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Plenary Session

Plenary Session, Friday November 20th

Water Across Boundaries

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

14:00 - 14:15 Frangois Zwahlen Opening address
President SGM 2009
14:15 - 14:45 Gordon Young Scientific understanding: essential for sound water resources management
President IAHS (Joint IUGG-CH & IUGS-CH Union Lecture)
14:45 - 15:15 Janet Hering Geochemical Perspectives on Water Quality
EAWAG
15:15 Coffee break
15:45 - 16:15 Steven Ingebritsen The Role of Groundwater in Geologic Processes
United States Geological
Survey, USGS
16:15 - 16:45 Robert Cramer L'eau : élément fédérateur de la politique transfrontaliére
Conseil d’Etat de Geneve
16: 45 - 16:50 Musical Interlude
16:50 - 17:40 Helmut Weissert Communications Platform Geosciences
Bernard Grobéty Presentation SGM 2010 in Fribourg
Pierre Gander Communication Erlebnis Geologie 2010
Christian Meyer Swiss Commission of Palaeontology Prize
Martin Hoelzle Swiss Snow, Ice and Permafrost Society Prize
Gilles Borel Swiss Geological Society Award
Daniele Biaggi CHGEOL Award
Christoph Heinrich 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 Dinatoire” on a boat in the port of Neuchatel (reservation required)




0. Plenary Session

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, Uberlandstrasse 133, Dulbendorf, 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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3
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:

= Dbetween 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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1.28

Dynamics of colloid concentrations in a small river related to hydrological
conditions and land use.

MBock!Patrickl&ILoizeaullean-Luc

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

Colloidsiplaylailmajorlrolelinltheltransportlandlibioavailabilityloficontaminantsiinlaquaticlenvironments.ITheirldynamicslin{
anlecosysteml(erosion, transport,laggregationlandisubsequentisettling)lisialkeylparameteritolunderstandithelfatelandipoten-
tiallimpactsloficolloid-associatedlpollutantsisuchlasimetalsiorlorganiclpollutantsi(e.g..Benoitletlal.[1994 [ Irace-Guigandiand!
Aaroni2003).[Inlriverisystems, colloidallparticlesiarelmainlylofidetritalloriginlandlderived fromithelerosionlofisoilslandlim-
permeablelsurfaceslinithelwatershed.

Inlthelpresentistudy,lthelwatershedloflthelVersoixIRiverl(France,)Switzerland),/a tributarylofiLakelGeneva, haslbeenlinvesti-
gatedlbylsamplinglwaterlat'differentisitesialongithelrivericourse,;andlunderivarious’hydrologicallconditions](lowiflows,’snow!
melting,’smalllfloods).. Thelwatershed!mainlcharacteristicsl(slope,lland’use) havelbeenldetermined’atleachlsampling point!
andlquantified throughlalGlS-basedistudy.Colloidandlparticlelnumberland sizeldistributionslhavelbeenimeasured inlthel
rangel0.05-20lumJusinglalsinglelparticlelcounter](RossélandlLoizeau’2003).

Resultslshow!that thelsizeldistributionsl(expressedlin.lnumberlofiparticles) followlalpowerllaw,iwithlverylsimilarislopes,lin-
dependentlylofithelconcentration.lAtlthelriverImouth,lcolloid!concentrationsiduring’smalllflood conditionsiwerel101tol 100!
timeslhigherithanlduringllow flows,Jwhilelsuspendedimatteriwaslonly’2tol3 timeslhigher,/anditheldischargelincreasedjustl
byla'factoritwo.. Thesellargeldiscrepanciesiinithelamplification factorsibetweensuspendediparticlesiandlcolloidsiconcentra-
tionsireflectithelpreferentiallmobilizationlofleasylerodiblelcolloidallparticlesiduringirainlevents.linladdition, colloidiconcen-
trationslalsolgenerallylincreaselwithltheldistancelfrom thelheadlwaters,!forlboth’highlandllowlflows. Thisllikelylreflectslal
continuousicolloidlsourcelfromithelriveribedlitself.JHoweverisomelvariationslexistlinlthelcolloidiconcentrationlthatimaylbel
related! tol differences! inlthellandl cover.] Thel Versoix! Riverl watershedlislcomplex,.comprisingl forest,meadows,  cultivated!
fields,lindustriallandlurbanisurfaces,’and wetlands.]Alcarefullexaminationlofithelcolloidiconcentrationlevolutionlalong’thel
rivericourselduringlrainleventslshowsithatproportionlofiurbansurfaces.andlcultivatedIfieldlarelpositivelylcorrelateditolin-
creasedlcolloidiconcentrationslinithelriver.

Aslthelcapacityloficolloidallparticles’tolscavengelandisubsequently’transporticontaminantlisilargelylrelatedltoltheirlspecificl
surface,[thellargelincreaseloficolloidiconcentrationsiduringlfloodlimpliesilalmuchllargeripotentiallcontaminant’loaditothel
receivingiwaterlbodylthanithatlgenerallylobservediwithlpollutantlinputsirelatedltolsuspendediparticlelmatter.

REFERENCES

Irace-Guigand,]S,andll Aaron1JJ,72003.. Thelrolel ofl organiclcolloidslinl herbicidel transferl tol rivers:lal quantitativelstudy of!
triazinelandlphenylurealinteractionsiwithlcolloids.JAnalyticallandiBioanalyticalichemistry,]1376:1431-435.

Benoit,[S.D.,/Oktay-Marshall,/A..Cantu, E.M.[Hood,!C.H..Coleman,!M.O..Corapciogluland]P.H.ISantschi,’1994.]Partitioninglof!
Cu,lPb,JAg,1Zn, Fe,JAl,Jand] Mnlbetween( filter-retained! particles,Icolloids,/andlsolutionlinlsix] Texasl estuaries,! Marinel
Chemistryl45:1307-336

Rossé,1P.,JandlJ.-L.ILoizeau,’2003.1Useloflsinglelparticlelsinglel particlelcountersiforitheldeterminationlof.numberlandlsizel
distributionloficolloidlininaturallsurfacelwaters./ColloidslandiSurfacesIA1217:109-120.



1.29
Water disturbance as the organizer of riparian vegetation
MolnarPeter* [PeronalPaolo*,/BurlandolPaolo*

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

Thelflowlregimelplaysianlimportantirolelinlthelorganizationlofl riparianlvegetationlinlnaturallriversibylcreatinglsuitablel
germinationsites,Jerodinglplantsiandichangingthelriverimorphology.JAnlimportantlaspect’of thelflowlregimelisitheldistur-
bancelelement,i.e.lthelseasonalldistribution,/timinglandimagnitudelofifloods.] Thelinteractionsbetweenwater,sediment,!
andlriparianlvegetationlarel mostlevidentlinl naturallunregulatedrivers,Isuchlas!gravel-bedlbraidedlstreamsandlsand-bed!
meandering’rivers./Restorationlprojectsiinlregulatediriversioftenlaim tolmakelroomIforitheselnaturallinteractionsitol takel
place.]Thereforelwelneedltolcontinuouslylimprovelthelscientificlbasisitolunderstandithelfundamentallwater-sediment-vege-
tationlinteractionslandldevelop! newltoolsland!methodstolsimulatelandltest!them.l In thisl paperlwel presentltwolnewlap-
proachesl(numericallandllaboratory-based)iwhichiwelaredevelopinglinlourigrouplandiwhichilooklatiwateridisturbancelasian!
organizinglelementloflriparianivegetation.

Thelfirsttnumericallapproachlisialstochasticimodeliforiwater-sediment-vegetationlinteractionslinialbraidedigravel-bedistream.l
Thiglislanlapproachlthat’modelsithelexpansionandicontractionloflthelexposed sedimentlarealinlalbraidedlriverldrivenlbyl
stochasticlflood!disturbanceslandlbylaldeterministicicolonizationlofithelexposedisedimentlbankslandlbarsibylriparianivege-
tationlinltheltimelbetweenlthelfloods..ThelbasicZmodellallowslusitoldeveloplanlanalyticallsolutionforithelprobabilityldensi-
tylfunctionlofithelexposedisedimentiarealaslalfunctionlofithelfloodldisturbancelparametersiandivegetationgrowthlratel(Figl
1)I(Peronaletlal.,’2009).]

R 2o AA, DA, - C,
dt N

pdf of pdf of the

disturbances sediment
p T R R S S : SR
600 610 620 630 640 650 660 670 680 690 708 area

\ /

Figurell.ISetuplofithelprocess equationforithelexposedisedimentiarea’A_ Jandlanlillustrationlofithelsolutioniforithelpdfiof’A_ ]

Thislsimplelmodelimay’belextended tolincludelsuccessivelvegetationstagesiandltheir.competitionforlavailable spacelon thel
floodplainl(Peronalet’al.,’2008).

Thelsecondlaboratorylapproachlislanexperimentiwhichlstudiesithelroleloflhydrologicalldisturbancesionlbiomasslerosion!
dynamics! inl al sand-bed] flumel whichl is? seeded! byl al fast! growing!l grass.l This! experiment] wasl conducted! at] thel Totall
Environment SimulatorlofithelUniversitylof.HulllunderithelHydralab3IEUProgrammel(Molnarlet’al.,'2009,linlpreparation).]
Inlthelexperimentiwelstudied thelinteractionsibetweenltheldisturbancesland!thelgrowthlratelof thelvegetationlrootsiand!
stems..Preliminarylresultsishow that!thelactionloflfluviallerosionlremovesisystematicallylplantsithatlarelnotlableltolwith-
stand’thelappliedistress,iwhilelthelnon-eroded.communitylcontinuesitolgrowlandldevelopl(Figl2).

