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Executive Summary

This report presents the results of work completed by GeoSyntec Consultants {GeoSyntec) under
Task 6 of the Landfill Facility Compliance Study, California Integrated Waste Management
Board (CTWMB), contract number IWM-C9047.

The landfill study consists of two phases. Phase [ includes Tasks 1-3 (compiling a checklist of
pertinent environmental regulatory requirements, developing a cross-media database inventory of
224 California municipal solid waste [MSW) landfills, and assessing MSW landfill
environmental performance for the time period from January 1998 through December 2001).
Phase II consists of Tasks 4--8 (these tasks include assessing the effectiveness of current
regulatory requirements in controlling environmental impacts over time and identifying possible
ways to improve regulations to provide for greater environmental protection).

In accordance with the contract scope of work, Task 6 is comprised of the following activities:

e Review current MSW landfill regulations from all 50 states and selected countries to identify
those jurisdictions that will be most relevant to this study.

» Select up to eight states and five countries for comparison of their current MSW landfill
regulations with those from California.

» Review the federal regulations and compare them with those from the selected states, since
the states must meet, at a minimum, the federal regulations and many of the individual states
include the federal regulations by reference in their regulations.

¢ Identify those elements that, if applied in California, could possibly improve or enhance
California’s multimedia regulation of MSW landfilis.

¢ To the extent possible, compare the incremental cost and potential environmental protection
benefit of the selected states’ and countries” reguiations to California’s current state of
practice.

California is currently enforcing regulations with respect to siting, design, operations, monitoring,
post-closure, and landfill gas control, as set forth in Title 27, Division 2 of the California Code of
Regulations (27 CCR, Division 2), SWRCB Resolution Number 93-62, the federal “Subtitle D”
regulations (also known as Subtitle D of the Resource Conservation and Recovery Act, with
regulations found in Title 40, Part 258 of the Code of Federal Regulations [40 CFR, Part 258]),
and 40 CFR, Part 60, Subparts Cc and WWW.

The diverse nature of California’s geology, hydrogeology, and climate sets it apart from most
other states with respect to evaluating regulations that can be most effective in providing
environmental protection. When comparing California to most of the eight selected states,
regulations that may have been developed for a more homogenous environment may only be
applicable to portions of California. In general, California regulations allow for the diversity of
the state in all the factors considered for design, and for that reason are likely to provide the most
environmentally protective and cost-effective disposal for the people of California.

In comparison to the five countries reviewed, California’s regulations appear to be similar in that
they all attempt to accommodate highly variable site conditions across the governed area.
However, in some instances these countries’ regulations tend to be more prescriptive than
California’s, either by including additional requirements (such as for waste pre-processing) or by



defining a range of minimum requirements to accommodate varying conditions across the country
(such as having a tiered structure for defining minimum requirements based on site conditions).

Several regulatory requirements from the other eight states and five countries are believed to have
considerable potential for successful implementation in California if it can be shown that they
would achieve greater environmental protection than current regulations. These regulatory
requirements are:

» Definition of multiple minimum base liner requirements based on site-specific conditions
such as landfill size, climate, population density, subsurface conditions, and proximity to
groundwater source. However, additional research would be required to appropriately define
the tiers and the associated minimum base-liner requirements for each tier.

» Development of a standard for the evaluation of the end of the post-closure care period based
on environmental performance. Additional research would be required to develop an
appropriate standard for evaluating the future potential for a landfill to “pose a threat” prior to
the incorporation of a new regulation in California.

Requirements for the pre-processing and/or pre-treatment of waste prior to disposal to increase
the recovery of reusable materials and reduce the volume entering the landfill have been
implemented in the European Union (EU). Regulations requiring pre-processing or pre-treatment
may be appropriate in California, but would need to be considered along with current
requirements and associated costs and henefits prior to the implementation of a new regulation in
California.

In addition, three regulatory requirements were identified that may also be applicable, but for
which additional research would be needed to evaluate the actual environmental impact of
existing landfills that comply with California’s current regulations to see if the changes listed
below are warranted. These are:

* A siting requirement specifying minimum distance from wetlands,

* A siting requirement specifying proximity to water supply wells based on site-spectfic
conditions.

e A performance requirement for landfill gas control allowing more stringent reguirements for
the concentration of explosive gases at the landfill boundary that is based on the need for
additional protection of human health and the environment.

Further discussion of the basis for all these recommendations is provided in Section 6, along with
the basis for exclusion of other selected regulations not recommended for application in
California.
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Introduction

2.1

2.2

This report presents the results of work completed by GeoSyntec Consultants (GeoSyntec) under Task
6 of the Landfill Facility Compliance Study for the California Integrated Waste Management Board
(CIWMB), contract number IWM-C9047. In accordance with the contract scope of work, Task 6 is
comprised of the following activities:

¢ Review current MSW landfill regulations from all 50 states and selected countries to identify those
jurisdictions that will be most relevant to this study.

¢ Select up to eight states and five countries for comparison of their current MSW landfiil
regulations with those from California.

» Review the federal regulations and compare them with those from the selected states, since the
states must meet, at a minimum, the federal regulations and many of the individual states include
the federal regulations by reference in their regulations.

e Identifying those elements that, if applied in California, could possibly improve or enhance
California’s multimedia regulation of MSW landfills.

« To the extent possible, compare the incremental cost and potential environmental protection
benefits of the selected states’” and countries’ regulations to California’s current state of practice.

Organization of This Report

The review of the current MSW landfill regulations from all 50 U.S. states and selected countries to
identify jurisdictions for the comparative study is discussed in Section 2.2. The comparison of current
MSW landfill regulations from the eight selected states is presented in Section 3. The comparison of
current MSW landfill regulations from the five selected countries is presented in Section 4.
Discussions regarding regulations that could possibly improve/enhance California’s regulations, and
the associated incremental costs and benefits, are presented in Section 5. Conclusions and
recommendations are provided in Section 6. References used in this part of the study are listed in
Section 7. Al} of the tables referenced in this report are included at the end of the document.

Basis for Selection of States and Countries

At the beginning of the Landfill Facility Compliance Study, GeoSyntec reviewed summaries of MSW
landfill regulations from all 50 U.S. states and several countries to identify those jurisdictions whose
regulations were appropriate for comparison to California’s current regulations. The primary criteria
for selection was that those regulations (1) included elements that differed from California’s
regulations, and (2) if applied in California, could potentially improve/enhance the current California
multimedia regulations. Other criteria included accessibility of the regulations and distribution of
social, political, and geographical characteristics pertaining to the landfill or its location.

The primary sources of information for performing this review were the following:

+ A technical report for the U.S, Environmental Protection Agency (U.S. EPA) on assessment and
recommendations for improving the performance of waste containment systems prepared by
authors associated with the Geosynthetics Research Institute (GRI), the University of [llinois, and
GeoSyntec Consultants [U.S. EPA, 20021

s A survey of MSW landfill liner and cover regulations for all U.S. states and selected foreign
couniries compiled by the GRI [Koerner et al., 1998; Koemner and Koerner, 1999].



Technical papers published in various landfill conferences and symposia proceedings (specific
papers utilized in this study are referenced in appropriate sections).

Input from the cross-media landfill study team, which was created in keeping with the study’s
purpose of looking across all environmental media. The team consisted of representatives from the
CIWMB, the State Water Resources Control Board (SWRCB), and the California Air Resources
Board (CARB).

Technical knowledge of GeoSyntec, based on landfill practice in most U.S. states and several
foreign countries, supplemented by regulatory documents and summaries available from
GeoSyntec’s in-house library and from Internet websites of various regulatory agencies,

Based on GeoSyntec’s review, eight states were identified for inclusion in the comparative study for
the following reasons:

Delaware: The regulations provide alternative base liner systems, depending on possible site-
specific conditions.

New Jersey: The regulations provide alternative final cover systems, depending on possible site-
specific conditions,

New Mexico: The regulations account for the climate conditions in the state, which may be
applicable to southern California and other arid areas of California.

New York: The regulations require MSW landfilis to have a double composite base liner system,
with the two liners separated by a secondary leachate collection and removal system (LCRS),
which is also called a leak detection system {LDS).

Pennsylvania: The regulations require consideration of alternatives for post-closure land use.

Washington: The regulations allow landfilis in arid regions to be designed on a performance basis
that could result in the landfill being designed with no base liner as long as the maximum
concentration of contaminants are below regulatory levels.

West Virginia: The regulations provide alternative final cover systems, depending on possible
site-specific conditions.

Wisconsin: The regulations provide for state-approved alternatives to the prescriptive base liner
system.

Based on GeoSyntec’s review, five countries were identified for inclusion in the comparative study for
the following reasons:

Australia: The regulations provide for all MSW to be pre-treated starting in 2004.
Brazil: Provides broad geographical coverage as a representative of South America.

Eurepean Union (EU): Although the EU is a union of several countries, it is treated as one entity
for the purposes of this report, with two countries (Germany and the United Kingdom [U.K.})
examined in particular. Some country-specific regulations (such as Germany’s) require mechanical
pretreatment of waste.

Japan: Provides broad geographical coverage as a representative of Asia, economic comparison
as the second largest economy in the world, and brings innovative approaches to waste
management. Japan has a high population density (as does California), a climate similar to the
climate in parts of California, and seismic conditions similar to California’s.



* Republic of South Africa: Newly adopted landfill regulations are performance-based.

2.3 Glossary

The following terms are used throughout the body of this report. For purposes of this report, these
terms have the following meanings:

Anaerobic digestion: reduction of the waste mass prior to disposal by biochemical processes (for
example, growth of bacteria) that occur in the absence of oxygen.

Biogases: gases generated by a waste mass through biological reactions in the waste mass; in
conjunction with a landfill, biogases may be referred to as landfill gas (LFG).

Composting: reduction of the waste mass prior to disposal by biochemical processes (for example,
growth of bacteria) that occur in the presence of oxygen.

Dispersion: transport and distribution of a mass through a medium by various means, including
convection and diffusion.

Double composite liner system: landfill base containment system consisting of two single composite
liners with a secondary leachate collection and removal system (also called a leak detection system)
between the liners.

Double liner system: landfill base containment consisting of two liner systems (none of which must
be a composite liner) with a secondary leachate collection and removal system (also called a leak
detection system) between the liners.

Emissions: uncontrolled discharges of liquid, gas, or solid particles from a landfill to air, water, or
land.

Evapotranspiration: the evaporation and transpiration processes of vegetation planted on the ground
surface that can minimize the infiltration of water through soil.

Fly ash: all solids, including ash, charred papers, cinders, dusty soot, or other matter that rise with the
hot gases from combustion rather than falling with the bottom ash.

Greenhouse gas: any gas that absorbs infrared radiation in the atmosphere. Greenhouse gases include
water vapor, carbon dioxide {CQ.}, methane (CH,), nitrous oxide (N,O), halogenated fluorocarbons
(HCFC}, ozone {Os), perfluorinated carbons (PFC), and hydrofluorocarbons (HFC).

Head: pressure exerted by a column of liquid.

Landfill gas: a product of the anaerobic microbial decomposition of organic waste, consisting
principally of approximately 50 percent methane, 50 percent carbon dioxide, and typically less than 3
percent nonmethane organic compounds.

Leak detection system: also called the secondary leachate collection and removal system (LCRS); a
relatively high-permeability component of the landfill base containment system situated below the
primary liner for the collection and removal of liquids (leachate) generated by the waste mass in the
event that they percolate through the primary liner.

Leachate collection and removal system (LCRS): a relatively high-permeability component of the
landfill base containment system situated above the primary liner for the collection and removal of
liquids (leachate) generated by the waste mass. Also referred to as the primary LCRS in the case of

single liners.



Mechanically-biologically processed (MBP) waste: the residual waste remaining after mechanical
separation and biological pre-treatment have been performed.

Natural geologic liner: Landfill base containment consisting of native subsurface materials. These
materials may be reworked during construction or left undisturbed.

Performance-based regulation/requirement: a regulation or requirement defined with the intent to
meet a particular performance criterion (for example, a requirement to design a geosynthetic
component to “survive tensile loading” [instead of to meet defined minimum thickness requirements
would be a performance-based requirement).

Prescriptive regunlation/requirement: a regulation or requirement in which the specifics for how a
component is to be constructed are defined (for example, a requirement for a single composite liner
system consisting of a compacted clay liner (CCL) and a geomembrane liner with defined minimum
thickness and hydraulic conductivity [as opposed to meeting a performance component as indicated in
the above definition] would be a prescriptive requirement).

Pyrolysis: the thermal degradation of waste under controlled conditions at high temperatures in the
absence of oxygen.

Residual waste: the solid materials remaining after the separation of waste or the completion of a
chemical or physical process, such as digestion.

Single clay liner: landfill base containment system consisting of a compacted soil layer, usually with a
requirement for minimum thickness and maximum allowable hydraulic conductivity.

Single composite liner: landfill base containment consisting of a synthetic membrane barrier
overlying a compacted clay liner (CCL). The CCL usually includes a requirement for minimum
thickness and maximum allowable hydraulic conductivity.

Sole source aquifer: an aquifer (designated by the U.S. EPA pursuant to section1424e of the Safe
Drinking Water Act [Public Law No. 93-523]) which is the sole or principal drinking water source for
an area and which, if contaminated, would create a significant hazard to public health.

Waste stabilization: the reduction in biological, chemical, and physical reactions in the waste mass
with time, caused by the depletion of the sources for these reactions. The degradation of organic
matter, leaching of chemical constituents, and settling of the waste mass (resulting in reduction in void
space) are examples of biological, chemical, and physical components of waste stabilization.



Comparison of Current MSW Regulations
From the U.S. Government, Eight States,
and California

3.1

The following U.S. states were selected for comparison of current MSW regulations with those from
California:

o Delaware e Pennsylvania
¢ New Jersey e  Washington

» New Mexico s  West Virginia
» New York s  Wisconsin

Federal regulations from Title 40, Part 258 of the Code of Federal Regulations (40 CFR, Part 258)
were included in the comparison tables to allow the reader to assess if a given state regulation was
more stringent than the corresponding federal regulation. Regulations in 40CFR258 were promulgated
in 1991 under the authority of Subtitle D of the Resource Conservation and Recovery Act (RCRA).
RCRA was passed by Congress in 1976 and amended in 1984, and the 40 CFR, Part 258 regulations
were promulgated in response to the 1984 amendment. Thus, for the purposes of this document, the
federal regulations are referred to at times as “Subtitle D” regulations.

Each of the eight states has unique elements in its current regulations. The contractor for the study
hypothesized that California’s regulations could be improved or enhanced if some of these elements
were adopted in California. These unique elements are described in Section 2.2.

In most cases, the regulations were downloaded from Internet websites of the appropriate regulatory
agencies in different states. Table 1, included at the back of the report, contains the names of the state
agencies responsible for regulating MSW landfills in each state, their Internet website addresses, and
the name of the current MSW regulations.

Status of States’ Current MSW Regulations

This section provides a brief overview of each state’s current MSW regulations and current state of
practice. The information presented here was obtained from Internet websites of regulatory agencies.

3.1.1 California

California is geographically large with a large population. California has 158 active MSW landfills” to
serve its large and widespread population. More than half of the MSW disposed of in California is
disposed of at publicly owned sites. The remainder is disposed of in privately owned sites. A
complete discussion of the diversity of California’s MSW landfills is presented in the Landfill Facility
Compliance Study Phase I report [GeoSyntec, 2003].

Regulation of California’s MSW landfills is the responsibility of several regulatory bodies, including
the CIWMB, and State Water Resources Control Board (SWRCB) which promulgates water quality
protection regulations, the 9 regional water quality control boards (RWQCB) which apply the
SWRCB’s regulations, and the 35 local air quality management districts (AQMD) and air poflution

" Between 1998 and 2001 when the data for the cross media inventory was collected, there were 158 active MSW landfills
in California. Since that time some landfills may have closed., thus reducing the total number of active sites.



control districts {APCD). California is currently enforcing regulations with respect fo siting, design,
operations, monitoring, post-closure, and landfill gas control, as set forth in the California Code of
Regulations’ (CCR) (Title 27 [27 CCR], Division 2), SWRCB Resolution Number 9362, the federal
Sublitle D regulations (40 CFR, Part 258), and 40 CFR, Part 60, Subparts Cc and WWW.

The promulgation of the regulations in 27 CCR, Division 2 is divided between the CIWMB and the
SWRCB. At the local level, enforcement agencies (EA) enforce CIWMB regulations and RWQCBs
enforce SWRCB regulations.

In California, the 35 local AQMDs and APCDs have primary authority io regulate emissions from
MSW landfills. Each district is responsible for developing and enforcing air quality regulations within
its district. The Air Resources Board (ARB) provides technical support to the districts and oversees
local district compliance with State and federal law. A complete discussion of California’s regulatory
requirements can be found in the Landfill Facility Compliance Study Task 1 report [GeoSyntec, 2002].

The SWRCB classifies waste management units based on their ability to contain MSW under 27 CCR.
With respect to certain construction standards for seismic design and storm design, the SWRCB
differentiates between Class I and Class III units, For ease of comparison with other states that do not
sub-divide MSW regulations in this manner, this report considers SWRCB requirements only for Class
HI facilities. All other California landfill regulations presented herein apply to both Class I and Class
It units.

3.1.2 Delaware

Delaware is relatively small both in geographic area and population, with a small number of MSW
landfills. The Delaware Code of Environmental Laws (Title 7) governs solid waste disposal and

related practices.
3.1.3 New Jersey

New Jersey is small in geographic area and has a limited number of MSW landfills. According to the
New Jersey Department of Environmental Protection website [site accessed November 2003}, there are
13 operating landfilis in the state. New Jersey regulates solid waste disposal activities as a public
utility, generally discouraging private development of new MSW landfill capacity.

31.4 New Mexico

New Mexico is relatively large in geographic area, but small in population. Consequently, it has a
small number of MSW landfills. The New Mexico Statutory Authority, Title 20, Chapter 9 governs
the handling and disposal of solid waste.

3.1.5 New York

New York is a heavily populated state with numerous MSW landfills to support its large population.
Part 360, Chapter IV of the New York Code of Rules and Regulations (NYCRR) governs the general
siting, design, and operating requirements of MSW landfills.

3.1.6 Pennsylvania

Pennsylvania has a moderately large population and a correspondingly high population density.
Pennsylvania has 51 operating municipal landfills, both privately and publicly owned. The regulation

' GeoSyntec’s source for information on Title 27 of the California Code of Regulations was the regulatory text submitted
by the CIWMB and approved by the Office of Administrative Law on June 18, 1997: “Combined SWRCB/CIWMB
Regulations, Division 2, Title 27.7



3.2

of MSW landfills falls under the jurisdiction of the Pennsylvania Department of Environmental
Protection.

3.1.7 Washington

Washington has a moderate population count (approximately 5 million people), with 19 landfills
accepting MSW. Most of these are publicly owned, though there are a few privately owned sites.
Solid waste disposal is governed by the Department of Ecology under the Washington Administrative

Code (WAC).
3.1.8 West Virginia

West Virginia is a medium-sized state with a relatively low population density. There are 18 landfills,
half of which are publicly owned and half of which are privately owned. The disposal of solid waste is
regulated by the West Virginia Department of Environmental Protection.

3.1.9 Wisconsin

The population and size of Wisconsin is comparable to that of Washington. However, there are 73
licensed landfills in Wisconsin, compared to Washington’s 19. Landfill location, performance, design,
and construction criteria are covered under Chapter N504 of the Wisconsin Department of Natural

Resources regulations.

