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•• Collect field scale data characterizing field Collect field scale data characterizing field 
hydrology of alternative (i.e., store and release) hydrology of alternative (i.e., store and release) 
andand conventional covers (clay barriers, conventional covers (clay barriers, 
geomembranes).  geomembranes).  Percolation is today’s focusPercolation is today’s focus..

•• Evaluate accuracy of hydrologic models used for Evaluate accuracy of hydrologic models used for 
final cover designfinal cover design

•• Develop guidance for alternative cover designersDevelop guidance for alternative cover designers

ACAP Objectives:ACAP Objectives:



•• 27 test covers at 12 sites in 8 states.27 test covers at 12 sites in 8 states.

•• 12 conventional covers (7 composite and 5 clay)12 conventional covers (7 composite and 5 clay)

•• 15 15 alternative coversalternative covers (9 monolithic barriers and 6 (9 monolithic barriers and 6 
capillary barriers); also known as capillary barriers); also known as storestore--&&--release release 
coverscovers.  .  Today’s focusToday’s focus..

•• 9 sites with side9 sites with side--byby--side comparison of side comparison of 
conventional and alternative coversconventional and alternative covers

ACAP Test Sites:ACAP Test Sites:



ACAP Field SitesACAP Field Sites

www.acap.dri.eduwww.acap.dri.edu



Conventional Covers Evaluated by ACAPConventional Covers Evaluated by ACAP



Alternative Final Covers Evaluated by ACAPAlternative Final Covers Evaluated by ACAP
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StoreStore--&&--Release Water Balance PrincipleRelease Water Balance Principle
Balance the storage capacity of finer textured soil with the Balance the storage capacity of finer textured soil with the 
water removal capabilities of evaporation & transpiration.water removal capabilities of evaporation & transpiration.

PrecipitationPrecipitation

LL Sponge Sponge –– capacity capacity 
defined by soil propertiesdefined by soil propertiesInfiltrationInfiltration

Appreciable percolation Appreciable percolation 
if storage capacity of if storage capacity of 
sponge is exceeded.  sponge is exceeded.  

ETET

RunoffRunoff

Target Target 
percolation percolation 
rates ~ 1 rates ~ 1 
mm/yr or less.mm/yr or less.



ACAPACAP
Test SectionTest Section
Plan ViewPlan View
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Typical Lysimeter CrossTypical Lysimeter Cross--SectionSection
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Test section with geomembrane walls held up with 
formwork.  Interim cover placed and ready for placement of 
cover profile.

Altamont, CA



Filling and grading.  Full-scale equipment used to greatest 
extent practical.

Altamont, CA



Aerial view of completed test sections at Kiefer Aerial view of completed test sections at Kiefer 
Landfill, Sacramento County, California.Landfill, Sacramento County, California.



Kiefer Site:Kiefer Site:
Eight months after constructionEight months after construction



Installed
weather
station & 

datalogger 
with cellular 

telecommuni-
cations.

Continuous 
record of all 
components 

of water 
balance, 

except ET.



Trimming block sample from cover soil.



Polson, MTPolson, MT
Cool and Seasonal Semi-Humid Climate

Capillary Barrier and Conventional Composite Covers
(precipitation ~ 380 mm/yr)

Capillary BarrierCapillary Barrier Conventional CompositeConventional Composite



Staking root barrier.
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Helena, MTHelena, MT
Cool and Seasonal SemiCool and Seasonal Semi--Arid ClimateArid Climate

Monolithic CoverMonolithic Cover
(precipitation ~ 290 mm/yr, most in summer)(precipitation ~ 290 mm/yr, most in summer)
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Sacramento, CASacramento, CA
Warm SemiWarm Semi--Arid Climate, Monolithic CoversArid Climate, Monolithic Covers

(precipitation ~ 430 mm/yr)(precipitation ~ 430 mm/yr)

Thin (1080 mm) CoverThin (1080 mm) Cover Thick (2450 mm) CoverThick (2450 mm) Cover
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~ 100 mm percolation in subsequent years~ 100 mm percolation in subsequent years
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Altamont, CAAltamont, CA
Hot SemiHot Semi--Arid Climate, Monolithic CoverArid Climate, Monolithic Cover

