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AN ABSTRACT OF THE RESEARCH PAPER OF
THE ILLINOIS ENVIRONMENTAL PROTECTION AGENCY, for House Resolution

715 of the State of Illinois 92" General Assembly.

TITLE: A Study of the Merits and Effectiveness of Alternate Liner Systems at Illinois

Landfills

The 92" General Assembly directed the Illinois Environmental Protection Agency to
study the merits and effectiveness of multiple liner systems at Illinois landfills and
provide arecommendation on the advisability of requiring multiple liner systems at all
future municipal solid waste landfills. This report analyzes current liner designs,
evaluates the design’ s effectiveness and relative cost, and evaluates other alternate
multiple liner designsincluding their cost and effectiveness. This report evaluates the
current minimum liner design standard in Illinois for municipal solid waste landfills of a
single liner system. Analysis of the single liner system’s effectiveness for protection of
human health and the environment is presented with an evaluation of the double-
composite liner design for municipal solid waste landfills. Thisreport includes a
summary of regulatory requirements from other states for comparison. Finally an

evaluation of the relative cost of liner designsis provided.

An evaluation of the effectiveness of the liner design standards of the existing Illinois
regulationsis not as straightforward as it would appear. The liner design for municipal

solid waste landfills relies on the collection and removal of liquids from the landfill to



effectively protect human health and the environment. The Illinois regul ations specify
minimum design standards and also require an evaluation of the design in the specific
geologic and hydrogeologic setting. The evaluation of the specific design can result in
additional requirements beyond the minimum design standard including, but not limited

to, a double-composite liner system.

Modifying the Illinois regulations to change the minimum liner design requirement from
asingle liner to a double-composite liner is not recommended at thistime. Given the
compromises that arise due to the complicated construction of double-composite lined
municipal solid waste landfills, thereis a much better chance of successfully completing
construction of the liner if the design is kept ssmple. Also the additional cost of a double-
composite liner is substantial without corresponding protection, except where shown to
be necessary for the specific geologic and hydrogeologic setting. The current minimum
technical requirements contained in the Illinois regulations are protective of human health

and the environment.

A draft copy of this report was forwarded to Dr. David E. Daniel, P.E., Dean, College of
Engineering at the University of Illinois for hisreview and comment. Dr. Daniel isa
published expert on landfill design, specifically liners. In hisreview Dr. Daniel stated
that “(t)o the best of my knowledge, there has been no documented instance of
groundwater contamination anywhere in the U.S. as aresult of leakage through
single-composite liner systems, such asrequired in Illinois... Inmy view, the key issue

to protect groundwater from landfillsis not how many liners are used, but assurance that



the liners are properly constructed, and construction verified through a very thorough
construction quality assurance program... | agree with the report's conclusion that

modifying Illinois regulations to require double liners is not recommended at this time.”
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Introduction

According to the U. S. Environmental Protection Agency Office of Solid Waste
(1989), the United States produces enough solid waste each year to fill ten 145,000-mile
long dumpsters. The question of how to best manage these wastes has been a problem for
decades. There are hundreds of different materials and products of varying weight and
material composition. Primary methods devel oped to manage waste include incinerators,
landfills and recycling facilities.

Landfills are sites that permanently store waste in a manner that minimizes the
release of contaminantsinto the environment. The environmental containment systems
for municipal solid waste landfills include a system beneath the waste and a cover system
constructed over the waste. The system beneath the waste generally consists of a
combination of adrainage layer overlaying low-permeability barriersor liners. The
functions of liners and the drainage layer are complementary and work together to
prevent the uncontrolled discharge of contaminants to the environment.