Summary of MSW Regulations

Table 2 is a summary table listing the regulatory topics presented for state regulations. The
comparisons of various regulations in the eight states against those from California cover important
aspects of MSW landfill siting, design, operation, and performance, and are in Tables 3-10. Federal
regulations, where applicable, are also provided. The items covered include:

» Siting (Tables 3a, 3b and 3c¢).

s General design requirements (Tables 4a and 4b).

e Base liner system configuration (Tables 5a through 5d).

¢ Leachate collection and removal system configuration (Tables 6a and 6b).
* Provisions for leachate recirculation (Table 6¢).

o Final cover system configuration (Tables 7a through 7c).

¢ Post-closure maintenance requirements (Table 8).

» Groundwater monitoring regulations (Table 9).

s Landfill gas control regulations (Table 10).

The information for the states was obtained directly from the most current state MSW regulations
available at the time the report was written.

Key features of the regulations found during the review are summarized in this section. The
discussions are grouped by topic and parallel the organization of the tables.

3.21 Siting

The specific elements of siting criteria covered in the comparison are:



»  Separation between waste and highest groundwater.

» Type of geologic material underlying the waste unit (subgrade).

¢ Separation between top of bedrock and bottom of liner.

» Distance from floodplain, wetlands, water supply wells, and aquifer.
e Location with respect to airports.

Separation Between Waste and Highest Groundwater

Table 3a presents a comparison of current regulations regarding separation between waste and highest
anticipated groundwater. While federal regulations do not address this issue, current regulations in the
eight states and California all have some requirement for 2 minimum separation between the waste and
highest anticipated groundwater. The separation varies from 4 feet (for seasonal high groundwater in
West Virginia) to 100 feet in New Mexico. California’s requirement of 5 feet is consistent with the
requirements in three other states. Regulations in seven of the eight states and California allow for
alternatives to the required minimum separation. The two states that do not allow for alternatives are

New Mexico and Pennsylvania.

Tvpe of Geologic Material Underlying the Waste Unit

Table 3b presents a comparison of current regulations regarding material underlying the waste unit.
Two states have requirements related to siting landfills immediately above bedrock (New Jersey) or an
unconsolidated deposit that is either natural or constructed to be at least 20 feet thick (New York), and
two states have requirements for an engineered sub-base (Pennsylvania, West Virginia). An
unconsolidated deposit is a sediment that is loosely arranged or unstratified, or that has particles which
are not cemented together, found either at the surface or at depth. Neither California, the remaining
states, nor federal regulations have such requirements in the current regulations.

Separation Between Top of Bedrock and Bottom of Liner

Table 3b presents a comparison of current regulations regarding separation between bedrock and the
bottom of the liner. Three states have minimum required separation between the bedrock surface and
bottom of liner (New York, West Virginia, Wisconsin). A fourth requires double containment liner
when bedrock is at or near the ground surface (New Jersey). Neither California, the remaining states,
nor federal regulations have any such requirements in the current regulations.

Distance From Floodplains, Wetlands, Water Supply Wells. and Aquifers

Table 3¢ presents comparisons of current regulations regarding distance of the landfill from a
floodplain, wetlands, water supply wells, and aquifers.

Distance From Floodplain: Four states require that landfills not be located within a floodplain
(Delaware, New Mexico, Pennsylvania, Wisconsin). The remaining states have the same requirement
as Subtitle D (40 CFR, Part 258, section 11), which requires that landfill units located within a 100-
year floodplain must demonstrate that the unit will not restrict the flow of the 100-year flood, reduce
temporary water storage capacity, or result in washout of solid waste. California’s regulations include
the federal requirement by reference.

Distance From Wetlands: Three states do not allow landfills to be located within 100 feet to 300 feet
(distance varies between the three states) of wetlands (New Mexico, Pennsylvania, West Virginia).
The remaining states have the same requirement as Subtitle D (40 CFR, Part 258, section 12}, which
requires that landfills not be located in wetlands unless it is demonstrated that the construction of the
landfill will not have an adverse effect. California includes the federal requirement by reference.
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Distance From Water Supply Wells: Six states have restrictions on location of a landfill with respect
to water supply wells. The minimum allowable distance varies from 300 feet if the landfill is
downgradient of a water source, to %-mile if the landfill is upgradient of a water source (both in
Pennsylvania). The remaining of the eight states (New Jersey and New York), California, and federal
regulations do not have any restriction.

Distance From Aquifers: Two states specifically require that landfills not be constructed immediately
above primary water supply or sole-source aquifers (New York and Washington). The remaining
states, California, and federal regulations do not have any such restriction.

Lecation With Respect to Airporits

Table 3c presents a comparison of current regulations regarding landfill siting with respect to local
airports. Consistent with the federal regulations, the eight states and California require a minimum
allowable distance from airport runways based on aircraft type. However, some states have additional
requirements, including a maximum landfill relief requirement in New York and restrictions based on

runway length in New Jersey.
3.2.2 General Design Requirements

Tables 4a and 4b compare miscellaneous design requirements of the different states. Table 4a presents
the general design requirements. Typical general design requirements may include a checklist of
design elements, a geotechnical report, a geologic map, liner stress analyses, hydrologic calculations,
and gas system design. Table 4b presents requirements specific to liner performance evaluations and
surface water and stability issues. Typical specific requirements include the design storm, static factor
of safety for slope stability, and the design carthquake.

Existing California regulations require the submittal of a report of waste discharge (ROWD) and a
report of disposal site information (RDSI) for a landfill, which must present various design parameters
for the site. Some of these design parameters are included in Table 4a as a comparison to design
requirements of other states,

3.2.3 Base Liner System

Table 5a presents a comparison of current regulations regarding permitted base liner types. The federal
Subtitle D regulations (40 CFR, Part 258, section 40) require that, at a minimum, in all states new
waste units must either install a single composite base liner or demonstrate that groundwater quality
performance criteria are met for an alternative base liner system. The following liner types are
permitted, according to the regulations reviewed. Since some state regulations permit more than one
type of liner in the same state, the sum of the number of states for all liner types will be greater than
the total number of states reviewed.

» Natural geologic/single clay hner (Delaware, New Jersey, Washington, Wisconsin).

» Single composite liner (six states plus California, not including Pennsylvania and New York).
¢ Double composite liner (New Jersey, New York).

*  Double liner, but not double composite liner (Delaware, Pennsylvania).

Details for each liner type are presented in Tables 5b through 5d. A summary discussion of each liner
type is presented in the following sections.
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Natural Geologic/Single Clay Liner

Table 5b presents details on this liner type. Four states allow either a natural geologic material, a clay
liner, or no liner, provided certain conditions are satisfied. California does not allow natural geologic
liners or single clay liners unless the site is specifically exempt from Subtitle D requirements as
described in Section 5.2.3. Delaware and New Jersey permit natural geologic material to be considered
as the liner for landfills in areas where either underlying groundwater is not used (Delaware) or where
there is a stable low-permeability geologic formation with low hydraulic conductivity (New Jersey).
The required thickness and hydraulic conductivity for the natural formation are specified in the
regulations and are presented in Table 5b. Washington regulations permit landfills to be constructed
without any liner in arid areas (defined as areas with annual precipitation of less than 12 inches),
provided contaminant levels specified in the regulations are not exceeded in the hydrostratigraphic
units identified for the specific landfill. Delaware and Wisconsin permit single clay lners that are 5
feet thick with a hydraulic conductivity no greater than 1 x 107 centimeters/sccond (cm/sec). New
Jersey allows single clay liners that are 3 feet thick with a hydraulic conductivity no greater than

1 x 107 em/sec.

Single Composite Liner

Table 5¢ presents details on this liner type. California, New Mexico, and West Virginia have the same
requirement as Subtitle D (40 CFR, Part 258, section 40), with varying requirements for minimum
thickness of the geomembrane component. Delaware, New Jersey, Washington, and Wisconsin permit
natural geologic or single clay liners in addition to single composite liners. All states permitting single
composite liners follow the same requirements as Subtitle D (40 CFR, Part 258, section 40) with
respect to minimum thickness and hydraulic conductivity, except Wisconsin, which requires the
compacted clay liner (CCL) to be 4 feet thick (as compared to the Subtitle D required thickness of 2
feet). These states all require the maximum saturated hydraulic conductivity of the CCL to be 1 x 107
centimeters/second. California and Washington altow for alternatives provided it can be successfully
demonstrated that the environment is equally protected (compared to the use of prescriptive liner) and
that the prescriptive standard is burdensome.

Double Compaosite Liner

For the purposes of this study, a double composite liner system is generally defined as two composite
liners separated by a secondary leachate collection and removal system (also called a leak detection
system). Details on this liner type are presented in Tabie 5d. Two states (New York and New Jersey)
require double composite liners. New Jersey requires a double composite liner only when bedrock is
at or near the ground surface and serves as direct source of public community water system. Landfills
in New Jersey not using a double composite liner are required to make a performance evaluation of the
landfill in the geologic formation using a three-dimensional mass transport model. New York requires
a double composite liner on the floor areas (with slopes less than or equal to 25 percent) and a
geomembrane primary liner with a composite secondary liner on the side-slope areas (with slopes
greater than 25 percent). In each case, the regulations require a secondary leachate collection and
removal system (leak detection system) to be installed between the primary and secondary liners.
California has no existing regulations requiring a double liner system, but allows permitting agencies
to require one.

Doubile Liner

For the purposes of this study, a double liner system is generally defined as two liners (a composite
liner over a single liner) separated by a secondary leachate collection and removal system (leak
detection system). Details on this liner type are presented in Table 5d. One state, Delaware, requires a
double liner when the landfill is underlain by an aquifer that is an expected source of water supply
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and/or capable of significant contaminant transport to adjacent surface waters. The double liner
consists of a composite primary liner (consisting of a geomembrane with either a compacted clay liner
or a geosynthetic clay liner) and a single secondary liner consisting of either a geosynthetic or a
compacted clay liner. Pennsylvania requires only that one of the two liners be composite (either
composite primary and single secondary liners, or single primary and composite secondary liners).
“Single” in this case refers fo either a geosynthetic or a compacted clay layer. A secondary leachate
collection and removal system (leak detection system) is required to be installed between the primary
and the secondary liners. California has no existing regulations requiring a double liner system, but
allows permitting agencies to require one.

Liner Design and Construction

Regulations in several states include specific requirements that relate to design, construction, and
construction quality assurance issues. These issues are presented in Tables Sc and 5d in connection
with single composite and double composite liners, respectively. A few of the key points are discussed

below.

* Regulations in California and New Jersey have requirements for minimum construction and
testing for clay and geosynthetics.

s Regulations in West Virginia and Wisconsin include guidance for orientation of field sears of
geosynthetics.

¢ Regulations in Wisconsin specify the minimum number of vehicle loads permitted over 1 foot
and 2 feet of soil placed over a geomembrane.

¢ Regulations in West Virginia and New Jersey specify the dimension of anchor trenches.
¢ Regulations in Wisconsin require anchor trenches to be designed.

* Regulations in New Mexico, New York, and West Virginia require designs to include
calculation for tensile forces in geosynthetics (only for slopes steeper than 25 percent, in the
case of New Mexico and West Virginia).

¢ Regulations in Wisconsin require adjacent liners with clay component to be keyed iogether.
The regulations also specify soil properties of material appropriate for use as clay liner.

Federal and California regulations do not include such specific requirements.
3.2.4 Leachate Coliection and Removal System (LLCRS)
Tables 6a—6c present sumimnaries of current regulations regarding primary and secondary LCRSs,

Regulations regarding the primary LCRS (in the case of single liners) and secondary LCRS (also
called the leak detection system [LDS]) (in the case of double liners) are presented in Tables 6a and
6b. The thickness of the primary and secondary LCRSs is not specified in California, New Mexico,
and Washington, as well as in federal Subtitle D regulations. Where specified, the thickness varies
from 1 foot (in Delaware and Wisconsin) to 2 feet (in New York). The hydraulic conductivity of the
primary and secondary LLCRSs is not specified in California, New Mexico, and Washington, nor in
federal Subtitle D regulations. Where specified, in most cases the minimum allowable saturated
hydraulic conductivity is 1 x 107 centimeters/sccond, except in West Virginia, which allows a
minimum saturated hydraulic conductivity of I x 10 centimeters/second.

Most states have requirements with respect to the design flow for the primary LCRS. Only California
has the requirement to design the LLCRS to remove twice the maximum anticipated daily volume of

13



leachate. New York requires that the LCRS remove the peak flow from the 24-hour, 25-year storm
event within seven days based on the initial start-up condition, with no waste in place. New Mexico
spectfically excludes storm events from LCRS design calculations.

Of the eight states reviewed, all eight have LCRS design specifications that are equivalent to the
federal Subtitle D requirement for less than 30 centimeters of head build-up on the base liner.
California has a more restrictive regulation that incorporates the federal maximum of less than 30
centimeters by reference and also requires no build-up of hydraulic head on the liner (except in the
sump where the minimum allowable head for efficient pump operation is allowed).

Regulations in six states specify a minimum slope of the primary and secondary LCRSs of 2 percent,
five states specify minimum pipe diameter (most commonly 6 inches), and four states specify pipe
type (most commonly schedule 80 or greater). Current California regulations do not specify
requirements for any of the above features.

Secondary LCRSs (LDSs) are required in those states that require either double composite or double
liner, specifically Delaware, New Jersey, New York, and Pennsylvania. In addition, West Virginia
requires landfills to have a 1-foot thick L.DS underneath single composite liners. Comparisons of LDS
requirements are presented in Table 6b. California regulations do not require installation of an LDS,
but allow regulatory agencies to require one.

3.2.5 Leachate Recirculation

Table 6¢ presents discussions regarding leachate recirculation regulations. Of the state regulations
reviewed, all except one (New Mexico) address leachate recirculation through specific requirements.
All of these states required either a composite liner or double liner in the landfill units where leachate
recirculation is done. Several states, including California, require the landfill unit into which leachate
is being recirculated to have sufficient capacity to absorb the leachate.

3.2.6 Landfill Closure (Final Cover System)

Landfill closure incorporates various activities, including, but not limited to, design and construction
of the gas collection system, final cover system, and surface water drainage system. Gas collection
and other components of landfill gas control are discussed in Section 3.2.9 and are summarized in
Table 10. Surface water drainage is discussed with the general design requirements in Section 3.2.2
and is presented in Tables 4a and 4b. Discussions of regulations related to final cover sysiems are
discussed in this section and are presented in Tables 7a-7c¢.

Three states (New York, Washington, and Wisconsin) require the final cover system to be composite,
consisting of a geomembrane and a low-permeability soil layer, under certain conditions. Califormia
and the remaining five states do not require a composite final cover. The thickness and hydraulic
conductivity of the final cover components are presented in Table 7b. Most states, including
California, have requirements in their regulations for minimum and maximum slopes on the final cover
system. California and three other states (New York, Pennsylvania, and West Virginia) have
requirements for benches or terraces on slopes. Three states (New Jersey, New York, and West
Virginia) have requirements for inclusion of gas venting layer. Four states (New Jersey, Pennsylvania,
West Virginia, and Wisconsin) require a drainage layer in the final cover system. California does not
have requirements for either a gas venting layer or a drainage layer.

3.2.7 Post-Closure Requirements

Post-closure requirements of different states are compared in Table 8. Five states employ the minimum
closure period of 30 years. California requires 2 minimum 30-year post-closure maintenance period (to
be extended as long as wastes pose a threat to groundwater quality, public health and safety, and the
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environment). Wisconsin employs a 40-year minimum post-closure period. The length of the post-
closure period is not defined in New Mexico. Additional criteria in Table 8 include requirements for
reporting, operations and maintenance, monitoring, financial assurance, and land use restrictions.

3.2.8 Groundwater Monitoring Regulations

Table 9 summarizes groundwater monitoring regulations of the eight selected states and California
(and federal regulations). The groundwater monitoring regulations discussed in this report consider
the applicability of groundwater monitoring requirements, required programs, water standards,
concentration limits, standards for defining each landfill’s point of compliance, compliance periods,
system requirements, and the details of various stages for monitoring. The groundwater monitoring
programs for the eight selected states and California are similar in that they generally follow the
federal requirements, though there are some differences among the programs.

California allows a concentration limit of background or a concentration limit of greater than
background (CLGB). Wisconsin’s definition is similar to California’s. Six of the eight states define
allowable concentration limits for groundwater contaminants using criteria similar to the federal
regulations—that is, the maximum contaminant level (MCL), background, or health-based limits, as
appropriate. New Mexico differs from the other seven states and California, in that it defines different
allowable concentrations depending on whether the site is in detection monitoring or assessment
monitoring.

Six of the eight states and California have requirements similar to the federal regulations for evaluating
the number of wells required in the groundwater monitoring system. These states (and federal
regulations) require a sufficient number of wells to adequately monitor groundwater quality. Only
Pennsylvania and West Virginia specify a minimum number of allowable wells.

The eight states, California, and the federal regulations all define slightly different requirements for
responding to corrective action. However, the Wisconsin regulations are the most significantly
different in that they define a range of possible corrective actions that may be required, depending on
the severity of the groundwater impact at the site.

3.2.9 Landfill Gas Control Regulations
Table 10 summarizes air and explosive gas regulations applicable to landfills in different states.

Federal regulations related to air quality that apply to MSW landfills are listed 40 CFR, Part 60,
Subparts Cc and WWW. These regulations are prohibitory/source-specific and include emission
control, emission limits, monitoring, testing, record keeping, and reporting requirements.

California is divided into 35 AQMDs or APCDs. Each district is responsible for developing and
enforcing air quality rules within its district. These rules may vary slightly due to the areas they are in
being classified as attainment or non-attainment zones for ozone. The majority of these rules were
adopted to implement the federal requirements for “new” and “existing” larger MSW landfills. Some
district landfill rules also apply to smaller tandfills in an effort to obtain further VOC emission
reductions. Because the breadth of the regulations varies from district to district, two districts
representing less restrictive (Shasta County) and more restrictive (South Coast) regulations are
presented in this report. The AQMD/APCD regulations are classified as either prohibitory/source-
specific or permitting regulations. While several types of air quality regulations are applicable to MSW
landfill, including regulation of ancillary equipment such as turbines and iniernal combustion
reciprocating engines, only regulations specific to the regulation of landfills will be discussed in this

report.
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The regulations provided from the eight states were collected primarily from the Iandfill regulations
for that state, More detailed specifics of the air quality regulations for individual states may be
available in regulations included by reference in that states’ landfill regulations, but they were not
necessarily reviewed in conjunction with preparation of this report.

In many cases, the issues addressed in the federal air quality regulations are not defined in the states’
regulations. Irrespective of these cases, many of the states’ air quality regulations replicate the federal
requirements, with some variations.

Of the eight states reviewed, only New York has landfill size criteria for defining applicability, similar
to Shasta County in California.

New Mexico, Washington, and Wisconsin are the only states that do not require some form of
compliance plan be submitted to define the methods for meeting air quality requirements.

Seven states, the federal regulations, and California specify maximum explosive gas concentrations at
the site boundary of between 5 percent and 100 percent of the lower explosive limit (LEL). Wisconsin
is the most restrictive in that 0 percent LEL of combustible gases may be required at the landfili
boundary.

Monitoring, testing, record-keeping and requirements tend to vary from state to state.

