to lowland gravel bed rivers, relatively few studies were made on sediment transport in steep headwater channels, 
with stream gradients steeper than about 5 %. Sediment transport dynamics in these channels may be quite different from 
low-gradient channels. There is often a strong interaction between hillslope processes and the channel network. Sediment 
transport may be supply limited rather than controlled by the sediment transport capacity for a given discharge and channel 
conditions. Steep headwater streams are characterised by a wide range of sediment sizes and temporally- and spatially-vari-
able sediment sources. Bed morphology and channel structures may be influenced by the presence of large boulders, woody 
debris and bedrock constrictions. This can result in large variations in channel geometry, streamflow velocity and rough-
ness, and thus the application of theoretical sediment transport equations may be problematic. Also, quantitative measure-
ments of sediment and bedload transport in steep streams are very limited.

In this presentation an overview will be given on the processes debris flows, shallow landslides and fluvial sediment trans-
port. A particular focus will be the discussion of interactions between these processes. Although a number of methods have 
been proposed to predict and describe the initiation and flow behaviour of debris flows and sediment transporting flows in 
mountain streams, quantitative predictions for hazard assessment are still difficult in many cases. The application of some 
methods will be illustrated using some examples from past flood and rainstorm events. 
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Figure 1: Occurrence of debris flows, shallow landslides and fluvial sediment transport in steep mountain streams.
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Characterisation of geothermal reservoirs using 3D geological modelling 
and gravity

Schill Eva*, Abdelfettah Yassine*, Altwegg Pierrik*, Baillieux Paul*

*Laboratoire de Géothermie - CREGE, Université de Neuchâtel, Rue Emile Argand 11, CH-2009, Neuchâtel, Suisse (paul.baillieux@unine.ch)

The productivity of geothermal resources depend on different parameters mainly the reservoir temperature, the hydraulic 
conductivity and the stress field. It has been realized in different studies that the hydraulic conductivity of the reservoir is 
the dominant factor (e.g. Best Practice Handbook for the Development of Unconventional Geothermal Resources with a Focus 
on Enhanced Geothermal Systems, 2008). This study is part of the long-term research of the Laboratory of Geothermics at 
Neuchâtel with the objective to develop a methodology to investigate permeability from geophysical exploration. The aim of 
this study is to develop a method to characterize the porosity from gravity inversion combined with 3D geological model-
ing. 

Gravity measurements provide information on the density of subsurface units either by forward modeling or inversion. And 
it is well known that the density of the subsurface can be either controlled by lithological changes or changes in porosity 
(Pruis & Johnson 1998). Furthermore, when the geological area is well known, the 3D gravity inversion is well constraint so 
it provides accurate result and best densities values are obtained. For porosity, one among the relationships which exist be-
tween the density and porosity can be used (e.g. Johnson et al., 2000).   

In the geothermal area of Soultz the combination of 3D geology and gravity inversion has revealed density changes in the 
granitic basement (Figure 1) which can be related to both changes in the granitic facies to the North of the geothermal site 
and to porosity in the horst structure, where the reservoir is located (Schill et al., subm). Synthetic models for other deep 
geothermal reservoirs such as St. Gall (Switzerland) provide further indication on the possibilities to deduce porosity from 
gravity forward modeling. The example from Soultz shows, however, that only if the geological structures are well known 
and can be assumed as fix in the gravity inversion, the estimation of density changes caused by porosity are possible.

Figure 1: Mean density distribution resulting from inversion of gravity data for a representative E-W profile across the geothermal reser-

voir of Soultz-sous-Forêts. (E-W extension 29 km, altidude a.s.l.: -8000 to 250 m).
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Field Fluorometer for Simultaneous Detection of 3 Colourless Tracers

Schnegg Pierre-André

Centre d'Hydrogéologie et de Géothermie CHYN, Rue Emile Argand 11, CH-2009 Neuchâtel (pierre.schnegg@unine.ch)

We have designed flow-through field fluorometers for simultaneous detection of two or three invisible, colourless tracers, 
since there is an increasing interest for “blind” tracer tests. 

Although most dye tracers used in hydrogeology are harmless to the environment (Behrens et al. 2001, FOEN Report 2002) 
their visible and indiscreet impact on the population remains a source of annoyance for the field hydrogeologist.

The recent appearance of small, inexpensive LEDs radiating UV light made it possible the excitation of colourless tracers of 
the naphthalene family.  

A few years ago, companies could not always afford multi-tracer tests because laboratory expenses increase with the number 
of tracers. Today, thanks to the field fluorometer, multi-tracing is the rule (Schnegg and Doerfliger 1997). However, a success-
ful separation of tracers by the field fluorometer presupposes dissimilar spectral characteristics of each tracer (Schnegg 
2003). Careful selection of the set of tracers remains mandatory. 

The field fluorometer conveniently replaces the water sampler. With this instrument there is no need for frequent sample 
collection and subsequent laboratory analysis of the samples. Very high time resolution is also of great interest. However, the 
separation of two or three different dye tracers cannot be performed at the resolution achievable in the laboratory with a 
spectro-fluorometer. The optics of the field fluorometer is characterized by pass-band filters. To separate 2 or 3 dyes in a 
multi-tracer test, the fluorometer requires as many light sources (usually LEDs) as tracers, and detectors. Each optical chan-
nel is equipped with adequate optical filters. The unknown concentrations of each tracer are obtained by resolving in real-
time a system of 2 or 3 linear equations (Schnegg 2003). 