The drainage layer or leachate collection and removal system is an integral part of
the environmental protection system of any liner. Leachate isthe contaminated liquid in
alandfill that passes through or has been in direct contact with solid waste. The leachate
collection system is placed directly below the waste for the purpose of collecting the
liquid abovetheliner. If this contaminated liquid is not removed from the landfill it
creates a hydraulic head or downward force on the liner that drives the liquid out of the
landfill. The leachate collection system collects and conveys |eachate within the landfill

to controlled collection points or sumps to limit the buildup of leachate or hydraulic head



on the liner. The leachate collection system consists of a granular layer with perforated
pipes to convey the leachate to the leachate removal system. The leachate removal
system may contain networks of sumps, pumps, flow meters, and other flow conveyance
and monitoring components for the purpose of removing the leachate on top of the liner.
The purpose of the liner isto impede leachate and gas migration out of a
municipal solid waste landfill and improve the collection capability of the overlying
drainage layer. Linersinstalled beneath modern municipal solid waste landfills generally
consists of arecompacted earth liner, a single-composite liner or double-composite liner.
The recompacted earth liner, as shown on Figure 1 as base liner system #1, consists
exclusively of clay soil that is recompacted to a certain specification to limit movement
of leachate through the material. The single-composite liner system, as shown on Figure
1 as base liner system #2, consists of alayer of recompacted clay soil beneath a
geomembrane which is a man-made plastic material of a specified thickness. Both of
these types of liner systems are directly overlain with aleachate collection system. The
double-composite liner system, as shown on Figure 1 as base liner system #3, consists of
aprimary liner overlaying a secondary liner with aleak detection layer between the two
liners. Both the primary and secondary liners have two low permeable components. The
leak detection layer is alayer between the two liners. The purpose of the leak detection
layer is monitor the performance of the upper liner and allow appropriate action to be
taken when leachate isfound in thislayer. Thisliner system has aleachate collection

system directly above the primary liner.



BASE LINER SYSTEM #1 BASE LINER 5YSTEM #2

BASE LINER SYSTEM #3
Figure 1: Base Liner Systems

Current Regulations

The current regulationsin Illinois require that al municipal solid waste landfills be
equipped with leachate collection and liner designed as an integrated system. The
minimum design requirements for aliner in lllinoisinclude two options. Thefirst allows
arecompacted earth liner with a minimum thickness no less than 5 feet and a specified
compaction as shown on Figure 1 as base liner system #1. The second isasingle-
composite liner consisting of a geomembrane immediately overlaying a recompacted
earth liner of aminimum of 3 feet in thickness as shown on Figure 1 as base liner system
#2. For the composite liner the minimum thickness of the geomembrane is no less than
60 mils. One mil is one-thousandth of an inch. The earthen component of both of these
liners must be recompacted to achieve a minimum hydraulic conductivity of 1x10”
centimeters per second.

In addition to the minimum design requirements for the liner there are many other

regulations that are an integral part of the environmental containment system. The



construction of the liner must be carried out in accordance with the construction quality
assurance procedures so as to reduce void spaces and allow the liner to support the
loadings imposed by the waste disposal operation without settling that causes or
contributes to the failure of the leachate collection and liner system. The liner must
operate in conjunction with aleachate collection and removal system to achieve the
performance required to protect human health and the environment. The leachate
collection system must be designed to avoid loss of |eachate through openingsin the
liner. The regulations further require the removal of gas from the municipal solid waste
landfill when it is produced in sufficient quantity to produce an outward force.
Groundwater Impact A ssessment

Theregulationsin lllinois further require that a groundwater impact assessment
(“GIA™) be performed for all municipal solid waste landfills. This assessment is used to
determine if the minimum technical design standards are sufficient to protect human
health and the environment under the exact geologic and hydrogeologic conditions of the
site. The minimum technical design is assessed for the impact on groundwater using a
contaminant transport model that requires the actual geologic and hydrogeologic
conditions be characterized. The contaminant transport model is a mathematical model
that must demonstrate that the minimum design can protect groundwater such that the
concentration of any chemical constituent will not exceed the natural background
concentration at the compliance point, which islocated 100 feet from the waste boundary
within 100 years of closure of the facility. If this cannot be demonstrated, the design
must be increased to alevel that will ensure that that the concentration of any chemical

constituent will not exceed the background value at the compliance point.