16



Comparison of Current MSW Regulations
From Five Countries With California
Regulations

4.1

The following countries were selected for comparison of current MSW regulations with those from
California;

» Australia.

e Brazil.

¢ FHuropean Union (EU).

e Japan.

s Republic of South Africa.

Each of the five countries was selected either because of unique elements in its current regulations that
differed from California’s, because of climatic conditions similar to California’s, or to provide socio-
economic and geographic diversity (as in the case of Brazil}. It was hypothesized that the regulations
in California could potentially be improved or enhanced by applying some of the features from these
regulations. The basis for selecting these individual countries is described in Section 2.2.

In most cases, the regulations were either downloaded from websites of the appropriate regulatory
agencies in different countries or from information provided by technical experts contacted in each
country. Table 11 contains the names of the agencies responsible for regulating MSW landfills in each
country (and California), their website addresses, and the name of the current MSW regulation, if

available,

Status of Countries’ Current MSW Regulations

This section provides a brief overview of each country’s current MSW regulations and current state of
practice. The information presented here was obtained from published technical literature, websites of
regulatory agencies, and international experts advising GeoSyntec on this project.

41,1 Australia

In Australia, MSW landfills are regulated at the state level, and the current practice is state-specific
[GRI, 1999]. The development of MSW regulations and practice is influenced by variations in geology
and hydrogeology across Australia [Bouazza and Parker, 1998]. Since no country-wide standard of
practice is available for Australia, for the purposes of this project two states—New South Wales and
Victoria—were selected as representative examples of current MSW landfill regulations and standard
of practice in Australia. Generally, more specific topics are addressed in Victoria’s regulations than in
New South Wales, so for many topics only Victoria’s regulations are presented.

4.1.2 Brazil

The current MSW landfill regulations in Brazil were developed by the Brazilian Association of
Technical Standards (ABNT) and updates to the regulations are currently under development [GRI,
1999]. While national guidelines exist, some of the standards vary from state to state.
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4.1.3 European Union

The main EU regulation pertaining to MSW landfills is the EU’s Landfill Directive adopted in 1999.
The Directive sets a timetable for the implementation of various actions that relate to design,
construction, operation, closure, and post-closure care of landfills. The EU member states were
required to adopt the requirements of the Landfill Directive into their national regulations by 16 July
2001 [Laraia, 1999; Wagner, 2001]. While the Directive is prescriptive in certain aspects, there are
many areas that are at the discretion of the regulatory authorities of each individual member state.
Consequently, there will be room for considerable variations in landfill regulations and standards
between member states even when the Directive has been fully implemented.

For the purpose of this project, GeoSyntec utilized the standards adopted in the EU’s Landfill
Directive as a source for current regulations in the EU. However, in order to obtain an understanding
of the current state of practice in EU member states, GeoSyntec contacted prominent landfill experts in
Germany and the UK.

Germany

The current German MSW landfill regulations were prepared in the late 1980s to early 1990s. The
regulations are, in general, more stringent than those in the EU Landfill Directive. The EU Landfill
Directive will be reflected by the German “Deponie-Verordnung,” to be issued by the federal
government in the near future. The new German regulations will attempt to maintain the high
technical standards of the existing German regulations without contradicting the EU Landfill

Directive.

Besides the landfill regulations issued by the German federal government, the German Society for
Geotechnical Engineering has prepared extensive Geotechnical Recommendations for Landfills and
Contaminated Land. These recommendations were first published in 1991, The fourth edition is
currently under development.

United Kingdom

The Environment Agency of the government of the UK provides regulatory guidance with respect to
the EU Landfill Directive. This guidance has a strong emphasis on a risk-based approach to landfill
design and operations. In areas where the EU Landfill Directive provides opportunity for interpretation
of a requirement, the UK provides opportunity to accept changes if the changes can be justified
through a technical assessment of the risks to the environment.

4.1.4 Japan

The current MSW regulations in Japan are applied nationwide and appear to be generally
performance-based, rather than prescriptive [GRI, 1999]. The regulations and information regarding
the structure of waste management regulation are not readily available in English.

4.1.5 Republic of South Africa

Historically, legislation regarding environmental protection and waste management in the Republic of
South Africa was fragmented, diverse, and generally ineffectively administered. The most significant
new development in the field of environmental protection in South Africa has been the drafting of an
integrated waste management strategy aimed for a large part at pulling together all the above
legislation. During 1997, the Department of Water Affairs and Forestry (DWAF) and the Department
of Environmental A{fairs and Tourism (DEAT), along with representation from the environmental
departments of all nine provincial governments initiated a project for the development of a National
Waste Management Strategy (NWMS) for South Africa. The overall objective of the NWMS is a
reduction in the generation of wastes and their associated environmental impacts, thereby ensuring that
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4.2

the socio-economic development and health of the people of South Africa, as well as the quality of
national environmental resources, are not adversely affected by uncontrolled and uncoordinated waste
management practices { Wiechers, 1999; Joubert et al, 1999].

The NWMS follows a hierarchy approach and was implemented in stages beginning in late 2000
[Morris, 2001]. The DWAF produced a set of Minimum Requirements Documents governing waste
disposal. The most recent edition of this document was published in 1998.

The current MSW landfill regulations in South Africa take into account both the size and type of
community being served, and the water balance (whether the site is dry or wet) at a landfill site. MSW
landfills are generally divided into four classes based on their daily waste intake. For each class, the
climatic water balance is calculated as the numerical difference between rainfall and evaporation. Sites
for which water balance is positive (amount of rainfall is greater than evaporation) for less than one
year in five for all the years for which data is available, are termed “dry” sites in this report. Sites for
which water balance is positive for more than one year in five for all the years for which data is
available are termed “wet” sites in this report

Summary of MSW Regulations

Table 12 is a summary table defining the regulatory topics considered for the various countries. The
comparisons of various countries’ regulations against those from California are presented in a series of
tables covering important aspects of MSW landfill waste handling and pre-processing, siting, design,
operation, and performance. The items covered in the tables include:

¢ Pre-processing and special handling (Table 13).

* Siting (Table 14).

»  General design requirements(Table 15).

+ Base lingr system configuration {Tables 16a—16c¢).
» EPCRS configuration {Table 17).

¢ Final cover system configuration (Tables 18a—18c).
» Post-closure maintenance requirements (Table 19).
e Landfill gas control regulations (Table 20).

In the tables, each element under comparison is presented in a row, with the various country
regulations in different columns.,

Most of the information provided in the tables was obtained from a variety of sources. Wherever
possible, information was obtained from websites (in English) of the regulatory agencies of the
different countries. The remaining information was collected from existing literature, notably GRI
[GRI, 1999} GeoSyntec recognized that data collected in this fashion, especially from secondary
literature sources, could potentially have information gaps and errors. This is particularly applicable in
the case of countries where the original regulations are not published in English. GeoSyntec contacted
recognized experts in the field of MSW practice in each country and requested them to review the
collected data and provide any supplementary information. The following experts contributed to this
study in this manner:

s Prof. A. Bouazza, Monash University, Victoria, Australia (Australian regulations).

+ Prof. Claudio Mahler, University of Sao Paulo, Brazil (Brazilian regulations).
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*  Dr-Ing. Erwin Gartung, Geotechnical Institute, LGA, Germany (EU regulations).
¢ Dr, Richard Beaven, University of Southampton, UK. (EU regulations).
¢ Prof. Masashi Kamon, University of Kyoto, Japan (Japanese regulations).

In the case of regulations from South Africa, GeoSyntec staff Dr. Jeremy Morris, who completed a
doctoral dissertation on MSW landfill design studying in South Africa, reviewed the current
regulations and provided input for the tables.

Key features of regulations found during the review are summarized in this section. The discussions
are grouped by element of regulation, following the breakdown of the tables.

4.2.1 Pre-Processing and Special Handling

Information regarding the need for pre-processing and special handling is presented in Table 13. Very
limited information was obtained regarding the need for pre-processing or special handling of wastes;
however, interpretation of the regulations suggests that pre-processing in some manner is required in
Australia (Victoria), the EU, and Japan. Current EU regulation requires reduction of biodegradable
waste and has a time schedule for reduction. The volume of MSW landfilled must be reduced by 25
percent within five years and by 50 percent within eight years. The weight must be reduced by 65
percent within 15 years of the date specified. Japan requires pre-processing or special handling for
some types of waste, but details of this requirement were not available. In Victoria, Australia, a
requirement for mechanical pre-processing, in the form of separation, shredding, or baling, is specified
in the regulations. Current California regulations do not require pre-processing of waste prior to
disposal, other than the shredding of whole tires.

4.2.2 Siting

Discussions on siting elernents are presented in Table 14, In many cases, siting criteria are not
specified in the regulations of the countries included in the comparison. However, the EU allows for
the consideration of site-specific conditions when evaluating a landfill site. Australia, Brazil and
South Africa have specific requirements for separation from groundwater of 2 to 3 meters. Australia
and South Africa have specific requirements for siting within a floodplain or wetlands. California
regulations include specific requirements for separation from groundwater. These regulations and the
federal regulations address proximity to floodplains, wetlands, and airports.

4.2.3 General Design Requirements

Comparison of current regulations regarding design requirements is presented in Table 15. Limited
amount of information was available regarding design requirements. However, South Africa does
specify design for a 50-year, 24-hour design storm. California requires that surface water systems at
Class I MSW landfills be designed to control a 100-year, 24-hour storm. Slope stability analyses are
required in Brazil, the EU, South Africa, and California. The requirements for slope stability analyses
are evaluated on a site-specific basis in Japan.

4.2.4 Base Liner System

Comparison of current regulations regarding permitted liner types is presented in Tables 16a through
16c. The permitted liner types in the different countries include composite, compacted clay, and
natural geologic liners. South Africa allows consideration of site climate and landfill size in
evaluating the appropriate base liner system 10 be applied. The liner types vary from none in
communal sites (with daily intake of less than 25 tonnes per day) to double clay liner at medium or
large wet sites (with daily intake above 150 tonnes per day and positive water balance, as defined in
Section 4.1.5). In California, it is possible for very small rural landfills (receive less than 20 tons of
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MSW per day) to be exempted from base liner requirements under specific conditions, such that the
site would effectively have a natural geologic liner system. All five countries allow some type of
single clay liner or natural barrier in lieu of a composite liner system. The minimum allowable
thickness of the single clay liner or natural barrier varies from approximately 1 foot to 17 feet. Under
current California regulations, the owner may propose an engineered alternative to the prescriptive
liner system, but alternative base liners must be composite (in other words, they must include a
geomembrane component over a constructed or manufactured clay layer).

4.2.5 LCRS

Discussions of current regulations regarding permitted leachate systems are presented in Table 17.
There are limited requirements in most current regulations in the five countries regarding leachate
systems. In South Africa, leachate systems are not required in any communal site or in any dry site.
However, at larger sites in wet areas, a minimum 0.15 meter thick drainage layer is required;
containment requirements under a leachate drain at an MSW landfill in South Africa are the same as
for a hazardous waste landfill. Australia (Victoria) and the EU also have requirements of a minimum
0.3 meter and 0.5 meter thick drainage layer, respectively. Califomnia requires an LCRS for all Class
HI MSW landfills that have a liner. The thickness of the LCRS is not specified in California. In
addition, Australia (Victoria} also has a requirement for maximum head build-up over the liner.
California incorporates the federal maximum of less than 30 centimeters of head build-up on the base
liner and also requires no build-up of hydraulic head on the liner (except in the sump where the
minimum allowable head for efficient pump operation is allowed).

4.2.6 Landfill Closure (Final Cover System)

Landfill closure incorporates various activities including but not limited to design and construction of
the gas collection system, final cover system, and surface water drainage system. Gas collection and
other components of landfill gas control are discussed in Section 4.2.8 and are presented in Table 20.
Surface water drainage is discussed with the general design requirements in Section 4.2.3 and is
presented in Table 15. Discussions of regulations related to cover systems are discussed in this section
and presented in Tables 18a through 18c.

Requirements for final cover systems were found in the regulations from Victoria (Australia), the EU,
Japan, and South Africa. While the EU has a general requirement that final covers have a minimum
0.5 meter drainage layer, specific requirements for final cover systems are included in individual EU
countries’ regulations, which were not reviewed for this study. Brazil has a requirement for
vegetative cover, but none for an infiltration control layer. None of the countries surveyed requires a
composite final cover. The most detailed final cover system requirements are provided by Australia
(Victoria) and South Africa. South Africa allows consideration of site climate and landfill size in
evaluating the appropriate final cover system to be appiied. California does not require a composite
final cover system, but specifies a performance standard that the final cover’s throughflow must be
equal to or lower than that of the base liner system. California does allow for the use of approved
engineered-alternative cover systems, provided they compty with the intent of the regulations, so that
site-specific conditions may be considered without prescribing different types of covers for different
types of sites.

4,2.7 Post-Closure Maintenance Requirements

Discussions of regulations related to post-closure requirements are presented in Table 19. Very
limited information was found regarding post-closure maintenance requirements. However, one
notable regulation is that Australia (Victoria) and Japan define the end of the post-closure monitoring
period based on the results of site-specific groundwater monitoring. By comparison, California
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requires a minimum 30-year post-closure maintenance period {(to be extended as long as wastes pose a
threat to groundwater quality, public health and safety and the environment).

4.2.8 Landfill Gas Control Regulations

Landfill gas contro] regulations of different countries are compared in Table 20. No information was
identified regarding air regulations in Japan or Brazil. Australia (Victoria), the EU and South Africa all
have applicability triggers for landfiil gas control requirements based on the size of the landfill or type
of population served. Australia (Victoria) requires that landfill covers include a mulch layer to oxidize
fugitive emissions. The most specific gas monitoring and reporting requirements of the countries
reviewed are found in South Africa.
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Discussion of Selected Regulations and
Their Applicability to California

5.1

Introduction

The scope of this project includes examining the media impacts of groundwater, surface water, and air
and the incremental cost and potential environmental protection benefit of the eight selected states’
and five selected countries’ regulations. In accordance with the scope of work, this task will identify
elements of those selected states’ and countries’ regulations, which, if applied to California, could
possibly improve or enhance California’s muitimedia regulations pertaining to MSW landfills.

A direct quantitative evaluation of the impacts of any particular state’s or country’s regulations on the
environment is beyond the scope of this study. Therefore, the evaluation of the potential for the
selected regulations to protect the environment, result in incremental costs, and be applied to
conditions in California is based primarily on the author’s assessment from experience in the landf:ll
industry, input from California regulators, a review of availabie technical literature, and a review of
the cross-media inventory (Task 2 of the Landfill Facility Compliance Study).

5.1.1 Basis for Selection of Regulations for Further Discussion

Not all of the state and country regulations discussed in Sections 3 and 4 represent a significant
deviation from the federal Subtitle D or California regulations. For example, there is no detailed
discussion in this report on air emissions testing requirements, since there were no significant
differences identified between California emissions testing requirements and other states; and for other
countries, California’s air emission requirements were found to be more comprehensive. Further
discussion of regulations that do not represent a significant deviation from California regulations is not

warranted.,

However, some of the state and country regulations selected should be examined further because they
do represent a significant deviation in intent (such as a requirement for a reduction in waste volume
prior to disposal through pre-processing, as opposed to no reduction in waste volume as is currently
allowed in Califorma) or detail (such as requiring a 100-foot separation from groundwater, as opposed
to a 5-foot separation as is required in California) from regulations enforced in California.

In addition, some regulations were selected based on their pertinence to current topics being discussed
in California. The state and country regulatory topics selected for further discussion are listed in Table
21. Sections 5.2 and 5.3 provide an evaluation of each of the selected regulations to define the intent
of the regulation and its potential impacts if applied in California.

5.1.2 Criteria for Discussion of Regulations

To fully evaluate the potential impact of a selected regulation if applied to California, a list of subjects
was developed for evaluating each selected regulation. The potential impact of each of these subjects
on the selected regulations is discussed in detail in Sections 5.2 and 5.3. The subjects are described

below,
Environmental Protection Benefit

This subject provides a qualitative assessment of expected environmental protection benefits of
implementing changes to the regulations associated with each selected regulation.
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The selected regulations are expected to benefit environmental protection, through the implementation
of either more restrictive (statewide) or more flexible (site-tailored) regulations. The types of
environmental benefits expected will be discussed for each selected regulation.

Cost Impact

This subject provides a qualitative assessment of expected cost impacts of implementing changes to
California’s existing landfill regulations associated with each selected regulation, discussing the
anticipated relative impact to regulatory agencies, site owners and the general public.

Design Considerations

This subject provides a qualitative assessment of technological and analytical considerations and
constraints that may affect the implementation of the selected regulations, as applicable, in California.
For example, implementation of some regulations may require the use of technologies that are not vet
proven or that pose excessive risk if not implemented properly. Similarly, implementation of some
regulations may require a change in how landfills are designed.

Operational Considerations

This subject provides a qualitative assessment of operational considerations and constraints that may
affect the applicability of the selected regulations to sites in California. For example, some selected
regulations may be difficult to implement at certain sites because of site-specific operational
constraints, which may also be closely related to cost impacts.

Comparison to Cross-Media Inventory

A review of the cross-media inventory of California landfills that was compiled during Task 2 of the
Landfill Facility Compliance Study was performed, where appropriate, to identify compatibility of
selected regulations with conditions in California. The cross-media inventory is used to identify sites
in California to which the selected regulations may apply, and the performance of those sites under
existing California regulations. While the cross-media inventory was not originally intended to be
used as a basis for discussion in Task 6, some information has been found to be relevant in these

discussions.

As described in Section 3.1.1, this report considers SWRCB requirements only for Class I1I facilities
with respect to certain construction standards for seismic design and storm design. However, it should
be noted that the MSW landfills included in the Task 2 cross-media inventory include both Class 11
and Class I units. The original goal of this inventory did not require differentiation between these two
classes. Therefore, all site queries of the inventory completed as part of this task, other than for seismic
design and storm design construction standards, include both Class If and Class 111 units.

As part of the Landfill Facility Compliance Study’s Phase I report (Task 3) [GeoSyntec, 2003], data
from the Task 2 cross-media inventory was used to analyze the relationships between various site
characteristics and four environmental performance variables. The variables were defined as “In
Corrective Action,” “Has Gas Inspection Report,” “Has Gas Enforcement Action,” and “Has Surface
Water Action.” The Phase I report, which presents the results of Task 3, contains a complete definition
of these variables [GeoSyntec, 2003]. The environmental performance of the sites included in the
database with respect to these variables is presented in Task 6.

Documented Performance of Regulation (Internet Literature Search)

This subject provides the results of a limited Internet search to identify documentation of the
effects of applying each regulatory topic. Because the selected regulatory topics represent
deviation from the federal Subtitle D regulations, it is expected that the effects of implementation

24



5.2

may have been evaluated and documented by others. A search was performed for each of the
selected regulatory topics to identify documentation of how the associated regulation has
performed in only the respective state(s) or country(ies) referenced in this report. Queries were
performed to obtain information on the performance of regulations only in the states and
countries listed in Sections 3 and 4. To ensure equal consideration of each of the selected
regulations, specific search criteria were defined based on keywords used in the discussion of
each topic and the following sources were searched for documentation on the effects of each
selected regulation, as applicable:

» Google (Internet search engine—www.google.com).

e American Society of Civil Engineers (ASCE) Civil Engineering Database
(www.pubs.asce.org/cedbsrch.htmi}.

s .S EPA Web site (www.epa.cov/ncepihom).

s  Searchlight (general University of California database—searchlight.cdlib.org/cgi-
bin/searchlight?science).

s  Online Journal Search Engine (www.0jose.com).

e Blectronic Journal of Geotechnical Engineering (www.ejge.com).
+  Melvyl (University of California, Berkeley Library Catalog) {(www.lib.berkeley.edu/enri).