For optimal tracer separation, the determinant of the system of equations must be as large as possible. Low values of the 
determinant indicate inadequate association of tracers of similar excitation/emission spectra. For example, there is no chan-
ce to separate a cocktail of rhodamine B, G or WT. Even the sophisticated laboratory instrument will have trouble performing 
the separation.

Most frequently dye tracers used are: Uranine, eosine, naphtionate, sulforhodamine B, amidorhodamine G, rhodamine WT, 
duasyne, tinopal, amino G acid (Käss 1998). The problem with most of them is the visual impact in surface or drinking water, 
particularly near the point of injection (disappearance at concentrations below 10 µg/L).   Two of them, naphtionate and 
amino G acid are much more discreet in the environment. This is because their excitation band is located in the UV part of 
the spectrum, and their emission is close to the short wavelength limit of visible light.  
A field test was carried out in a surface stream (100 L/s) over a distance of 300 metres. Yellow duasyne, a third, hardly visible 
tracer, was used jointly with the two other tracers. Quantities of 1 and 10 mg of each tracer were injected in turn at 2 minutes 
interval, so that the breakthrough curves would overlap, allowing thus for testing the separation method. The figure shows 
the three breakthrough curves after mathematical separation. As expected, they display the same shape and height. Careful 
calibration of the fluorometer is important for achieving perfect separation. 
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Recent Research on the Remote Retrieval of Soil Moisture from Space 
with Microwave Radiometry

Schwank Mike*, Völksch Ingo *, Mätzler Christian ** & Stähli Manfred*

* Swiss Federal Institute for Forest, Snow and Landscape Research, Zürcherstrasse 111, 8903 Birmensdorf, Switzerland, (mike.schwank@wsl.ch)
** Institute of Applied Physics, University of Bern, Sidlerstrasse 5, 3012 Bern, Switzerland.

L-band (1 - 2 GHz) microwave radiometry is a remote sensing technique to monitor soil moisture over land surfaces. The 
European Space Agency’s (ESA) Soil Moisture and Ocean Salinity (SMOS) radiometer mission aims at providing global maps 
of soil moisture, with accuracy better than 0.04 m3m-3 every 3 days, with a spatial resolution of approximately 40 km. 
Monitoring the large scale moisture dynamics at the boundary between the deep bulk soil and the atmosphere provides 
essential information both for terrestrial and atmospheric modellers. Performing ground based radiometer campaigns be-
fore the mission launch, during the commissioning phase and during the operative SMOS mission is important for valida-
ting the satellite data and for the further improvement of the used radiative transfer models.
This presentation is an example of research at the boundary between soil hydrology and remote sensing. It starts with an 
overview of the SMOS mission followed by an outline of the basic concepts behind remote moisture retrieval from passive 
L-band radiation. Then the results from a selection of ground based microwave campaigns performed within the ETH do-
main during the last 7 years are presented. Furthermore, the design of an L-band radiometer is shown which was built for 
ESA to perform further ground based experiments during the SMOS commissioning and operative phase.

1.37

Groundwater resources in Switzerland

Sinreich Michael*, v. Lützenkirchen Volker**, Matousek Federico** 	
& Kozel Ronald*

*Bundesamt für Umwelt BAFU, Sektion Hydrogeologie, CH-3003 Bern (michael.sinreich@bafu.admin.ch)
**Matousek, Baumann & Niggli AG, Geologiebüro, CH-5401 Baden

Groundwater is an invisible but crucial component of the water cycle. It feeds surface streams as well as aquatic ecosystems, 
and is the main drinking water resource in many countries. Switzerland is rich in groundwater due to favourable climatic, 
hydrological and hydrogeological conditions, i.e. high recharge. More than 80% of Swiss drinking water requirements are 
met by groundwater, and groundwater therefore represents a social and economic asset of national importance. Knowledge 
about the extent of the resource is essential for sustainable groundwater management. This is of particular interest given 
the pressure on groundwater resources due to increasing water demand, intense underground engineering activities, and 
climate change. 

The Groundwater Resources Map of Switzerland on a 1:500,000 scale presents the yield of near-surface groundwater resour-
ces in a qualitative manner. The map provides an inventory of hydrogeological units, subdivided according to high, moderate 
and low productivity, which is determined mainly by aquifer thickness and permeability. However, this map does not provi-
de quantitative information in terms of the volume or the safe yield of groundwater resources. While the groundwater volume 
describes how much groundwater is available in the underground, the safe yield is defined as how much groundwater is re-
newable and can thus be used in a long-term and sustainable manner. Both parameters are crucial for managing groundwa-
ter resources. To date, however, they have not been assessed in Switzerland on a national basis. 

A study was therefore conducted to evaluate the volume and safe yield of Swiss groundwater resources. Specific approaches 
were developed in order to provide estimates for both parameters for the main aquifer types encountered (i.e. porous, fis-
sured and karstified rock) and based on the Groundwater Resources Map. This study was performed in co-operation with the 
Institute of Environmental Engineering and the Geological Institute of the ETHZ (Swiss Federal Institute of Technology 
Zurich), and the Swiss Institute of Speleology and Karstology SISKA. 