The demonstration by the GIA is a performance standard that must be met in addition
to the minimum design standard. The modeling results are used to show that the
minimum liner design standards will provide the necessary amount of protection at the
municipal solid waste landfill or additional protection must be added. Model results can
never be utilized to waive the minimum design standards. The modeling results are be
used to confirm, not derive, the acceptability of the design parameters.
(Scientific/Technical Section of the Illinois Pollution Control Board (“Board”), 1990)
This means that a municipal solid waste landfill liner must, at a minimum, meet one of
the two specified design standards and may need to be enhanced based on the results of
the GIA.

According to the background report in support of the current regulations by the
Scientific/Technical Section of the Board, 1987, if the GIA demonstrates that, under the
site-specific conditions, the minimum design standards are inadequate to prevent
contamination of the groundwater at the point of compliance then additional protection
must be provided. Additional protection specifically considered by the regulations
includes a double-composite liner. Also considered is the use of special construction
techniques to decrease the hydraulic conductivity, or admixtures to improve the
characteristics of the liner. Thisalows the designer the flexibility, in approaching the
prevention of groundwater contamination, to evaluate al alternatives. These aternatives
include evaluating another, more suitable site, changing the final configuration of the unit
to promote more runoff and less infiltration, prohibiting the disposal of certain wastes
containing the offensive contaminants, or any combination of these in addition to other

practices that ensure protection of human health and the environment.



Comparison of State Regulations

Earthtech (2002) presented, in the attached report, the liner requirements from
thirty-five states for comparison to the current minimum liner design regquirements found
inlllinoisregulations. The majority of the states presented require asingle liner asthe
minimum design requirement. All of the statesin the U.S. Environmental Protection
Agency’s Midwest Region, known as Region V, are presented. These states are lllinois,
Indiana, Michigan, Minnesota, Ohio, and Wisconsin, which due to the similaritiesin
climate, geology and demographics are appropriate for regulatory comparison. Of these
states, only Michigan has the double-composite liner design for a minimum design
requirement. However, thisisrequired only under certain specified conditions and a
single liner can be allowed. Thisissimilar to Illinois requirement to increase the design
where necessary. The difference for Illinois regulationsis use of the GIA to define the
specific conditions where this is necessary compared to Michigan where the specific
conditions are laid out in the regulation.

The other states bordering Illinois are also presented in the attached Earthtech
(2002) report. These states include Kentucky, Tennessee, Missouri, and lowa. Of these
states, only Kentucky has the double-composite liner design for a minimum design
requirement. However, aless stringent design can be allowed under site-specific
conditions. In fact, only one double-composite liner has been required in Kentucky to
date.

Of the other states presented in the attached Earthtech (2002) report, Delaware,

Florida, Oregon, and New Jersey require a double-composite liner under certain specified



conditions. Thisissimilar to Michigan’s standard as discussed above. Pennsylvania
requires adouble liner system, however, only one of the linersisrequired to be a
composite liner.

Of the 35 states in the attached Earthtech (2002) report, only four states require a
double-composite liner as the minimum design requirement. The four states are
Kentucky, as discussed above, Connecticut, New Y ork, and Massachusetts. Connecticut
requires a double-composite liner however aless stringent design can be allowed on a
case-by-case basis. New Y ork requires a double-composite liner, without an allowance
for any less stringent design. Massachusetts requires a double-composite liner for
facilities built after December 20, 2000 until new regulations are adopted.

Evaluation of Liners

According to the Scientific/Technical Section of the Board (1987) in support of
the adoption of the current regulations for municipal solid waste landfills, additional
protection must be provided for municipal solid waste landfills if the minimum design
and performance standards are inadequate to prevent the contamination of the
groundwater outside the zone of attenuation. Double-composite liners are one design
option available when the minimum design standard is shown to be inadequate in
evaluating the GIA.