Theltwolpresentedlapproachesibothlillustratelthatithelwaterdisturbancelregimelplaysianiimportantirolelinithelorganization!
oflbraidedlriver_morphologiesiandlisandlbedlstreams, riparianivegetation,’andlplant.communities.. Thelwaterldisturbancel
regimelandlvegetationigrowthlinteract’and resultlinlaldynamiclriparianilcommunity.]Weladvocatethat'thislisinot’aldetermi-
nisticlproblemlandithatitheleffectlofiwater-sediment-riparianivegetationlinteractionsishouldbelexaminedlinlalprobabilisticl
frameworklbothlatlallargelfieldlandismallllaboratorylscale.
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Figurel2.[Exampleloflalsimulationlruniwithlthelhistogramslofithelnumberlofirootsi(top),llengthlofithelmainiroot!(center)landistemlheight!
(bottom)forlerodedlandnon-eroded plants.

REFERENCES

Perona,[P.,IP.]Molnar,]M.ISavina,landlP..Burlando’(2008).IStochasticlsediment-vegetationldynamicslinlan’Alpinelbraidedriver,!
IAHSIPuUbl.1325,1266-274.

Perona,[P.,[P.J]Molnar,IM.[Savina,Jand!P..Burlandol(2009)..Anlobservation-based stochasticimodellforisedimentlandlvegetation!
dynamicslinithelfloodplainloflan]Alpinelbraidediriver,]Water/Resour. Res.,/d0i:10.1029/2008 WR007550.

1.30

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

ManuelINitsche*,l/AlexandrelBadoux*,lJensIM.[Turowski*,[DieterlRickenmann*

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

Mostimethodsiforipredictinglbedloadltransportidolnotitakelintolaccountitypicallroughnessielementsliofismall,’steepmoun-
tainistreams,llikelstep-poolisequences,llargelbouldersioriwoodyldebris.However,If lowlresistanceldueltolsuchformiroughness!
elementslappearsitolbelanlimportanticontrollon’bedloadtransportiratesiinimountainistreams..

Recently,lnewlapproaches’basedlonllaboratory experimentsiwerelproposeditolassessiflowlresistanceldueltolformliroughness.!
Theylquantifyltheleffectsioflgeneralizedimodelsiofiroughnessielementsitolflow resistance.lFurthermore,’severallempiricallyl
derived formulae’tolcalculatelbedloaditransportirateslincludinglalrespectivelroughnessiparameterlhave’beenlpublished.

Thelobjectiveloflouristudylisitolsystematicallyltest'theselapproaches!withifieldlobservations..Forithisipurpose,welmeasured!
thel required. roughness! parametersl forlsevenl Swissl mountain’streams,with!locallchannellgradientslranging. from 1.5 tol
16.51%,landlcatchment’areaslfromi127tol43lkm?2Welcalculatediflowlresistancelandlbedloaditransportiforisediment’transport!
events!in’2000]and!2005.1By.comparinglcalculated’andlobservedldatal oflbedload transport welidentifiedwhetherlandlinl
whichlrangelthelexaminedlapproachesarelsuitablelforlapplicationlinlnaturallstreamiconditions.



1.31

Pollution des eaux: la santé est-elle un levier pour mettre en place une
gestion intégrée a I’échelle du basin versant?

NiwalNelly* 'RossilLuca**!&IChévrelNathalie**

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

Lalproblématiqueldesipolluantsicomme’leslpesticides,_médicaments,Jcosmétiques,’danslles’eaux’delsurfacelest’delplusient
plusiactuelle.”Nonl paslquelcesImicropolluantsisoient! desl substances! nouvelles,imais plutot] quel les! techniques! d’analysel
chimiquelselperfectionnant,Jonldécouvreldelplusien’plusidelsubstances.chimiquesidans’lelmilieulaquatique.llllsembleléga-
lementlquelcesisubstancesinelsoientlpasisansiconséquencesisurll’hommelet!I’environnementlpuisqu’onlleurattribuel desl
effetsicancérigénesiouldeldiminutionidellaifertilité.]

Dansluneloptiqueldelgestionidurableldesiressourcesienleau,lillest’donclindispensableldelprendrelenicomptell’aspectidesimi-
cropolluants.]Cependant,icettelpollutionlest’ tresidifficilela’ maftrisericarlelleln’estlpasiconfinéeldansiuniendroiticlos. Les!
substances’ sontlsouventl transportées! surldellonguesl distancesl et’ peuvent’ ainsilengendrerides] effets]loinldel leurlsourcel
d’émission.[Altitreld’exemple,ldesirejetslindustrielsidansllelValaislontconduit’alunelcontaminationldulLémanparicertains]
pesticidesletimédicamentsiquilselretrouvaientlensuiteldansilesleauxibrutesidesistationsidelpompagelautouridulLéman. Cettel
pollutionlestlaussildifficilelallimitericarisiideslquotasipeuventlétresidéfinisiparisecteurs,/lalsommelglobaleldesisubstancesidel
touslesIsecteurs]peutlviteldonner!lieulalunel pollutionlayant! deslconséquences! importantesisurl I’'environnement.]Enfin,]
cettelpollutionlesticomplexelcaril’associationlentreldifférentesisubstanceslpeutiaussildonnerilieulaldes!cocktailsldétonants.]

Pourlminimiserllelrisquelpourll’nommelet!’environnementidesimicropolluants,lillesti/donclindispensableldelpasserialunel
gestionl«lintégrée»ldell’eaulquilprennelenicomptellesiacteursiet!leuriorganisationla’uneléchellelrégionale.Aultraversid’un]
jeuldelrélelorganiséldansllelcadreld’unelformation’post-grade,/nous’avonsitentéld’explorer’commentllalsantélpourraitlétre’
(oulnelpasiétre)lunilevieripourimettrelen’placelcettelgestionlintégréelet’en’quoilcelalpourraiticonduirelalrevisiterilesipratiques!
dell’laménagementldulterritoire.]

Lalbrevelanalyselquelnousiavonsimenélduljeuldelrdlesinousipermetidelmettreleniexergueltroisiconclusionsiprincipales:]
Lalpremiere,[c’estiquella’santélestiunilevieriparticulierementipertinentipouridéclencheriunelpriseldelconscienceldu’problemel
et’permetld’amorceridelfagon’tresirapideluneldémarchelvisant’allelrésoudre.]Enicela,llalsantélsemblelétrelun’élémentidé-
clencheurletlcatalyseurldulprocessus.

Lalseconde, c’estlquellalsantélest’unithemelsensibledontlillestltresidifficileldeldéterminerliet!d’assumerlla’responsabilité.l
Pourlautant, cettelcomplexitélengendrelaussi’lalpriseldelconscienceldellalnécessitéeldelmettreleniplaceluniprocessusicollec-
tif JLalsantélpermetlidoncidelrassembleriletldeldynamiserluneldémarchelcollective,lglobaleletlintégrée.

Enfin,llaltroisieme,lc’estlquellelprocessusientierinelpeutientierementireposerisuril’argumentidella’santé.[Enleffet,lillsemblel
quellalsanté,imémelsilellelreprésentelun’enjeulfort,Ipeutlétrelviteleniconcurrencelavecld’autresienjeux,!particulierement!
aveclleslenjeux’économiques.’Illenlrésultelalorsisouventilaimiseleniplaceldelsolutionsiréduites, <lendlioflpipel,lquilnelcorres-
pondentiplusiall’objectiflideldépart,’alsavoirl:lunelsolutionglobaleletlintégrée.]

Pourlconclure,lillnousiparaitlimportantidelsouligneria’nouveaulquelsilleljeuldelrdlelestlunioutil’treslintéressant’pourianaly-
serldeslprocessus,ilinelremplace’enlaucunicasll’étudeldelcasiréels.[Enleffet,lil’s’agitld’'unelsituationisimplifiée,laccéléréeldans!
leltempsletlavecideslacteursifactices.Néanmoins,lillestlintéressant’delconstateriquellesisituationsidécritesidansileljeuldelroles!
selretrouventisouventdansidesicasiréels.

REFERENCES

EdderlP,l0rtelli’D,landlRamseier?S,'20067:IMétaux’et’micropolluantsiorganiques.lRapp..Comm.lint.]prot.;eaux’.Lémanicontrel
pollut..Campagne’2005..CIPEL}(Commission’pourllalprotection’desleaux’dulLéman):lLausanne.lp.[65-87.

NiwalN,]RossilL,IChevrelN..Micropolluantsidanslles’eaux:llalsantelsera-t-ellelunllevierlsuffisant!pourlmettrelenlplacelunel
gestion’intégréel?..ChapitreldellivrelCEAT.Alparaitre.
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1.32

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

PreisiglGiona*l& PerrochetlPierre

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

Theldependency!lofi fracturelpermeabilitylonleffectivelstresslisialsubject’welllknownlandlhas beenlintensivelylstudiedlast]
decades.lInlregionallandldeepigroundwater’flowisystemiundergroundldraininglstructuresiasitunnels,icauselaldiminutionlof!
porelpressurelleadingitolan’increasingleffectivelstressiandlaldecreasinglpermeability..Onelapproachiconsistsitolinserticonsti-
tutivel lawsl relatingleffectivelstress! tol permeabilitylinl Darcy’s! law,/ whichlisl usedl tol evaluatel 3D regionall simulations ofl
dischargelrates, pressureldistributionsiandlflow.paths.. Thislapproachlgainlinlaccuracylas!compared!to. thelclassical’ones!
whichlconsidericonstant!permeability’field.JHowever, theltypeland!parameterizationlofithelconstitutivellawlinfluencelthel
finallresult.

Inlthisiwork, threeldifferentimodellfunctionsirelatingleffectivelstressitolpermeabilitylarelimplementedlinitheltensoriformlof]
Darcy’sllaw,landlcomparedlbylmeansloflnumericallexperiments.] Two. ofl thesel functionsiwerel derivedlfromlexperimentall
worksl(Louis!1969;]Walsh11981), thelotherlonelwas! theoreticallylderived! fromlHooke’s! law.lNumericallsimulationslarelalll
basedlonlanlinitial’fracturedihydrostaticlsystemiwherelanlundergroundidrainingistructurelisiactivated,lcausingla’steady-statel
saturated flowlfromIthelupperiboundarylconditionl(surface)ltolthellowerlboundarylconditionl(underground structure)..Thel
governinglnonllinearlequationsiarelsolvedlusinglithelfinitelelement'method.

