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– Design specified by regulations
– No quantitative performance criterion (infiltration)
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– Select performance criteria (do this first! )
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• Soils
– Water retention characteristics of soil 
– Layering of soils 
– Soil thickness
– Preferential flow

• Weather
– Precipitation, amount, distribution, form
– Temperature, wind, Solar radiation

• Growing season and vegetation
• Other factors

– Runoff
– Lateral flow
– Geomembranes
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Iowa AFC ProjectsIowa AFC Projects

Dickinson Co. 
Landfill

Central Disposal 
Landfill

PET(grass)=38”
Precipitation=28”

PET(grass)=38”
Precipitation=33”
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AFC Process AFC Process -- Iowa Case StudiesIowa Case Studies

�� Determine the Regulatory Approach;Determine the Regulatory Approach;

�� Discuss and Plan Project with Regulatory OfficialsDiscuss and Plan Project with Regulatory Officials

�� Regulatory Mechanism Regulatory Mechanism -- Minor Permit modificationMinor Permit modification

�� Determine Project Technical Approach (ITRC 2003);  Determine Project Technical Approach (ITRC 2003);  

�� Determine Design Criteria;Determine Design Criteria;

�� Outline a detailed Construction Quality Assurance  Outline a detailed Construction Quality Assurance  
Program to ensure the cover is constructed as designed.Program to ensure the cover is constructed as designed.
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Big Bluestem, a grass native 
to the United States and 
suitable for ET covers
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Percolation

Change in 
water storage

Precipitation

Evaporation

Transpiration

Surface Flow

� � �� � � 	 � � � � 	 � � 
 �
Unsaturated liquid and vapor flow through soils 

Water removal via evaporation and plant transpiration – removal by roots

Runoff = Precipitation less Soil Infiltration

Exploit the Natural water storage capacity of fine textured soils
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S torage Capacity = 300 m m

• Storage is seasonal - withdrawal increased as plants matured.

• Storage Capacity = 300mm - percolation occurred every year when capacity exceeded.
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Grass - 2' topsoil, 2' clay loam,
1.5' interim cover

Grass - 4' topsoil, 1.5' interim
cover

Grass - 2' topsoil, 1.5' clay loam,
1.5' interim cover

Grass - 2' topsoil, 1' clay loam,
1.5' interim cover

Grass - 0.5' loam, 2.5' loamy sand

ECap - 2' topsoil, 2' clay loam,
1.5' interim cover
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ECap - 2' topsoil, 1' clay loam,
1.5' interim cover
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ECap - 2' topsoil, 1.5' interim
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ECap - 0.5' loam, 2.5' loamy sand
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CDL Cover  SystemsCDL Cover  Systems

Solid Waste

0.5’ Soil Layer

Filter Layer1.5’ General Fill/ Clay
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Geomembrane 
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Interim Cover

Topsoil
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Soil

Interim Cover
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Disking Existing Intermediate Cover
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Side-Slope Berms 
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Typical CQA RequirementsTypical CQA Requirements

�� GrainGrain--size distribution tests every 5,000 cubic yards;size distribution tests every 5,000 cubic yards;

�� Standard Proctor tests every 10,000 cubic yards;Standard Proctor tests every 10,000 cubic yards;

�� InIn--situ density tests every 1,000 cubic yards;situ density tests every 1,000 cubic yards;

�� Oven dry moisture content tests every 1,000 cubic yards;Oven dry moisture content tests every 1,000 cubic yards;

�� Verification of proper thickness of cover at a grid spacing  Verification of proper thickness of cover at a grid spacing  
of about 100 feet on centers;of about 100 feet on centers;

�� Compacted between 80% to 90% of maximum density Compacted between 80% to 90% of maximum density dry of dry of 
optimum moisture content as determined by optimum moisture content as determined by Standard Standard 
Proctor (ASTM D698)Proctor (ASTM D698)
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Hydro seeding With a 
Water Cannon – Nov. 2004
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Burnsville Sanitary Landfill – Minneapolis Minnesota

MINNESOTA CLOSURE REQUIREMENTS (Minnesota Rule 7035.2815)

The cover must be designed to minimize flux. The owner or operator of an existing mixed municipal solid 
waste land disposal facility must comply with the final cover requirements of the following:

1)The final cover system must be compatible with the end use for the site.

2)The final cover system must be graded to prevent surface water ponding and must have a minimum slope of 
three percent and a maximum slope no greater than 20 percent, unless otherwise approved.