* Physics and science search engines (www.phibot.org, www.scinet,cc, www.wasteinfo.com,
www.eevl.ac.uk/eese/, www.er-online.co.uk].

*  MSW Management magazine (www.forester.net/msw.html).

» Waste Age magazine (www.wasteage.com).

In addition, the Proceedings of the International Waste Management and Landf{ill Symposium,
Sardinia, Italy (1999, 2001 and 2003) were reviewed for pertinent literature.

Selected Regulations From Other States

The regulations discussed in this section were selected from the State landfill regulations summarized
in Section 3 based on the perceived significance of their deviation from federal Subtitle D and
California regulations.

5.2.1 Siting Regulations
Separation Between Waste and Highest Groundwater (Table 3a)

Each of the eight states offers a slight variation to the California requirement for a 5-foot separation
between waste and underlying groundwater groundwater (there is no federal requirement). Other than
New Mexico, all of the eight states, including California, have requirements ranging between 0 and 10
feet. New Mexico’s requirement differs the most significantly from California’s by requiring a 100-
foot separation between the bottom of the liner and groundwater. Engineered alternatives are not
allowed.

The expected environmental protection benefit of imposing a 100-foot separation between the bottom
of the liner system and groundwater is that, in the event the base containment system is compromised,
the risk of groundwater contamination may be reduced. However, shallow groundwater (less than 100
feet below ground surface) occurs in many parts of California, precluding the development of new
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landfills in these areas if this regulation were to be implemented. Groundwater is expected to be
deeper than 100 feet below ground surface only in arid portions of California. Therefore implementing
a requirement for siting landfills only at sites with groundwater greater than 100 feet below ground
surface may be impractical, especially in the northern half of the state, where groundwater is generally
shallow.

A review of the Task 2 cross-media inventory of California landfills reveals that 47 of 158 existing
active landfills (approximately 30 percent) have a minimum depth to underlying groundwater greater
than 100 feet below waste. These landfills are located primarily in rural or suburban areas of low
population density, far from the source of waste, and mostly in the southern half of the state. The
results of the Task 3 analyses indicated that there was no statistically significant relationship between
the depth to underlying groundwater and the groundwater-related environmental response variable.
However, of the 47 landfills, 11(23 percent) were in the category “In Corrective Action.”

The potential cost impact of implementing this regulation is expected to be associated with increased
transportation costs to haul waste from the source to a remote disposal site. It is expected that these
costs would primarily be incurred by the waste haulers and passed on to the public. There are also
potential environmental risks associated with hauling waste long distances, such as resource depletion
from the use of fuel and air pollution from exhaust.

By limiting the construction of new landfills to arid regions with deep groundwater, it is expected that
landfills would be fewer and larger. It is expected that some economic benefits due to economies of
scale on the landfill site could be experienced.

There are no expected design impacts associated with the implementation of a landfill siting
requirement for a 100-foot separation from groundwater.

An Internet literature search of the sources listed in Section 5.1.2 did not identify any documentation
of the impact of depth to groundwater on environmental performance in New Mexico.

Engineered Alternatives to Separation From Groundwater (Table 3a)

Six of the eight states evaluated (all but New Mexico and Pennsylvania), as well as California, allow
for engineered alternatives to the minimum allowable groundwater separation requirement. The
alternatives listed include a more stringent liner system (Delaware), cut-off walls (New Jersey),
temporary (New York) or permanent (West Virginia) drainage systems, other hydraulic controls
(Washington), and “zone-of-saturation” landfills (Wisconsin). (Wisconsin’s “zone-of-saturation”
landfills allow construction of a landfill base liner below the water table if subsurface soils are “fine-

grained” and require an underdrain if anticipated forces on the underside of the liner warrant.)

A review of the cross-media inventory indicates that the following engineered alternatives to the
groundwater separation requirement have been allowed in California:

s Blanket underdrain (gravel and geocomposite).
¢ Dendritic pipe/gravel trench subdrain.
e Perimeter siurry wall with groundwater extraction.

Variations of these engineered alternatives have been implemented at 15 of the 27 existing active
landfill sites in California that have groundwater within five feet of the waste. Most of the remaining
sites were constructed prior to the implementation of 23 CCR, Chapter 15 siting requirements and are
thus exempt. Of the 27 sites with groundwater within five feet of the waste, 8 (30 percent) are in the
category “In Corrective Action.”
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The similarity of the engineered aiternatives that have been approved for implementation in California
to those specified for use in other states demonstrates that a change to existing California regulations

in this regard is unnecessary.

Distance From Wetlands (Table 3¢)

New Mexico, Pennsylvania, and West Virgmia ail have more stringent landfill siting criteria than
California with respect to the proximity of the landfill to wetlands. California includes the federal
requirement by reference, which allows siting of a landfill within a wetlands if no adverse impact can
be demonstrated. New Mexico, Pennsylvania, and West Virginia do not allow siting of a landfill
within a distance of a wetlands (specific distances vary by state). New Mexico is the most restrictive
with a 500-foot minimum distance requirement.

The anticipated environmental protection benefit of implementing a landfill siting restriction based on
proximity to wetlands is additional protection of California’s existing wetlands.

Imposing this restriction on landfill siting may result in increased cost to procure a landfill site that is
not within a wetlands area. Additional cost may also be incurred to replace wetlands if the landfili site
does not comply with the minimum allowable distance requirement. It is expected that this cost would
be incurred by the landfill owner and passed on to the public. However, it is GeoSyntec’s
understanding that existing wetlands regulations enforced in California (which were not reviewed as
part of this study) may require special operations and monitoring for sites near wetlands. Therefore, an
economic benefit in the form of fewer restrictions may be realized by the landfill owner if the landfil]

is not in a wetlands area,

Landfill operations at a site located within a wetlands area may require operational practices that are
protective of the sensitive habitat. By implementing a landfill siting restriction limiting the proximity
to a wetlands, normal waste handling operations may be applied.

There are no expected design impacts associated with the implementation of a landfill siting restriction
based on proximity to a wetland.

A review of the cross-media inventory indicates that at least 10 of 158 existing active MSW landfills
(approximately 6 percent) in California are in the vicinity of a wetlands area. Of the 10 sites located
near wetlands, 3 (30 percent) are in the status “In Corrective Action,” 3 (30 percent} in the category
“Have Gas Enforcement Action,” 7 {70 percent) in the status “Have Gas Inspection Report,” and 3 (30
percent) in the category “Have Surface Water Action.” The introduction of a landfill siting restriction
based on proximity to a wetlands area could preclude the construction of any future disposal units at
these sites.

An Internet literature search of the sources listed in Section 5.1.2 did not identify any documentation
of the impact of landfill proximity to wetlands area on wetlands performance in New Mexico,
Pennsylvania, and West Virginia,

Distance From Water Supply Wells (Table 3¢)

Six states have restrictions on location of a landfill with respect to water supply wells (or water
sources). The minimum allowable distance varies from 300 feet if the landfill is downgradient of a
water source to one-quarter mile if the landfill is upgradient of a water source (both in Pennsylvania).
These six states’ regulations are more restrictive than California (and federal) regulations, where there
is no specific restriction for distance from a water supply well (or water source). However, it is not
necessary to demonstrate “no impact to groundwater” in these six states. In California, part of the
information that must be submitted by an owner to the regulatory agency when proposing a landfill
includes the following (for the area within one mile of the facility): groundwater flow direction and
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well location and design. The regional water quality control board (RWQCB) considers this
information when considering whether to allow a landfill to be built and operated.

The perceived environmental protection benefit of implementing a landfill siting restriction based on
proximity to a water supply source is additional protection of human health through protection of
drinking water. However, the restriction imposed by these states considers only horizontal distance
from a well in its siting criteria. There are many more factors than horizontal distance to a well that
affect the potential environmental impact of a landfill on a groundwater well, including permeability of
the strata, the direction and rate of flow, and the depth to the aquifer.

Imposing this restriction on landfill siting may result in increased cost to procure a landfill site that is
not in proximity of a water source or, alternatively, the cost to relocate the water supply wells. It is
expected that this cost would be incurred by the landfill owner and subsequently passed on to the
public. However, it is expected that an economic benefit may be realized by the landfill owner in the
form of less stringent groundwater monitoring requirements than if the landfill were in proximity of a
water supply source.

There are no expected operational or design impacts associated with the implementation of a landfill
siting restriction based on proximity to a water supply source.

A review of the cross-media inventory indicates that at least eight of 158 existing active MSW
landfills in California have been sited in the vicinity of one or more water supply wells. Of the eight
sites, five (63 percent) are in the category “In Corrective Action.” The introduction of a landfill siting
restriction based on proximity to a water supply source similar to Pennsylvania’s could preclude the
construction of any future disposal units at these sites.

An Internet literature search of the sources listed in Section 5.1.2 identified several documents that
discussed the impact of existing landfills on adjacent water supply wells in Wisconsin, New Jersey,
and Delaware. However, these papers did not include a discussion of the impact of the regulatory
requirements for distance to water supply wells, so they have not been cited,

5.2.2 General Design Regulations

Evaluation of General Design Requirements and Submittals (Table 4a)

California requires submission of several of the design elements listed in Table 4a, especially in
conjunction with the ROWD requirement (27 CCR, section 21710 et seq.). However, the following
elements are required by one or more of the other states reviewed, but not specifically by California

regulations:
*  Geotechnical report.
« Liner stress analyses.
s Anchor trench analyses.
s  Groundwater transport model.

The perceived intent of requiring additional submittals is to provide consistency and reliability in the
designs so that the environmental impacts of landfill cells may be minimized. However, the associated
economic burden placed on owners to develop the documents and the regulators to review them may
not be warranted for all sites. Currently, California allows for additional submittals to be requested by
the permitting agency when it is warranted by site-specific conditions.
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It is expected that the only design impacts would be associated with the increased number of
documents to be produced, The current standard-of-practice in California includes submittal of the
report, analyses, and model listed above, if warranted by site-specific conditions.

Requiring additional design submittals may induce a change in design procedures, but it is not
expected to changes operational procedures at the site.

No pertinent input to the cross-media inventory was identified regarding the above design submittals;
therefore, no query of the database was performed.

An Internet literature search of the sources listed in Section 5.1.2 did not identify any documentation
of the impact of requiring additional design submittals.

As an alternative to changing the state regulations to require additional submittais for all sites, several
states have produced non-enforceable general guidance documents to define standards for the design
and construction of solid waste disposal facilities. These documents provide recommendations, but are
not enforceable and allow for adjustment based on site-specific conditions. The performance of
landfills in states with general guidance documents has not been evaluated as part of this study.
However, the development of general guidance documents for landfill design and construction in
California may be an appropriate alternative to imposing regulations requiring additional submittals.
Based on discussions with current California regulators, it seems that the development of guidance
documents has been considered previously in California, but was not pursued due to a tendency for
them to be viewed as “underground regulations.”

Requirements for Liner Performance Evaluation (Table 4b)

New Jersey regulations require a site-specific performance evaluation of all natural geologic, single
clay, and single composite liner systems using a three-dimensional mass transport model. Similarly,
Washington requires a performance evaluation for alternatives to the prescriptive single composite
liner system. The purpose of a liner performance evaluation is to estimate the amount of leakage
through the liner system expected under site-specific climate, cell configuration, waste characteristics,
liner characteristics, and subgrade characteristics. Existing California regulations do not require a
performance evaluation for the prescriptive single composite liner (or engineered alternatives), but
allow permitting agencies to require one. In recent years, the Central Valley and North Coast Regional
Water Quality Control Boards have required that landfill owners submit liner performance evaluations
for new waste management units, even if they comply with prescriptive standards, to demonstrate that
any proposed liner system is sufficiently protective.

The potential environmental protection benefit of requiring a performance evaluation for the
prescriptive single composite liner system is that it provides a means for predicting the potential for a
proposed landfill cell to adversely impact the environment prior to construction of the cell. However,
the results of a transport model are subject to the reliability of the model and its input parameters, as
well as the technical expertise of the designer. In addition, existing sites collect monitoring data, which
should be considered in the execution of a model. For any site where reliable monitoring data is
available, the model should be calibrated against it. A recent study of landfill operations data [U.S.
EPA, 20602) has found that “Subtitle D single composite liner systems meeting federal minimum
design criteria can achieve a very high hydrauiic efficiency and are capable of preventing adverse
impacts to groundwater,” such that requiring a liner performance evaluation for the approval of a
prescriptive single composite liner system may not be warranted.

The potential economic impact of requiring a performance evaluation for the prescriptive single
composite liner system is associated with engineering cost to perform the evaluation and regulators
costs to review and rule on it. In addition, if a model is developed without being calibrated against
available monitoring data, the construction of a more protective (and probably more expensive) liner
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system may be required. These costs would be incurred by the landfill owner, and subsequently passed
on to the public.

No operational constraints associated with requiring a liner performance evaluation have been
identified.

The technical constraints associated with requiring a liner performance evaluation are associated with
the development of the transport model and the interpretation of results. Many input parameters are
required by such models, and many assumptions nust be made that affect the output of the model. To
evaluate the leakage rate out of the landfill, weather data, soil data, and landfill design data are
required. To predict concenirations at the point-of-compliance, subsurface material data, subsurface
flow data, and chemical concentrations must be known (or assumed). As stated earlier, the reliability
of the model is dependent on the reliability of the input parameters. Interpretation of the results should
consider the reliability of each of the input parameters.

No pertinent input to the cross-media inventory was identified regarding liner performance evaluation;
therefore, no query of the database was performed.

An Internet literature search of the sources listed in Section 5.1.2 did not identify any documentation
(other than that cited above) of the impact of requiring a landfill performance evaluation on
groundwater quality.

Surface Water Design Storm Requirements (Table 4b)

California requires that surface water systems at Class Il MSW landfiils be designed to control a 100-
year, 24-hour storm. This requirement is considerably more strict than those in the other eight states,
which are consistent with the federal requirement of design for a 25-year, 24-hour storm. The
California requirement was first included in the Title 23, Chapter 15 rulemaking. California is known
for high-intensity, short-duration storms. Since 1950, all 58 California counties have been declared
flood disaster areas no fewer than three times [California Department of Water Resources, 2003}

The potential environmental impacts of designing for a less severe storm are based on the capacity of
the surface water system. If the capacity of the surface waler system is not sufficient to control a
larger storm, the impacts of overflow may include:

» FErosion of the cover system and possible waste or sediment discharge to surface water.
+ Increased leachate generation due to infiltration of surface water into waste,

¢ Uncontroiled discharges of surface water off-site.

The potential economic impacts of designing for a less severe storm include reduced cost of initial
construction of the surface water control system, but higher costs associated with maintaining the
system and monitoring surface water discharges. These costs also extend into the post-closure care

period.

No significant design constraints associated with a less severe storm have been identified. Operational
constraints are associated with increased monitoring of the performance of the surface water system
during storms and maintenance of the surface water system during and after storms.

No pertinent inpuf to the cross-media inventory was identified regarding design storms; therefore, no
query of the database was performed.

An Internet literature search of the sources listed in Section 5.1.2 did not identify any documentation
of the impact of design storm selection in California.
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5.2.3 Base Liner System Regulations

Allowance of Natural Geologic Liner or Single Clay Liner (Table 5b)

Natural geologic or single clay liners are not specifically allowed by either federal or California
regulations, except for that part of the MSW landfill that had received waste prior to the landfill’s
applicability date under federal regulations (40 CFR, Part 258, section 1). The U.S. federal regulations
currently allow a site to be exempted from landfill design (Subtitle D, Subpart D—40 CFR, Part 258,
section 40) if certain criteria can be met. The site must:

® Receive less than 20 tons of MSW per day (on an average annual basis).
¢ Show evidence of no existing groundwater contamination from the MSW unit.

e Serve either a community that is unable to transport waste to a regional facility for at least
three consecutive months annually or a community with no practical waste disposal alternative
if the site receives less than 25 inches of precipitation annually.

California has adopted these exclusion criteria by reference to the federal regulations, so that it is
possible for a very small landfill to be exempted from base liner requirements under specific
conditions, such that the site would effectively have a natural geologic liner system.

Under current California regulations, the owner may propose an engineered alternative to the
prescriptive liner system, but alternative base liners must be composite (that is, they must include a
geomembrane component over a constructed or manufactured clay layer). For steep side slopes, the
liner design can be an extra-thick geomembrane over a prepared natural geologic material base. For
all such alternatives, the owner must successfully demonstrate that the environment is equally
protected (compared to the use of the prescriptive liner) and that the prescriptive design is
burdensome. A single clay liner is not allowed as a base liner for new areas to receive waste under
current California regulations. It should be recognized, however, that prior to Subtitle D and the
SWRCB’s Resolution 93-62, SWRCB regulations allowed single clay liners or natural geologic liners
for Class III landfilis. This was changed, in part, to comply with the minimum standards of Subtitle D.
The area at a landfill that was already covered by waste as of the landfill’s general federal applicability
date is exempt from the federal and California single composite liner standard, but all portions outside
of that area must be composite-lined.

Delaware, New Jersey, and Wisconsin all allow use of a single clay liner or natural geologic liner
under specific site conditions. Washington does not require installation of a liner in arid areas (in other
words, natural geologic liners are allowed), if specific environmental protection criteria can be met.
Conceptually, natural geologic liners or single clay liners provide a more flexible approach to liner
design, where site-specific conditions allow for them. However, an extensive study of such landfills in
California showed that it is very rare for site-specific climatic and geologic conditions to provide
reasonable protection of underlying groundwater [SWRCE, 1995].

Federal Subtitle D regulations do not allow state regulations to be less protective of the environment
than are federal regulations. Therefore, to be allowed by any state, natural geologic or single clay
liners must be demonstrated to be as protective of the environment as federal regulatory requirements.
However, if appropriate site and environmental protection criteria are not met, the potential
environmental impacts of allowing a natural geologic or single clay liner may include soil and
groundwater degradation.

If environmenial protection criteria are met, regulations allowing the use of natural geologic or single
clay liners in California may have a beneficial cost impact on landfill owners. In some cases, a single
clay liner may be less expensive to install than the prescriptive Subtitle D liner.
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There are no expected operational impacts associated with allowing natural geologic or single clay
liners. One technical consideration is the reliability of hydraulic conductivity measurements of natural
geologic liners. Natural formations are often heterogeneous, and hydraulic conductivity may not be
consistent across the site. It may be beneficial to include a requirement for recompacting the subgrade
if a natural geologic liner is employed, as is required in Delaware.

A review of the cross-media inventory was performed to identify the subgrade materials at California
landfills. Thirty-four of 158 existing active MSW landfills in California have silt/clay subgrade
materials, and may be candidates for natural geologic liners. Of the 34 sites, 15 (44 percent) are in the
“In Corrective Action” status, whereas 33 percent of all 158 existing active MSW landfills are in the
“In Corrective Action” status. In addition, as reported in the Landfill Facility Compliance Study’s
Phase I (Task 3) report [GeoSyntec, 2003], of 224 studied MSW landfills, 58 are located in desert
areas and 9 are located in high desert areas (both based on an average annual rainfall of less than 10
inches), indicative of arid climate conditions. Therefore, adopting Washington's criteria, 67 studied
sites in arid regions of California could be considered for natural geologic liners.

