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CENTRAL MAUI LANDFILL  
ALTERNATIVE FINAL COVER ANALYSIS 

SEPTEMBER 2019 
 
1. INTRODUCTION AND SUMMARY 
 
A-Mehr, Inc. evaluated the feasibility of using an evapotranspirative (ET) cover for final closure of 
the Phase III, and Phase IV through V-B Extension areas of Central Maui Landfill (CML).  The 
proposed design consists of the following layers with a total depth of four (4) feet above the 
underlying solid waste, listed from top to bottom: 
 

• One (1) foot vegetative layer consisting of compost and soil blended in approximately 
equal proportions; 

• Two (2) feet infiltration layer consisting of imported soil compacted to a maximum 
permeability of 5.0 x 10-6 cm/sec; and 

• One (1) foot foundation layer consisting of existing intermediate cover soil, scarified and 
compacted before placement of the infiltration layer above it. 

 
This final cover section is proposed as an alternative final cover meeting the requirement of HAR 
11-58.1-17(2) “an infiltration layer that achieves an equivalent reduction in infiltration as the 
infiltration layer specified in paragraphs (1)(A) and (1)(B).”  Paragraph (1)(A) requires the 
infiltration layer to have “a permeability less than or equal to the permeability of any bottom liner 
system or natural subsoils present, or a permeability no greater than 10-5 cm/sec, whichever is 
less.”  Paragraph (1)(B) requires the infiltration layer to contain not less than 18 inches of earthen 
material. 
 
ET covers have been developed and are widely used for closing Subtitle-D compliant landfills, as 
alternatives to final covers involving extremely low-permeability clay liners or geomembranes.  
The proven performance of the ET cover system is due to its ability to store infiltrated water within 
the cover system during wet seasons, and then discharge it during dry periods by processes of 
evaporation and transpiration by plants in the vegetative cover 
 
The computer program UNSAT-H, which is generally recognized as a preferred method for 
evaluation of alternative final covers, was used to estimate annual percolation rates through the 
ET cover into the waste mass, using climate data from the on-site weather station at CML.  The 
results of the analysis indicate that percolation through the ET cover into the underlying waste 
mass will be essentially zero, and is therefore equivalent to the permeability of the composite liner 
systems underlying the Phase III, and Phase IV through V-B Extension areas.   
 
Based on the analysis, we recommend the composite lined areas of CML be closed with the 
proposed ET soil cover design that is similar to alternative final covers that have been approved 
and installed at numerous closed landfills other states.  
 
The following sections summarize the methods and results of our evaluation of the ET final cover. 
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2. METHODOLOGY 
 
The analysis of equivalency was performed using the computer model UNSAT-H, an open-source 
program developed by the U.S. Department of Energy (Thayer, 2000).  Based on a similar 
program developed to predict the water dynamics of agricultural land, the model was developed 
as a means of calculating the net flow of surface water into waste containment facilities.  It Is 
capable of modeling soil heat flow, vapor flow, evaporation and liquid flows, based on input 
variables describing climate, soil characteristics and plant cover.  The UNSAT-H model is 
extremely useful in estimating infiltration through a landfill cover due to its ability to simulate the 
water balance in the upper layers of a soil/waste mass where evapotranspiration from a vegetative 
cover may be significant. 
 
UNSAT-H calculates the water balance in a soil system defined by the user as a number of vertical 
nodes, with nodes separated by centimeters or fractions of centimeters apart.  For example the 
two-feet thick infiltration layer was modeled as a system of 20 nodes in the current study.  Each 
layer of the system (vegetative layer, infiltration layer, foundation layer, waste) is separately 
defined by its geotechnical and moisture retention parameters and as a series of calculating 
nodes. 
 
The primary climate data inputs to UNSAT-H are daily rainfall and potential evapotranspiration 
(PET).  Potential evapotranspiration may be obtained from direct measurements or it may be 
computed from other climate data.  Beginning with user-defined initial conditions in the soil 
system, the model applies the daily rainfall and PET data to compute the changing moisture 
content at each node for each day.  For evaluation of the proposed alternative final cover for CML, 
we simulated five consecutive years of data repeating the extreme case described in the following 
section in order to estimate the maximum infiltration of surface water into the upper layers of 
waste.  
 