Inlthelthreelcases, resultsishowlthatlthelintroductionlofistress-dependentipermeabilitiesliniDarcy’s ! lawlleads!toldischargel
ratesisignificantlyllowerlthan thoselcalculatedlwithlthelclassicallapproach.IThislis explainedlbylaldecreasingpermeability!
dueltolanlincreasingleffectivelstress, particularlylinithelvicinitylofitheldeepldraininglstructure. Louis’lexperimentallmodell
yieldslthellargestidifferencelandlhas theldeficiencylofinoticonsideringithelverticallstressiterm,iwhilelWalsh’simodellisldiffi-
cultltolsolvelnumerically’dueltolhigherlorderinonilinearities.. Thelelasto-statistical_modellanalyticallylderivedlfromIHooke’s!
lawlseemsitolbelbetterladapted forisolvinglsuchlproblemslandlyieldsidifferencesiwhichlarelsomewhatismallerithan’theltwol
others.
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1.33
Debris flows, landslides, and sediment transport in mountain catchments
RickenmanniDieter*

*ISwisslFederal’ResearchlInstitutel!WSL, Zurcherstrassel111,/CH-8903Birmensdorfl(rickenmann@wsl.ch)

Inlmountain’headwatericatchmentsiwithisteepchannelslandlhillslopes, floodslareloftenlassociatediwithlsedimentItransport!
and/orlwithldebris flows.]Possiblelinteractionsibetweenldebris flows,Ishallow!landslideslandfluviallsedimentitransportZin{
steepistreamslarelillustratedFigurell..Theselprocessesioftenloccuriduring’high-intensitylorllong-durationlrainstorms,ipossiblyl
combinediwithisnowmelt,Iresultinglinislopelinstabilities,lsedimentitransportinglflowslandfloods..Theselprocessesiareloften!

associatedlwithldamageltolhouseslorlinfrastructure,lparticularlylalonglthelchannellnetwork,’andlmay’involvelalsolcasual-
ties.

DebrisiflowsItypicallyloccurlinisteep’headwatericatchments.[Altorrenticatchmentlisicharacterised!bylsporadiclandlsudden!

highldischargesiofibothiwaterlandisediments,landititypicallylcomprisesialcatchmentlareallessithanlaboutl25lkm2.[The chan-

nellgradientimaylvarylfromImorelthanl60 % tolalfewl% inlthelfanlarea./ Theltorrentlsystemland debris-flowloccurrencelcan!
belcharacterisedlby threelmainizones:IThelheadwaterlarealorlinitiationlzonelwherelthelflowlis triggered,/theltransitizonel

(gullylandichannels)wherelentrainmentlofimorelsolidimaterialimay’occur,/andltheldebris/fanlarea’whereloftenimajoridepo-
sitionltakeslplace.]Debris flowslin thelAlpsimaylinvolveltotallsedimentivolumeslofiupltolsomelhundredithousandicubiclme-

tres.[Thelsedimentimaylbe suppliedfromIpointisourcesisuchlasllandslideslorifromlincisionlofitheltorrentlbed bylverticallandl
laterallerosion.ITheltotalleventimagnitudelisioftenlusedlasialroughlindicationltolcharacteriselthelintensityloflaldebrisiflow.

Thislparameterllargelylinfluencesithelflowlbehaviourlinthelchannellandl-linlthelcaseloflovertoppingl-lthelextentof thelaf-
fectedlareaslonlthelfan.Debrisiflowsimayldeliverlimportantiquantitiesiofisedimentitolthelreceivingimountainiriver.

Inlcontrast’tollowlandigravellbedlrivers,relativelylfewstudiesiwerelmadelonisedimentitransportlinisteeplheadwaterichannels,!
withistreamigradientsisteeperithanlabout!5%.]Sedimentitransportldynamicslinitheselchannelsimay’belquiteldifferentifrom!
low-gradient.channels.ITherelisloftenlalstronglinteractionlbetweenlhillslopelprocessesiandlthelchannel’network.Sediment!
transportimaylbelsupplyllimitediratherithanlicontrolledbylthelsedimentitransporticapacitylforlalgivenldischargelandichannell

conditions.ISteeplheadwateristreamslare characterisedbyla’widelrangelofisedimentisizeslanditemporally-landlspatially-vari-

ablelsedimentisources.Bed:morphologylandichannellstructuresimaylbelinfluencedlbyithelpresencelofllargelboulders,lwoody!

debrisland’bedrocklconstrictions. Thislcanlresultlinllargelvariationslinichannellgeometry, streamflowlvelocity’andlrough-
ness,land’thus’thelapplicationloflitheoreticallsedimentitransportiequationsimay’belproblematic.lAlso,/quantitativelmeasure-
mentslofisedimentland’bedloadltransportlinisteeplstreamslarelveryllimited.

Inlthislpresentationlanloverviewlwilllbelgivenlonithelprocessesidebris flows,shallow landslideslandIfluvial’sediment trans-

port./Alparticularifocusiwilllbeltheldiscussionloflinteractionsibetweenltheselprocesses./Althoughlalnumberlofimethodslhavel
beenlproposeditolpredictlandldescribelthelinitiation’andlflowlbehaviourlofidebrisiflowslandisedimentitransportinglflowslinl
mountainistreams,lquantitativelpredictionsiforlhazardlassessmentlarelstillldifficultlinimanylcases.. Thelapplicationloflsomel

methodswilllbelillustratedlusinglsomelexamplesifromipast/floodlandlrainstormlevents.]
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Figurell:l0ccurrencelofldebrisiflows, shallowllandslidesland fluvialisedimentltransportlinlsteeplmountainistreams.
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1.34

Characterisation of geothermal reservoirs using 3D geological modelling
and gravity

SchilllEva*,/AbdelfettahlYassine* JAltwegg Pierrik*,[BaillieuxiPaul*

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

Thelproductivitylofigeothermallresourcesidependionidifferentlparametersimainlylthelreservoiritemperature, thelhydraulicl
conductivitylandithelstress field.lItlhaslbeenlrealizedlinldifferentistudiesithatlthelhydrauliciconductivitylof thelreservoirlis]
theldominantifactorl(e.g..BestPracticelHandbookIforithelDevelopmentiof.UnconventionallGeothermallResourcesiwithlaFocus]
onlEnhanced!GeothermallSystems,[2008).[This studylisIpartliofithellong-termIresearchloflthelLaboratorylofiGeothermicslat]
Neuchétellwithithelobjectiveltoldeveloplaimethodologytolinvestigatelpermeabilitylfromigeophysicallexploration..Thelaimlof!
thisistudylisitoldeveloplalmethodItolcharacterizelthelporositylfromIgravitylinversion.combinediwith!3DIgeologicallmodel-
ing.

Gravitylmeasurementsiprovidelinformationlon’theldensitylofisubsurfacelunitsieither byforwardmodelinglorlinversion./And!
itlislwelllknownlthatltheldensitylofl thelsubsurfacelcanlbeleithericontrolledlbyllithologicalichangesiorichangeslinlporosity!
(Pruisl&llohnson]1998)..Furthermore,Jwhenlthelgeologicallarealisiwelllknown, thel3DIgravitylinversionlisiwelllconstraint’sol
it’providesiaccuratelresult’and’bestldensitiesivaluesiarelobtained.lForlporosity,Jonelamonglthelrelationshipsiwhichlexistlbe-
tweenltheldensitylandlporositycanlbelusedl(e.g..Johnson’et’al.,[2000).1T

InlthelgeothermallarealofiSoultzithelcombinationlofi3DIgeologylandligravitylinversionlhasirevealed densitylchangeslinlthel
graniticlbasementl(Figurell)iwhichlcanlbelrelatedltolbothichangeslinithelgraniticlfaciesitolthelNorthlofithelgeothermallsitel
andltolporositylinithelhorstistructure,/wherelthelreservoirlisllocated(Schill et al.,Jsubm)..SyntheticimodelsIforiotherldeep!
geothermallreservoirsisuchlasiSt.JGalll(Switzerland)providelfurtherlindicationlonlthelpossibilitiesitoldeducelporositylfrom!
gravitylforwardJmodeling..ThelexamplelfromSoultzishows,/however, thatlonlylif.thelgeologicallstructuresiarelwelllknown!
andlcanlbelassumedlasifixlinithelgravitylinversion, thelestimationlofldensitylchanges.causedlbylporositylarelpossible.

Figurell:IMeanldensityldistribution resultingifromlinversionlofigravitydatalforlalrepresentativelE-Wprofilelacrossithelgeothermallreser-
voirloflSoultz-sous-Foréts.[(E-Wlextension(29'km,Jaltidudela.s.l.:[-8000(tol250Im).
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1.35
Field Fluorometer for Simultaneous Detection of 3 Colourless Tracers
SchneggiPierre-André

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

Welhaveldesignediflow-throughifield!fluorometersiforisimultaneousidetectionlofitwolorlthreelinvisible,lcolourlessitracers,!
sinceltherelislanlincreasinglinterestiforl“blind”Itracerltests.]

Althoughlmostidyeltracersiusedlinlhydrogeologylarelharmlessitolthelenvironmentl(Behrensletlal.12001,/FOENReporti2002)!
theirlvisiblelandlindiscreetlimpactionithelpopulationlremainsialsourceloflannoyancelforithelfield’hydrogeologist.