A review of the cross-media inventory was performed to identify the number of existing medium and
large MSW landfills in California (defined as receiving greater than 165 tons of waste per day) with no
liner or with a clay-only liner. Fifty-four of 224 existing medivm to large MSW landfills in California
have no liner or a clay-only liner. Of these 54 sites, 21 (39 percent) are in the “In Corrective Action”
status as compared to 33 percent of all existing active MSW landfills that are in the “In Corrective
Action” Status.

An Internet literature search of the sources listed in Section 5.1.2 was performed. One report was
identified that was developed by the State of Illinois Environmental Protection Agency titled 4 Study
of the Merits and Effectiveness of Alternate Liner Systems at lllinois Landfills, which includes a
comparison of liner requirements of 35 states. The conclusions of this report include the following
statement: “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. The performance
of the municipal solid waste landfill depends more on the functioning of the leachate collection and
removal system than on the number of liners used, according to Lee and Jones-Lee (1994)” [Munie,

2003).

In addition, an article was reviewed which indicates that Washington’s rules for arid climate landfills
were under review prior to the 1993 rule update [Landfill Price Digest, 1991]. This article states that
“Communities in the eastern part of the state have benefited considerably from the less stringent
requirements for arid areas.” This article also indicates that in conjunction with this review a report on
the minimum functional standards for solid waste management facilities was being prepared, though
this document was not located. It has not been identified which, if any, of the Washington state
landfill requirements were changed in the 1993 update.

Design and Construction of Liner Components (Clay and Geosynthetics) {Table 5¢)

Several states have specific requirements regarding the design and construction of components of the
single composite liner system. The regulations imposed by the various states include both prescriptive
and performance-based requirements. New Jersey requires that anchor trenches have a minimum 24
inches of run-out at the top of slope, that anchor trenches be 12 to 16 inches deep, and that minimum
construction testing requirements be met. New Mexico requires design for tensile forces in the
geomembrane where slopes have a ratio steeper than 4 to 1 (horizontal to vertical} considering
interface friction between liner components. West Virginia requires that several anchor trench and
liner tension design parameters be met, specifies geomembrane seam orientation on slopes, and does
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not allow particles greater than 2 inches in the clay component. Wisconsin specifies maximum and
minimum slope requirements for sidewalls, requires design of anchor trenches, specifies geomembrane
seam orientation on slopes, specifies vehicle loading requirements, specifies time limitations for
covering geomembrane after placement, and requires specific clay characteristics. There are no such
geosynthetic design or construction requirements defined in California regulations.

The intent of imposing design and construction standards in the regulations is to provide consistency
and reliability so that the environmental impacts of landfill cells may be minimized. Design and
construction standards add an additional means of protection against improper design by inexperienced
designers and regulators. However, specifying prescriptive design requirements (such as specified run-
out length, anchor trench configuration, or slope angle limitations) without associated performance-
based requirements (such as design for tensile forces) may have a negative environmental impact by
hampering the performance of the liner system.

Specifying design and construction requirements may have the side effect of being unnecessarily
restrictive and limiting disposal potential of some sites. For example, by altering the anchor trench
design or angle of the side slopes, the configuration of a cell may be optimized while protecting the
liner from excess tension. Placing prescriptive limitations on these parameters without considering the
performance of the liner may limit the capacity of the landfill. The economic effects associated with
inefficiencies in cell design if the liner system is not designed on a site-specific basis may include
reduced cell volume and the cost of premature expansion into other areas or premature closure. In
addition, applying prescriptive limitations to the characteristics of the clay layer without consideration
for performance may require clay to be imported from offsite sources. Importing clay material may be
prohibitively expensive for some sites. These costs could be significant and would be incurred by the
landfill owner and subsequently passed on to the public.

It is expected that implementation of any construction-related regulations and some design-related
regulations would have an impact on site design and operations. However, the potential impacts
would have to be identified on a case-by-case basis for any constraint considered for implementation.

Regulations regarding design and construction of components of the single composite liner would have
to be written in such a way as to be compatible with regulations allowing the use of engineered
alternative liner systems.

No pertinent input to the cross-media inventory was identified regarding design and construction of
liner components as it relates to these regulations; therefore, no query of the database was performed.

An Internet literature search of the sources listed in Section 5.1.2 did not identify any documentation
of the impact of including design- and construction-related constraints in landfill regulations for the

various states discussed above.

It should be recognized that several states and the federal government have produced non-enforceable
general guidance documents to define standards for the design and construction of solid waste disposal
facilities. These documents provide recommendations, but are not enforceable and allow for
adjustments for site-specific conditions. The performance of landfills in states with general guidance
documents has not been evaluated. However, the development of general guidance documents for
landfill design and construction in California may be an appropriate alternative to implementing
prescriptive and performance-based design and construction regulations. Based on discussions with
current California regulators, it seems that the development of guidance documents has been
considered previously in California, but was not pursued due to a tendency for them to be viewed as
“underground regulations.”
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Requirements for Double Liner Systems (Table 5d)

Delaware, New Jersey, and New York regulations stipulate conditions in which double liners must be
used. Delaware requires a double liner system when the landfill cell is underlain by an aquifer that
may be used for water supply. New Jersey requires a double composite liner system when bedrock is
near the surface and groundwater is used as a water supply. New York requires a double composite
liner system for all mixed solid waste landfills, but on side slopes {greater than 25 percent slope) only
the geomembrane component of the primary liner (plus the leak detection layer and secondary
composite liner) is required. California has no existing regulations requiring a double liner system, but
allows permitting agencies to require one.

The potential environmental protection benefit of requiring a double liner system under specified
conditions would be increased protection of the environment. It should, however, be recognized that a
recent study of landfill operations data [U.S. EPA, 2002] has found that “Subtitle D single composite
liner systems meeting federal minimum design criteria can achieve a very high hydraulic efficiency
and are capable of preventing adverse impacts to groundwater.” Therefore, cost-benefit analyses may
suggest that, except in limited cases, the incremental cost of constructing a double liner system may
outweigh the environmental benefit.

No significant changes to design or operations are expected in conjunction with double liner systems.

The addition of a requirement for double liner systems under specific conditions may necessitate the
addition of other associated regulations, such as monitoring requirements for the leak detection and
collection layer. Double liner system regulations appear to be otherwise compatible with existing
California landfifl regulations.

A review of the cross-media inventory was performed to identify double-lined cells at California
landfills. At the time the database was developed, three of the 224 existing landfills in California,
Rock Creek Solid Waste Facility, Azusa Reclamation Company Landfill, and CWM1I Kettleman Hills
Facility, were identified as having a double liner system in a portion of a cell (beyond the LCRS sump)
or a full cell. However, the current list of non-hazardous waste landfills in California with double
composite liner systems as identified by the SWRCB includes five additional sites: Sacramento
County (Kiefer) Landfill, Western Regional Sanitary Landfill, Ostrom Road Landfill, Fink Road
Landfill, and the City of Santa Maria Refuse Disposal Site. Several other landfills are currently
constructing double composite liners. Between 1998 and 2001, six of these seven sites were in the “In
Corrective Action™ category. The requirement for double liners at the additional five sites not
indicated in the cross-media inventory may have been in response to the corrective action, but this has
not been verified.

An Internet literature search of the sources listed in Section 5.1.2 was performed. One report was
identified that was developed by the State of Illinois Environmental Protection Agency titled 4 Study
of the Merits and Effectiveness of Alternate Liner Systems at Hiinois Landfills [Munie, 2003], which
includes a comparison of liner requirements of 35 states. The discussion in this report suggests that
double liners are costly to construct and may provide ambiguous monitoring data due to liquid in the
LDS from sources other than leachate. No data collected from states that require doublie liner systems
was presented.

5.2.4 LCRS Regulations
LCRS Desion Specifications (Table 6a)

Of the eight states reviewed, all eight have LCRS design specifications that are equivalent to the
federal Subtitle D requirement for less than 30 centimeters of head build-up on the base liner. Only
California has a more restrictive regulation that incorporates the federal maximum of less than 30
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centimeters by reference and also requires no build-up of hydraulic head on the liner (except in the
sump where the minimum allowable head for efficient pump operation is allowed).

By strict interpretation, California’s regulation suggests that the LCRS system must be constantly
operating to remove leachate from the cell and does not allow leachate to become backed up into the
cell even if the maximum head in the cell is maintained at less than 12 inches. If taken literally,
California’s requirement of no leachate head is not enforceable. The purpose of an LCRS is to collect
leachate. If there is no head, there can be no flow, and thus no collection. It is GeoSyntec’s experience
that “no build-up of hydraulic head” has generally been interpreted in California to mean no build-up
greater than 12 inches or greater than the thickness of the LCRS layer, whichever is Jess.

Given that California’s requirement for no build-up of head on the liner is not defensible, its eventual
removal (anticipated as part of the State’s next regulatory revision) will neither increase nor decrease
risk to the environment (specifically to groundwater); it will only improve clarity.

The operational impacts of removing California’s head build-up restriction would also be minimal due
to the state of the practice, which allows some head build-up in order to promote leachate collection
and pump operation.

There are no significant changes to design methods expected in conjunction with the removal of the
head build-up requirement.

No pertment input to the Task 2 cross-media inventory was identified regarding leachate build-up;
therefore, no query of the database was performed.

An Internet literature search of the sources listed in Section 5.1.2 did not identify any documentation
(other than those cited previously in this section) of the impact of head build-up on groundwater
quality in California.

Secondary LCRS/Leak Detection Systern Requirements (Table 6b)

West Virginia requires installation of a secondary LCRS (an LDS) below a single compostte liner
system. Existing California regulations do not require installation of (or design of) an LDS, but allow
regulatory agencies to require one (typically in conjunction with a double liner system, but sometimes
in conjunction with an alternative to the requirement for a five-foot separation of waste from
groundwater).

The anticipated environmental protection benefit of requiring an LDS is that any leakage through the
liner may be intercepted prior to dispersion into the subgrade. It should, however, be recognized that a
recent study of landfill operations data [U.S. EPA, 2002] has found that “Subtitle D single composite
liner systems meeting federal minimum design criteria can achieve a very high hydraulic efficiency
and are capable of preventing adverse impacts to groundwater.” Therefore, cost-benefit analyses may
suggest that, except in limited cases, the incremental cost of constructing an LDS may outweigh the

environmental benefit.
No significant changes to design or operations are expected in conjunction with an LDS.

Addition of a reguirement for an LDS may necessitate the addition of other associated regulations,
such as monitoring requirements for the leak detection layer. LDS regulations appear to be otherwise
compatible with existing California landfill regulations.

A review of the cross-media inventory was performed to identify LDSs installed at Califorma landfills.
For the purpose of this review, LDSs were considered different from underdrains or subdrains installed
as an alternative to the requirement for five feet of separation from groundwater. At the time the
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inventory was developed, one of 224 existing landfills in California (Kettleman Hills Facility) was
identified as having an LDS.

An Internet literature search of the sources listed in Section 5.1.2 identified one article that evaluates
different methods of leak detection [National Network of Environmental Management Studies, date
unknown], but no data collected from ieak detection systems, in West Virginia or elsewhere, was
presented.

Allowance of Leachate Recirculation (Table 6¢)

Seven states and California allow the recirculation of leachate under certain restrictions, The New
Mexico regulations do not specifically discuss the recirculation of leachate. The current California
regulation regarding leachate recirculation specifies that the leachate may be returned to a composite-
lined portion of that landfill, as long as the discharge does not exceed the moisture-holding capacity of
the waste, and with approval from the RWQCB. Differences from the California requirements applied
in other states are summarized, as follows.

» New Jersey requires that leachate recirculation not be used as a primary disposal method, but
allows the process to be used as part of a leachate management system to enhance the
degradation of waste.

* New York requires a double liner in any cell where leachate recirculation is practiced. Six
months satisfactory performance of the primary liner system must be demonstrated prior o
commencing leachate recirculation. The leakage rate of the primary liner cannot increase
beyond 20 gallons per acre per day {when measured over a 30-day period) due to the
infroduction of leachate.

* Pennsylvania stipulates that the leachate must not be classified as a hazardous waste to be used
for recirculation.

» Washington specifically allows for the recirculation of wastewater resulting from an
emergency.

e West Virginia requires that an approved piping system installed under intermediate cover soil
be used to recirculate the leachate.

These differences represent a step beyond the California regulation and stipulate additional
requirements that may provide further protection of the environment while still allowing leachate
recirculation. These additional requirements may be appropriate in their respective states where site
conditions may be consistent statewide. Likewise, they may be appropriate in states with other more
restrictive regulations (such as a requirement for double liner systems). The regulations may require
additional constraints or blanket specifications for control of leachate recirculation activities. However,
in California, where there are a large number of landfills distributed over highly diverse regional
conditions, the decision to allow leachate recirculation has been the responsibility of the individual
RWQUCBs, so long as the receiving portion of the landfill is composite-lined. If they decide to allow
leachate recirculation, the RWQCB may also apply additional constraints to address site-specific

conditions.

The potential economic impact of adding blanket constraints over the implementation of leachate
recirculation in the California regulations is that the efficiency associated with site-specific
consideration by the RWQUCUB may be lost. Sites may be required to conform to additional
requirements that are not warranted by site-specific conditions.
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1t is expected that implementation of soine additional restrictions on leachate recirculation may have
an impact on site design and operations. However, the potential impacts would have to be identified on
a case-by-case basis for any constraint considered for implementation.

Addition of some constraints on leachate recirculation may necessitate changes to other associated
regulations, such as monitoring or liner requirements. However, impacts on other existing regulations
would have to be considered on a case-by-case basis for each constraint being considered.

A review of the cross-media inventory was performed to identify California landfills where leachate
recirculation has been implemented. At the time the database was developed, 6 of the 224 studied
MSW landfills in California were identified as performing leachate recirculation. Of the six sites, two
(33 percent) are in the category “In Corrective Action,” none are in the category “Have Gas
Enforcement Action,” three (50 percent) are in the category “Have Gas Inspection Report,” and three
(50 percent) are in the category “Have Surface Water Action.”

An Internet literature search of the sources listed in Section 5.1.2 identified one article that presents the
results of long-term monitoring of leachate and gas quality at two facilities in Delaware practicing
leachate recirculation, although no leak detection monitoring was performed [Morris, 2003]. The
study reported enhanced degradation of waste and small improvement to leachate quality. Another
article was identified entitled “Landfill Bioreactors: A New York State Regulatory Perspective™
{Phaneuf, 2000]. This article suggests that New York State’s requirement for a double-liner system at
all MSW landfills allows the option of leachate recirculation to be considered. At the time the article
was written, there were 38 double-lined landfills in that state. Although the number of sites practicing
leachate recirculation is not defined, the article indicates that “Based on environmental monitoring
data and facility reporting..., the division [of the New York State Department of Conservation] has not
seen, nor is aware of, any groundwater-related impacts attributable to these [38] double-lined landfill
operations” [Phaneuf, 2000].

5.2.5 Final Cover System Regulations

Site-Specific Considerations for Final Cover Systems {Table 7a)

New York and Washington have site-specific components to their final cover system requirements,
New York bases the final cover type on the configuration of the landfill (lined and operating after
October 1993). For flat areas (slopes less than 25 percent) a composite cover system is required, but
for steep areas only a geomembrane or a soil cover is required (not both). In Washington, a composite
cover system is required in non-arid regions of the state, but in arid regions only the soil component is
required.

California, on the other hand, does not require a composite cover, but specifies the following criteria
for the final cover’s protective barrier:

o Minimum 1-foot thick compacted soil layer with hydraulic conductivity equal to the hydraulic
conductivity of the base liner; or

e  Minimum 1-foot thick compacted soil layer with hydraulic conductivity less than or equal to 1
x 107 cm/sec (typically allowed if no base liner is installed); or

*  Another design with a correspondingly low through-flow rate.

The corresponding federal performance standard for final cover systems (40 CFR, Part 258, section
60(a)(1)) is similar, but focuses only on “permeability.” The USEPA has not opposed California’s
broader standard, which opens the door for the use of thick, loosely compacted soil-only “monocover™
or “evapotranspirative” final cover systems. Therefore, the intent of California’s regulation, to open up
the scope of options to any approach that meets the throughflow-based performance standard, is
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similar to those in Washington and New York, which allow for the consideration of site-specific
conditions in the design of a final cover system. The similarity of the regulations defined in California
to those applied in other states demonsirates that a change to existing California regulations in this
regard is unnecessary.

5.2.6 Post-Closure Regulations

Post-Closure Land Use Restrictions (Fable 8)

California and five of the states included in this study have post-closure land use restrictions that are
comparable to the federal requirement. However, three states (Delaware, Pennsylvania, and
Wisconsin) include varying degrees of additional requirements or restrictions beyond the federal
restrictions. Pennsylvania requires submission of a post-closure land use plan to propose and evaluate
alternative post-closure uses for the revegetated site. By comparison, in Califomia one or more
proposed land uses must be presented in the closure plan submitted to the regulatory agencies.
Wisconsin restricts use of the closed site for agricultural purposes or for the construction of buildings,
and restricts the excavation of waste. Delaware poses the most restrictions by not allowing any post-
closure activities on the landfill site and limiting access to maintenance personnel.

The potential environmental protection benefit of imposing additional post-closure land use
requirements or restrictions is dependent on the specific requirement or restriction. For example,
requiring submission of a post-closure land use plan may facilitate the beneficial reuse of a landfill
site, having an overall beneficial impact on the environment. Conversely, not allowing any post-
closure activities inhibits beneficial reuse, but protects human health and the environment by
restricting public access to the site and eliminating the potential for improper reuse of the landfill site.

Likewise, the potential economic impact of imposing additional post-closure land use requirements or
restrictions is dependent on the specific requirement or restriction. Requiring a post-closure land use
plan represents an additional cost to the owner, but may serve to identify profitable post-closure land
use alternatives. Conversely, not allowing post-closure use of the site may reduce the post-closure

value of the parcel.

It is expected that the only design impacts would be associated with the increased number of
documents to be produced. Changes in post-closure operations may be required, but are dependent on
the specific regulatory requirement.

Compatibility of additional post-closure land use requirements/restrictions with other existing
California landfill regulations is dependent on the specifics of the regulation, and would have to be
considered on a case-by-case basis.

No pertinent input to the cross-media inventory was identified for post-closure land use; therefore, no
query of the database was performed. However, a general search of the cross-media mventory
identified Coastal/Santa Clara Landfill (closed prior to Subtitle D) as having been redeveloped as a
golf course following closure of the landfill. It should be recognized that the inventory generally
includes sites that have been operational after 1993, and thus does not include many sites that have
been closed long enough for substantial post-closure development. There are many other MSW
landfills within California that closed prior to 1993 but were not part of the cross-media inventory that
have had beneficial post-closure developments.

An Internet literature search of the sources listed in Section 5.1.2 did not identify any documentation
of the impact of post-closure land use regulations.
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5.2.7 Groundwater Monitoring Regulations

Concentration Limits for Groundwater (Table 9)

Six of the eight states define the allowable concentration limits for groundwater contaminants using
criteria similar to what is in the federal regulations—that is, the MCL, background, or health-based
limits, as appropriate. Only California, New Mexico, and Wisconsin deviate significantly from the
federal regulations. California and Wisconsin criteria for defining concentration limits in groundwater
are similar in that both states recognize that background or some level above background may be
appropriate. New Mexico differs from the other states, in that it defines different allowable
concentrations depending if the site is in detection monitoring or in assessment monitoring. During
detection monitoring, the concentration limit is taken as 50 percent of the groundwater protection
standard—in other words, 50 percent is the concentration limit that triggers assessment monitoring.
During assessment monitoring, the concentration limit is taken as 75 percent of the groundwater
protection standard—that is, 75 percent is the concentration limit that triggers corrective action.