3. CLIMATE DATA 
 
Evaluation of an ET cover requires data on evapotranspiration and rainfall.  The first step in the 
analysis is to establish a design year database for the analysis.  Because evaporation data is not 
widely gathered, it is often necessary, as in the present case, to combine data from different 
sources and locations into a composite data set that best represents the site-specific conditions.   
 
A weather instrument has gathered daily data at CML since December 2006.  Data for years 
2007-2011 was reviewed and evaluated for suitability as the basis for the UNSAT-H weather 
database.   The year 2007 was selected based on (1) its higher percentage (93%) of operational 
days and (2) it recorded the highest total annual rainfall of the 5-year period.   
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Total annual precipitation from the on-site weather station was compared with the record from 
Kahului Airport, with the following results: 
 
 

Year On-Site      Kahului Airport Comment 

2007 15.02 13.06 

On-site record 
adjusted for missing 
February data and 
malfunctions 

2008 6.07 9.55 

On-site record 
missing 83 days in 
February, August & 
September 

2009 9.90 14.09 

On-site record 
missing 60 days in 
July, October and 
December 

2010 2.02 9.44 

On-site record 
missing 85 days 
during periods 
January-February 
and October-
December 

2011 -- 10.59 On-site data missing 
7 months 

 
 
Adjustments to the 2007 on-site data were made as follows to produce the daily record for input 
to the model: 
 

• Since the station was operational for only 3 days in February 2007, data for February 2009 
was inserted into the 2007 record. 

• The rain gauge for the instrument obviously malfunctioned during two days in December 
2007, which was characterized by a violent storm throughout the region.  To compensate 
for this, daily rainfall data from the Kahului Airport, located less than 2 miles from the 
landfill, was substituted into the database while keeping other parameters intact.  Figure 
1 shows the comparative monthly totals for the adjusted on-site rainfall and Kahului 
Airport. 

• Once the on-site data for 2007 was completed as noted above, the rainfall amount was 
scaled up by a factor of 2.0, the ratio between the 12-year maximum rainfall at Kahului 
Airport (26.17 inches in 2004, as shown in Table 1) and the 2007 total of 13.06 inches.  
This results in a total for the synthetic CML 2007 record of 30.04 inches. 

 
  



4 

 

 
 

Figure 1 - CML (Adjusted) and Kahului Airport 2007 Monthly Rainfall (inches)  
 
 
Two parameters from the adjusted and scaled-up 2007 record were extracted for input to the 
UNSAT-H model: 
 

• Daily total precipitation (Figure 2) 
• Daily total potential evapotranspiration as calculated by the weather instrument 

manufacturer’s software using inputs from the instrument’s temperature, humidity, wind 
speed and solar radiation sensors.  Attachment 1 is a description of the calculation 
procedures, which are based on methods used by the California Department of Agriculture 
for its statewide database of potential evapotranspiration information using the Penman-
Monteith equation. 
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TABLE 1 
ANNUAL RAINFALL, KAHULUI AIRPORT 

 
YEAR AMOUNT (inches) 
2000 9.72 
2001 10.53 
2002 15.07 
2003 13.83 
2004 26.17 
2005 15.45 
2006 18.65 
2007 13.06 
2008 9.55 
2009 14.09 
2010 9.44 
2011 10.59 

 
 
 

 
 

 
 

Figure 2 - Daily Synthetic Rainfall Record (inches) Scaled to 30.04 in/year 
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4.  MATERIAL PROPERTIES 
 
The UNSAT-H model requires two types of material properties to be input for each soil layer.  One 
set describes the moisture retention properties of the soil, and the other establishes the hydraulic 
conductivity (permeability) of the soil.  Since the source of material for the CML final closure 
infiltration layer is not known at this time, the moisture retention properties used for the two-feet 
thick infiltration layer were taken from laboratory analyses of silty sand material installed on a 
recent landfill closure in Ramona, California.  To achieve a conservative result, saturated 
hydraulic conductivity for the final cover infiltration layer material was assumed to be 5.0 x 10-6 
cm/sec, which is over four times more permeable than the local Maui soil material used in the 
closure of CML Phases I and II in 2007, which had a maximum measured laboratory hydraulic 
conductivity of 1.1 x 10-6 cm/sec.  The intent will be to specify the same requirements for this 
project. 
 
