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ABSTRACT: Thecity of Bayreuthis interestedin coveringits sanitarylandfill with a capillarybarriersystem.
The preliminaryinvestigations,doneby usinga speciallydevelopedassuranceprogramme,indicatedthat the
selectedmaterialswill satisfy the demands.Two experimentalfields with large scalelysimetershave been
built on the landfill. Now they aremonitoredundernaturalweatherconditions.Datafor morethanoneyear
have beencollectedsofar. Themeasurementsshow a performanceof thesurfacesealingsystemof morethan
95 %. Thefieldswill beobserved for somemoreyears.Specificinvestigationsof theeffectsof penetrations,
settlementsandgasarecurrentlymadein thelaboratoryandin thefield.

1 INTRODUCTION

Long term investigationson capillary barriers for
landfills andwastedumpshave shown that suchbar-
rier systemsareaneconomicalalternative to conven-
tional surfacesealingfor landfills and wastedumps
(Breh & Hötzl 1999,von der Hude& Möckel 1997,
Jelinek 1993, Jelinek & von der Hude 1994, Mel-
chior1993,Zischak1997).Sofar thereareonly afew
experiencesin the practicalconstructionof a capil-
lary barriercover systemwhich refer particularly to
speciallyadaptedsolutionsundervarioussite condi-
tions. Subjectof the presentresearchis the sealing
effectof thetotal systemundertheinfluenceof pene-
trations(drainageandgaswells),wastedeformations
(hydraulicweakpointsin localsettlementbasins)and
bioturbations(macroporedischargesin root andani-
malcaves)onthedrainagecapacity, aswell asthegas
lock effect.

The landfill of the city of Bayreuth (Germany),
Heinersgrund,is situatednear the village of Ram-
senthalnorth of the city (Fig. 1). It has beenused
to depositsanitarywastesince1965. Now it hasa
wastevolume of 1,000,000m3 and covers an area
of 130,000m2. As most of the wasteof the city is
now incineratedin Schwandorf,the landfill of Hein-
ersgrundis usedonly for a smallamountof waste.It
will beclosedin a few yearsandhasto becoveredby
asurfacesealing.Becauseof potentialsavingsthecity
is interestedin doing this by usinga capillarybarrier
system.
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Figure1. Locationof Bayreuthandsketchmap of the landfill
with thepositionsof thetwo experimentalfieldsat thehill of the
landfill.

2 CONSTRUCTION OF ON SITE EXPERIMEN-
TAL FIELDS

To proof thefunctionof thecapillarybarriersystem,
two large scalelysimetershave beenbuilt on site at
the landfill (Fig. 1). The conceptof the project has
beendoneby closeco-operationbetweenthebuilding
authoritiesof thecity, theBEN consultingengineers
(Bayreuth)andtheauthors.

Eachof the two experimentalplotscoversan area
of 2000m2. Theintegratedlargescalelysimetershave
a width of 20m anda slopelengthof 30 m. They are
completelysealedagainsttherestof theexperimental
field by aHDPEgeomembrane.

The profile of thesurfacesealingis shown in Fig-
ure2. It lies on thetop of thepresenttemporarycov-
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Figure2.Verticalsectionthroughthefield lysimetershowing the
installationsto capturethedischargefrom differentlayers.

erage.The capillary layer and capillary block layer
consistof 0.50m sandand0.30m crushedrock.They
areseparatedby ageotextile. Thishasnonegative in-
fluenceon the capillary block effect but it simplifies
theconstructionof theessentialsharpborderbetween
thematerials(Balz et al. 1999).TheselectedMateri-
alshave beenexaminedaccordingto a quality assur-
anceprogrammespeciallydevelopedby Wohnlich&
Bauer(1999).The capillary barrier characteristicof
thematerialcombinationhave beendeterminedin an
experimentaltank(Barth& Wohnlich2001).

Separatedby ageotextile thereis asoil layerabove
thecapillarylayerwith anextentof 1.45m. Thequal-
ity for this materialhasnot beendefinedexactly to
enablethe useof cheapexcavatedmaterialaccruing
atotherconstructions.

On top of thesystemthereare5 cm of compostto
easethegrowth of vegetationwhich is necessaryfor
thewaterbalance.

To get theentireamountof weakpointsof the in-
tendedsurfacesealingthetwo experimentalfieldsare
constructedin two extreme locations.Experimental
field 1 hasagentleslopeof 10% which representthe
lowerendof therangeof possibleinclinationsprefer-
able for capillary barriers(Schnatmeyer & Wagner
1996).

Field 2 hasa very steepslopewith an inclination
of 26 % which is advantageousfor the efficiency of
the capillary barrier but may be problematicfor its
slopestability. Additionally eachfield containsa gas
well for studyingthe effectsof penetrationsthrough
thecapillaryinterface.

3 PERFORMANCEOFTHE SEALING
Oneof the major aimsof this researchproject is to
examinetheperformanceof theconstructedcapillary
barriersystem.

3.1 Dischargemeasurement
Sincetheconstructionof thetestsiteshadfinishedin
autumn1999they areobservedundernaturalweather
conditions.Theinvestigationsaredoneby monitoring
thetestsiteswith theintegratedlargescalelysimeters.