The New Mexico regulation for concentration limit is potentially less protective of the environment
than the current California regulation because of how New Mexico’s groundwater protection standard
is defined. In New Mexico, the groundwater protection standard is defined for each constituent based
on either background, MCL for groundwater, or a health-based alternative concentration, as
appropriate; this is similar to the federal definition of the water standard. California’s regulations base
the concentration limit on background levels, unless an alternative CLGB is approved for use during
corrective action. In California, except for a CLGB granted for use during corrective action, the
concentration limit is background data set against which new data from a downgradient well is
compared, using an approved statistical or nonstatistical data analysis method. This approach may be
more protective than defining the concentration limit as a single number (such as 50 percent or 75
percent of the MCL), as is allowed for some constituents in New Mexico, because the New Mexico
approach allows a no-response option for known releases that exceed background levels, but do not yet
exceed the single-number concentration limit,

If California’s current requirement for background level as concentration limit remains unchanged, it
would be inappropriate to adopt only the portion of New Mexico’s regulation that refers to trigger
concentrations for assessment monitoring and corrective action. For example, to allow the use of a
concentration limit equivalent to 50 percent of the water standard in detection monitoring would, in
most cases, viclate the current approach of investigating any release that is strong enough to be
digcerned from background levels. Therefore, if New Mexico’s concentration limit methodology were
adopted, its water standard would also need to be adopted, and the California Water Code would also
have to be amended to allow low-concentration release to remain uninvestigated.

Because existing regulations allow the RWQCB to set the concentration limit to a CLGB with a value
between background and the lowest applicable health-based standard for use as a clean-up goal during
corrective action, there appears to be no substantial economic benefit to following the New Mexico

regulation Tor concentration limits,

Adopting concentration limit {and water standards) regulations similar to New Mexico’s would not
necessarily change the way in which the site is monitored or how operations at the site are conducted,

No pertinent input to the cross-media inventory was identified for groundwater concentration limits;
therefore, no query of the database was performed.

An Internet literature search of the sources lsted in Section 5.1.2 did not identify any documentation
of the impact of New Mexico’s method for defining concentration limits.
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Groundwater Monitoring System Requirements (Table 9)

Six of the eight states and California have requirements similar to the federal reguiations for evaluating
the number of wells required in the groundwater monitoring system. These states (and federal
regulations) require a sufficient number of wells to adequately monitor groundwater quality. Only
Pennsylvania and West Virginia specify a mininum number of allowable wells. These two states
require a minimum of one background (upgradient) well and three downgradient wells.

Practically speaking, requiring a sufficient number of wells to monitor groundwater implies that at
least one background well is installed. However, there would be no environmental protection benefit to
specifying that a minimum of one background well be installed. On the other hand, specifying a
minimum of three downgradient wells may be at times more, and at other times less, protective than
California’s requirement for “a sufficient number of wells.” Based on interpretation of the California
regulation, a landfill has a sufficient number of downgradient wells if there is no release location in the
landfill that could produce a narrow plume that would escape discovery. Requiring a minimum of
three wells provides no such safeguard for intercepting plumes.

Because the number of downgradient monitoring wells that may be required at a given site under
existing California regulations varies, there is no quantifiable economic benefit to adopting a minimum
standard for number of wells. At some sites, three wells would be more than would be required under
existing California regulations, and at others three wells would be inadequate.

No changes to the design of the groundwater monitoring system are anticipated in conjunction with
requiring a minimum number of groundwater monitoring wells. This is because the hydrogeologic
conditions of the site would still need to be evaluated to verify that three down-gradient monitoring
wells is sufficient. No changes to site operations would be required to adopt a requirement for a
minimuim number of groundwater monitoring wells.

A review of the cross-media inventory identified 37 of 224 California MSW landfills that received
waste after October 9, 1993, as having fewer than three down-gradient monitoring wells. Nine of these
37 sites do not monitor groundwater, generally because groundwater is excessively deep or is not
present beneath the site. The remaining 28 sites have a median disposal area of 17 acres, which is
significantly less that the statewide median of 55.5 acres. Of these 28 sites, only 1 (4 percent) 1s in the
category "In Corrective Action.”

An Internet literature search of the sources listed in Section 5.1.2 did not identify any documentation
regarding how specifying a minimum number of groundwater monitoring wells might impact
groundwater quality.

Criteria for Corrective Action (Fable 9)

The eight states reviewed, California, and the federal regulations all define slightly different
requirements for their corrective action programs. However, the greatest deviation from the federal and
California regulations was identified in the Wisconsin reguiations. The Wisconsin regulations define 2
list of possible corrective actions that may be required depending on the severity of the groundwater
impact at the site. These regulations also indicate that more comprehensive or rigorous actions may be
required for hazardous constituents that exceed the established limits than for indicator parameters that
exceed the established limits. It appears that the regulatory agency is bound to the range of responses
indicated in the list and may not require an action that is not on the list. However the range of
responses provided is so generic in nature that most possible responses would fall within the range. In
California, corrective actions are proposed by the owner/operator and the selected action is approved
by the regulatory agency, but no non-enforceable general guidelines are provided in the regulations for
the degree of action that may be required for a specific problem.
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The potential environmental protection benefit of specifying a range of corrective actions that may be
required by the regulatory agency under different circumstances depends on the specificity of the list.
The more specific it is, the greater the potential for environmental impact, positive or negative. If the
list is very generic, like Wisconsin’s, there may be no substantial change in environmental protection.
However, defining a range of actions to be used as a non-enforceable general guideline by the landfill
owners and regulatory agencies (but to which they are not bound) may be beneficial to the
environment by providing an equitable standard for considering corrective action measures at all
California sites.

Additionally, the potential economic impact of specifying a range of corrective actions that may be
required by the regulatory agency under different circumstances is also dependent on the specificity of
the range and is therefore uncertain. If the list of corrective actions is very generic, the economic
impact on either the landfill owner or the regulatory agency would depend on what the owner decided
to implement and what the agency approved.

Incorporating a range of corrective action options into the regulations may have the effect of
streamlining the corrective action design process. It is not anticipated that incorporating a range of
corrective action options into the regulations would have any appreciable impact on site operations.

No pertinent input to the cross-media inventory was identified for evaluating the impact of regulations
considering a range of corrective action criteria; therefore, no query of the database was performed.

An Internet literature search of the sources listed in Section 5.1.2 did not identify any documentation
regarding the impact of Wisconsin’s regulation of corrective actions.

5.2.8 Landfill Gas Control Regulations

Performance Requirements {Table 10}

Generally, the federal regulations, the eight states, and California specify maximum explosive gas
concentrations at the site boundary between 5 percent and 100 percent of the lower explosive limit
(LEL). However, Wisconsin regulations also state that “the department may require the concentration
of explosive gases not exceed detectable levels for that gas at the landfill property boundary” [WAC
NR 506,7(4)] The criteria to define when this requirement must be applied was not specified.

The potential environmental protection benefit of requiring no detection of explosive gases (such as
methane) at the landfill boundary is increased protection of human health and the environment.

The potential economic impact of requiring no detection of explosive gases is associated with
increased costs to the landfill owner to provide:

o Additional gas extraction facilities.
e Additional gas control features (such as cut-off walls).
e Additional buffer from surrounding populations by extension of the property boundary.

It is expected that the cost of implementing these protections may outweigh the perceived benefit of no
detection of explosive gases. A more cost-effective alternative may be to require enhanced protection
(above the current requirement) only in the vicinity of sensitive receptors.

Changes in design or operations are expected to be associated with these additional control features.

No pertinent input to the cross-media inventory was identified regarding explosive gas monitoring;
therefore, no query of the database was performed.
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An Internet literature search of the sources listed in Section 5.1.2 did not identify any documents
regarding the impact of explosive gas restrictions in Wisconsin.

5.3 Selected Regulations From Other Countries
5.3.1 Regulations for Special Handling of Waste

Requirements for Pre-Processing of Waste (Table 13)

The EU Landfill Directive calls for a strict limitation of biodegradable organic components of
domestic waste entering the landfill with specified reductions required over time. This directive
requires pre-processing of domestic waste by either thermal pre-treatment or mechanical-biological
pre-treatment prior to disposal to achieve specified reductions in waste volume, Current California
regulations do not require pre-processing of waste prior to disposal, other than the shredding of whole
tires. However, many communities recover recyclable materials through curbside collection and at
materials recycling facilities (MRF).

The potential environmental protection benefit of processing waste prior to disposal is reduced
negative impact on all media (air, surface water and groundwater). By reducing the volume of
degradable waste landfilled, the generation of leachate and landfill gases is expected to decline. Less
airspace is used, thus extending landfill resources.

Some mechanical pre-processing operations, such as separation, also allow for the collection of inert
recyclable materials that may otherwise end up in the landfill. Other mechanical pre-processing
operations, such as shredding, homogenize the residual waste mass so that degradation within the
landfill will occur more quickly. Biological pre-treatment, such as composting or anaerobic digestion,
accelerates the biodegradation of the organic waste mass. Biogases produced during biological pre-
processing are generated over a shorter timeframe than in the landfill, and can be more efficiently
controlled with a properly designed system. Thermal pre-treatment, such as incineration, results in a
significant reduction in the volume of waste to be landfilled, but the by-products of the process may
require treatment prior to release or disposal. Pyrolysis, an alternative to incineration, appears to
produce by-products that are less hazardous, but the process is new and the long-term environmental
impacts of the by-products have not been evaluated.

Significant economic impacts are anticipated in conjunction with a regulation requiring pre-processing
of waste. Pre-processing facilities are expensive to build and operate. Handling costs significantly
increase by adding extra stops in the trip from source to landfill. In addition, some of the processes
produce by-products or a residual waste stream that must be treated prior to release or disposal,
increasing the cost of operating the system.

However, there are also several economic benefits to pre-processing waste. Depending on the process,
there is a potential for revenue from the sale of recyclable materials, process by-products (such as fly
ash as a construction material), biogases (such as methane), and heat. Reducing the volume of waste to
be landfilled results in a lower need for airspace and reduced land procurement and construction costs.
In addition, reduced leachate and landfill gas generation in the landfill may reduce the potential for
releases from the landfill and subsequent costs for control systems or remediation.

Depending on who owns the pre-processing facility, the economic benefits may not be fully realized.
For example, many existing MRFs separate out recyclable materials for resale, but do not take the
additional step of reducing the particle size of the residual waste. Many MRFs are not owned by
landfill operators, and thus the added financial benefit of lower airspace consumption is not an
incentive for shredding waste. Even if the pre-processing facility were owned by the landfill operator,
motivation to reduce residual waste particle size may not be high, since tipping fees are generally by
weight, and weight is not reduced during the shredding process.
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It should be recognized that members of the waste industry may choose to ship waste out of state for
disposal rather than incur the costs associated with waste pre-processing in California. The economic
impact of this should also be considered.

One consideration in evaluating the applicability of pre-processing requirements in California
regulations is the physical and social setting (for example, population density, land use, and
topography) of California in comparison to the EU. The EU member states are generally densely
populated with little room for landfill expansion, causing a tangible need for a reduction in waste
volume. While the population in California continues to grow, there is still space for new landfills in
California. As such, the expected environmental benefit should be weighed against the cost of
implementing pre-processing regulations when the need may not be as urgent in California as in: the

EU.

The incorporation of pre-processing facilities at the landfill site would result in significant changes to
landfill operations. Considerable attention would shift from cell construction and filling to separation
and volume reduction.

Changes in MSW characteristics associated with the reduction of biodegradable materials in the waste
mass may warrant changes in design parameters and/or procedures. In addition, significant attention
would be required to identify appropriate pre-processing options, based on site-specific waste and site
characteristics. Some technologies, such as pyrolysis, are still being developed for domestic waste
reduction, and may require extra attention if considered for full-scale implementation.

The addition of a requirement for the reduction of the waste volume prior to landfilling appears to be
compatible with other existing California landfill regulations. However, compatibility of individuat
technologies with existing regulations would need to be considered on a case-by-case basis. For
instance, incineration may not be compatible with existing air quality regulations.

A review of the cross-media inventory identified five of the 224 MSW landfills in the study that have
proposed or implemented some form of waste pre-processing. Of the five sites, one is in the “In
Corrective Action” status, no sites are in the “Have Gas Enforcement Action” status, three sites are in
the “Have Gas Inspection Report” status, and two sites are in the “Have Surface Water Action™ status.
Many MRFs and incineration facilities not associated with a specific landfill exist in California, and
are not included in the inventory.

An Internet literature search of the sources listed in Section 5.1.2 was performed. Several articles
pertaining to the EU regulations regarding the pre-processing of waste were identified. Three of these
are expected to include discussion pertinent to this study, but were not available for review at the time
the Task 6 Report was being drafied [Crowe et al., 2002; Buclet, 2002; and Abert, 1985]. An article
titled “Organic Waste Management With Respect to the EU Landfill Directive™ was presented at the
Sardinia Symposium [Kranert et al., 2001]. This article evaluates the effects of waste treatment
operations under different hypothetical scenarios. Because the EU Landfill Directive is being
implemented currently, the performance of actual sites cannot yet be evaluated. The results of the
study suggest that with separation of recoverables and treatment of residual waste through incineration
or mechanical-biological pretreatment, the volume entering the landfill and the potential for emissions

can be reduced significantly.
5.3.2 Siting Regulations

Site-Specific Considerations in Location Selection (Table 14)

The EU provides flexibility in site selection to take into account site-specific conditions of a location,
rather than provide a blanket set of restrictions applying to all landfills. By comparison, the California
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regulations include specific requirements for separation from groundwater and address proximity to
floodplains, wetlands, and airports (which are also addressed by the federal regulations).

The EU regulations require that “The location of a landfill must take into consideration...:

(a) the distances from the boundary of the site to residential and recreation areas, waterways, water
bodies and other agricultural or urban sites;

(b) the existence of groundwater, coastal water or nature protection zones in the area;
(c) the geological and hydrogeological conditions in the area;

{d) the risk of flooding, subsidence, landslides or avalanches on the site;

(e) the protection of the nature or cultural patrimony in the area.

The landfill can be authorized only if the characteristics of the site with respect to the abovementioned
requirements, or the corrective measures to be taken, indicate that the landfill does not pose a serious
environmental risk” [from Official Journal of the European Communities, Annex 1 of Council
Directive 1999/31/EC].

Prescriptive requirements are not indicated in the EU requirements quoted above, leaving flexibility
for working with site-specific conditions. However, the lack of prescriptive requirements suggests that
protection of the environment must be demonstrated prior to approving any site. Because existing
California regulations do include prescriptive requirements, sufficient protection of the environment
must be demonstrated only if those prescriptive requirements are not met. In addition to being
addressed in California’s Title 27 landfill regulations, site-specific siting requirements are also
addressed during the California Environmental Quality Act (CEQA) environmental impact reporting
process, which takes place prior to the permitting of a site.

The potential environmental protection benefit of allowing site-specific evaluation of siting criteria is
that the most appropriate measures for protecting the environment can be used. However, by
eliminating prescriptive requirements, consistency across sites is lost, making regulatory review of
compliance more difficult,

The potential cost of allowing site-specific evaluation of siting criteria is associated with evaluation of
site~-specific conditions for environmental protection. It is expected that this cost would be incurred by
the owner. However, it is expected that an economic benefit may also be realized by the landfill owner
in the form of reduced potential for future remediation because the appropriate measures have been
applied to protect the environment,

Allowing site-specific evaluation of siting criteria may increase design requirements, especially with
respect to consideration of future landfill sites and development potential. No apparent impacts to
landfill operations have been identified.

No pertinent input to the cross-media inventory was identified regarding compliance with siting
criteria, therefore no query of the database was performed. However, Section 5.2.1 provides the results
of database queries pertinent to other aspects of existing siting criteria,

An Internet literature search of the sources listed in Section 5.1.2 was performed. While several
articles discussing the implementation of the new EU Landfill Directive were found (such as Gronow,
1999), no discussion of the impact of allowing site-specific siting criteria was identified.



5.3.3 Base Liner System Regulations

Maultiple Prescriptions for Base Liners Based on Site Conditions {Table 16a)

South African landfill regulations specify different levels of prescriptive requirements for base
containment based on the climate at the landfill site and the size and type of community served. At one
end of the spectrum, small communal landfills in dry climates (where evaporation exceeds rainfall) do
not require any type of base containment system. At the other end, medium or large landfills in wet
areas require construction of a double clay liner system. By South Africa’s definition, communal
landfills receive up to 27.5 tons per day (tpd) (25 tonnes/day), small landfills receive 27.5 to 165 tpd
(25 to 150 tonnes/day), medium landfills receive 165 to 550 tpd (150 to 500 tonnes/day) and large
landfills receive more than 550 tpd (500 tonnes/day). The maximum deposition rate takes into account
disposal rate at the time of construction, growth of the population served and life of the landfill. For
example, a landfill which will serve a community with a very small initial rate of deposition (15
tonnes/day) that is growing at an average rate of 5 percent per year for a period of 50 years will need to
be designed as a medium landfill rather than a communal landfill.

The federal Subtitle D regulations (Subpart D) currently allow a site to be exempted from landfill
design (40 CFR, Part 258, section 40) requirements if certain criteria can be met. The site must:

* Receive less than 20 tons of MSW per day (on an average annual basis).
e Show evidence of no existing groundwater contamination from the MSW unit.

» Serve either a community that is unable to transport waste to a regional facility for at least
three consecutive months annually or a community with no practical waste disposal alternative
if the site receives less than 25 inches of precipitation annually.

California has adopted these exclusion criteria by reference to the federal regulations, so that it is
possible for a very small landfill to be exempted from base liner requirements under specific
conditions. It should be recognized that it appears that South Africa considers landfill size only during
initial siting, whereas the current federal composite liner exemption, as implemented in California, is
based on continued compliance with the conditions. Theoretically, adoption of the federal exemption
establishes a two-tier system in California with respect to base liner requirements.

Under current California regulations, the owner may propose an engineered alternative to the
prescriptive single composite base liner system, but alternative liners must also be composite (in other
words, they must include a geomembrane component over a constructed or manufactured clay layer),
except for steep side slopes, where the liner design can be an extra-thick geomembrane over a prepared
natural geclogic material base. For all such alternatives, the owner must successfully demonstrate that
the environment is equally protected, compared to use of the prescriptive liner, and that the
prescriptive design is burdensome. A single clay liner is not allowed under current California
regulations as a base liner for new areas receiving waste. Under the current regulations, a liner
performance demonstration or a double liner system may be required at the discretion of the regulatory

agency.

A tiered structure would group California landfills by characteristics, such as size, climate, geology,
and surrounding population, and prescribe the most appropriate liner system for each group. Groups
with more protective minimum base liner requirements, such as a single composite liner system or a
double liner system could be allowed to install the prescribed liner without performing a
demonstration. For groups with less protective minimum base liner requirements, such as single clay
liner, natural geologic liner, or a geomembrane liner, it may be appropriate to require demonstration of
performance in conjunction with approval of the base liner system. Rather than follow California’s
current two-tier approach, which requires a single composite liner system at all new landfilis that do
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not meet the federal small rural landfill exemption, multiple tiers would be defined to address variabie
conditions across the state. This system would attempt to streamiine the regulatory approval process
and provide a more equitable standard for applying minimum liner requirements.

