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Reductionof seepageavaterin landfills usingcapillary barriers
— resultsof large scalelysimetersat a sanitarylandfill

ChristophBarth

Geo-Department Ludwig Maximilian University Munich, Germany

ABSTRACT: Thecity of Bayreuthis interestedn coveringits sanitarylandfill with a capillary barriersystem.
The preliminaryinvestigationsdoneby using a speciallydevelopedassuranc@rogrammejndicatedthat the

selectedmaterialswill satisfy the demands. Two experimentalfields with large scalelysimetershave been

built on the landfill. Now they are monitoredundernaturalweatherconditions. Datafor morethanoneyear

have beencollectedsofar. The measurementshav a performanceof the surfacesealingsystemof morethan

95 %. Thefieldswill be obseredfor somemoreyears. Specificinvestigationsof the effectsof penetrations,
settlementaindgasarecurrentlymadein thelaboratoryandin thefield.

1 INTRODUCTION

Long term investigationson capillary barriers for
landfills andwastedumpshave shavn that suchbar
rier systemsareaneconomicahlternatve to corven-
tional surfacesealingfor landfills and wastedumps
(Breh & Ho6tzl 1999,von der Hude & Mockel 1997,
Jelinek 1993, Jelinek & von der Hude 1994, Mel-
chior1993,Zischak1997).Sofar thereareonly afew
experiencedn the practical constructionof a capil-
lary barrier cover systemwhich refer particularly to
speciallyadaptedsolutionsundervarioussite condi-
tions. Subjectof the presentresearchs the sealing
effectof thetotal systemundertheinfluenceof pene-
trations(drainageandgaswells), wastedeformations
(hydraulicweakpointsin local settlemenbasinsjand
bioturbationgdmacroporedischagesin rootandani-
mal caves)onthedrainagecapacityaswell asthegas
lock effect.

The landfill of the city of Bayreuth(Germary),
Heinersgrund,s situatednear the village of Ram-
senthalnorth of the city (Fig. 1). It hasbeenused
to depositsanitarywastesince 1965. Now it hasa
wastevolume of 1,000,000m? and covers an area
of 130,000m?. As mostof the wasteof the city is
now incineratedn Schwandorfthe landfill of Hein-
ersgrunds usedonly for a smallamountof waste.lt
will beclosedin afew yearsandhasto be coveredby
asurfacesealing Becausef potentialsavingsthecity
is interestedn doingthis by usinga capillary barrier
system.
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Figure 1. Location of Bayreuthand sketchmap of the landfill
with the positionsof thetwo experimentalffieldsatthehill of the
landfill.

2 CONSTRJCTION OF ON SITE EXPERIMEN-
TAL FIELDS

To proof the function of the capillary barriersystem,
two large scalelysimetershave beenbuilt on site at
the landfill (Fig. 1). The conceptof the projecthas
beendoneby closeco-operatiorbetweerthebuilding
authoritiesof the city, the BEN consultingengineers
(Bayreuth)andtheauthors.

Eachof the two experimentalplots coversan area
of 2000m?. Theintegratedargescaldysimetershave
awidth of 20m andaslopelengthof 30 m. They are
completelysealedagainstherestof theexperimental
field by aHDPE geomembrane.

The profile of the surfacesealingis shovn in Fig-
ure2. It lies on thetop of the presentemporarycov-
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Figure2. Verticalsectionthroughthefield lysimetershaving the
installationsto capturethedischage from differentlayers.

erage.The capillary layer and capillary block layer
consistof 0.50m sandand0.30m crushedock. They
areseparatetby a geotextile. Thishasno negativein-
fluenceon the capillary block effect but it simplifies
theconstructiorof theessentiatharpborderbetween
the materials(Balz et al. 1999).The selectedVateri-
als have beenexaminedaccordingto a quality assu¥
anceprogrammespeciallydevelopedby Wohnlich &
Bauer(1999). The capillary barrier characteristicof
the materialcombinationhave beendeterminedn an
experimentakank (Barth& Wohnlich2001).

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

Ontop of the systemthereare5 cm of compostto
easethe growth of vegetationwhich is necessaryor
thewaterbalance.

To getthe entireamountof weak pointsof the in-
tendedsurfacesealingthetwo experimentafieldsare
constructedn two extreme locations.Experimental
field 1 hasagentleslopeof 10 % which representhe
lower endof therangeof possibleinclinationsprefer
able for capillary barriers(Schnatmger & Wagner
1996).

Field 2 hasa very steepslopewith aninclination
of 26 % which is advantageoudor the efficiengy of
the capillary barrier but may be problematicfor its
slopestability. Additionally eachfield containsa gas
well for studyingthe effectsof penetrationghrough
thecapillaryinterface.

3 PERFORMANCEOF THE SEALING

One of the major aims of this researchprojectis to
examinethe performancef the constructedapillary
barriersystem.