Thelrecentlappearancelofismall,linexpensivelLEDs radiatinglUVIlightimadelitlpossiblelthelexcitationloficolourlessitracersiof]
thelnaphthalenelfamily.l

Alfewlyearsiago,lcompaniesicouldinotialwayslaffordimulti-traceritestsibecausellaboratorylexpensesiincrease/withithelnumber!
offtracers..Today,thanks(tolthelfield/fluorometer,/multi-tracinglisithelrulel(SchnegglandiDoerfligeri1997)..However,lalsuccess-
fullseparation.ofl tracerslbylthel fieldlfluorometerlpresupposes: dissimilarlspectrall characteristics! ofl eachl tracer (Schneggl
2003).[Carefullselectionlofithelsetlofltracersiremainsimandatory.]

Thelfieldlfluorometericonvenientlylreplacesithelwaterlsampler.]WithIthislinstrumentltherelisinolneedforlfrequentisamplel
collectionlandisubsequentilaboratorylanalysisiofithelsamples.Verylhighltimelresolutionlisialsolofigreatlinterest..However, thel
separationlofitwolor threeldifferentldyeltracersicannotlbelperformediat'thelresolution’achievablelinithellaboratorylwithlal
spectro-fluorometer./ Thelopticslofithelfield!fluorometerlisicharacterized! byl pass-band filters.I Tolseparate’2]orl3Idyeslinlal
multi-tracerltest,/thelfluorometerirequireslasimanyllightisourcesi(usuallylLEDs)las tracers,Jlandldetectors.l[Eachlopticallchan-
nellislequippediwithladequateloptical filters.[Thelunknownlconcentrationsiofleachitracerlarelobtainedlbylresolvinglinireal-
timelalsystemlofi2lori3llinearlequations(Schnegg’2003).1

Forloptimalltraceriseparation,/theldeterminantlofithelsystemloflequationsimustibelasllargelaspossible.]Low valuesloflthel
determinantlindicatelinadequatelassociationlofitracerslofisimilariexcitation/emissionispectra.lForlexample,itherelisinoichan-
celtolseparatela’cocktailloflrhodaminelB,/GlorlWT. Evenithelsophisticatedllaboratorylinstrumentiwill’haveltroublelperforming!
thelseparation.

Mostlfrequently’dyeltracersiusedlare:]Uranine, eosine,Inaphtionate,JsulforhodamineB,lamidorhodaminelG,[rhodaminel]WT,!
duasyne,‘tinopal,;/aminolGlacidl(K&ss!1998)..ThelproblemiwithImostiofithemlisithelvisuallimpactlinisurfaceloridrinkingiwater,!
particularly’nearlthel pointloflinjection](disappearancel at concentrations] belowl10Iug/L)..l Twol oflthem, naphtionateland!
aminolGlacidlarelmuchlmoreldiscreetlinithelenvironment.IThislislbecauseltheirlexcitation’bandlisllocatedlinlthelUVipartlof]
thelspectrum,/anditheirlemissionlisicloselto thelshortiwavelengthllimitloflvisiblellight.l
Alfielditestiwaslcarriedloutlinlalsurfacelstream(1000L/s)loverlaldistancelofl300metres.[Yellowlduasyne,la'third,]Jhardlylvisiblel
tracer,lwasiusedjointlyiwithltheltwolother’tracers.]Quantitiesiof’1land!10imglofleachitraceriwerelinjectedlinturniat2lminutes!
interval,Jsolthat’thelbreakthroughlcurvesiwouldloverlap,’allowinglthusiforitesting'thelseparationmethod.IThelfigurelshows!
thelthreelbreakthroughlcurvesiaftermathematicallseparation./Aslexpected,ltheyldisplay’thelsamelshapelandlheight..Carefull
calibrationlofithelfluorometerlisiimportantiforiachievinglperfect'separation.!
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1.36

Recent Research on the Remote Retrieval of Soil Moisture from Space
with Microwave Radiometry

SchwankIMike*[Vdlkschllngol*,\Mé&tzleriChristian* & StéhlilManfred*

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

L-band (11-121GHz)Jmicrowavelradiometrylislalremotelsensing! techniqueltol monitorIsoillmoisturel over! landlsurfaces.] Thel
EuropeaniSpacelAgency’sl(ESA)Soil!Moistureland]Ocean Salinityl(SMOS)Iradiometerimissionlaimslatiprovidinglglobalimaps]
oflsoill moisture,withlaccuracy! betterl than?0.04lm3m-3leveryl3ldays,  withl alspatiall resolutionl ofl approximately’ 407 km.[
Monitoringlthellargelscalelmoistureldynamicsiatithe’boundarylbetweenltheldeep.bulkisoillandlthelatmospherel provides]
essentiallinformationlbothlforiterrestrialland’atmosphericImodellers.]Performing!ground’basedlradiometericampaignsibe-
forelthelmissionllaunch,lduringlthelcommissioninglphaselandlduringltheloperative]SMOS!missionlislimportant forivalida-
tinglthelsatelliteldatalandforlthelfurtherlimprovementiofithelusediradiativeltransferimodels.
Thislpresentationlislanlexamplelofiresearchlat’thelboundarylbetweensoillhydrologyland.remotelsensing.lItlstartsiwithanl
overviewloflthelSMOSImission followed!bylanloutlineloflthelbasiclconceptsibehindiremote!moisturelretrievallfromlpassivel
L-bandradiation..Thenlthelresults:fromlalselection’oflgroundlbased! microwavelcampaignsiperformediwithinlthelETHIdo-
mainlduringithellast!7lyearsiarelpresented..Furthermore,/theldesignloflaniL-bandlradiometerlisishownlwhichlwas!built’for!
ESAltolperformIfurtherigroundibasedlexperimentsiduring’thelSMOScommissioninglandloperativelphase.

1.37
Groundwater resources in Switzerland

SinreichIMichael*,lv.[Lutzenkirchen]Volker**,IMatouseklFederico**
&KozellRonald*

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

Groundwaterlislanlinvisiblelbuticrucialicomponentiofithelwaterlcycle.lltifeedsisurfacelstreamslasiwelllaslaquaticlecosystems,|
andlisithelmainldrinkingwaterlresourcelinlmany.countries..Switzerlandlislrichlinlgroundwateridueltolfavourable climatic,!
hydrologicallandlhydrogeologicallconditions,li.e..highlrecharge..Morelthan80%! of] Swissldrinkinglwaterlrequirements’arel
metlbylgroundwater,’andlgroundwaterithereforelrepresentsialsociallandleconomiclassetlofinationallimportance.[Knowledge!l
aboutlthelextent oflthelresourcelisiessentiallforlsustainablelgroundwaterlmanagement. Thislisloflparticularlinterestgiven!
thelpressurelonlgroundwaterlresourcesidueltolincreasing’water’demand,lintenselundergroundlengineeringlactivities,landl
climatelchange.!

ThelGroundwater’Resources!MaplofiSwitzerlandlonlal1:500,000Iscalelpresentsithelyieldlofinear-surfacelgroundwateriresour-
ceslinlalqualitativelmanner..Thelmapprovidesianlinventoryloflhydrogeologicallunits,’subdividedaccordingitolhigh,Jmoderatel
andllowlproductivity,/whichlisldeterminedmainlylbylaquiferithicknessland permeability.]However,thisimapldoesinot’provi-
delquantitativelinformationlinitermslofithelvolumelorithelsafelyieldlof,groundwateriresources.Whilelthelgroundwater volumel
describes’lhow!muchlgroundwaterlisiavailablelinlthelunderground,thelsafe yieldlisidefinedlaslhow.muchlgroundwaterlisire-
newablelandlcanithuslbelusedlinlallong-termiandisustainablelmanner..Bothlparametersiarelcrucial’forimanaginglgroundwa-
terlresources.[Toldate,lhowever, theylhavelnotlbeenlassessedlinlSwitzerlandlonlalnationallbasis.]

AlstudylwaslthereforelconducteditolevaluatelthelvolumelandisafelyieldlofiSwisslgroundwateriresources.ISpecificlapproaches!
wereldevelopedlinlorder tolprovidelestimates.forlbothlparameters for’thelmainlaquiferitypesiencountered(i.e..porous,fis-
suredlandlkarstifiedlrock).andlbasedlon’thelGroundwateriResourcesIMap. Thislstudylwas performedlinico-operationiwithlthel
Institutel oflEnvironmentallEngineeringl and’ thel Geologicall Institutel of] thel ETHZI (Swiss] Federall Institutel of] Technology!
Zurich),landithelSwisslInstitutelofiSpeleologylandiKarstology SISKA.]

Highlylproductivelporousiaquifersialongllargelriverivalleysirepresent'thelmainldrinkingiwaterresourcesliniSwitzerland. Thel
groundwaterlvolumelstored.inlsuchlaquifersiwaslassessed]bylconsidering’aquiferlgeometry’andlporosity.. Estimatingsafel



yields,lhowever, isimorelproblematiclasitheselaquifersiarelfedltolallargelextentlbylthelinfiltrationlofiriveriwater./Inlthislcase,!
a'modellinglapproachZforlanlextractionlscenariolalonglalriveriwithitypicallaquifericharacteristicsiprovidedmaximumIwith-
drawallrates.lForlporousiaquifersinoticonnectedtolsurfacelstreams,’estimatesiofisafelyieldiwerelderivedisolelylfromirechargel
by precipitation.
Inlfissuredlaquifers,igroundwater(fillsithelporeslandiopenifractureslinithelweatheredlpartioficonsolidatedlrock.JEstimatesiof!
groundwaterivolumelinifissuredlaquifersiwerelmadeifromitunnellinflowmeasurementslatiselectedisiteslinicrystallinelalpinel
rocks./Asfissuredlandlkarstifiedlaquifersiareldischargednaturallylbylsprings, dischargeldatalfromirepresentativelspringlin-
ventoriesiwereluseditolevaluatelthelsafelyieldiforlbothlaquiferitypes.Finally,lalgeological-tectoniclapproachlenabledlestimates!
oflthelgroundwaterlvolumelinlthelsaturated!zonel of karstifiedlaquifers,JwhereasIthislvaluelisllargelyl determined. byl thel
depthltolwhichlkarstigroundwaterlisiregardedlasisuitablelforiwaterisupply.