According to a study by the Wisconsin Department of Natural Resources (1997),
where states have allowed or required double-composite liner designs, it is usually
because of a perceived or actual lack of native clay in large regions of the state and lack
of experience with the properties of clay asabarrier layer. In lllinoisthe use of the GIA

allowsthe flexibility to tailor the design to the specific geologic setting.



According to the Wisconsin Department of Natural Resources in their 1997 study,
double-composite lined landfills are enormously difficult to successfully construct. The
design of double-composite lined landfills usually requires a reduced thickness of the soil
components of the liner, compared to single liner. Only afew double-composite lined
municipal solid waste landfills have been built in Wisconsin, and their construction has
been shown to be complex, difficult to coordinate, and easily subject to interruptions by
weather. It is common for construction of double-composite lined landfills to extend late
into cold weather or to extend over two construction seasons, resulting in several months
of exposure of the liner components to weather. All of these factors |ead to doubt that
double-composite lined landfills can be built to the same standard and performance as
single lined landfills as reported by the Wisconsin Department of Natural Resourcesin
the 1997 study for the proposed Crandon Mine.

Based on Wisconsin's experience with clay liner design and evaluation of
performance monitoring data from numerous facilities, it was concluded that properly
designed and constructed clay liners along with an efficient leachate collection system
can provide a high level of groundwater protection at solid waste disposal facilities as
reported in the 1997 Wisconsin study. Lee and Jones-L ee (1994) found that the leachate
collection and removal system is the key component of the municipal solid waste landfill
containment system to prevent groundwater pollution. If properly constructed and
maintained, such a system can prevent leachate from entering the groundwater associated
with the municipal solid waste landfill. The performance of the municipal solid waste
landfill depends more on the functioning of the leachate collection and removal system

rather than on the number of liners used, according to Lee and Jones-Lee (1994).



The key protection of groundwater quality in a double-composite lined landfill,
where the lower composite liner's function is primarily that of aleak detection system for
the upper composite liner, is the ability to take appropriate action when leachate is found
in the leak detection layer between the two composite liners according to L ee and Jones-
Lee. According to Bonaparte and Gross (1990), the leakage detection layers in double-
composite liner systems frequently exhibit flows that may be due to leakage through the
top liner or due to other sources such as construction water, consolidation water, and
infiltration water. Thus, the double-composite liners provide ambiguous data, which
makes it difficult for monitoring the performance of the municipal solid waste landfills.
However, when leachate is found in the leak detection layer, it is assumed that the upper
composite liner hasfailed. If the upper liner doesfail, then the efficiency of the double-

composite liner is reduced to that of the single-composite liner.

According to Daniel et al (1999), limiting the size of the active disposal area and
using effective measures to minimize rainfall infiltration into the waste and to divert
surface-water runoff away from the waste will significantly decrease |eachate generation
rates compared to the rates observed under less controlled conditions. Well designed and
constructed cover systems can be very effective in minimizing infiltration of rainfall into
the waste, thus reducing leachate generation rates to near-zero values (Dani€l et al, 1999).
Many waste containment system problems were evaluated, but increasing the number of
liners for the municipal solid waste landfills was not recommended. It was discovered
that most of the problems occurred due to construction and operation defects. A 1998

survey of 43 states has shown that for municipal solid waste landfills 72% require single



liner systems, and 14% have single-composite and double-composite liner system
options. (Daniel et a, 1999)
Cost Considerations

The attached Earthtech (2002) report included cost estimates for the different
types of liners evaluated in thisreport. The costs were based on an average cost for
construction and materialsin Illinois. Also, numerous assumptions had to be made since
this was an average cost for the state. There will be areas of the state where certain
materials or labor costs will be higher or lower. The purpose of the costs presented is
strictly for comparison in this report and is not meant to be authoritative on this subject.