Highly productive porous aquifers along large river valleys represent the main drinking water resources in Switzerland. The 
groundwater volume stored in such aquifers was assessed by considering aquifer geometry and porosity. Estimating safe 
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syields, however, is more problematic as these aquifers are fed to a large extent by the infiltration of river water. In this case, 
a modelling approach for an extraction scenario along a river with typical aquifer characteristics provided maximum with-
drawal rates. For porous aquifers not connected to surface streams, estimates of safe yield were derived solely from recharge 
by precipitation.
In fissured aquifers, groundwater fills the pores and open fractures in the weathered part of consolidated rock. Estimates of 
groundwater volume in fissured aquifers were made from tunnel inflow measurements at selected sites in crystalline alpine 
rocks. As fissured and karstified aquifers are discharged naturally by springs, discharge data from representative spring in-
ventories were used to evaluate the safe yield for both aquifer types. Finally, a geological-tectonic approach enabled estimates 
of the groundwater volume in the saturated zone of karstified aquifers, whereas this value is largely determined by the 
depth to which karst groundwater is regarded as suitable for water supply.

1.38

The role of the colloidal pool for transport and fractionation of the rare 
earth elements in stream water

Steinmann Marc* & Pourret Olivier**

*UMR 6249 Chrono-environnement, Université de Franche-Comté, F‑25030 Besançon cedex (marc.steinmann@univ-fcomte.fr)
**Département Géosciences, Institut Polytechnique LaSalle Beauvais, F‑60026 Beauvais cedex (olivier.pourret@lasalle-beauvais.fr)

The rare earth elements (REE) are a powerful tool for the study of trace metal behavior in surface and groundwaters because 
of their specific atomic structure and their coherent chemical properties throughout the REE group. Fractionation of REE 
distribution patterns in water samples have in the past been used to monitor processes such as surface and solution comple-
xation or to identify precipitation and dissolution of specific mineral phases (Gaillardet et al., 2003 and cit. therein). Recent 
studies have shown that the REE of the <0.45 or <0.22 μm fraction of surface and groundwaters are mainly present in collo-
idal form rather than truly dissolved (Gaillardet et al., 2003 and cit. therein). Colloids are organic or inorganic microscopic 
phases in a size range of about 0.1 nm to 0.2 μm. For the Kalix river in northern Sweden it has been demonstrated that col-
loids are more abundant in summer and that the REE-bearing colloidal fraction is composed of Fe/Mn-oxyhydroxides and 
organic matter (Andersson et al., 2006). These authors furthermore show that in winter small (~ 3 nm) organic-rich colloids, 
and larger (~ 10-12 nm) Fe/Mn-oxyhydroxide colloids can be distinguished, whereas combined Fe/Mn-organic matter colloids 
of about 3 nm in size occur during spring and summer. The detailed analysis of the winter colloids reveals that the light REE 
(La-Sm, LREE) are preferentially associated with Fe/Mn colloids, whereas the heavy REE (Dy-Lu, HREE) have stronger affinity 
for organic colloids (Andersson et al., 2006). This distinction of the colloidal REE fraction into a organic matter and a Fe/Mn-
oxyhydroxide controlled pool is confirmed by experimental studies (Pourret et al., 2007a).

Recently, Steinmann & Stille (2008) have reported for 0.45 μm filtered stream water samples from the french Massif Central 
a continuously growing depletion of the LREE from upstream to downstream over a flow distance of less than 10 km (Fig. 1). 
The authors furthermore showed that this evolution is linked with the saturation index (SI) for Fe-oxyhydroxide (goethite, 
Fig. 2): The stream waters have REE distribution patterns similar to the basaltic bedrock upstream, where the samples are 
strongly oversaturated with respect to goethite (SI up to 8). During downflow, the SI value for goethite diminishes and the 
LREE depletion develops. Steinmann & Stille (2008) have interpreted this evolution with the presence of Fe/Mn-bearing collo-
ids that grow during downflow and finally precipitate as Fe/Mn-oxyhydroxide particles. The preferential scavenging of the 
LREE by these precipitates could explain the observed depletion of the LREE in the < 0.45 μm fraction.

The scope of the present study is to verify the hypothesis of Steinmann & Stille (2008) by direct analysis of the colloidal frac-
tion on new samples sampled in September 2009 in the same field site by using the ultracentifugal procedure described by 
Pourret et al. (2007a) to separate the colloids. This new analytical approach has been completed with computer modeling in 
order to evaluate in more detail the competition between organic and inorganic colloids on REE transport and fractionation 
in stream water. Interactions with organic colloids were described using Model VI and the further refined REE parameters 
described by Pourret et al. (2007b). Adsorption of the REE onto oxyhydroxide colloids was modeled using a surface complexa-
tion model integrated into PHREEQC.
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Fig. 1 : Evolution of LREE depletion with distance monitored by 

bedrock normalised Nd/Yb ratios in the < 0.45 μm stream water 

fraction (figure from Steinmann & Stille, 2008)