(precipitation ~ 358 mm/yr)(precipitation ~ 358 mm/yr)
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Marina, CAMarina, CA
Costal SemiCostal Semi--Arid ClimateArid Climate

Conventional Composite CoverConventional Composite Cover
(precipitation ~ 466 mm/yr)(precipitation ~ 466 mm/yr)



Percolation occurs every year when storage capacity is exceeded.Percolation occurs every year when storage capacity is exceeded.
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Omaha, NEOmaha, NE
Seasonal Humid Climate with SnowSeasonal Humid Climate with Snow

Capillary BarrierCapillary Barrier
(precipitation ~ 760 mm/yr)(precipitation ~ 760 mm/yr)



Capillary Barrier: Omaha, NebraskaCapillary Barrier: Omaha, Nebraska
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Summary of Percolation DataSummary of Percolation Data
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ACAP Field DataACAP Field Data ACAP Field DataACAP Field Data



LabLab--toto--Field ScalingField Scaling

ACAP field ACAP field 
datadata
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ConceptuallyConceptually,, percolation percolation 
should be negligible if peak should be negligible if peak 
soil water storage < storage soil water storage < storage 
capacity.capacity.

Data suggests that percolation Data suggests that percolation 
can be appreciable at can be appreciable at 70% of 70% of 
storage capacity based on storage capacity based on 
laboratorylaboratory--measured water measured water 
retention propertiesretention properties....



Practical Lessons LeanedPractical Lessons Leaned
-- Percolation rates for alternative covers in semiPercolation rates for alternative covers in semi--arid and subarid and sub--

humid climates can be very low (< 1 mm/yr), provided: humid climates can be very low (< 1 mm/yr), provided: 

-- adequate storage capacityadequate storage capacity

-- vegetation effectively removes stored water each yearvegetation effectively removes stored water each year

-- Unpredictable response of vegetation/transpiration confounds Unpredictable response of vegetation/transpiration confounds 
predictions.  predictions.  Need to understand how phenology of plants Need to understand how phenology of plants 
responds to meteorological conditions and geotechnical responds to meteorological conditions and geotechnical 
conditionsconditions.  More research needed to be reliable long.  More research needed to be reliable long--term term 
conditions.conditions.

-- Low percolation rates (1 mm/yr or less) cannot be achieved Low percolation rates (1 mm/yr or less) cannot be achieved 
with alternative covers at all sites.  Suitable conditions:with alternative covers at all sites.  Suitable conditions:

-- Precipitation < 600 m/yrPrecipitation < 600 m/yr

-- P/PET < 0.6P/PET < 0.6



Data SummaryData Summary

Albright, W., Benson, C., Gee, G., Roesler, A., Abichou, T., ApiAlbright, W., Benson, C., Gee, G., Roesler, A., Abichou, T., Apiwantragoon, P., Lyles, B., and Rock, S. wantragoon, P., Lyles, B., and Rock, S. 
(2004), Field Water Balance of Landfill Final Covers. (2004), Field Water Balance of Landfill Final Covers. J. of Environmental QualityJ. of Environmental Quality, 33(6), 2317, 33(6), 2317--2332.2332.



SponsorsSponsors
•• US EPA, US DOE, USMCUS EPA, US DOE, USMC

•• Waste Management, Inc., Waste Connections Inc.Waste Management, Inc., Waste Connections Inc.

•• Monterey Solid Waste Management District, Monterey Solid Waste Management District, 
Bluestem Solid Waste AgencyBluestem Solid Waste Agency

•• Lake County, MT, Lewis and Clark County, MTLake County, MT, Lewis and Clark County, MT

More InformationMore Information

•• www.acap.dri.eduwww.acap.dri.edu
•• www.uwgeotech.orgwww.uwgeotech.org
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(a) Slope
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(b) Cover Type
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(c) Climate

Surface RunoffSurface Runoff

Surface runoff is a Surface runoff is a small componentsmall component of the annual water balance, of the annual water balance, 55--10%.10%.

Slope, cover type, and climate have Slope, cover type, and climate have no statistically significant effectno statistically significant effect on on 
runoffrunoff as a fraction of water balance. as a fraction of water balance. 