The discharges of the surface, the capillary

layer (CL) and the capillary block layer (CBL) are
grabbedin drainageditchesin eachlysimeter. To pre-
vent seepageof the collectedwater down to deeper
layers,theditchesarelined by HDPEgeomembrane
(Fig. 2). Fluid tippersare meteringthesedischarges
continously. Theweatheris observedby anautomatic
weatherstationfitted upon thesite.All themeasured
dataareautomaticallyrecordedonlineby a datalog-
ger installed togetherwith the drainagemeter in a
containerneareachfield. The dataloggercanbere-
motelycontrolledfrom theofficevia modem.

3.2 Measurementresults
Thedaily valuesof theprecipitationandthedischarge
measurementsareplotted in Figures3, 4. For better
readabilitytheplot for thecapillaryblock layerhasa
stretchedx-scale.

The dataof the first winter have to be interpreted
carefully. Two basic facts affected the systemad-
versely. Therewasanincreasedwatercontentbecause
of rain duringtheconstructionworks.Theoutflow of
this waterhadbeenmeasuredin additionto the reg-
ular seepagewater. Therewas nearly no vegetation
at thesurface.A densevegetationwhich is important
for thewaterbalancecouldnot grow beforesummer
2000.Consideringthis effectsthedatacangive justa
tendency of the performanceof this capillary barrier
system.

Thedatashow thatthesurfacerunoff is nearlyneg-
ligible. Lysimeter1 hadalittle bit moresurfacerunoff
in winter 2000.Thiscanbeinterpretedasaneffectof
the compactionby vehiclesduring the construction.
In themeantimethesoil hasbeenloosenedby roots.
So thereis only surfacerunoff during heavy rainfall
continuingon for somedays.

Becauseof evaporationandvegetationactivity in
summerhigh capillary layer drainagecan only be
measuredduring autumn,winter andearly spring.It
showssmallpeaksafterrainfall or snow meltingperi-
odswith a following tail of discharge.

A smallamountof thepeaksof thecapillary layer
drainagecanalsobemeasuredin thecapillaryblock
layer. Only a coupleof daysof the datashow a cap-
illary block runoff of morethanhalf a millimetre per
day.

In generallysimeter1 showsslowerreactionscom-
paredto lysimeter2 becauseof its lower inclination.

4 CONCLUSION
The summaryof dischargesof oneyear(01/03/00–
28/02/01)is shown in Table1. Both lysimetersshow
alow surfacerunoff of about2 % of theprecipitation.
The summaryof capillary layer andcapillary block
layer is equalto the groundwaterrecharge. It differs
between30.6 % and 44.1 %. This is a usual range
for thehumidclimateof thelocation.Therechargeof
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Figure3. Daily valuesof precipitationanddischarge measure-
mentsfor lysimeter1 (10 % slope).
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Figure4.Daily valuesof dischargemeasurementsfor lysimeter2
(26 % slope).

Table1. Summaryof recentprecipitationanddischargesfor one
year(01/03/00– 28/02/01)asdischarge heightin mm andper-
centagesof precipitation.

Lysimeter1 Lysimeter2

Precipitation 612.0mm

Surfacerunoff 13.6mm 2.2% 14.4mm 2.3%

CL 162.4mm 26.5% 254.1mm 41.5%

CBL 25.3mm 4.1% 15.7mm 2.6%

CL + CBL 187.7mm 30.6% 269.8mm 44.1%

lysimeter2 is muchhigherbecauseof its northwest-
ernexposition(Fig. 1).

Theamountcapillaryblockrunoff wouldpenetrate
into the landfill in a single capillary barrier. So it
canbe usedas a value for the barrier performance.
Lysimeter2 performsbetterbecauseof its higherin-
clination. 95.9 % and 97.4 % of the precipitation
would have beenpreventedfrom penetratinginto the
landfill in thisexemplaryyear. Howevertheauthorex-
pectsa betterefficiency of thesystemif thehydraulic
conditionsandthevegetationwill have becomemore
stabilisedbecauseof the facts given in 3.2. This is
alsosupportedby thepreliminaryinvestigationswith
thesamematerialswhereevenwith aninclinationof
10 % morethan99 % of theseepagewatercouldbe
drainedby thecapillarylayerundernormalconditions
(Barth& Wohnlich2001).

5 FURTHER INVESTIGATIONS

Additionalmeasurementsof thesoil hydrauliccondi-
tionsin thelysimeteraredoneby tensiometers,TDR
probesandthermometers.

After thecompilationof theobtaineddatait is in-
tendedto usethe acquiredknowledgeto develop a
model for the unsaturatedflow within the capillary
barriersystemfor the test sitesand in the next step
for the whole landfill. The ability of modelling the
drainagecapacitiescanbeusedin thefutureto reduce
thecostsof expensive experimentalcapabilitytests.

In addition to the field investigationsdetailedex-
perimentsfor specialproblemsarecurrentlymadein
the laboratory. They examinethe gaslock effect of
capillarybarriersandtheeffectof penetrationson the
performanceof thesealing.
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