Fig. 2 : Link between Nd/Yb ratios the saturation index (SI) for goe-

thite. Note the regular evolution with flow distance (figure from 

Steinmann & Stille, 2008)
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1.39

Microbial communities in the steep gradients of the meromictic lake 
Cadagno 

Mauro Tonolla1,2

1) Microbial ecology group, Microbiology Unit, Plant biologx Dept. Universtity of Geneva c/o Istituto cantonale di microbiologia (ICM), Via 
Mirasole 22A, CH-6500 Bellinzona & 
2)  Alpine Biology Center (ABC), Piora, CH-6777 Quinto 

Lake Cadagno is a crenogenic meromictic lake located in the catchment area of a dolomite vein rich in gypsum in the Piora 
Valley in the southern Alps of Switzerland. This lake is characterized by a compact chemocline at 12 m depth with high 
concentrations of sulfate, steep gradients of oxygen, sulfide and light and a turbidity maximum that correlates to large 
numbers of bacteria mostly belonging to anerobic phototrophic sulfur bacteria and sulfate reducing bacteria. Population 
analyses in water samples obtained from the chemocline have been performed regularly during the last 20 years using mo-
lecular methods as well as cultivation techniques. The 16S rDNA based clone library obtained from samples of the monimo-
limnion and the anoxic sediments of the meromictic Lake Cadagno allowed for the development of specific oligonucleotide 
probes and accurate FISH (fluorescent in situ hybridization) distribution analysis of bacterial populations. Phototrophic sul-
fur bacteria (Lamprocystis, Thiodictyon) forming syntrophic aggregates with sulfate reducing bacteria (Desulfocapsa) dominated 
the chemocline whereas members of the genus Desulfomonile were prominent in the monimolimnion and in the first centi-
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smeters of the sediments. In deeper sediment layers methanogenic archaea and SRB were detected by FISH. 
Moreover, in the chemocline, spatio-temporal analysis of bacterial populations over 2 decades revealed an initial dominance 
of Chromatiaceae (C. okenii, Lamprocystis, Thiodictyon), after 2001, a clonal population of Chlorobium clathratiforme became 
dominant. This major change in community structure in the chemocline was probably due to extreme climatic events in 
autumn of the years 1999 and 2000 causing deep mixing of the waterbody which  were accompanied by changes in profiles 
of turbidity and photosynthetically available radiation, as well as for sulfide concentrations and light intensity. Overall, 
these findings suggest that the temporary disruption of the chemocline may have altered environmental niches and popula-
tions in subsequent years.
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1.40

Dissolved inorganic carbon and its stable isotope composition as a tracer 
of geo-, bio-, and anthropogenic sources of carbon

Vennemann Torsten*, Fontana Daniela*, Paychere Sophie*, Ambadiang Pierre*, Piffarerio Raffaella*, and Favre Laurie*.

*Institut de Minéralogie et Géochimie, Université de Lausanne, CH-1015 Lausanne (Torsten.Vennemann@unil.ch)

The concentration and carbon isotope composition of dissolved inorganic carbon (DIC), in addition to the oxygen and hydro-
gen isotope compositions of water as well as the major dissolved cations and anions have been analyzed seasonally for seve-
ral rivers, lakes, dams used as sources for hydroelectric energy, and effluents from a number of waste water treatment plants 
(WWT) in Western Switzerland. The aim is to evaluate the DIC and its isotopic composition as a tracer for the geologic, bio-
logic and anthropogenic contributions of carbon to the rivers and lakes.

The upper reaches of the Rhone and the Sarine typically have Alpine catchments characterized by thin or no soil covers with 
only sparse vegetation. Glacial melt waters and surface runoff make up the bulk of the water sources in their upper reaches. 
Further downstream other tributaries, themselves often being melt water fed but many also being exploited for hydroelec-
tric power and thus with a number of dams along their course, join these rivers. In addition, the vegetation and soil cover 
increases downstream in parallel with the agricultural exploitation, population density, and the number of WWT plants 
that generally pass their treated waste waters directly into the rivers. In contrast, rivers draining the Jura mountains do not 
have a glacial melt water source, nor are there major hydroelectric systems coupled to the river systems investigated.

The difference in geology of the catchment as well as the soil cover thickness and hence biologic activity in the soil are re-
flected by the C isotope composition of the DIC. δ13C values are as high as –2.5‰ in the upper source reaches of the Rhone 
and the Sarine, reflecting predominant uptake of carbon from atmospheric CO

2
. Further downstream, δ13C values decrease 

towards –5 to –11.5‰, compatible with a higher input of soil-, plant-derived CO
2
. The δ13C values of DIC are higher (–5 to –

8.5‰) if carbonate relative to silicate rocks dominate the catchment, unless the agricultural activity is intense. The latter is 
the case for the rivers draining the largely carbonate-dominated Jura (for example the Venoge), which have δ13C values of 
between –11 to –13‰. The δ13C values are also higher for all lakes and dams along the rivers, indicating an additional ex-
change with atmospheric CO

2
 for water masses exposed to the atmosphere for longer periods. For smaller lakes, the δ13C 

values correspond to those of the riverine inputs though. For larger lakes the δ13C values of the DIC may also be used as 
tracers of the mixing processes between riverine input and the lake (Fig. 1).
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The δ13C values in the rivers are generally lower in winter and spring compared to summer and fall, indicating a higher bio-
logical activity within the water column during the warmer periods. The differences are most notable in dams and lakes, 
where vertical profiles are also well-established within the upper 5 to 10 m of the water column as a result of increasing 
photosynthesis during the warmer periods (Fig. 1). 