1.38

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

SteinmannIMarc*.&PourretOlivier*

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

Thelrarelearthlelementsl(REE)larelalpowerfulltooliforithelstudylofitracelmetal’behaviorlinisurfacelandigroundwatersibecausel
ofltheirlspecificlatomiclstructurelanditheiricoherentichemicallpropertiesithroughoutithelREEIgroup.IFractionation of]REEL
distributionlpatternsiiniwater’samplesihavelinlthelpastlbeen’useditolmonitoriprocessesisuchlaslsurfacelandisolutionicomple-
xationlorltolidentifylprecipitationlandldissolutionlofispecificiminerallphasesi(Gaillardet et al.,2003landlcit./therein).[Recent!
studies’havelshown that'thelREElof thel<0.45lor<0.22]umIfractionloflisurfaceland.groundwatersiarelmainlylpresentlinicollo-
idallformiratherlthantrulyldissolvedl(Gaillardet et al.,/2003landcit./therein)..Colloidslarelorganiclorlinorganicmicroscopicl
phases’inlalsizelrangeloflaboutl0.1lnmitol0.2lum.ForlthelKalixIriverlinlnortherniSwedenlit’haslbeenldemonstrated’that’col-
loidslarelmorelabundantlinlsummerland!thatlthelREE-bearinglcolloidal fractionlis.composed.oflFe/Mn-oxyhydroxidesland!
organiclmatterl(Andersson et al.,[2006).]Theselauthorsifurthermorelshow thatlinlwinterismalll(~l3Inm)lorganic-richlcolloids,!
andllarger(~110-12'nm)lFe/Mn-oxyhydroxidelcolloidsicanlbeldistinguished,\whereasicombinedlFe/Mn-organicmattercolloids!
oflaboutl3Inmlinisizeloccurlduringispringlandsummer.[Theldetailedlanalysislofithelwintericolloidsirevealsithat'thellight'REE]
(La-Sm,ILREE) arelpreferentiallylassociatedwithlFe/Mnlcolloids,whereasithelheavylREE!(Dy-Lu,/HREE)Ihavelstrongerlaffinityl
forlorganicicolloids(Andersson et al.,/2006).[Thisldistinctionlof/thelcolloidal’REE fractionlintola’organic.matter’and’a’Fe/Mn-
oxyhydroxidelcontrolledlpoollisiconfirmedlbylexperimentallstudiesi(Pourret et al.,[2007a).

Recently,[Steinmannl&IStillel(2008)Ihavelreportediforl0.45 umifilteredistreamiwaterisamplesifromithelfrench!MassifiCentrall
alcontinuouslylgrowingldepletionlofithelLREEIfromIupstreamitoldownstreamloverialflow distancelofllessithani10lkml(Fig.[1).[
ThelauthorsIfurthermorelshowed!that thislevolutionlisllinkedlwithlthelsaturationlindex((Sl) forlFe-oxyhydroxidel(goethite,l
Fig.12):IThelstreamlwaters havelREE!distributionlpatternsisimilaritolthelbasalticlbedrocklupstream,/wherelthelsamplesiarel
stronglyloversaturatediwithlrespecttolgoethitel(SIlupltol8)..Duringdownflow,thelSlivaluelforigoethiteldiminisheslandlthel
LREE[depletionidevelops.iSteinmannl& Stillel(2008)]havelinterpretedithislevolutioniwithlthelpresencelofliFe/Mn-bearinglcollo-
idslthat’growlduringdownflow and finally!precipitatelas!Fe/Mn-oxyhydroxidelparticles.[ Thelpreferentiallscavenginglofithel
LREEIby theselprecipitatesicouldlexplainithelobservedldepletionlofithelLREElinIthel<l0.45lumifraction.

ThelscopelofithelpresentistudylisitolverifylthelhypothesisiofiSteinmanni&[Stillel(2008)Ibyldirectlanalysisiof thelcolloidallfrac-
tionlonlnewlsamplesisampled’iniSeptember2009linIthelsamelfieldsitelbylusing’thelultracentifugallprocedure describedlbyl
Pourret et al. (2007a) tolseparatelthelcolloids.IThisinewlanalyticallapproachlhaslbeenicompletediwithicomputerimodelinglinl
orderltolevaluatelinlmoreldetail’thelcompetitionlbetweenlorganiclandlinorganiclcolloidsionlREEltransportiandifractionation!
inlstreamlwater./InteractionsiwithlorganiclcolloidslwereldescribedlusingIModelVIlandIthelfurtherlrefined!REElparameters!
describedbylPourret et al. (2007b).]Adsorptionlofithe]REElontoloxyhydroxidelcolloidsiwasimodeledlusingla’surfacelcomplexa-
tionimodellintegratedlinto!PHREEQC.
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Fig.[1l:EvolutionloflLREEIdepletioniwithldistancelmonitored’byl
bedrockinormalisedINd/Yblratioslinlthel<l0.45umistreamiwater!
fractionl(figurelfromISteinmannl&[Stille,[2008)

Fig.[2l:lLinkIbetweenINd/Yblratiosithelsaturationlindex](Sl)forlgoe-
thite./Notelthelregularievolutionlwithflowldistancel(figurelfrom(
Steinmanni&[Stille,[2008)
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1.39

Microbial communities in the steep gradients of the meromictic lake
Cadagno

MaurolTonolla2

Y 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

LakelCadagnoalislalcrenogenicimeromicticllakellocatedinithelcatchmentlarealoflaldolomitelveinirichlinigypsumlinithelPioral
ValleylinithelsouthernlAlpsloflSwitzerland.. Thisllakelislcharacterizedl by alcompactichemoclinelat’ 12l mldepthlwith’highl
concentrationsoflsulfate,!steeplgradientslofl oxygen,Isulfidelandllightlandlal turbidityl maximumlIthat’ correlates! tol largel
numbersloflbacterialmostlylbelongingltolanerobiclphototrophicisulfurlbacteria’andlsulfatelreducinglbacteria.lPopulation!
analyseslinilwater’samplesiobtainedIfromithelchemoclinelhavelbeenlperformedregularlylduringithellastl20lyearsiusinglmo-
lecularlmethodslasiwelllaslcultivationitechniques.[Thel16SIrDNAlbasedlclonellibrarylobtainedlfromisamplesiof.thelmonimo-
limnionlandithelanoxiclisedimentsiof.thelmeromicticlLakelCadagnolallowedIforitheldevelopmentiofispecificloligonucleotide!l
probeslandlaccuratelFISH (fluorescentlin situ’hybridization)!distributionlanalysisloflbacteriallpopulations.Phototrophicisul-
furibacterial(Lamprocystis, Thiodictyon)lforminglsyntrophiclaggregatesiwithlsulfatelreducinglbacterial(Desulfocapsa)/dominated!
thelchemoclinelwhereasimembersiofithelgenusiDesulfomonilelwerelprominentlinithelmonimolimnionlandlinlthelfirsticenti-



meterslofithelsediments.lInldeeperisedimentllayersimethanogeniclarchaealand:SRBIwereldetectedby FISH.]
Moreover,linlthelchemocline,spatio-temporallanalysisiofibacteriallpopulationsiover’2ldecadesirevealedlanlinitialldominancel
ofl Chromatiaceae!l (C. okenii, Lamprocystis, Thiodictyon),” afterl 2001,0al clonall populationlofl Chlorobium clathratiformel becamel
dominant.IThisimajorichangelinicommunitylstructurelinithelchemoclinelwas!probablyldueltolextremelclimaticleventslint
autumnofithelyears]19997and2000lcausingldeepimixinglofithelwaterbody whichllwerelaccompaniedlbylchangesliniprofiles!
oflturbidityland! photosyntheticallyl availablel radiation, asl welllaslforlsulfidelconcentrationslandllightl intensity.l Overall,
theselfindingsisuggestithatltheltemporaryldisruptionlofithelchemoclinelmaylhavelalteredlenvironmentallnichesiandlpopula-
tionslinlsubsequentlyears.

REFERENCES:
Tonollaletlal.}(1998)IDocumentallst.fital.lldrobiol.[63:131-44.
Bensadounletlal.[(1998)!Doc.lIst.[ital.lldrobiol./63:045-51.
Tonollaletlal.}(1999)IAppl..Environ.Microbiol.165:11325-1330
Tonollalet’al.l[(2000)!Appl..Environ.IMicrobiol .166:1820-824.
Tonollalet’al.}(2003)IFEMSIMicrobiol.JEcol./43:189-98.]
Peduzziletlal.[(2003)IFEMSIMicrobiol.JEcol.[45:[29-37.
Peduzziletlal.[(2003)!/Aquat.Microb.’Ecol.130:1295-302.
Tonollalet’al.’(2004)1.ILimnol.[63(2):1157-166.
TonollalM.,letlal..}(2005).FEMSIMicrobiology Ecology(53:1235-244.
TonollalM.Jetlal.[(2005)/Appl.l[Environ.Microbiol.[71:13544-3550.
DecristophorisiP.M.A.let’al.[(2009)1..Limnol.,168(1):116-24.
GregersenlL.H.let’al.(20091Jul’1.[Epublaheadloflprint]))FEMSIMicrobiologyEcology!

1.40

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

VennemannlTorsten*[FontanalDaniela*,IPaycherelSophie*,/AmbadiangiPierre* IPiffareriolRaffaella*,JandIFavrelLaurie*.