3)The final cover system must consist of a barrier layer at least 24 inches thick of materials having a 
permeability not greater than 2 x 10-6 centimeters per second overlain by 12 inches of material of which at 
least six inches is topsoil capable of sustaining a vegetative cover. A barrier consisting of synthetic materials at 
least 30/1000 of an inch thick may be used in place of the barrier layer described above.

4)The vegetative cover must consist of shallow rooted perennial grasses or other suitable vegetation that will 
not penetrate the barrier layer.
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Soil

Proctor Data (ASTM 
D698)

Dry Bulk 
Density 

for 
testing
(g/cm3)

Ksat

(cm/sec)

Van Genuchten Parameters

� s � r � N
Optimum 
Moisture 

Content (% 
g/g)

Maximum 
Dry 

Density 

Upper Soil 
(US)1

30.7
86.8 lb/ft3 

(1.39 
g/cm3)

78.0 lb/ft3

(1.25 
g/cm3)

9.32E-9 
ft/sec 

(2.84E-07 
cm/sec)

0.47 0 0.0017 1.2543

Upper Soil 
(US)1

loose
30.7

86.8 lb/ft3 

(1.39 
g/cm3)

loose

9.32E-6 
ft/sec 

(2.84E-04 
cm/sec)

0.47 0 0.0017 1.2543

Dredge 
Soil (DS)1

16.7
107.4 lb/ft3 

(1.72 
g/cm3)

96.8 lb/ft3

(1.55 
g/cm3)

2.18E-6 
ft/sec 

(6.63E-05 
cm/sec)

0.3958 0.0131 0.0055 1.3517

Dredge 
Soil (DS), 

loose1
16.7

107.4 lb/ft3 

(1.72 
g/cm3)

Loose

2.18E-5 
ft/sec 

(6.63E-04 
cm/sec)

0.3958 0.0131 0.0055 1.3517

Fat Clay 
(FC)1

30.0
83.7 lb/ft3 

(1.34 
g/cm3)

76.2 lb/ft3

(1.22 
g/cm3)

8.27E-8 
ft/sec 

(2.52E-06 
cm/sec)

0.5151 0 0.0043 1.2530

Fat Clay 
(FC), 
loose1

30.0
83.7 lb/ft3 

(1.34 
g/cm3)

loose

8.27E-6 
ft/sec 

(2.52E-04 
cm/sec)

0.5151 0 0.0043 1.2530

Waste2

3.28E-6 
ft/sec 

(1.0E-04 
cm/sec)

0.53 0.11 0.26 2.22

MEASURED SOIL PROPERTIES

1 The TS represent the uppermost horizon of soil or topsoil, the RZ represents the remaining upper horizon, while the clay is the lower horizon.
2 Hydraulic properties for waste based on those used in Iowa Permit application for alternative landfill cover (Benson and Wang 1998).
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Annual Flux Rate (1 ft US soil over 3 ft DS soil)

Year UNSAT H (cm/sec) VADOSE/W (cm/sec) Minnesota Standard (cm/sec)
1994 -2.99E-08 -2.17E-10 1.00E-06
1995 -1.40E-09 5.24E-10 1.00E-06
1996 -5.98E-10 5.97E-10 1.00E-06
1997 7.84E-11 6.24E-10 1.00E-06
1998 3.32E-10 6.40E-10 1.00E-06

Average -6.31E-09 4.33E-10 1.00E-06

Annual Flux Rate (3ft US soil over 1 ft DS soil)

Year UNSAT H (cm/sec) VADOSE/W (cm/sec) Minnesota Standard (cm/sec)
1994 -2.10E-08 8.41E-10 1.00E-06
1995 -1.08E-09 1.29E-09 1.00E-06
1996 -2.11E-10 1.11E-09 1.00E-06
1997 -7.20E-11 9.12E-10 1.00E-06
1998 -3.86E-11 7.37E-10 1.00E-06

Average -4.49E-09 9.79E-10 1.00E-06
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Average Annual Flux Rate for Varied Precipitation Amounts1

Precipitation Flux  (cm/sec) Flux  (cm/yr) Efficiency (%) Annual Precip. (cm)
100% 9.79E-10 0.03 99.96 74.7
125% 1.36E-09 0.04 99.95 93.3
150% 4.96E-09 0.16 99.86 112
200% 9.56E-09 0.30 99.80 149.4

Minnesota Standard 1.00E-06 31.54 N/A N/A
1 % Efficiency = (1-percolation/precipitation) x 100%
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Questions