Contributions of organic carbon from WWT plants are clearly marked by 0.5 to 3‰ lower δ13C values for DIC directly down-
stream of the effluents, with the treated waste waters having values that may be as low as –27‰. Such sources may also 
clearly be expressed by differences in H- and O-isotope compositions of the waters relative to the river or lake waters, as well 
as their sodium, potassium and nitrate contents, as well as the isotopic composition of the latter. 

Figure 1: δ13C values of DIC in a depth profile in the deepest part of Lake Geneva (approximately in the center of the lake). Note the high 

values at the surface during the summer (July 2005 profile) compared to the winter (March 2005 profile) typically indicating the biopro-

ductivity in the photic zone during summer. Higher values at depths of 50 to 100 m represent mixtures of the Rhone water rich in 13C de-

scending to these depths within the lake, three months after a complete overturn of the lake at the end of February.
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High-resolution temperature measurements at the river – groundwater 
interface: Quantification of seepage rates using fiber-optic Distributed 
Temperature Sensing

T. Vogt*, P. Schneider*, M. Schirmer*, O. A. Cirpka**

* Eawag - Swiss Federal Institute of Aquatic Science and Technology, Überlandstrasse 133, CH-8600 Dübendorf (tobias.vogt@eawag.ch)
** University of Tübingen, Center for Applied Geoscience, Sigwartstr. 10, D-72076 Tübingen

In recent years, the transition zone between surface water bodies and groundwater, known as the hyporheic zone, has been 
identified as crucial for the ecological status of the open-water body and the quality of groundwater. The hyporheic exchange 
processes vary both in time and space. For the assessment of water quality of both water bodies reliable models and measure-
ments of the exchange rates and their variability are needed.

A wide range of methods and materials exist to estimate water fluxes between surface water and groundwater. Due to ad-
vances in sensor technique and data loggers, work on heat as a tracer in hydrological systems has increased recently, espe-
cially with focus on surface water – groundwater interaction. A new promising method is Distributed Temperature Sensing 
(DTS). DTS is based on the temperature dependence of Raman scattering. Light from a laser pulse is scattered along an opti-
cal fibre of up to several km length, which is the sensor of the DTS system. By sampling the back-scattered light with high 
temporal resolution, the temperature along the fibre can be measured with high accuracy (0.1 K) and high spatial resolution 
(1 m). We used DTS at a test side at River Thur in North-East Switzerland (TG). Here, the river is losing.

For estimation of seepage rates we measured highly resolved vertical temperature profiles in the river bed. To this end, we 
wrapped an optical fibre around a piezometer tube and measured the temperature distribution along the fibre. Due to the 
wrapping, we obtained a vertical resolution of approximately 5 mm. We analyzed the temperature time series by means of 
Dynamic Harmonic Regression as presented by Keery et al. (2007). From the travel time and attenuation of the diurnal signal, 
we estimated the apparent velocity and diffusivity of temperature propagation, which then can be used to quantify infiltra-
tion rates. A particular strength of the new measurement technique lies in the high spatial and temporal resolution, en-
abling us to detect non-uniformity and temporal changes in vertical water fluxes.

REFERENCES
J. Keery, A. Binley, N. Crook and J.W.N. Smith (2007) Temporal and spatial variability of groundwater–surface water fluxes: 

Development and application of an analytical method using temperature time series, Journal of Hydrology, 336, 1-16.
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Natural springs – the living passage between groundwater and surface water

Von Fumetti Stefanie*, Gusich Valeria * & Nagel Peter*

*Institut für Biogeographie (NLU), Universität Basel, St. Johanns-Vorstadt 10, CH-4056 Basel (stefanie.vonfumetti@unibas.ch)

Natural springs are unique ecosystems that provide specific abiotic conditions, and they are stepping-stones between ground-
water and surface water. They appear in the landscape in various forms and are especially obvious in alpine regions. Springs 
are habitats for many freshwater organisms, which partly show a strong adaptation to the specific conditions in springs. As 
an alpine country Switzerland is rich of springs, but not many are still in a natural or at least near natural condition. Despite 
their importance as unique habitats and despite their endangered situation they were not well studied until a few years ago. 
At the Institute of Biogeography from the University of Basel we investigate natural springs in the northern part of 
Switzerland and adjacent regions. The distribution of the spring fauna and the influence of abiotic parameters, especially 
discharge, are the main topics of our research. A first approach to a faunistic spring typology shows differences between 
springs based on the dominant feeding habits of the macrozoobenthic species. They are related to abiotic parameters like 
substrate composition. Our goal is a spring typology for the whole country based on faunistic data. And also the colonisation 
of springs is an important part of our research. In a one-year field experiment in artificial springs we investigated the colo-
nisation rate and the preferences of different substrates by macrozoobenthic organisms. Mesoscale analyses show that the 
colonisation occurs rapidly from the adjacent headwater and that the organisms prefer different substrate types for their 
settlement. 