Moisture retention properties for the compost/soil mixture used as the vegetative layer were taken 
from published data for silt and loam soils (Schaap & van Genuchten, 2005).  The saturated 
hydraulic conductivity of the vegetative layer was assumed to be 1.0 x 10-4 cm/sec, corresponding 
to typical silty sand.  The foundation layer (compacted intermediate cover soil) was modeled with 
an assumed hydraulic conductivity of 1.0 x 10-4 cm/sec and water retention properties the same 
as the ET infiltration layer. 
 
The upper waste layer below the final cover infiltration layer was modeled using published 
hydraulic properties of municipal solid waste including hydraulic conductivity of 1.0 x 10-4 cm/sec.  
(Benson & Wang 1998). 
 
The material properties used in the analysis are summarized in Table 2 
 

 
TABLE 2 

MATERIAL PROPERTIES FOR UNSAT-H MODELING 
 

Material Compost/Soil 
(Veg. Layer) 

Infiltration 
Layer 

Foundation 
Layer 

Solid  
Waste 

Saturated Hydraulic 
Conductivity             
(cm/sec) 

1.0 x 10-4 5.0 x 10-6 1.0 x 10-4 1.0 x 10-4 

Moisture Retention 
Properties     

     α, cm-1 0.0299 0.0299 0.0299 0.26 
     N (dimensionless) 1.2403 1.2403 1.2403 2.216 
     Θs, saturated moisture 

content (% vol.) 47.0 34.64 34.64 53.0 

Θr, residual moisture 
content (% vol.) 4.40 1.30 1.30 1.1 
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5. COVER PERCOLATION ANALYSIS 
 
A-Mehr, Inc. performed a modeling analysis of an ET cover using the computer program UNSAT-
H, which is acknowledged as a suitable method for evaluation of ET cover performance. The 
object of the analysis was to estimate the annual volume of percolation through the cover soil 
layers into the upper layer of refuse. 
 
The cover was modeled assuming the following layers (from top to bottom): 
 

• One (1) foot vegetative layer consisting of compost and soil blended in approximately 
equal proportions; 

• Two (2) feet infiltration layer consisting of imported soil compacted to a maximum 
permeability of 5.0 x 10-6 cm/sec; and 

• One (1) foot of existing intermediate cover soil, scarified and compacted before placement 
of the infiltration layer above it. 

 
Plant cover was assumed to be grass covering 90% of the closed landfill surface, with roots 
penetrating to a maximum depth of 24 inches, or halfway into the infiltration layer of soil. 
 
Cover performance was modeled using the synthetic PET and precipitation record described in 
Section 2 above.  The weather record was used as an input to UNSAT-H for 5 consecutive years.  
The resulting final projected infiltration rate through the final cover and upper one foot of waste, 
after five years of the maximum rainfall year, is essentially zero. 
 
Attachment 2 contains representative input and output listings from the UNSAT-H program. 
 
 
6. REFERENCES 
 
Benson, C.H., W. Albright, J. Smesrud (2005).  Workshop on Alternative Final Covers.  
Sacramento, California.  November 2005. 
 
Benson, C.H. and Wang, X. (1998).  Soil water characteristic curves for solid waste.  
Environmental Geotechnics Report 98-13.  University of Wisconsin Department of Civil and 
Environmental Engineering.  Madison, Wisconsin. 
 
Fayer, M (2000).  UNSAT-H Version 3.0:  Unsaturated Soil Water and Heat Flow Model--Theory, 
User Manual and Examples.  Report No. PNNL-13249 Pacific Northwest National Laboratory, 
Richland, Washington, USA. 
 
Schaap, M. and van Genuchten, M. (2005).  A Modified Mualem-van Genuchten formulation for 
Improved Description of the Hydraulic Conductivity Near Saturation.  Vadose Zone Journal, 
Published by Soil Science Society of America.  December 16. 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT 1 
 

POTENTIAL EVAPOTRANSPIRATION 
 CALCULATION PROCEDURES 

USED IN DAVIS INSTRUMENTS WEATHER STATION SOFTWARE  


















