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�� Collect field scale data characterizing field Collect field scale data characterizing field 
performance of alternative performance of alternative andand conventional conventional 
covers.covers.

�� 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:



�� Per RCRA Subtitle D, an alternative Per RCRA Subtitle D, an alternative 
cover must provide performance that cover must provide performance that 
is equivalent to (or better) than that of is equivalent to (or better) than that of 
the intended conventional cover.the intended conventional cover.

�� Data describing performance of Data describing performance of 
conventional covers conventional covers scarcescarce (Hamburg (Hamburg 
study, Georgia and Washington study, study, Georgia and Washington study, 
Sandia study).Sandia study).

�� What is performance?  � control of What is performance?  � control of 
erosion and erosion and percolationpercolation, along with , along with 
acceptable gas control. acceptable gas control. 

Why Collect Data from Conventional Covers?Why Collect Data from Conventional Covers?



�� Little verification of models used for predicting the Little verification of models used for predicting the 
hydrology of conventional covers.hydrology of conventional covers.

�� LargeLarge--scale field data provide the scale field data provide the acid testacid test for for 
cover performance.cover performance.

Why Collect Field Data?Why Collect Field Data?



What Defines a Conventional Cover?What Defines a Conventional Cover?
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ACAP Sites with Conventional CoversACAP Sites with Conventional Covers
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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



Construction MethodsConstruction Methods
Used fullUsed full--scale construction scale construction 
methods to greatest extent methods to greatest extent 
possiblepossible

Included single design hole in Included single design hole in 
geomembrane (11 mm geomembrane (11 mm 
diameter) of composite diameter) of composite 
barriersbarriers

Leak tested all geomembrane Leak tested all geomembrane 
seams with conventional QA seams with conventional QA 
methods (air pressure, methods (air pressure, 
vacuum box).vacuum box).TowTow--behind tamping foot compactor behind tamping foot compactor 

for clay barrier layer at Cedar Rapids for clay barrier layer at Cedar Rapids 
site.site.



Data from Composite Covers:Data from Composite Covers:
SemiSemi--Arid SitesArid Sites

Polson, MT: semiPolson, MT: semi--arid and seasonal, snowarid and seasonal, snow

Altamont, CA: semiAltamont, CA: semi--arid and warm, no snowarid and warm, no snow



Polson, MTPolson, MT
Cool and Seasonal SemiCool and Seasonal Semi--Arid ClimateArid Climate

Conventional Composite CoverConventional Composite Cover
(precipitation ~ 380 mm/yr)(precipitation ~ 380 mm/yr)
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Polson, MontanaPolson, Montana
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Altamont, CaliforniaAltamont, California
Warm SemiWarm Semi--Arid ClimateArid Climate

Conventional Composite CoverConventional Composite Cover
(precipitation ~ 358 mm/yr)(precipitation ~ 358 mm/yr)

600 mm Claystone
Support Layer

305  mm Loose Clay
with Top Soil
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Geomembrane
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300 mm Claystone
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Humid Seasonal Climate with SnowHumid Seasonal Climate with Snow
Conventional Composite CoverConventional Composite Cover

(precipitation ~ 915 mm/yr)(precipitation ~ 915 mm/yr)

Humid Site:  Cedar Rapids, IAHumid Site:  Cedar Rapids, IA

305  mm Sandy Clay
with Top Soil

450 mm Clay
(< 10-7 cm/s)

Geomembrane
Drainage Composite

300 mm Sandy Clay
Interim Cover



Cedar Rapids, IACedar Rapids, IA

≈≈ 10 mm percolation to date10 mm percolation to date
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20.120.1
(6.4%)(6.4%)

10.310.3
(3.3%)(3.3%)

36.936.9
(11.7%)(11.7%)466.1466.1818.9818.92525947947Marina, Marina, 

CACA
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(0.6%)(0.6%)
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NENE
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Valley, CAValley, CA
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Summary: Composite Cover PerformanceSummary: Composite Cover Performance



An Anomaly: Marina, CaliforniaAn Anomaly: Marina, California
Costal SubCostal Sub--humid Climatehumid Climate

Conventional Composite CoverConventional Composite Cover
(precipitation ~ 466 mm/yr)(precipitation ~ 466 mm/yr)
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Marina, CaliforniaMarina, California
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Why is Percolation Rate HighWhy is Percolation Rate High
at Marina Site?at Marina Site?