1.43

Porewater as an archive of the palaeo-hydrogeology during the 
Holocene and Pleistocene

Waber H. Niklaus

Institute of Geological Sciences, Rock–Water Interaction Group, University of Bern, Baltzerstrasse 1-3, CH-3012 Bern (waber@geo.unibe.ch)

Fractured rocks comprise two different hydraulic regimes: The first regime constitutes the water-conducting zones related 
to regional and/or local fracture networks where groundwater flow takes place. It is characterised by a hydraulic transmissi-
vity of mostly above 10-9 m2/s and solute transport takes place by advection. The second regime constitutes the low permeable 
rock matrix with the porewater residing in its connected pore space. Here, the hydraulic transmissivity is low to very low (<< 
10-10 m2/s) and solute transport is increasingly dominated by diffusion. The mass of porewater present in the rock matrix is, 
however, larger than in the fracture network even in crystalline rocks with a connected porosity of less than 1 Vol.%.

Porewater in the rock matrix and groundwater in the fracture network always tend to reach chemical and isotopic equilibri-
um. If solute transport in the rock matrix can be shown to occur by diffusion, then a chemical and isotopic signature esta-
blished in the porewater at a certain time might be preserved over geologic time periods. Thus, porewater may act as an ar-
chive of the past fracture groundwater composition(s) and therefore of the palaeo-hydrogeological history of a site. The de-
gree of the preservation of such signatures depends on: 1) the distance of the porewater sample from the nearest water-con-
ducting fracture in three dimensions, 2) the solute transport properties of the rock (i.e. diffusion coefficient, porosity), and 
3) the period of constant boundary conditions (i.e. constant fracture groundwater composition). The frequent climatic and 
hydrogeologic changes during the Holocene and Pleistocene and related compositional changes in the fracture groundwater 
resulted in superimposed signatures in the porewater. These can be unravelled to a large degree by the investigation of dif-
ferent, largely independent natural tracers in the porewater. 

Porewater in granitic and monzodioritic rocks from Laxemar-Oskarshamn, central Sweden, are of different chemical and 
isotopic composition in bedrock characterised by high transmissivity and a high frequency of water-conducting fractures at 
shallow to intermediate depth (0-400 m b.s.l.), and bedrock characterised by low transmissivity and a low frequency of water-
conducting fractures at greater depth (400 -1000 m b.s.l.). In the more transmissive, shallower interval, porewater is of a ge-
neral Na-HCO

3
 chemical type with a Cl- concentration of less than 1 g/kgH

2
O. The oxygen and hydrogen isotope composition 

indicates a formation from meteoric infiltration under different climatic conditions. Combined with the distance between 
porewater sample and nearest water-conducting fracture in the borehole and the quantitative modelling of the natural tra-
cer profiles (Cl-, δ18O, δ2H) sampled at high resolution in one of the boreholes, the porewater signatures in the first few metres 
from a fracture may be explained in terms of exchange with Holocene fracture groundwater of present-day type, of Holocene 
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sthermal maximum type (at about 7-4 ka BP) and of glacial (late Weichselian) or glacio-lacustrine (Baltic Ice Lake, 15-11.5 ka 
BP; Ancylus Lake, 10.8-9.5 ka BP) type. Exchange with fracture groundwater composed of present-day brackish water of the 
Baltic Sea is limited and absent for the earlier Baltic Sea stages (Yoldia, 11.5-10.8 ka BP; saline Littorina, 8.5-7 ka BP). Farther 
away from water-conducting fractures, Na-HCO

3
 type porewater signatures with low Cl- concentrations indicate an evolution 

from Pleistocene fracture groundwater of warm climate origin (possibly Eemian Interglacial) and cold climate periods (early 
Weichselian or older). Cold climate influence from the last glaciation with δ18O values around ‑14‰ VSMOW occurs between 
about 135-350 m depth and down to about 500 m depth depending on borehole.

At intermediate depth levels below the Na-HCO
3
 type porewater a change to higher mineralised porewater of a general Na-

Ca-SO
4
 and Ca-Na-SO

4
 chemical type occurs. Depending on borehole location this porewater type occurs from about 430 m 

and 620m depth over a restricted interval of about 120 m. The change coincides with a marked decrease in transmissivity, 
in the frequency of water-conducting features and the transition zone from Ävrö granite to quartz monzodiorite. Highly 
variable Cl- concentrations (2.5 to 7.6 g/kgH

2
O) and water isotope compositions (δ18O about ‑2‰ to ‑13‰ VSMOW) are associa-

ted with high concentrations of Ca2+ and SO
4
2- up to gypsum saturation. Chemical and isotopic composition of these porewa-

ter types cannot be explained by interaction with a known type of fracture groundwater and more advanced rock-water in-
teraction. They appear to have formed from interaction with cryogenic brines that formed during permafrost conditions and 
which migrated downwards in the fractures by buoyancy effects. The large distance to the nearest water-conducting fracture 
of this porewater type suggests that these signatures have been established before the Last Glacial Maximum.