The type of regulatory structure imposed in South Africa attempts to pair the level of environmental
risk with the level of protection required. Very small communal landfills are expected to pose lower
environmental risk; therefore, no base containment system is required. However, medium and large
landfills in wet areas pose a significant risk, and a high level of protection (specifically, a double clay
liner system} is required. Therefore, if a tiered structure appropriate for the conditions found in
California is developed, it is expected that its implementation would have a positive environmental
impact by prescribing more protective liners at sites where the potential for environmental impact is
greatest.,

It should be recognized, however, that allowing minimal base containment at a landfill site based on a
projection of population served by the landfill precludes that site from ever receiving more waste than
allowed by the projection. If population growth exceeds projected rates, a new landfill site would need to
be constructed. Exceeding the disposal rates allowed for the selected base containment system counteracts
the purpose of the graded structure and may increase the potential for impacting the environment,

South Africa’s graded structure for base containment requirements has the potential to reduce the
economic burden on small communities with low population growth that intend to construct a landfill
solely for their own use. As the population of California continues to grow and spread out from the
metropolitan areas, this classification will apply to fewer and fewer communities. If a landfill is to be
constructed in a small community with the intent of accepting waste from surrounding communities,
more stringent base containment requirements would necessarily apply and no economic relief would
be recognized. Likewise, it is expected that no economic relief would be experienced by landfills in

medium to large communities.

Allowing site-specific evaluation of base containment system requirements may increase design
requiremnents. No significant impacts to landfill operations have been identified,

Any regulation allowing a graded application of a base containment system should be written to
comply with existing siting criteria. The suitability of a site being considered for landfill construction
should be evaluated based on regulatory siting requirements before giving consideration to the socio-
economic status of a community and the corresponding base containment system. In addition, if liner
systems which are less protective than the current single composite liner system are included in the
tiered structure, it may be appropriate to add a regulation requiring a liner performance evaluation, as
discussed in Section 5.2.2.

A review of the cross-media inventory results in the following breakdown of 158 existing active
California MSW landfills included in the database, based on waste acceptance rate and site climate.

Number of Sites
Community .
- Site Small Site Medium Site Large Site
Type of Site (receives
(receives (receives 27.5 (receives 165 more than
less than to 165 tpd) to 550 tpd) 550 tpd
27.5 tpd*) pd)
Dry 12 14 10 15
Wet 9 11 28 59

*Dry sites; Desert or high desert {(high deserts sites have less then 10 inches precipitation per year).
Wet sites: All other climate designations.
**Tpd= tons per day.
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Of the dry sites, no community or small sites are in the category “In Corrective Action,” 3 (30 percent)
of the medium sites are in the category “In Corrective Action,” and 4 (27 percent) of the large sites are
in the category “In Corrective Action.” Of the wet sites, 3 (39 percent) of the community sites are in
the category “In Corrective Action,” no small sites are in the category “In Corrective Action,” 11 (39
percent) of the medium sites are in the category “In Corrective Action,” and 31 (33 percent) of the
large sites are in the category “In Corrective Action.” These percentages can be compared to existing
active California landfill sites as a whole, of which approximately 33 percent are in the category “In
Corrective Action.”

This data indicates that roughly one-third of the landfill sites are focated in “dry”(desert or high desert)
areas, with relatively even distribution in acceptance rate. Of the wet landfills, 80 percent are medium
and large landfills (based on the South African designation).

In addition, a review of the cross-media inventory was performed to identify how many currently
active landfill sites in California may be considered for exemption from Subtitle D design and
monitoring requirements based on acceptance rate and annual precipitation. Fifteen sites were
identified that meet this criteria, Of the 15 sites, only one (7 percent) is in the category “In Corrective
Action.” Three sites (20 percent) are in the category “Have Gas Enforcement Action,” and 9 sites (75
percent} are in the category “Has Gas Inspection Report.” No sites are in the category “Has Surface
Water Action.” However, a review of the WDRs for these sites identified only one, Loyalton Landfill,
that has been specifically exempted from the Subtitle D requirements for base liner containment.

Findings from the Task 3, Landfill Facility Compliance Study Phase I report [GeoSyntec, 2003]
smilarly suggest that small, rural, unlined landfills in dry climates are less likely to be in the status “In
Corrective Action” than other landfills. Conversely, large sites were found to be in wet areas, with
more varied level of base liner protection, and more likely to be in the category “In Corrective Action”
than smaller landfills. By contrast, in the North Coast and Central Valley regions of the RWQCB, the
recent trend toward requiring liner performance evaluations suggests that the prescriptive single
composite liner system may not be considered sufficiently protective by the regulatory community in

these areas.

An Internet literature search of the sources listed in Section 5.1.2 was performed. Several papers were
identified which address the topic of graded landfill base containment requirements in South Africa,
though they all have the same author {Fourie et al, 1997; Fourie and Blight, 1998; and Rolrs, Fourie
and Blight, 1999]. Two of these papers discuss the results of a study of six unlined landfills in South
Affrica with respect to environmental performance in light of the graded base containment regulation.
The landfills were in both dry and wet areas of the country. The study found that some limited
contamination had occurred in the immediate vicinity of the sites, but attributed most of the problem to
operational issues. “The results of this study are shown to vindicate the graded approach to landfilling
that is presently being implemented in South Africa [Fourie and Blight, 1998].”

5.3.4 Final Cover System Regulations

Multiple Prescriptions for Final Covers Based on Site Conditions (Table 18b)

South Africa has a similar tiered structure for prescribing final cover system components as it does for
base containment system components. All communal landfills and small landfills at dry sites require
no infiltration control layer. Small landfills at wet sites, medium landfills at dry sites, and large
landfills at dry sites require a 1-foot-thick infiltration control layer with a maximum infiltration of 18
inches per year. Medium and large landfills at wet sites require an approximately 18-inch-thick
infiltration control layer with a maximum infiltration of 18 inches per year.
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California specifies the following criteria for the final cover’s protective barrier:

» Minimum I-foot-thick compacted soil layer with hydraulic conductivity equal to the hydraulic
conductivity of the base liner; or

¢ Minimum 1-foot-thick compacted soil layer with hydraulic conductivity less than or equal to 1
x 10°® cm/sec (typically allowed if no base liner is installed); or

* Another design with a correspondingly low through-flow rate.

The corresponding federal performance standard for final cover systems (40 CFR, Part 258, section
60(a)(1)) is similar, but focuses only on “permeability;” the U.S. EPA has not opposed California’s
broader standard, which opens the door for the use of thick loosely-compacted soil only “monocover”
or “evapotranspirative” final cover systems. All sites in California must comply with closure
requirements with no exemptions allowed. The federal closure standards of Subtitle D, Subpart F (40
CFR, section 258.60) are the only requirements that apply to all new landfills that received any waste
after October 9, 1991, including those that closed soon enough to escape all the rest of the federal
standards.

The potential environmental impacts of a tiered structure of prescriptive final cover system
requirements are similar to the impacts of developing a similar structure for base liner systems,
discussed in Section 5.3.3. It is the goal of this type of structure to apply an appropriate level of
protection based on the potential for the landfill to impact the environment. However, as explained
above, California’s existing final cover design requirements allow any design that is likely to minimize
through-flow to the underlying waste so that a cover may be designed to appropriately address site
climate. Therefore, a tiered structure would be expected to provide no improvement to environmental
protection at “dry” sites.

However, the current California regulations give no consideration to site size in the definition of
prescriptive final cover system requirements, as is done in South Africa. The tiered structure attempts
to pair the level of environmental risk with the level of protection required. Very small communal
landfills are expected to pose lower environmental risk; therefore, no infiltration control system is
required. However, medium and large landfills in wet areas pose a significant risk, and a high level of
protection is required. Therefore, if a tiered structure appropriate for the conditions found in California
is developed, it is expected that its implementation would have a positive environmental impact by
prescribing more protective cover systems at sites where the potential for environmental impact is

greatest.

With respect to climate issues, California has realized that reliance on low hydraulic conductivity as
the sole final cover performance standard can pose problems. For example, allowing heavily
compacted low-hydraulic conductivity soil as the final cover in arid regions may allow more
intfiltration into the waste than the current California requirement allows, even if the hydraulic
conductivity of the cover is lower than that of the base liner. Too low a hydraulic conductivity
suggests the cover soil is clayey and may be subject to desiccation cracking and increased infiltration
in arid climates. Too high a hydraulic conductivity may allow excessive infiliration into the waste.
However, if a soil cover is properly designed for hydraulic conductivity and evapotranspiration
characteristics (with considerable thickness and low compaction, so as to eliminate brittle failure and
enhance root aeration), the soil cover may out perform the prescriptive compacted low-hydraulic
conductivity soil cover system.

The use of alternative soil barrier final cover systems in arid climates is currently being studied by the
U.S. EPA under the Alternative Cover Assessment Program (ACAF) [Bolen et al., 2001] and the
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United States Department of Energy under the Alternative Landfill Cover Demonstration (ALCD)
[U.S. DOE, 2000].

e ACAP is establishing field demonstrations at 12 sites nationwide to evaluate the performance
of various alternative cover systems over a five-year period. Currently test sections of
evapotranspiration cover systems are being installed and monitored nationwide, including
several in California.

e  ALCD is a five-year (minimum) study of the performance of six test cells (four alternative
cover systems and two federal prescriptive cover systems) constructed at a site near
Albuquerque, New Mexico.

One anticipated outcome of ACAP is the development of a procedure for designing alternative final
cover systems, as well as new methods to regulate these systems.

However, it should be recognized that the South Africa regulations differ from the California
regulations in that they do not require the final cover system to be more protective than the base liner
system. Unless this California regulation is also changed, a tiered structure would have to be
developed for both the base liner and the final cover systems, so that, for example, a less protective
cover systemn would be paired with an equivalently less protective base liner system at small sites.
This is a complication of applying a tiered system; other existing landfill regulations would have to be
altered to accommodate the addition of a tiered final cover system.

The potential economic impacts of allowing site-specific definition of final cover system requirements
are consistent with those discussed in Section 5.3.3. The operational and design impacts are consistent
with those discussed in Section 5.3.3.

The prescriptive elements of a graded structure for cover system definition would need to consider
existing California requirements for cover system infiltration. Prescriptive definitions for cover system
components for each class of landfill should be developed to be compatible with the underlying base
containment system.

The results of the cross-media inventory search to classify sites based on rainfall and acceptance rate
are discussed in Section 5.3.3. The following table provides a breakdown of environmental
performance as it applies to cover performance for the various site conditions.

Landfill Size
Community Site Small Site Medium Site Large Site
Climate™ ﬂ(:::ezl;essti%sif (receives 27.5to 165 | (receives 165to 550 | (receives more than
wa.ste;) tpd of waste) tpd of waste) 550 tpd of waste)
Environmental Performance™
GE [ GI | SW GE Gl SW GE Gl SwW GE Gl SW
Dry 0 7 0 0 3 1 0 3 1 2 6 1
Wet 3 4 2 1 6 4 9 18 10 14 39 20

*Dry"= Desert or high desert: {high desert sites have less than 10 inches of precipitation per year). Wet sites: All other

climate designations.

**Environmental performance categories: GE = "Has Gas Enforcement Action,” Gl = “Has Gas Inspection Report,”
SW = "Has Surface Water Action.”
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With respect to cover systems, a review of the cross-media inventory identified 22 landfills where
monolithic soil covers have been proposed, though the cross-media inventory does not specify whether
these covers were designed to meet the hydraulic conductivity requirement or the through-flow
requirement of the regulations. Of these 22 sites, none “have gas enforcement action”, six “have gas
inspection report,” and none “have surface water action.”

An Internet literature search of the sources listed in Section 5.1.2 did not identify any decumentation
of the impact of South Africa’s socio-economic- and climate-based structure for defining final cover
system requiremenis. However, one article was identified which addresses the climatic conditions in
South Africa and the performance of clay layers in final cover systems [Blight et al., 2003). This study
is ongoing, but preliminary findings suggest that a composite cover of clay, gravel and sand may be
most effective in South Africa’s arid and semi-arid regions.

5.3.5 Post-Closure Regulations

Site-Specific Considerations for Post-Closure Period (Table 19)

Japan defines the end of the post-closure maintenance period based on the resulis of groundwater
monitoring at the site. The interpreted regulations appear to require that leachate must meet effluent
standards for two years and groundwater surrounding the site must not be affected to satisfy
monitoring requirements of the post-closure care period. Australia (Victoria) also evaluates the end of
the post-closure care period based on the results of site monitoring. By comparison, California
requires a minimum 30-year post-closure maintenance period (to be extended as long as wastes pose a
threat to water quality, public health and safety, and the environment). The existing California
regulations do allow a reduction in monitoring to an annual basis if good performance is demonstrated,
but the post-closure care period is not shortened.

Under the existing California regulations, release from post-closure care is considered on a site-
specific basis, addressing the potential for the each site to impact the environment in the future.
Because a quantifiable defimition of the requirement that the site no longer “pose a threat to water
quality, public health and safety, and the environment” has not been provided in the California
regulations, it is up to the regulators and owners to identify the factors that are relevant o substantiate
release from post-closure requirements. The RWQCB have rescinded waste discharge requirements
(effectively ending post-closure care) for a number of landfills that have been able to demonstrate to
the regulator’s satisfaction that the site no fonger poses a threat.

The potential environmental impact of defining the end of the post-closure period based solely on the
existing quality of leachate and groundwater (as in the Japanese regulations) is that future groundwater
conditions are not considered. If the cover system deteriorates and additional leachate is generated,
leachate quality may consequently deteriorate, landfill gas generation may increase, and groundwater
may be adversely affected. California attempts to minimize the potential for this by requiring a
minimum post-closure care period of 30 years, with the idea that the waste will be stabilized in that
period and the potential threat to water quality and public health will be lessened. However, the
requirement in California for instaliation of a low hydraulic conductivity or low through-flow cover
immediately after the end of waste placement (or within five years with approval from the RWQCB)
effectively halts the stabilization of waste, so that waste may not be stabilized after 30 years.
Therefore, it is beneficial to incorporate a standard for evaluating the level of degradation of the waste
mass as a basis for defining the end of post-closure care.

California’s additional requirement that waste “no longer pose a threat to water quality, public health
and safety, and the environment™ has not been defined in the regulations. This raises the question of

how the end of post-closure can be substantiated. The cessation of post-closure means that the landfill
need no longer be maintained, and that the owner’s demonstration of financial assurance is no longer
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required, in spite of the eventual degradation of the containment systems. Therefore, to substantiate
the end of post-closure, a demonstration would need to show that unhindered percolation of
precipitation through the waste mass will not cause the waste to produce leachate that might adversely
impact underlying groundwater if added directly to it (without being delayed by a base liner system).
This is similar to the Japanese approach, in that the leachate and groundwater quality are the
determining factors for protecting water quality, but this method differs in that it requires the
demonstration of future potential to impact the environment. In addition, a successful demonstration
would also need to show that the potential for generating landfill gas is non-existent. In other words, a
successful demonstration to substantiate the release of a site from post-closure would need to show
that the waste contained in the landfill is sufficiently degraded so that it no longer poses a threat to
water quality, public health and safety, and the environment.

Adding components to the regulations to consider leachate, landfill gas and water quality performance,
as well as the level of degradation of the waste mass, when defining the end of the post-closure period
may be environmentally beneficial. These components would allow the end of the post-closure care
period to be considered on a site-specific basis, while providing an equitable standard by which to
compare all sites.

The potential cost impact of defining the end of the post-closure period based solely on the quality of
leachate and groundwater (as in the Japanese regulations) is that the post-closure care period may be
substantially shortened for some landfills. However, as discussed above, this method fails to address
future degradation. Under California’s current approach, no landfill producing truly benign leachate
(relative to underlying groundwater quality) where the potential for landfill gas is also non-existent
should have a problem making a successful demonstration of no future impact. Landfill owners that
have made such demonstrations have realized a substantial cost savings.

It should be recognized that in California, many closed landfills have not reached the end of the 30-
year post-closure care period, so that the issue of environmental impact after the end of the 30-year
period has yet to be addressed at many sites. Because the existing California regulations do not
address specific criteria for releasing sites from the post-closure care period, it is unclear how long
beyond 30-years monitoring and maintenance will be required at a particular site. Therefore, the
introduction of components to the regulations to address waste stabilization, leachate, landfill gas and
water quality in defining the end of the post-closure care period may serve to add consistency in
evaluating landfills and has the potential to significantly decrease post-closure costs where it is
appropriate.

No technological or operational constraints associated with defining the end of the post-closure period
based on leachate and groundwater quality have been identified.

The cross-media inventory generally includes sites that have been operational after 1993, and thus
does not include many sites that have begun the post-closure care period. However, 40 of 224 studied
California MSW landfills are listed in the database as being “closed,” and 36 sites are listed as being
“inactive” (pending closure). Six of 224 sites have had their waste discharge requirements rescinded
by the RWQCB (meaning that post-closure care has ended). All six of these sites are less than 10
acres in size and are located in the same county. Five are owned by the federal government, and one is
owned by a local government. Therefore, of the sites included in the inventory, the six that have been
released from post-closure care do not have site characteristics typical of most California MSW
landfills. The “typical” California landfill was defined in the Phase 1 report [GeoSyntec, 2003].

An Internet literature search of the sources listed in Section 5.1.2 identified one article that may
address the issue of site-specific considerations in evaluating the end of the post-closure care period
[Kinoshita, 1993], but it was not available for review.
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Conclusions and Recommendations

6.1

Section 5 presented a detailed discussion of 24 topics which were identified for further discussion
(listed in Table 21} and which were selected from the long list of landfill regulations presented in this
report (topics listed in Tables 2 and 12). As discussed in detail in Section 5.1.1, these topics were
selected because they represent a significant deviation in intent or detail to those enforced in
California, or because they are pertinent to current topics being discussed in California. In this section,
each of these regulations will be further discussed to evaluate their applicability to California.

Based on this review of regulations from the eight selected states and five selected countries, some
general observations have been made.

e In general, the California regulations appear to be less specific than the regulations from the eight
selected states. This lack of specificity, especially with regard to design and construction elements
of the regulations, provides more flexibility. This seems appropriate in a state such as California,
which has diverse climate, population density, socio-economic conditions, land use, geology, and
topography (collectively referred to as the physical and social setting). All of the states reviewed
are more homogeneous in one or more of these respects, which may allow their landfill regulations
to be more specific.

* In general, the California regulations appear to be similar to the five countries reviewed in that
they are all attempting to accommodate highly variable site conditions. Of the five regulatory
topics from countries discussed in Section 5, two pertained to prescriptive tiered regulations that
address site-specific conditions such as climate and size. Accounting for site-specific conditions
allows one set of regulations to govern a heterogeneous population, while allowing a tailored
approach to providing environmental protection. Some regulations from the five countries
generally include more flexibility in the selection of landfill sites and prescribe a wider range of
options for base liner components based on site-specific conditions.

¢ In general, California appears to have found a balance between flexibility and specificity
appropriate to the heterogeneity of the state. However, the lack of specificity in some regulations
can result in different interpretations being drawn by regulatory agencies in different areas of the
state Tor similar site conditions. Without jeopardizing the flexibility currently allowed in
California, regulatory clarity could be provided to help with interpretation where warranted. It
may also be appropriate to develop an equitable standard by which certain aspects of landfill
design and operation may be evaluated, such as a tiered approach for base liner requirements for
different site-specific conditions or a quantitative basis for evaluating the end of post-closure.