For an average 100 acre municipal solid waste landfill in Illinois a recompacted
earth liner will cost approximately $9,420,100 to build, including the associated cost of
the GIA. The single-composite liner will cost approximately $7,988,300 to build,
including the associated cost of the GIA. The average cost for a double-composite liner
is$14,342,400. For comparison purposes, it was assumed that a GIA would not need to
be performed if a double-composite liner isrequired. Under these assumptions, the
double-composite liner will cost approximated 34% more than the recompacted earth
liner. However the double-composite liner will cost approximated 44% more than the

single-composite liner.

Conclusion

The current design requirements for municipal solid waste landfills contained in
the Illinois regulations are protective of human health and the environment. The

minimum liner design standard currently in the Illinois regulations requires asingle liner.
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However, the regulations in Illinois are unique in the requirement to evaluate the
minimum design standard for liners in the specific geologic setting under the exact
operating conditions using a mathematical model to determine if additional protectionis
needed. Additional controls must be included in the design for protection of groundwater
when the model demonstrates that a groundwater standard will be violated without the
additional controls. These additional controls include a double-composite liner when
necessary to protect groundwater. Also unique to Illinois regulationsis applying the
existing chemical concentrations in uncontaminated background groundwater as the

standard to confirm the acceptability of the liner design at municipal solid waste landfills.

States that require double-composite liners for the minimum design may not have
sufficient natural geologic material to protect groundwater without the additional liner
requirement. Also, most States that have a requirement for double-composite liners allow
aless stringent design when approved by the regulating agency. In lllinois, the liner and
additional design requirements are tailored to the site-specific geologic conditions

through the use of the GIA as a performance standard.

Controls, other than liners, are often a more effective method of minimizing
contamination. Research concludes that the leachate collection and removal systemisan
integral part of the environmental protection system and may be more important than
additional linersin the protection of groundwater. The leachate collection and removal
system removes the liquid above the liner, which decreases the driving head or downward
force ontheliner. Liquid cannot move without applying aforce. The sameistrue of the

gas causing an outward pressure, which is the second force that can move contaminants

11



out of the municipal solid waste landfill containment system. The current regulations

also require for gas to be removed before it can cause an outward force.

The current regulationsin lllinois including the GIA with periodic reevaluation,
monitoring schedule, assessment, and corrective action requirements have proven
effective to protect groundwater. Double-composite liners are more costly without
corresponding protection. If the upper liner fails, the efficiency of the double-composite
liner is reduced to that of the single-composite liner. Given the compromises that arise
due to the complicated construction of double-composite lined municipal solid waste
landfills, there is a much better chance of successfully completing construction of the
liner and leachate collection system if the design is kept ssmple. Thereis no advantage to
the use of a double-composite lined municipal solid waste landfill designiif it leads to

poorer liner construction.

Modifying the lllinois regulations to change the minimum liner design
requirement from a single liner to a double-composite liner is not recommended at this
time, given the compromises that arise due to the complicated construction of double-
composite lined municipal solid waste landfills and that the additional cost of a double-
composite liner is substantial without corresponding protection. The current minimum
technical requirements contained in the Illinois regulations allow the flexibility to require
adouble-composite liner in an areawhere it is necessary for such a requirement to protect

human health and the environment.
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December 3, 2002

Ms. Joyce L. Munie, P.E.
Manager, Permit Section
Bureau of Land, IEPA

PO Box 19276

Springfield, IL 62794-9276

RE: Cost Estimates for Various Base Liner Systems and GIA

Dear Ms. Munie:

In follow-up to the second task outlined in the Scope of Work concerning assisting IEPA with a
study on landfill liner requirements, this letter presents cost estimates for various base liner
systems and groundwater impact assessment.