At greater depth there occur again more dilute porewaters of Na-HCO
3
 type and Na-Ca-Cl-(HCO

3
) type. Here, Cl- contents vary 

between about 0.5 to 3 g/kgH
2
O and associated δ18O values of between about ‑8‰ to ‑11‰ VSMOW. Porewaters below 820 m 

are then of a Na-Ca-Cl type with Cl- concentrations of more than 8 g/kgH
2
O, but low SO

4
2- concentrations and an oxygen iso-

tope composition generally enriched in 18O compared to the more shallow porewaters. At these low-transmissivity depths, 
the porewaters display complex, superimposed signatures that cannot be resolved based on the present data. In the deepest 
samples, however, a component of a deep saline brine seems to be present similar as observed in fractures at even greater 
depth.

The data indicate that the palaeo-hydrogeological evolution of a site indeed can be re-constructed based on porewater data. 
In addition, signatures no longer present in the fracture groundwaters can be identified. In the case of cryogenic brines that 
formed during permafrost conditions, this is of special importance within the framework of the long-term safety assessment 
of a deep geologic repository for radioactive waste. 

1.44

In-situ Remediation of Polluted Groundwater: A Transdisciplinary 
Approach

Christoph Wanner*, Franz Schenker** & Urs Eggenberger*

*Institut für Geologie, Baltzerstr. 1+3, CH-3012 Bern (christoph.wanner@geo.unibe.ch)
**Geologische Beratungen SCHENKER KORNER + PARTNER GmbH, Büttenenhalde 42, CH-6006 Luzern (franz.schenker@fsgeolog.ch)

Careless handling of environmentally hazardous substances and wastes has left its mark in the geological underground. If 
substances like persistent organic compounds or heavy metals from contaminated sites migrate into the groundwater, an 
immediate and sustainable suppression of the source is required. However, in most cases the groundwater in its downstream 
flow will stay contaminated over a long time. On duty of the society and the environment to provide for safe water, the re-
mediation of polluted groundwater is both an essential and ambitious task.

Consultant geologists in cooperation with chemical laboratories generally are keen now in assessing the type, amount and 
distribution of contaminants in groundwater. But after one decade of the commitment by law to remediate the “sins of 
yesterday”, the scientific and technical knowledge on approved procedures to clean spoiled groundwater is still poor. On the 
one hand research institutes mostly experience at laboratory scale only. At the other hand, the party responsible for a con-
taminated groundwater plume is interested in fast solutions, and not in making expensive attempts without a guaranty of 
a long lasting achievement.
Researchers from the university and professionals from consulting companies can complement one another in creating new 
technologies. Research, development and implementation of new technologies can profit from “the Nine Laws of God gover-
ning the incubation of something from nothing” (Kelly, 1995). Taking as an example the project to reduce the charge of he-
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s xavalent chromium with permeable reactive walls (PRB), the way of a successful cooperation using a transdisciplinary ap-

proach (Hermanns-Stengele & Schenker, 2000) will be demonstrated.

In designing a PRB as a passive remediation method the crucial aspects are what to take as the reactive material and of 
course how well the contaminants are treated after the installation of such a PRB.
Batch and column experiments performed in order to chose the best available iron shavings for the PRB Thun showed that 
shavings with a carbon content of approximately 4% have very good properties concerning the reduction of hexavalent chro-
mium. Interestingly large differences in the reaction rates among various types of iron shavings were observed. Looking at 
the various shavings under the scanning electron microscope we came up with the conclusion that reaction rates are highly 
correlated with the nature of the carbon inclusions within the iron matrix of the shavings.
In order to estimate the success of future barrier operations geochemical models are cheap and powerful tools (Steefel, 2005). 
Using the data of the lab experiments the geochemical reactive transport model and reaction network of Mayer et al. (2001) 
was calibrated using the modeling software Crunchflow (Steefel, 2005). The calibrated model was used to simulate the hy-
drodynamics and hydrogeochemistry within the double pile-array of the barrier in 2D. Examples of model outcomes are il-
lustrated in figure 1. 

The modelling work clearly points out that the limiting factors in the performance of the PRB are the groundwater flow 
velocity, the permeability of the piles and the groundwater chemistry. 

Figure 1. Illustrations of 2D model calculations of the PRB site Thun: Model setup in terms of porosity in the upper left picture, aqueous 

Fe2+ concentrations (mol/l) upper right, green rust precipitation volumes (vol%) bottom left and aqueous CrVI concentrations (mol/l) bottom 

right.

REFERENCES
Hermanns-Stengele, R. & Schenker, F. 2000: Groundwater-Remediation with permeable reactive walls – A Transdisciplinary 

Approach to the sustainable use of the most important natural ressource. In: Transdisciplinarity: Joint Problem-Solving 
among Science, Technology and Society. Proceedings of  the International Transdisciplinarity 2000 Conference, 590- 593.

Kelly, K. (1995): Out of Control: The New Biology of Machines, Social Systems and the Economic World. Reading/
Massachusetts: Addison-Wesley.

Mayer, U. Blowes, D. & Frind E. 2001: Reactive transport modeling of an in situ reactive barrier for the treatment of 
hexavalent chromium. Water Resources Research 38, 3091-3103.

Steefel C. 2001: Software for modeling multicomponent, multidimensional reactive transport. Lawrence Livermore National 
Laboratory,Livermore, Ca. UCRL-MA-143182. 