3.1 Discharge measuement

Sincethe constructiorof thetestsiteshadfinishedin
autumnl1999they areobseredundematuralweather
conditions.Theinvestigationsaredoneby monitoring
thetestsiteswith theintegratedargescalelysimeters.
The dischages of the surface, the capillary

layer (CL) and the capillary block layer (CBL) are
grabbedn drainageditchesin eachlysimeter To pre-
vent seepagef the collectedwater down to deeper
layers,the ditchesarelined by HDPE geomembrane
(Fig. 2). Fluid tippersare meteringthesedischages
continously Theweathelis obsenedby anautomatic
weatherstationfitted up on the site. All the measured
dataareautomaticallyrecordedonline by a datalog-
ger installed togetherwith the drainagemeterin a
containemeareachfield. The dataloggercanbere-
motely controlledfrom the office via modem.

3.2 Measuementresults

Thedaily valuesof theprecipitationandthedischage
measurementare plottedin Figures3, 4. For better
readabilitythe plot for the capillary block layerhasa
stretched-scale.

The dataof the first winter have to be interpreted
carefully Two basic facts affected the systemad-
versely Therewasanincreasedvatercontentecause
of rain duringthe constructiorworks. The outflow of
this waterhad beenmeasuredn additionto the reg-
ular seepagevater Therewas nearly no vegetation
atthesurface A densevegetationwhich is important
for the waterbalancecould not grow beforesummer
2000.Consideringhis effectsthe datacangive justa
tendeng of the performanceof this capillary barrier
system.

Thedatashow thatthesurfacerunoff is nearlyneg-
ligible. Lysimeterl hadalittle bit moresurfaceunoff
in winter 2000.This canbeinterpretedasan effect of
the compactionby vehiclesduring the construction.
In the meantimethe soil hasbeenloosenedoy roots.
Sothereis only surfacerunoff during heary rainfall
continuingon for somedays.

Becauseof evaporationand vegetationactvity in
summerhigh capillary layer drainagecan only be
measureduring autumn,winter and early spring. It
shavs smallpeaksafterrainfall or snov meltingperi-
odswith afollowing tail of dischage.

A smallamountof the peaksof the capillary layer
drainagecanalsobe measuredn the capillary block
layer. Only a coupleof daysof the datashav a cap-
illary block runoff of morethanhalf a millimetre per
day.

In generalysimeterl shows slowerreactionscom-
paredto lysimeter2 becaus®f its lowerinclination.

4 CONCLUSION

The summaryof dischagesof oneyear(01/03/00—
28/02/01)is shovn in Table 1. Both lysimetersshov
alow surfacerunoff of about2 % of theprecipitation.
The summaryof capillary layer and capillary block
layeris equalto the groundwaterechage. It differs
between30.6 % and 44.1 %. This is a usualrange
for thehumidclimateof thelocation. Therechageof
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Figure 3. Daily valuesof precipitationand dischage measure-
mentsfor lysimeterl (10 % slope).
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Figure4. Daily valuesof dischagemeasurementsr lysimeter2
(26 % slope).

Tablel. Summaryof recentprecipitationanddischagesfor one
year(01/03/00- 28/02/01)asdischage heightin mm andper
centage®f precipitation.

Lysimeterl 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 muchhigherbecausef its northwest-
ernexposition(Fig. 1).

Theamountcapillaryblock runoff would penetrate
into the landfill in a single capillary barrier So it
canbe usedas a value for the barrier performance.
Lysimeter2 performsbetterbecausef its higherin-
clination. 95.9 % and 97.4 % of the precipitation
would have beenpreventedfrom penetratingnto the
landfill in thisexemplaryyear Howevertheauthorex-
pectsa betterefficiengy of the systemif the hydraulic
conditionsandthe vegetationwill have becomemore
stabilisedbecauseof the factsgivenin 3.2. This is
alsosupportedy the preliminaryinvestigationswith
the samematerialswhereevenwith aninclination of
10 % morethan99 % of the seepagevatercould be
drainedby thecapillarylayerundemormalconditions
(Barth& Wohnlich2001).

5 FURTHERINVESTIGATIONS

Additional measurementsf the soil hydrauliccondi-
tionsin thelysimeteraredoneby tensiometersTDR
probesandthermometers.

After the compilationof the obtaineddatait is in-
tendedto usethe acquiredknowledgeto develop a
model for the unsaturatedlow within the capillary
barrier systemfor the testsitesandin the next step
for the whole landfill. The ability of modelling the
drainagecapacitiecanbeusedin thefutureto reduce
the costsof expensve experimentalcapabilitytests.

In additionto the field investigationsdetailedex-
perimentdor specialproblemsarecurrentlymadein
the laboratory They examinethe gaslock effect of
capillarybarriersandthe effect of penetration®nthe
performancef the sealing.
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