Cost Estimate for Various Base Liner Systems

Approximate construction costs have been estimated for the following base liners:

e 5-ft recompacted soil liner (Fig #1 below)

e Single composite liner systemwith 3-ft of recompacted clay and a geomembrane (#2)

e Double composite liner system with two composite liners separated by a secondary leak
detection system (#3)

; —l I
- ' o ey 1 .d'ul i
BASE LIMER SYSTEM #1 BASE LIMER 5YSTEM #2
A
AL B TLEESS |
BASE LINER SYSTEM #3
The approximate costs for the three options are:
Liner Cross Section Per Acre Cost Total Cost for
100-acre
Landfill

5-foot Recompacted Soil Liner $89,701 $8,970,100




Single Composite Liner System $75,383 $7,538,300

Double Composite Liner System $143,424 $14,342,400

Assumptions used are summarized below:

The various base liner system cross-sections evaluated are illustrated in the
figures shown above. The soil liner and geomembrane materials meet 35 IAC
811 regulations.

The geomembrane is HDPE.

The low permeability soil component of the double composite liner system’'s
primary liner is anticipated to be a GCL ; use of a GCL as opposed to a compacted
clay layer in this position is recognized as state of the practice.

Refer to the attached Table 1 for details and further assumptions used in
developing the cost estimates.

Data from the R.S. Means construction cost estimating books and typical
construction costs for landfills in the Midwest based on recent project experience
were reviewed and utilized to develop the cost estimates.

The costs include only the material and installation costs related to the base liner
materials themselves.

Costs for items such as cell excavation, leachate collection systems, underdrain
systems, surveying, and CQA are not included.

Cost for clay is assumed at $6 per cubic yard for purchase and delivery to the site.
This is based on recent project experience. This value will vary based on the
specific situation.

Prices may vary based on the actua size of the landfill area and the quantity of
materials purchased.

Regional differences that may affect pricing have not been factored in, such as
labor and soil purchase costs.

Although a 100-acre landfill is assumed as the basis for the cost estimates, the
geosynthetics quantity has been increased by 10% to account for perimeter run-
out areas, anchor trenches, overlap, waste, etc.

Installation of the liner system components (i.e., soil and geosynthetics) will take
place during the typical construction season.

Cost Estimate for Groundwater Impact Assessment

An approximate cost estimate for preparation of a Groundwater Impact Assessment for a

new (greenfield) landfill proposed in Illinois is summarized below. The costs are presented on a
per acre basis for work related to field investigation and data evaluation, while the costs for GIA
landfill modeling are presented as an approximate total cost for a landfill development project of
approximately 100 acres.



I[tem Per Acre Cost Total Cost for 100-

acre Landfill

Field Investigation $2,000-$3,000 | $200,000 -

$300,000

Data Evaluation/Hydrogeo Report $1,000-$3,000 | $100,000 -

$300,000
GIA Modeling N/A $20,000 - $30,000
Total GIA Cost: N/A $400,000 -

$500,000

So for a 100-acre landfill, the total cost for the GIA would be approximately $400,000 to

$500,000.

The cost estimates are based on recent project experience with landfill developments and
associated permit applications. Refer to the attached Table 2 for details and further

assumptions used in developing the cost estimates.

Summary

Assuming an average cost for the GIA of $450,000, the per-acre and total cost for the
development of a 100-acre landfill with the three liner systems under consideration are
approximately:

Liner Cross Section Per Acre Cost Total Cost for
100-acre
Landfill
5-foot Recompacted Soil Liner $94,201 $9,420,100
Sngle Composite Liner System $79,883 $7,988,300
Double Composite Liner System $147,924 $14,792,400




We hope that this information meets your needs. If you have any questions or comments,
please contact us at the phone numbers or email addresses below.

Thank you,

Earth Tech, Inc.

Ed Doyle, P.E. Terri Blackmar, P.E., R.P.G.
Department Manager Vice President

phone: 630-574-5178 phone: 630-574-2188

email: ed.doyle@earthtech.com email: terri.blackmar@earthtech.com
attachment

L:\WORK\IEPALF\62184\ENGR\Liner Comparison\liner cost est letter1 rev a.doc
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