Steefel, C. DePaolo, D. & Lichtner P. 2005: Reactive transport modeling: An essential tool and a new research approach for 
the Earth sciences. Earth and Planetary Science Letters 240, 539–558.
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On the physical hydrology of hydrothermal systems at mid-ocean ridges

Philipp Weis*, Thomas Driesner*, Dim Coumou**, & Christoph A. Heinrich*

* Institute of Isotope Geochemistry and Mineral Resources, ETH Zurich, Switzerland (philipp.weis@erdw.ethz.ch)
** Potsdam Institute for Climate Impact Research, Germany

Fluid evolution and migration in magmatic hydrothermal systems strongly depend on the physical properties of water. 
Within the pressure and temperature range given by a specific geologic setting, fluid properties like density and viscosity 
vary non-linearly by orders of magnitude (Driesner and Heinrich, 2007).

Magmatism at mid-ocean-ridges is predominantly basaltic and acts as a heat source for hydrothermal convection cells. 
Seawater percolates through the ocean floor into the subsurface, is heated near the magma chamber, travels upward, and 
vents at the ocean floor, eventually forming black smoker fields.
Numerical simulations in 3D with pure water and a homogeneous permeability have shown that the system naturally forms 
regularly-spaced pipe-like upflow zones which is well-supported by measurements and observations (Coumou et al., 2008). 
These simulations further revealed that most of the downflow occurs in the immediate vicinity of the upflow zone where 
fluids are heated to about 200°C. Compared to the colder fluids at larger distance from the axis, their viscosity is lower by 
one order of magnitude while they are still relatively dense hence maximizing downward fluid transport. In combination 
with the ~400°C fluids of the upflow zone, this leads to a mass and energy flux optimization (see also Driesner et al., this 
volume).

Introducing geological structures to the model geometry adds further complexity to the system but preserves the first order 
principle described above. Figure 1 shows convection at a mid-ocean ridge system with a deeper gabbroic part overlain by a 
basaltic layer of higher permeability. The simulations show that a secondary convection cell establishes within the highly 
permeable basalt layer resulting in a more efficient cooling of the upper part of the upflow zone. Normal faults within the 
oceanic crust near the ridge axis are often referred to as conduits for enhanced up- or downflow (Fisher, 1998). First nu-
merical simulations introducing normal faults as heterogeneities within the permeability structure of the model geometry 
have been conducted. Downflow velocities similar to the ones described above only developed in relatively wide normal 
faults (50m) that have a high permeability contrast to the surrounding rock (up to two orders of magnitude) and are located 
very close to the ridge axis.

Figure 1. Convection at mid-ocean-ridges self-organizes into hot pipe-like upflow zones (a). Downflow concentrates in the immediate vici-

nity of the upflow zone as shown by the pore velocities of the selected streamlines (b). The model geometry describes a 1 km deep piece of 

oceanic crust (3x4 km2). Constant fluid pressure at the top boundary represents a water depth of 2.5 km and a bell-shaped heat flux at the 

bottom boundary of a total of 350 MW/km represents an axial magma chamber at depth. The permeability structure consists of a lower 

gabbroic layer (k = 3 x 10-14 m2) overlain by a 200 m thick basaltic layer (k = 10-12 m2). Figure 1b is a 1 km3 excerpt of Figure 1a.
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1.46

One lake, two countries and a lot of methane - the concept for a viable 
extraction of an unusual resource

Alfred Wüest*,**, Lukas Jarc*,**, Natacha Pasche*,** & Martin Schmid*

*Eawag, Swiss Federal Institute of Aquatic Science and Technology, Surface Waters - Research and Management, CH-6047 Kastanienbaum, 
Switzerland (alfred.wueest@eawag.ch)
** Swiss Federal Institute of Technology, Institute of Biogeochemistry and Pollutant Dynamics, CH-8092 Zürich, Switzerland

The 485 m deep Lake Kivu (Rwanda, DR Congo) is among the most fascinating lakes on earth. Not only does it host a specta-
cular temperature-salinity staircase of more than 300 interface-layers, it also contains ~60 km3 of methane and ~300 km3 of 
carbon dioxide and is permanently density-stratified by salty, carbon dioxide-rich water released by sub-aquatic springs. 
Those springs and their chemical composition affect the lake stratification. Especially, the lake-internal nutrient upwelling, 
strongly depending on the spring discharges, is crucial for algae growth and the subsequent methane production in the deep 
waters. Over the centuries, methane has accumulated to an amount, which can be economically exploited, but which also 
poses a risk (limnic eruption like in Lake Nyos) to the riparian ~2 million people. To avoid building-up of such a risk of gas 
eruption, the two governments have decided to exploit the methane, worth more than $20 billions. 
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Figure 1. Vertical profiles of temperature, salinity, CH
4
 and CO

2
, as observed in February 2004 (Schmid et al. 2005). All major water consti-

tuents are increasing with depth due to the discharge of deep sub-aquatic springs. 
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sThe talk will focus on finding a extraction concept, which (i) lowers the risk of a gas eruption from the lake, (ii) is environ-
mental-friendly and conserves the lake’s ecological integrity and (iii) maximizes the economic benefit at the same time. 
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