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

ThelconcentrationZandicarbonlisotopelcompositionlofidissolvedlinorganicicarbon((DIC),linladditiontoltheloxygenlandlhydro-
genlisotopelcompositionsiofiwaterlasiwelllasithelmajoridissolvedicationslandlanionsihavelbeenlanalyzedseasonallylforiseve-
rallrivers,llakes,/damslusedlasisourcesiforlhydroelectriclenergy,landleffluentsifromlalnumberiofiwastelwateritreatmentiplants!
(WWT)lin]WesterniSwitzerland.IThelaimlisitolevaluate thelDIClandlitslisotopicicompositionlaslaltraceriforithelgeologic,lbio-
logiclandlanthropogenicicontributionsloficarbonltolthelriversiandllakes.

ThelupperireacheslofithelRhonelandthelSarineltypically’havelAlpinelcatchmentsicharacterizedlbylthinlorinolsoillcoversiwithl
onlylsparselvegetation.[Glaciallmeltlwaterslandisurfacelrunoffimakelup’thelbulklofithelwaterisourceslinitheirlupperireaches.
Furtherldownstreamlotherltributaries,/themselvesioftenlbeinglmeltiwater fed’butImanylalsolbeinglexploited forlhydroelec-
triclpowerlandlthuslwithlalnumberlofidamsialong theiricourse,ljoinltheselrivers..Inladdition, thelvegetationlandlsoillcoverl
increasesldownstreamlinlparallellwithlthelagriculturallexploitation,!populationldensity,JandlthelnumberlofIWWTIplants!
thatlgenerallylpassitheirltreatedlwastelwatersidirectlylintolthelrivers.lInlcontrast,IriversidraininglthelJuraimountainsidolnot!
havelalglaciallmeltiwaterisource,.norlareltherelmajorlhydroelectricisystemsicoupleditolthelriverisystemslinvestigated.

Theldifferencelinlgeologylofithelcatchmentlasiwelllasithelsoillcoverithicknesslandhencelbiologiclactivitylinlthelsoillarelre-
flectedlbylthelClisotopelcompositionlofithelDIC.1d**Clvaluesiarelas’highlasi-2.5%.lin thelupperisourcelreacheslof’thelRhonel
and.thelSarine,[reflectinglpredominantiuptakeloficarbonlfromlatmosphericCO, JFurtherldownstream, 8**Clvaluesidecreasel
towards[-5]tol-11.5%o,Jcompatiblelwithlalhigherlinputlofisoil-[plant-derived]CO, [ Theld**ClvaluesloflDIClarelhigher](-5]tol-
8.5%o) iflcarbonatelrelativeltolsilicatelrocksldominatelthelcatchment,lunlessithelagriculturallactivitylislintense.IThellatterlis!
thelcaselforlthelriversidraining’thellargelylcarbonate-dominatediJural(forlexamplelthel Venoge),Iwhichl havel 3**Clvalues! off
betweenl-117tol-13%..[Thel6**Clvaluesiarelalso’higheriforlallllakeslandldamslalonglthelrivers,lindicating’anladditionallex-
changelwithlatmosphericICO,Iforiwaterl masses]exposed! tolthelatmospherelforllongeriperiods.JForismallerllakes,  thel5*Cl
valueslcorresponditolthoseloflthelriverinelinputsithough.lForJlarger! lakeslthel 5**Clvaluesiofithel DICImaylalsolbelused!as!
tracersiofithelmixinglprocesses betweenlriverinelinput’and’thellakel(Fig.l1).
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Theld**Clvalueslinlthelriverslarelgenerallyllowerliniwinterlandispring.comparedltolsummerlandfall,lindicatingla’higheribio-
logicallactivitylwithinlthelwater.columnlduringlthelwarmerlperiods. Theldifferencesiarelmostinotablelinldamslandllakes,!
wherelverticallprofilesiarelalsolwell-establishedlwithinlthelupperl5tol10lmlofi thelwaterlcolumnlasial resultloflincreasing!
photosynthesisiduringlthelwarmerlperiods((Fig.[1).]

Contributionsloflorganicicarbonlfrom!WWTIplantsiarelclearlylmarkedibyl0.5/tol3%dllowerl6**Clvaluesifor!DICIdirectly’down-
streamlofl theleffluents,/withltheltreated!wastelwatersihavinglvalues that'maylbelasllowlas-27%..l Suchlsources! may.alsol
clearlylbelexpressed’byldifferenceslin’H--and!O-isotopelcompositionsiofithelwatersirelativeltolthelriveriorilakelwaters,lasiwelll
asltheirlsodium, potassiumlandinitratelcontents,’asiwelllasithelisotopiclcompositionlofithellatter.]
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Figurel1:1613ClvaluesiofiDIClinlaldepthiprofilelinitheldeepestipartiofiLakelGeneval(approximatelylinithelcenteriofithellake).INotelthelhighl
valueslat'thelsurfacelduringithelsummerl(Julyl2005lprofile)lcompared tolthelwinterl(Marchi2005)profile)ltypicallylindicatinglthelbiopro-
ductivitylinlthelphoticlzonelduringisummer.[Higherlvaluesiatldepthsiofl50]tol100imirepresent’mixturesiofithe]Rhonelwaterlrichlinl13Clde-
scendingtoltheseldepthsiwithinlthellake,[threelmonthsiafterialcompleteloverturniofithellakelat'thelendloflFebruary.



1.41

High-resolution temperature measurements at the river — groundwater
interface: Quantification of seepage rates using fiber-optic Distributed
Temperature Sensing

T.Vogt*,[P.Schneider*,IM.ISchirmer*O.]A.[Cirpka**

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

Inlrecentlyears,/theltransitionlzonelbetweenlsurfacelwaterlbodiesiandigroundwater,]lknownlasithelhyporheiczone,lhas been!
identifiedlasicrucialforithelecologicallstatusiofithelopen-waterlbodylandithelqualitylofigroundwater..Thelhyporheiclexchangel
processesivarylbothlinitimelandispace.[ForithelassessmentlofiwateriqualityloflbothiwaterlbodiesireliableImodelslandimeasure-
mentslofithelexchangelrateslanditheirlvariabilitylarelneeded.

Alwidelrangelofmethodsland!materialsiexistitolestimatelwater fluxesibetweenlsurfacelwaterlandlgroundwater..Due tolad-
vanceslinisensoritechniquelandidatalloggers,iworklonlheatlasia’tracerlinlhydrologicallsystemshaslincreased recently,lespe-
ciallylwithlfocusionlsurfacelwater’-/groundwaterlinteraction./AlnewlpromisingImethodlisDistributedlTemperaturelSensing!
(DTS).IDTSlislbasedlonltheltemperatureldependenceloflRamaniscattering.Light/fromIallaserlpulselisiscatteredlalonglanlopti-
callfibreloflupltolseverallkmilength,iwhichlisithelsensorlofithelDTSIsystem.Bylsamplinglthelback-scattered lightiwithlhighl
temporallresolution,’theltemperaturelalongithelfibrelcanlbelmeasurediwith’highlaccuracy(0.1)K)landlhighlspatiallresolution?
(1Im).]WelusedIDTSlatla testlsidelat'RiveriThurlinINorth-EastiSwitzerland(TG).JHere,lthelriverlisllosing.

Forlestimationlofiseepagelratesiwelmeasured’highlylresolvedlverticalltemperaturelprofilesiinithelriveribed.. Tolthislend, wel
wrappedlanloptical’fibrelaroundlalpiezometeritubelandimeasureditheltemperatureldistributionlalong’thelfibre..Dueltolthel
wrapping,/welobtainedlalverticallresolutionloflapproximately!5imm.Welanalyzed theltemperatureltimelserieslby.meanslof!
DynamiclHarmonicRegressionlaslpresentedlbylKeeryletlal.[(2007)..Fromitheltraveltimelandlattenuationlofitheldiurnalisignal,!
welestimated’thelapparentivelocitylandldiffusivitylofltemperaturelpropagation,iwhichithenlcanlbelused tolquantifylinfiltra-
tionlrates._Al particularlstrengthloflthelnew!measurementitechniquellieslin_thelhighlspatiallandltemporallresolution,’en-
ablinglusitoldetectinon-uniformitylanditemporalichangesliniverticallwaterifluxes.

REFERENCES
J.IKeery,/A.IBinley,IN..CrooklandlJ.W.N.ISmithl(2007). Temporalland spatial’variabilityloflgroundwater—surfacelwaterfluxes:]
Developmentiandiapplicationloflanlanalyticalimethodlusingltemperatureltimelseries,lJournalloflHydrology,’336,/1-16.
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1.42

Natural springs — the living passage between groundwater and surface water
VonlFumettilStefanie*,\GusichlValeria*/&INagellPeter*

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

Naturallspringslareluniquelecosystemsithatprovidelspecificlabioticiconditions,landitheylarelstepping-stonesibetweeniground-
waterlandisurfacelwater.[Theylappearlinithellandscapelinivariousiformslandiarelespeciallylobviouslinlalpinelregions.[Springs!
arelhabitatsiforimanylfreshwaterlorganisms,;whichlpartly’showlalstrongladaptationto’thelspecificiconditionslinisprings./As]
anlalpinelcountrylSwitzerlandlisirichlofisprings,/butlnot‘many’arestillinlalnaturallorlatlleastinearinaturalicondition..Despitel
theirlimportancelasiuniquelhabitatsiandldespiteltheirlendangeredisituation‘theywerelnotiwelllstudiedluntilla’fewlyearsiago.l
Atl thel Institutel of? Biogeography! from! thel University! of? Basell wel investigatel naturall springs! inl thel northern? part] of!
Switzerlandlandadjacentiregions.ITheldistributionloflthelspringlfauna’andithelinfluenceloflabioticlparameters,lespecially!
discharge,larelthelmaintopicsiofiouriresearch./Alfirstlapproachltolal faunisticspringltypologylshowsldifferences!between!
springs’basedlonltheldominantlfeedinglhabitslofithelmacrozoobenthiclspecies.. Theylarelrelated tolabioticlparametersilikel
substratelcomposition.JOurlgoallisialspringltypologyiforithelwholelcountrybasedlionfaunisticldata./Andlalso’thelcolonisation]
oflspringslisianlimportantipartloflouriresearch./Inlalone-yearifieldlexperimentlinlartificial’springsiwelinvestigated’thelcolo-
nisationlrateland thelpreferencesiofldifferentlisubstrates’by’macrozoobenthiclorganisms..Mesoscalelanalysesishowlthat thel
colonisationloccursirapidlylfromItheladjacent’headwaterlandlthat!thelorganisms.preferidifferentlsubstrateltypesiforitheir!
settlement.]

