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•• State of the Practice Overview State of the Practice Overview 

•• Slope StabilitySlope Stability

•• Modern Landfill Water BalanceModern Landfill Water Balance
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•• Modern landfills are larger and dryer Modern landfills are larger and dryer 

•• Liquids addition landfill technology is Liquids addition landfill technology is 
replacing replacing ““Dry Entombment Dry Entombment ““

•• Embracing Natural ProcessesEmbracing Natural Processes

•• We have We have new new cover goalscover goals
•• Liquid addition synergies Liquid addition synergies –– promote landfill stability promote landfill stability 

and energy recovery and energy recovery 
•• Green house gas emissions reductionGreen house gas emissions reduction
•• Reduced threat to the environmentReduced threat to the environment
•• Broaden end use alternativesBroaden end use alternatives
•• Conserve airspaceConserve airspace

We cannot achieve these new goals without We cannot achieve these new goals without 
alternate capping strategies! alternate capping strategies! 
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Engineered ContainmentEngineered Containment

Cover System

Liner/LCS
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Goal Goal -- Create a natural sustainable system that works with the naturalCreate a natural sustainable system that works with the natural
processes as opposed to processes as opposed to resistingresisting themthem

•• Minimizes gas to groundwater effectsMinimizes gas to groundwater effects

•• Maintains integrity during uneven settlementMaintains integrity during uneven settlement

•• Cost and construction complexity Cost and construction complexity 

•• Simplifies post closure repairs reducing longSimplifies post closure repairs reducing long--term O&Mterm O&M

•• Improves slope stabilityImproves slope stability

•• Greenhouse gas emissions (Methane oxidation)Greenhouse gas emissions (Methane oxidation)

•• Reduced threat to human health and the environment (i.e., landfiReduced threat to human health and the environment (i.e., landfill stability)ll stability)

•• Greater end use opportunitiesGreater end use opportunities
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Textured 
Geomembrane

W=� x H

N

F

N’ x tan�(friction)

H

Sand / Rooting Soil

�
Slope �

3H:1V      18.4°

4H:1V      14.0°

N = W x cos�

F = W x sin�

Gas Pressure, P
W=soil weight

N=normal force

F=sliding force

N’ = N – P (eff. normal force on bottom of geom.)

FS = (N’ x tan� ) + T
F

Geomembrane 
Tensile Strength, T 

Note: Geomembrane tensile 
strength is negligible relative 
to the soil sliding force on a 
long slope.
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P = 0.53 psi = Critical 
Pressure at 10% Saturation 

for � =22°

P = 0.26 psi = Critical 
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for � =17°

�  = 27°

�  = 17°
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P = 0.72 psi = Critical 
Pressure at 10% 
Saturation for � =27°

Subtitle D Cap



� � � � 	 � � 	 �� 	 � � 
 � � �
� � � �� � � � � � � � � � �	 � �� � � � �� � � � � �  

0.0

10.0

20.0

30.0

40.0

50.0

60.0

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

VO
C 

Co
nc

en
tra

tio
n 

(u
g/

L)

Trichlorofluoromethane

1,1,1-trichloroethane

Dichlorodifluoromethan

Final Cover 
Construction



� + � 
� + � � � � 

 � 
$ � 
� , � � � � � 
� + � 
� + � � � � 

 � 
$ � 
� , � � � � � 

� $ � � � 
� � - � � � � 
� � � � � � � 	 .� $ � � � 
� � - � � � � 
� � � � � � � 	 .

� �� � � � � � ���	 � � �
 � �� � � � ���	 � � �
 � �

 � � � � � � � �� � � � � � �� 
 �� � � � � �� � � � � � � �� � � � � � �� 
 �� � � � � �
� � � �� � �� �� � � �� 
 � � � � �� � � �� � �� �� � � �� 
 � � � � �
–– � ��� � � � � ���� � � � � �� �� � � �� ��� � � � � ���� � � � � �� �� � � �

 � � � � � � ��	 � �! 
 � � � � �� ��� � � � � � ��	 � �! 
 � � � � �� ��

� 
 � � � � �� � � � � �� 
 
 � � �� 
 � � � � �� � � � � �� 
 
 � � �

" �" � #� �#� �
–– � ���� �� � � �� 
 ��� � � �
 � �� �� � �� � �
 � � �� 
 � � � 
 �� ���� �� � � �� 
 ��� � � �
 � �� �� � �� � �
 � � �� 
 � � � 
 �
–– $� ��� � � � � �� 
 �� � � � %�� � 
 � 
 � �� �$� ��� � � � � �� 
 �� � � � %�� � 
 � 
 � �� �

&�&� ' � ! � � ��%' � ! � � ��%
–– ( 
 �� �� � ! �� �� � � � �� � � � �( 
 � � �� � ! �� �� � � � �� � � � � 

 � 
 � � �� 
 � � ��� �� � � �� � � � �� 
 � � �� 
 � � ��� �� � � �� � � � �

� 
 �� � �� 
 �� � �

) �) � *�+� �� �� � � � � �� � � �  � � � � �*�+� �� �� � � � � �� � � �  � � � � �
–– ( � � �  � ��� � � � � �� ��( � � �  � ��� � � � � �� ��� �� �  � �� �� �  � � ����+� �� �� � � � � � �
 � � �� �����+� �� �� � � � � � �
 � � �� �

0

100

200

300

400

500

600

2000 2010 2020 2030 2040 2050 2060

M
et

h
an

e 
G

en
er

at
io

n
 (

cf
m

)
Traditional Landfil l Bioreactor Landfil l

,$%�� � � � �� � � � ��  �� � � �� � � 
 � ! 
 � �� �
 � �
 ��
 � � � �� �� � � � � � ��� �� � � ��� � � �����- �
 ! � � � � 
 � � �
� � � �� � � ���� � � � �%��� � � � � �� � � �� � � �� 
 � � � � � � ��� � � �! � � ��� �� � � �� � �� �� . � �
 ���� � � ����� �� 
 �
�� � � � � � � � � � � � �
 � � �/ � � � �� �
 � � �� 
 �0� �122�� � ��� � �� � �� � � � �� 
 �� � � �� � +� �� � � � � � � ��
 � ��� � � �����
 � � � �� �� � � � ����%�
! �� � � �



� � 	 � � � � � 
� � � � � 
� � � � 	 � � 
� � 	 � � � � � 
� � � � � 
� � � � 	 � � 

� 	 � � � � � �� 	 � � � � � �

� � � � � 	 � � 
� � 	 � � � � � 
� � � 	 � �� � � � � 	 � � 
� � 	 � � � � � 
� � � 	 � �

• 7,924 landfills in 1988; 3,091 in 1996; 1,654 in 
2005 (USEPA, 2006)

• New landfills average 25x larger

• Average LF volume grew from 35,000 TPY to 
>150,000 TPY

• Under Subtitle D - half as expensive to run a 
600,000 TPY landfill, on a per-ton basis, than a 
300,000 TPY one 

Source: 2005 Chartwell Study www.wasteinfo.com



� � 	 � � � � � 
� � � � � 
� � � � 	 � � 
� 	 � � � � � �� � 	 � � � � � 
� � � � � 
� � � � 	 � � 
� 	 � � � � � �

� (  / � � � (0 � 
0 � 
� � � ! 1 
� � � � � � ! 
0 � 
� 
2 (1 � / � � 
� (  / � � � (0 � 
0 � 
� � � ! 1 
� � � � � � ! 
0 � 
� 
2 (1 � / � � 

� � � & � ( � � 
� ( � 3 
& ( � � ! 1 ! � � 
( � � � 0 � 
� � ! � � 1 (0 � 
� � � & � ( � � 
� ( � 3 
& ( � � ! 1 ! � � 
( � � � 0 � 
� � ! � � 1 (0 � 


/ � � 	 � 
3 � & 1 / � 
4&/ � � 	 � 
3 � & 1 / � 
4&

Dr. Tarek Abichou



Top Flux:Top Flux:
-- Year 1 to 5Year 1 to 5 (During landfilling) (During landfilling) 

Top flux = 30% of PrecipitationTop flux = 30% of Precipitation

-- Year 6 to 15 Year 6 to 15 (Interim Cover) (Interim Cover) 

Top flux = flux from the bottom of 45 cm (18”) thick Top flux = flux from the bottom of 45 cm (18”) thick 
vegetated soil layer with Iowa climate (see next slide)vegetated soil layer with Iowa climate (see next slide)

-- Year 16 to 45 Year 16 to 45 (post closure)(post closure)

Scenario 1: Top Flux = 3 mm/yearScenario 1: Top Flux = 3 mm/year

Scenario 2: Top Flux = 10 mm/yearScenario 2: Top Flux = 10 mm/year

Scenario 3: Top Flux = 30 mm/yearScenario 3: Top Flux = 30 mm/year

Simulated 45 years with the three scenarios & Simulated 45 years with the three scenarios & 
estimatedestimated
-- Bottom Flux (Leachate generation rate)Bottom Flux (Leachate generation rate)
-- MSW water storage in the 50 m waste columnMSW water storage in the 50 m waste column
-- Volumetric water content at three depth of waste columnVolumetric water content at three depth of waste column

Bottom Boundary: Free 
Drainage

Top Boundary: Specified Flux

50 m (150 ft) 
MSW

Model Input



Benson and Wang (1998): The only available data on
Water Retention of MSW

Model Input
MSW:
Initial water content = 25%
Waste Column = 50 m
Homogeneous with depth
Ksat = 1 x 10-4 cm/sec
Van Genuchten parameters:

Inter im Soil: from year 6 to 15
Thickness = 45 cm
Vegetated with grass cover
Used water retention 
from Iowa Site
Used Ksat from Iowa Site
Iowa climatic Precip = 908 mm/year

Obtained flux at the bottom of interim 
cover
This flux was used as top boundary 
for the simulation of the waste column 
from year 6 to 15

Atmospher ic 
Boundary (Iowa)

Inter im cover
vegetated
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150 foot Waste Thickness
50 Year Moisture Contribution
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((LeszkiewiczLeszkiewicz andand McAuleyMcAuley (1995))(1995))
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