-- Exact cause unclear.Exact cause unclear.

-- Soil placed above geomembrane contained Soil placed above geomembrane contained 
construction debris, and no cushion was placed construction debris, and no cushion was placed 
between the geomembrane and the soil.  between the geomembrane and the soil.  

-- Punctures probably occurred, causing more Punctures probably occurred, causing more 
percolation than anticipated.percolation than anticipated.

-- Illustrates the importance of construction quality Illustrates the importance of construction quality 
control.control.



Data from Clay Covers:Data from Clay Covers:
Humid SitesHumid Sites

Albany, GA: humid to subtropical, no snowAlbany, GA: humid to subtropical, no snow

Cedar Rapids, IA: seasonal, freezing, snowCedar Rapids, IA: seasonal, freezing, snow



150 mm Topsoil

150 mm Interim Soil

460 mm Compacted
Clay, <10-7 cm/s

Albany, GeorgiaAlbany, Georgia
Humid Seasonal ClimateHumid Seasonal Climate

Conventional Composite CoverConventional Composite Cover
(precipitation ~ 1265 mm/yr)(precipitation ~ 1265 mm/yr)
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Field Percolation RatesField Percolation Rates

�� Prior to dry October 2000: ~ 30 mm/yrPrior to dry October 2000: ~ 30 mm/yr

�� After dry October 2000: ~ 400 mm/yr, with After dry October 2000: ~ 400 mm/yr, with 
sudden jumps in percolation record sudden jumps in percolation record 
corresponding closely with precipitation eventscorresponding closely with precipitation events

�� Field investigation showed desiccation cracking Field investigation showed desiccation cracking 
of clay barrierof clay barrier



610 mm Compacted
Clay < 10-7 cm/s

610 mm Sandy Clay
Surface Layer

300 mm Sandy Clay
Interim Cover

Humid Seasonal Climate with SnowHumid Seasonal Climate with Snow
Conventional Composite CoverConventional Composite Cover

(precipitation ~ 915 mm/yr)(precipitation ~ 915 mm/yr)

Cedar Rapids, IACedar Rapids, IA



Cedar Rapids, IowaCedar Rapids, Iowa
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≈≈ 43 mm in 2002, < 10 mm expected43 mm in 2002, < 10 mm expected



Summary: Clay Cover PerformanceSummary: Clay Cover Performance
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2002 only2002 only
Albany: 238 mm/yr (16.2%)Albany: 238 mm/yr (16.2%)

Cedar Rapids: 66 mm/yr (5.4%)Cedar Rapids: 66 mm/yr (5.4%)



Summary of Composite Cover Summary of Composite Cover 
PerformancePerformance

-- Percolation rates are very low: Percolation rates are very low: 
< 1.5 mm/yr in semi< 1.5 mm/yr in semi--arid and arid climatesarid and arid climates
< 5 mm/yr in humid climates< 5 mm/yr in humid climates

-- Surface runoff is a small fraction of the water Surface runoff is a small fraction of the water 
balance: balance: 

< 5% of precipitation< 5% of precipitation in semiin semi--arid and arid climatesarid and arid climates
< 10% of precipitation< 10% of precipitation in subin sub--humid and humid climateshumid and humid climates

-- Lateral drainage is a small fraction of the water Lateral drainage is a small fraction of the water 
balance: < balance: < 3.5%3.5% of precipitationof precipitation



Summary of Clay Cover PerformanceSummary of Clay Cover Performance

-- Percolation rates are much higher than expected: Percolation rates are much higher than expected: 
-- 260 mm/yr at Albany, GA260 mm/yr at Albany, GA
-- appears dominated by preferential flowappears dominated by preferential flow

-- Damage to clay caps occurs over short service life Damage to clay caps occurs over short service life 
(consistent with decades of experience in (consistent with decades of experience in 
agriculture)agriculture)

-- LongLong--term effectiveness of clay caps questionable.term effectiveness of clay caps questionable.



SponsorsSponsors
�� USEPA, USDOE, USMCUSEPA, USDOE, 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