1.43

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

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

Fracturedrocksicompriseltwo differentlhydrauliclregimes: Thelfirst'regimelconstitutes thelwater-conductinglzonesirelated!
tolregionalland/orllocallfracturelnetworksiwherelgroundwater’flowltakeslplace.lltlisicharacterisedlby alhydraulic’transmissi-
vitylofimostlylabove’10°Im?/sland’solute’transportitakesiplacelbyladvection.'Thelsecondiregimelconstitutesithellowlpermeablel
rockimatrixiwith’thelporewaterlresidinglinlitsiconnected porelspace.[Here,lthelhydraulicltransmissivitylisllowtolveryllow((<<[
1019 m?/s)landlsoluteltransportlislincreasingly’/dominated’by’diffusion.JThelmassioflporewateripresentlin’thelrockimatrix’is,!
however,llargerithanlinithelfracturelnetworklevenlinicrystallinelrockswithlalconnected porosity’ofilessithani1Vol.%.

Porewaterlinithelrockimatrixlandigroundwater’in’thelfracturelnetworklalwaysitenditolreach.chemicallandlisotopiclequilibri-
um.lIflsoluteltransportlinithelrock’matrixIcanlbelshownltoloccurlbyldiffusion,[thenlalchemicallandlisotopiclsignaturelesta-
blishedlinlthelporewaterlat’alcertainitimelmightlbelpreservedioverigeologicitimelperiods./Thus,/porewaterimayactias’anlar-
chivelofithelpastifracturelgroundwatericomposition(s)landithereforelofithelpalaeo-hydrogeological’historylofla’site.[ Thelde-
greelofithelpreservationlofisuchisignaturesidependsion:l1)theldistancelof thelporewaterisamplelfromithelnearestiwater-con-
ductinglfracturelinithreeldimensions, 2)'thelsoluteltransportipropertiesiofithelrockl(i.e.ldiffusionicoefficient,Jporosity),land!
3)thelperiodloficonstant’boundarylconditions((i.e..constantifracturelgroundwatericomposition).. Thelfrequenticlimaticland!
hydrogeologicichangesiduringithelHolocenelandPleistocenelandlrelatedicompositionallchangeslinithelfracturelgroundwater!
resulted’inlsuperimposed signatureslinithelporewater. Theselcanlbelunravelledltolallargeldegreelbylthelinvestigationlofldif-
ferent,llargelylindependentinatural’tracerslinlthelporewater.l

Porewaterlinlgraniticland: monzodioriticlrocks!fromlLaxemar-Oskarshamn, centrall Sweden, arel of differentlchemicalland!
isotopicicompositionlinibedrockicharacterised’by’highlitransmissivitylandlalhighIfrequencylofiwater-conductinglfracturesiat!
shallow tolintermediateldepth](0-400im(b.s.l.),Jandlbedrockicharacterisedlby’low transmissivity’and’allowfrequencylofiwater-
conductinglfracturesiatigreaterldepthl(400-1000imb.s.1.).[Inlthelmoreltransmissive,ishallowerlinterval,/porewaterlisiofla/ge-
nerallNa-HCO JchemicaltypelwithlalCliconcentrationlofilessithan1lg/kgH,0.ITheloxygenlandlhydrogenlisotopecomposition!
indicateslalformationlfromlimeteoriclinfiltrationlunderidifferenticlimaticiconditions.[Combinedlwithltheldistancelbetweenl
porewaterlsamplelandinearestiwater-conductinglfracturelin’thelboreholelandlthelquantitativeimodellinglofithelnaturalltra-
cerlprofiles](CI,[5¥0,[d?H)lsamplediat’highlresolutionlinlonelofithelboreholes,ithelporewaterisignatureslinithefirst fewmetres!
fromlaifracturelmaylbelexplainediinitermslofiexchangelwith’Holocenefracturelgroundwater of present-dayitype,lofHolocenel



thermallmaximumitypel(at’about]7-4lkalBP) andloflglaciall(latelWeichselian) orlglacio-lacustrinel(BalticllcelLake,!15-11.5[kal
BP;IAncylusiLake,110.8-9.5[kalBP) type..Exchangelwithlfracturelgroundwatericomposedlofipresent-day’brackishlwaterlofithel
BalticISealisllimitedlandlabsentforithelearlierBalticlSealstages(Yoldia,111.5-10.81kalBP; salinelLittorina,’8.5-7IkalBP).IFarther!
awayfromiwater-conductinglfractures,INa-HCO typelporewaterisignaturesiwithllowICliconcentrationslindicatelanlevolution]
fromlPleistocenelfracturelgroundwater’oflwarmiclimateloriginl(possiblylEemianlinterglacial)landlicoldiclimatelperiodsi(early’
Weichselianlorlolder).]ColdclimatelinfluencelfromIthellastiglaciationiwithid®¥Olvaluesiaround’-14%.’VSMOWIoccursibetween!
about]135-350/mldepthlandidownltolabout]500imIdepthlidependingloniborehole.

AtlintermediateldepthilevelsibelowlthelNa-HCO,ltypelporewaterla’changeltolhigherimineralisedporewaterloflalgeneralINa-
Ca-SO,Jland]Ca-Na-SO,Ichemicalitypeloccurs.iDependinglon’boreholellocation’thislporewateritypeloccurslfromiabouti430iml
andl620midepthloverlalrestrictedlintervalloflabout]120im./Thelchangelcoincidesiwithlalmarkedldecreaselinltransmissivity,!
inl thelfrequencyloflwater-conductinglfeatureslandl theltransitionlzonel fromI Avrélgranitel tol quartzl monzodiorite.] Highly]
variablelCl{concentrations](2.5[to 7.6]g/kgH,O)land waterlisotopelcompositions](3**0laboutl-2%.]tol-13%.VSMOW) arelassocia-
tediwithlhighlconcentrationslofiCa*landISO,*lupltolgypsumisaturation.Chemicallandlisotopicicompositionlofitheselporewa-
terltypesicannotlbelexplainedibylinteractionlwithlalknownltypelofifracturelgroundwaterland’moreladvancedlrock-waterlin-
teraction.ITheylappear{tolhavelformedifromlinteractioniwithicryogeniclbrinesithatiformediduring permafrosticonditionsiandl
whichImigratedidownwardslinithelfracturesibylbuoyancyleffects..Thellargeldistanceltolthelnearestiwater-conductinglfracturel
oflthislporewateritypelsuggestsithatitheselsignaturesihavelbeenlestablishedlbeforelthelLastiGlacialMaximum.

AtigreaterldepthlthereloccuriagainimoreldilutelporewatersiofiNa-HCO,ItypelandINa-Ca-CI-(HCO,) type.Here,[Cl-lcontentsivary!
betweenlabout]0.50tol31g/kgH, O andlassociated 6**Olvaluesiof_betweenlabout]-8%.ltol-11%.VSMOW.[Porewatersibelow820Iml
arelthenloflalNa-Ca-Clitypelwith[Cliconcentrationslofimore than’8lg/kgH,0,lbutllowlSO,*concentrationslandianioxygenliso-
topelcompositionigenerallylenrichedlinl*Olcompared tolthelmorelshallowlporewaters./ At thesellow-transmissivity’depths,
thelporewatersidisplaylcomplex,’superimposedisignaturesithaticannotlbelresolvedbasedlonthelpresentidata.lln’theldeepest!
samples,lhowever,lalcomponentloflaldeeplsalinelbrinelseemsitolbelpresentisimilariasiobservedlinifracturesiat’evenigreater]
depth.

Theldatalindicatelthatithelpalaeo-hydrogeologicallevolutionloflalsitelindeedican’belre-constructedibasedlonlporewateridata.l
Infaddition,lsignaturesinollongeripresentlinithelfracturelgroundwaters.can’belidentified.linlthelcaseloficryogeniclbrinesithat!
formediduringlpermafrosticonditions,[thislisiofispeciallimportancelwithinithe/frameworklofthellong-termlsafetylassessmentl
oflaldeeplgeologicirepositorylforiradioactivelwaste.]

1.44

In-situ Remediation of Polluted Groundwater: A Transdisciplinary
Approach

Christoph!Wanner*,[FranzISchenker**1&IUrsJEggenberger*

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

Carelesslhandlingloflenvironmentallylhazardouslsubstanceslandiwasteslhaslleftlitsimarklinlthelgeologicallunderground.[Ifl
substancesllikelpersistentlorganiccompoundslorheavy!metalsifromlcontaminatedisitesimigratelintolthelgroundwater,’an’
immediateland’sustainablelsuppressionofithelsourcelisirequired.]However,linlmosticasesthelgroundwaterlinlitsidownstream!
flowlwilllstay.contaminatedloveriallongltime.lOnldutylofithelsocietyland thelenvironmentltolprovidelforisafelwater,/thelre-
mediationloflpollutedigroundwaterlislbothlanlessentialland’ambitiousitask.

Consultantlgeologistsiinicooperationlwithichemicalllaboratoriesigenerallylarelkeenlnowlinlassessingltheltype,/amountland!
distributionloflcontaminantslinigroundwater.]Butl afterlonel decadel of. thelcommitmentIby? law!tol remediatel thel “sins. of!
yesterday”,lthelscientificlanditechnicallknowledgelonlapprovedproceduresitolcleanispoiledigroundwaterlisistilllpoor.JOnithel
onelhandlresearchlinstitutesImostlylexperiencelatllaboratorylscalelonly.JAtithelotherlhand, thelpartyresponsiblelforialcon-
taminatedigroundwateriplumelisiinterested’inifastisolutions,Jandinotlin'makinglexpensivelattemptsiwithoutlalguarantylofl
allongllastinglachievement.

Researchersifromitheluniversitylandprofessionalsifrom.consultingicompaniesicanicomplementionelanotherlinicreatingnew!
technologies._Research,ldevelopmentiandiimplementationlofinewltechnologiesicanlprofit:fromI“thelNinelLawslof.Godlgover-
ninglthelincubationloflsomethinglfromInothing”l(Kelly,11995).[ Takinglaslanlexamplelthelprojectitolreducelthelchargeloflhe-
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xavalentichromiumIwithlpermeablelreactivelwalls!(PRB), thelwayloflalsuccessfullcooperationlusingla’transdisciplinarylap-
proachl(Hermanns-Stengelel&ISchenker,12000)iwilllbeldemonstrated.

Inldesigninglal PRBlas a’ passivel remediation] method thelcruciallaspectslarelwhatltol takelaslthel reactivel materialland of!
course’howlwelllthelcontaminantslareltreatedlafter thelinstallationlofisuchlalPRB.
BatchlandlcolumnlexperimentsiperformedlinlorderltolchoselthelbestlavailablelironishavingsiforithelPRBIThunishowedlthat!
shavingsiwithlalcarbonicontentloflapproximatelyl4%lhavelverylgoodipropertiesiconcerningithelreductionlof.lhexavalentichro-
mium.Interestinglyllargeldifferenceslinithelreactionlrateslamonglvariousitypesloflironishavings:werelobserved..Lookinglat!
thelvariousishavingsiunderlthelscanninglelectronimicroscopelwelcamelupiwithithelconclusionithatlreactionlrateslare’highlyl
correlatediwithithelnaturelofithelcarbonlinclusionsiwithinthelironimatrixlofithelshavings.
Inlorder(tolestimatelthelsuccesslofifuturelbarrierioperationsigeochemicalimodelsiareicheaplandipowerfulltools)(Steefel,[2005).[
Usingltheldataloflthellablexperimentsithelgeochemicallreactiveltransport/modellandireactioninetworklof.Mayerlet’al.[(2001)
waslcalibratedlusinglthelmodelinglsoftware!Crunchflowl(Steefel,12005).[ Thelcalibratedimodellwaslusedltolsimulatelthelhy-
drodynamicslandlhydrogeochemistrylwithinltheldoublelpile-arraylofithelbarrierlini2D.JExamplesiof.modelloutcomesiarelil-
lustratedinlfigurell.]

ThelmodellinglworkIclearlylpointsioutithatlthellimitinglfactorslinlthelperformanceofithelPRBlarelthelgroundwateriflow!
velocity,Ithelpermeabilitylofithelpilesiandthelgroundwaterichemistry.
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Figurell.llllustrationslofl2DImodellcalculationslofithelPRBIsitel Thun:IModellsetuplinitermslofiporositylinithelupperlleftipicture,laqueous]
Fe?*Jconcentrationsi(mol/l)lupperiright,igreenlrustiprecipitationivolumesl(vol%)lbottomileftlandlaqueousiCr'lconcentrationsi(mol/l)lbottom!
right.
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1.45
On the physical hydrology of hydrothermal systems at mid-ocean ridges
PhilipplWeis*,/.ThomasIDriesner*,IDimCoumou**&IChristophlA.JHeinrich*

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

FluidZevolutionland! migrationl inl magmatic’ hydrothermallsystems stronglyl depend. onlthel physicall properties. ofl water.
Withinlthelpressureland temperaturelrangelgivenlbyla’specificlgeologiclsetting,Ifluidipropertiesilikeldensitylandlviscosity!
vary’non-linearlylbylorderslofimagnitudel(DriesnerlandiHeinrich,’2007).

Magmatism!Iat! mid-ocean-ridgeslisl predominantly! basalticl andl acts! as! al heat’ sourcel forl hydrothermall convectionIcells.
Seawaterlpercolatesithroughltheloceanfloorlintolthelsubsurface, islheatedlnear’thelmagmalchamber,ltravelsiupward,land!
ventslatitheloceanfloor,leventuallylforminglblacklsmokerifields.
Numericallsimulationslinl3DIwithlpureiwaterlandlaZlhomogeneous permeabilitylhavelshownlthatlthelsystemInaturallyiforms!
regularly-spacedlpipe-likelupflowzoneslwhichlislwell-supportedlby.measurementsiandlobservations!(Coumouletlal.,[2008).[
Theselsimulationsifurtherirevealed!thatimostiof.theldownflowloccurslinithelimmediatelvicinitylof thelupflowlzonelwherel
fluidslarelheatedltolabout]200°C.I.Compared tolthelcolder fluidsiatllargeridistancelfromithelaxis,/theirlviscositylisllowerlbyl
onelorderlof.magnitudelwhileltheylarelstilllrelativelyldenselhencelmaximizingldownward fluiditransport./Inlcombination!
withlthel~400°CIfluidsiofithelupflowlzone,lthislleadsitolalmassiandlenergylfluxloptimization](seelalsolDriesnerletlal.,lthis]
volume).

Introducinglgeologicalistructuresitoitheimodeligeometryladds furthericomplexityltolthelsystemIlbutipreservesithelfirstiorder!
principleldescribedlabove.lFigurel1llshowslconvectionlatlalmid-oceanlridgelsystemlwithlaldeeperigabbroicipartioverlainbyal
basalticllayerloflhigherlpermeability. Thelsimulationsishowlthat’a’secondarylconvectionicelllestablishesiwithinithelhighly!
permeablelbasaltilayeriresultinglinlamorelefficienticoolinglofithelupperipartiofithelupflowlzone.Normallifaultsiwithinlthel
oceaniclcrustinearlthelridgelaxislareloftenlreferred! tol aslconduitsl forlenhancedlup-lorldownflow! (Fisher,71998)._First] nu-
mericallsimulationslintroducing’normallfaultsias’heterogeneitiesiwithinlthelpermeabilitystructurelofithelmodeligeometry!
havelbeenlconducted.! DownflowlvelocitiesIsimilar]tolthel onesl describedlabovelonlyl developedlinl relatively widelnormall
faultsi(50m)ithatlhavela’highlpermeabilitylcontrastitolithelsurroundingirockl(upitoitwolordersiofimagnitude)landlarellocated!
verylcloseltolthelridgelaxis.
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Figurell./Convectionlatimid-ocean-ridgesiself-organizeslintolhotlpipe-likelupflowlzones!(a)..Downflowlconcentrateslin(thelimmediatelvici-
nitylofithelupflowlzonelasishownlbylthelporelvelocitiesioflithelselectedistreamlines(b)..ThelmodellgeometryldescribeslalllkmIdeeplpiecelofl
oceaniclcrust((3x4lkm?).JConstant fluidipressurelat’theltoplboundarylrepresentsiaiwaterldepthlofi2.5lkmlandla’bell-shapedheatifluxlatithel
bottomIboundarylofiatotallofl350IMW/kmirepresentsianlaxiallmagmalchamberlat/depth..Thelpermeabilitylstructurelconsistsioflallowerl
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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!Wuest*,** ILukaslJarc*,**,]NatachalPasche*,**]&IMartiniSchmid*

*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 Zurich, Switzerland

Thel485ImideeplLake’Kivul(Rwanda,IDRICongo)lislamonglthelmostifascinatinglakeslonlearth.INotlonlyldoeslitlhostla’specta-
culariftemperature-salinitylstaircaseloflmorelthan’300linterface-layers, it’alsolcontains’~60km®ofimethanelandi~300Tkm?3ofl
carbonldioxidel andlis! permanentlyl density-stratified! by salty,] carbonl dioxide-richl water! released’ bylsub-aquaticlsprings..
Thoselspringslanditheirichemicallcompositionlaffect’thellakelstratification..Especially,/thellake-internallnutrientiupwelling,l
stronglyldependinglonithelspringidischarges,lisicrucialiforialgaelgrowthlandithelsubsequentimethanelproductioninitheldeepl
waters.JOverlthelcenturies,Imethanelhaslaccumulatedltolanlamount,’whichlcanlbeleconomicallylexploited,lbutilwhichlalsol
poseslalrisk](limnicleruptionllikelinlLakelNyos) tolthelripariani~2ImillionIpeople.[Tolavoidlbuilding-uplofisuchla’riskloflgas!
eruption,Ttheltwolgovernmentsihaveldecided tolexploit’thelmethane,'worthimorelthani$20billions.

Salinity (g L™)

0 1 2 3 4 5 6
O 1 1 1 1 1 - 1 1 1 1 1 1
sol O\ T e temperature
1 salinity
100 —— CO, concentration |
1507 - - = CH, concentration
200+
250
300
3504
400+
450+
J 8
500 T T T T T T T T T
22 23 24 25 26 27
Temperature (°C)
000 002 004 006 008 0.0

Gas concentrations (mol L™)

Figurell.Verticallprofileslofitemperature, salinity,/ICH,’andICO,,las observedlinlFebruaryl2004}(Schmidletlal.”2005).JAllimajoriwatericonsti-
tuentslarelincreasingiwithldepthidueltoltheldischargelofideeplsub-aquaticisprings..



Theltalklwilllfocusionifindinglalextractioniconcept,/whichi(i)lowersithelriskloflalgasieruptionifromithellake,(ii)islenviron-
mental-friendlylandiconservesithellake’slecologicallintegritylandl(iii)Jmaximizesitheleconomiclbenefitlatithelsameltime.l
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