With these general observations in mind, a brief assessment of the applicability of each of the 24
regulatory topics in California has been developed, with consideration given to the variability of the
physical and social setting across the state. These topics were discussed separately in Section 5 based
on whether they were taken from state regulations or country regulations to allow easy cross-reference
with the summary tables. In this section, state and country regulations are combined to provide an
integrated discussion of regulations related to individual categories, such as siting requirements,

Regulations for Special Handling of Waste

Waste Pre-Processing: It is expected that introducing a requirement for pre-processing and/or pre-
treatment of waste into the California regulations would have a significant benefit for both
environmental protection and waste handling and disposal costs. The EU requirement for waste pre-
processing has been praised as a significant step toward developing a sustainable waste management
cycle. However, the specific benefits of various methods of pre-processing (summarized in Section 5
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6.3

and discussed in detail in the Landfill Facility Compliance Study’s Task 7 emerging technologies
report [GeoSyntec, 2003a]), especially with respect to their applicability to California’s physical and
social setting and the associated cost implications, should be thoroughly investigated to enable the
development of an appropriate regulation for California. It is recommended that a regulatory
requirement for the pre-processing and/or pre-treatment of waste be considered for implementation in
California, if a detailed cost-benefit analysis indicates that it is appropriate.

Siting Regulations

Several topics were discussed in Section 5 with respect to siting requirements. These topics have
varying degrees of applicability to California landfill regulations and will be discussed separately in
this section.

e Separation From Groundwater: Because almost 75 percent of the existing active landfills in
California have groundwater shallower than 100 feet, implementation of a requirement for siting
landfills only at sites with groundwater greater than 100 feet below ground surface seems
impractical, especially in the northern half of the state where groundwater is generally shallow. It
is expected that the environmental benefit would be outweighed by additional costs and
environmental barriers associated with hauling waste to remote sites. No change to the California
regulations is recommended.

* Distance From Wetlands: The applicability of a more stringent requirement for the siting of
landfills near wetlands should be based on the need to protect California’s wetlands. The actual
environmental impact of existing landfills that comply with California’s current siting regulations
on California’s wetlands should be thoroughly reviewed prior to the development of new
regulations restricting landfill siting. It is recommended that more stringent requirements for siting
near wetlands only be considered for adoption into the California regulations if it is warranted by
the results of that review.

* Distance From Water Supply Wells: The applicability of a more stringent requirement for the
siting of landfills near water supply wells should be based on the perceived need to protect
California’s water sources. However, distance may not be the most appropriate parameter for
controlling the affect of a landfill on the quality of a water supply well because the impact is also
dependent on the permeability of the strata, the direction and rate of flow, and the depth to the
aquifer. The actual environmental impact of existing landfills (where the prescriptive minimum
base liner system has been installed) on water supply wells should be thoroughly reviewed prior to
the development of new regulations restricting landfill siting. It is recommended that more
stringent requirements for siting in proximity to water supply wells be considered for adoption into
the California regulations only if they are warranted by the results of that review.

e  Site-Specific Siting Criteria: Evaluating criteria for landfill siting based on the physical and
social setting of the site would allow more flexibility in selecting landfili sites based on
environmental protection considerations appropriate for that area, and would give more authority
to the local regulatory agency in directing their jurisdiction. Different standards for siting may be
developed in one part of the state than another, so that the landfill industry may grow faster in one
part of the state than another based on less stringent siting criteria. In addition, site-specific siting
criteria are currently considered under the CEQA process. Therefore, changing the landfill
regulations to allow for site-specific siting criteria may not be necessary, and is not recommended.

General Design Regulations

Three topics were discussed in Section 5 with respect to general design requirements. These topics
have varying degrees of applicability to California landfill regulations and will be discussed separately
in this section.

53



¢ Design Requirements and Submittals: Because the current state —of ~the practice in California
allows for additional submittals to be requested by the permitting agency when it is warranted by
site-specific conditions, it may not be an improvement to the landfill regulations to require more
design submittals. In addition, the development of general guidance documents for landfill design
and construction, such as have been developed in several other states, may be an appropriate
alternative to imposing new regulations. Guidance documents can help provide consistency and
reliability across the state, and since they are not enforceable, they may be adjusted to account for
site-specific conditions. Therefore, it is recommended that non-enforceable general guidance
documents be developed in lieu of changing the existing California landfill regulations. This
recommendation would not require any change to the existing California landfill regulations.

¢ Liner Performance Evaluation: Existing California regulations do not require a performance
evaluation for the prescriptive single composite liner (or engineered alternatives), but allow
permitting agencies to require one. This approach seems to be appropriate for California, given
the variability of both the physical setting and the potential environmental impact of landfills
across the state. Therefore, it is not recommended that liner performance evaluations be required
in the California landfill regulations. However, if the recent trend toward requiring liner
performance evaluations continues, a prescriptive standard for evaluating landfifl performance
should be developed, if feasible, and criteria for acceptable performance should be defined.

» Surface Water Design Storm Event: California’s requirement of a 100-year, 24-hour design
storm is more restrictive than regulations in the eight other states and requirements by the federal
government. California’s requirement provides more protection of the environment and reduces
system maintenance costs. California’s requirement predates the Subtitle D regulations (it is in the
1984 Chapter 15 rulemaking®). California is known for high-intensity, short-duration storms.
Since 1950, all 58 California counties have been declared flood disaster areas no fewer than three
times {California Department of Water Resources, 2003]. Also, the impacts of overflow listed
under Section 5.2.2 “Surface Water Design Storm Requirements™ provide additional reason to
have the 100-year storm requirement. Therefore, no change to the California landfill regulations is
recomimended.

6.4 Base Liner System Regulations

Four topics were discussed in Section 5 with respect to base liner requirements. These topics have
varying degrees of applicability to California landfill regulations and will be discussed separately in
this section.

* Natural Geologic Liner or Single Clay Liner: Prior to Subtitle D and Resolution 93-62, the
Water Board regulations allowed for a single clay liner or natural geologic liners for Class ITI
landfills. This was changed, in part, to comply with the minimum standards of Subtitle D. Current
California landfill regulations allow certain sites to be exempted from Subtitle D requirements
based on their low waste acceptance rate and continued lack of tmpact on groundwater. However,
for all other landfills, California regulations do not allow natural geologic liners because “Solid
Waste Assessment Test Reports...have shown that releases of leachate and gas from MSW
landfills that are uniined are likely to degrade the quality of underlying groundwater” [SWRCB,
1993]. Likewise, single clay liners are not allowed because they “will only delay, rather than
prechide, the onset of leachate leakage” [SWRCB, 1993]. However, no liner system {(even with a
geomembrane component) is completely leak-proof.

123 CCR, Chapter 15 refers to regulatory requirements that pertained to MSW landfills. In 1997, these regulations were
moved to 27 CCR, Division 2.
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Given the large portion of the state with low precipitation, it may be appropriate to consider single
clay or natural geologic liners at sites in those areas where the anticipated volume of leachate is
low. However, a natural geologic liner or a single clay liner would be inherently less protective
than a liner system that also incorporates a geomembrane, Therefore, while a natural geologic or
single clay liner might be shown to be sufficiently protective, it would still be less protective than
the current prescriptive compaosite liner.

It should also be recognized that the trend in the state is toward fewer, larger landfills with a
greater potential for impacting the environment. Small community landfills with low potential for
impacting the environment are being closed. It may not, therefore, be in line with the current
trends in waste management to open up the use of clay liner systems or natural barrier liner
systems to more sites than are currently allowed because they may be less protective than the
current prescriptive standards. No change to the existing California landfill regulations is
recommended.

Design and Construction of Liner Components (Clay and Geosynthetics): While imposing
design and construction standards in the regulations may provide consistency and reliability in
liner systems, the efficiency and performance of some sites may be hampered. Because of the
variability in site conditions across the state, it may not be appropriate to stipulate specific design
and construction criteria for all sites. The development of non-enforceable general guidance
documents for liner design and construction, such as have been developed in several other states,
may be an appropriate alternative to imposing new regulations because they can provide
consistency and reliability across the state. Since they are not enforceable, they may be adjusted to
account for site-specific conditions. Therefore, it is recommended that non-enforceable general
guidance documents be developed in lieu of changing the existing California landfill regulations.

Double Liner Systems: Recent studies [U.S. EPA, 2002] have found that Subtitle D compliant
single composite liner systems can have a very high hydraulic efficiency and are capable of
preventing adverse impacts on the environment. Existing California regulations do not include
any provisions for when a double liner may be required, but allow permitting agencies to require
one. This approach seems appropriate for California, given the variability across the state of both
the physical setting and the potential impact of landfills on the environment. No change to the
existing California landfill regulations is recommended. However, if the recent trend of permitting
agencies considering double liners continues, a prescriptive standard for evaluating landfill
performance should be developed, if feasible, and criteria for acceptable performance should be
defined in the regulations.

Muitiple Prescriptions for Base Liners Based on Site Conditions: Providing a tiered structure
for prescriptive base liner requirements based on the physical and social setting of the landfill site
may be an appropriate alternative to California’s current prescriptive single composite liner
requirement. Defining the appropriate prescriptive liner system based on the physical and social
setting of the site would allow site-specific conditions to be considered and would provide
efficiency in the design and installation of liners. It would also give more direction to the local
agency in regulating their jurisdiction, while still allowing the flexibility to require more protective
systems if warranted,

The concept that different levels of protection may be appropriate at different landfill sites is
widely acknowledged. Current Subtitle D regulations allow for the exemption of small landfills
based on their low waste acceptance rate and low potential to impact groundwater. Findings from
the Task 3, Landfill Facility Compliance Study Phase I report [GeoSyntec, 2003] similarly suggest
that small, rural, unlined landfills in dry climates are less likely to be in the status “In Corrective
Action” than other landfills. By contrast, the North Coast and Central Valley RWQCBs have been
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requiring liner performance evaluations to demonstrate the effectiveness of the prescriptive single
composite liner system, and in some cases have required the installation of a double composite
liner system.

To apply this type of regulatory structure to the existing California landfill regulations, a further
breakdown of landfill categories would need to be defined based on the range of social and
physical characteristics found across the state. In addition, the prescriptive liner requirements for
each of the categories would need to be defined so that each liner requirement will be
appropriately protective of the environment of California. It is recommended that a tiered
structure for multiple prescriptive base liner systems based on site conditions be considered for
application to California landfill regulations if it can be shown to be more environmentally
protective than the current regulatory system.

LCRS Regulations

Three topics were discussed in Section 5 with respect to LCRS requirements. These topics have
varying degrees of applicability to California landfill regulations and will be discussed separately in

this section.

LCRS Design Specifications: As was discussed in Section 5.2.4, existing California regulations
for LCRS design allow “no build-up of hydraulic head” on the base liner, which, if taken literally,
is impossible to achieve unless no leachate is being generated in the cell. Because for practical
purposes California’s regulation has generally been interpreted to allow no build-up greater than
12 inches, or greater than the thickness of the LCRS layer, whichever is less, the intent of the
regulation to minimize the potential for liner leakage has been achieved, and no changes to the
existing regulations are recommended.

Secondary LCRS (L.DS): The recommendation for the LDS is similar to that presented above for
double liner systems since an LDS is included in the design of double liners. Recent studies [U.S.
EPA, 2002] have found that Subtitle D-compliant single composite liner systems can have a very
high hydraulic efficiency and are capable of preventing adverse impacts on the environment.
However, the installation of an LDS below a single composite liner system may be appropriate for
some site-specific conditions. Existing California regulations do not include any provisions for
when an LDS may be required, but allow permitting agencies to require one. This approach seems
to be appropriate for California given the variability across the state of both the physical setting
and the potential impact of landfills on the environment, and no change to the existing California
landfill regulations is recommended. However, if LDSs are routinely required by the permitting
agencies, a prescriptive standard for evaluating landfill performance should be developed, if
feasible, and criteria for acceptable performance should be defined.

Leachate Recirculation: The additional requirements specified by other states with respect to
leachate recirculation may be appropriate in their respective states, where landfill conditions may
be consistent across the state or other more restrictive regulations have been applied which require
additional constraints on leachate recirculation, and blanket specifications are warranted.
However, in California the decision to allow leachate recirculation has been the responsibility of
the RWQCB. This approach is recommended for California, given the variability across the state
of both the physical setting and the potential impact of Tandfills on the environment. Using this
approach, additional constraints, as appropriate to address site-specific conditions, are applied by
the RWQCB in their decision to allow leachate recirculation. No changes to the existing
California landfill regulations are recommended.
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Final Cover System Regulations

Multiple Prescriptions for Final Covers Based on Site Conditions: Providing a tiered structure of
multiple prescriptive final cover systems based on the configuration and physical and social setting of
the landfili site may be an appropriate alternative to California’s all-inclusive requirement. California’s
existing regulations accommodate climatic impacts by allowing either a prescriptive final cover
(designed for maximum allowable hydraulic conductivity) or a performance-based final cover
(designed for maximum allowable through-flow). Even though the existing regulations do not directly
consider the impact of any site conditions other than climate, they do allow flexibility by the regulators
to consider site-specific characteristics during the design approval process. Therefore, no significant
environmental protection benefit is anticipated from the addition of a more complicated tiered
structure of prescriptive final cover systems. No changes to the existing California landfill regulations

are recommended,

Post-Closure Regulations

Two topics were discussed in Section 5 with respect to post-closure requirements. These topics have
varying degrees of applicability to California landfill regulations and will be discussed separately in
this section.

¢ Post-Closure Land Use: Several states stipulate specific exclusions for post-closure land use
activities. However, because of the variability in site conditions and social setting of landfills
across the stafe, it may not be appropriate to stipulate all-encompassing land use exclusions
criteria. It is recomimended that post-closure land use recommendations be set forth in non-
enforceable general guidance documents without making a change to regulations. No changes to
the existing California landfill regulations are recommended.

s Site-Specific Post-Closure Period: Two of the countries included in this study specifically define
the end of the post-closure care period based on site-specific consideration of environmental
performance. California’s current regulations and statutes state that a landfill operator may be
released from post-closure maintenance after a minimum period of 30 years, upon demonstration
to and approval by regulatory agencies that the waste in the landfill no longer poses a threat to
groundwater quality, public health and safety, and the environment. Although there are no
definitive criteria to pre-determine the end of the post-closure maintenance period, an operator
can, at any time, provide evidence to document that post-closure maintenance should be
discontinued because the waste no longer poses a threat. Alternatively, even if the operator cannot
provide sufficient evidence to discontinue post-closure maintenance, the operator might still be
able to justify a significant decrease in the level of post-closure maintenance, thus lowering post-
closure maintenance costs.

Adding components to the regulations to consider leachate quality, landfill gas and water quality
performance, and the level of degradation of the waste mass when determining when to end the
post-closure period would allow the end of the post-closure care period to be considered on a site-
specific basis, while providing an equitable standard by which to compare all sites. If prescriptive
standards are added for (1) leachate quality, (2) landfill gas quality, (3) water quality, and (4) level
of waste degradation, to evaluate the potential future environmental impact of a site, the current
regulatory 30-year minimum period could stay the same.

There are several ongoing research projects looking at the concept of ending post-closure
maintenance, but this work is very preliminary. One difficulty in developing standards is that dry
tomb landfills (favored by Subtitle D) indefinitely suspend and/or retard the decomposition
process, such that a breach in containment (caused, for example, by an extreme climate or
earthquake event, inappropriate land use, or long-term aging of geosynthetics) could trigger
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uncontrolled production and release of landfill gas and leachate, as well as public contact with
waste. Should these research projects come up with standards that can effectively determine when
the waste in Subtitle D landfills no longer poses a threat, then California should consider these
standards and pursue the development of quantifiable standards for defining the end of post-
closure, if the standards can be shown to achieve greater environmental protection than current
regulations.

Groundwater Monitoring Regulations

Three topics were discussed in Section 5 with respect to groundwater monitoring regulations. These
topics have varying degrees of applicability to California landfill regulations and will be discussed

separately in this section.

s Concentratior Limits in Groundwater: New Mexico allows different concentration limits for
triggering assessment/evaluation monitoring than for triggering corrective action. This type of
regulation is not appropriate for application in California because California’s water standard is
more strict than in New Mexico. If New Mexico’s concentration limit methodology were adopted,
its water standard would also need to be adopted, and the California Water Code would also have
to be amended to allow low-conceniration release to remain uninvestigated. No changes to the
existing California regulations are recommended.

e Groundwater Monitoring System Requirements: Adopting a requirement for a minimum
number of groundwater monitoring wells, such as is required in Pennsylvania and West Virginia,
is not expected to provide any substantial environmental or economic benefit. No changes to the
existing California regulations are recommended.

e Corrective Action Criteria: No significant environmental or economic benefit, beyond those
provided by California’s current regulations, has been identified to support the incorporation of a
range of corrective actions for groundwater impacts of different severity. No changes to the
existing California regulations are recommended.

Landfill Gas Control Regulations

Performance Requirements: The applicability of a more stringent requirement for the concentration
of explosive gases at the facility boundary should be based on the need for additional protection of
human health and the environment. The actual environmental impact of existing land{ills that comply
with California’s current landfill gas control regulations should be thoroughly reviewed prior to the
development of new regulations restricting explosive gases. It is recommended that more stringent
requirements for explosive gases only be considered for adoption into the California regulations if it is
warranted by the results of that review.
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Notes and Abbreviations

Note 1: The symbol “--" used in these tables denotes that a category is either not applicable because of a related restriction, or that no discussion of the

category was identified in the regulations.

Note 2: The term “permeability” used in some regulations is interpreted to mean “coefficient of perineability,” which has the appropriate units (length /

time).

ARB = Air Rescurces Board (Calif))

BPEM = Best Practice Environmental Management (Victoria, AU)
CAL = corrective action Hmit

CAP = corrective action program

CCL = compacied clay liner

CCR = California Code of Regulations

CFR = Code of Federal Regulations {U.5.}

CLGB = concentration limit greater than background
CQA = construction quality assurance

CSR = Code of State Rules (West Virginia)

DMP = detection monitoring program

DNR = Department of Natural Resources { Wisconsin)
EA = Enforcement Agency (Calif.)

EMP = gvaluation monitoring program

EPA = Environmental Protection Agency (U.8.)

Et = European Union

FAA = Federal Aviation Administration

GCL = geosynthetic ciay liner

GM = geomembrane

H:V = horizomtal to vertical

HDPE = high density polyethylene

k = hydraulic conductivity/permeability

LCRS = leachate collection and removal system

LDS = leak detection system

LEL. = lower explosive limit

LL = liquid limit

M = meter

MCL = maximam comtaminant fevel (for drinking water)
Mg = megagrain

min. = minimum

MPE = maximum probable carthquake

MSW = municipat solid waste

MSWLF = municipal solid waste landfill

NJAC =New Jersey Administrative Code

NMAC = New Mexico Administrative Code

NMOC = non-methanogenic organic compound

NYCRR = New York Code of Rules and Regufations

O, = oxygen

PI = plasticity index

POC = point of compliance (for monitoring standards)
Ppm = parts per million

ppmv = parts per miflion by volume

RWQCB = Regional Water Quaiity Control Board (Calif.)
RCRA = Resowce Conservation and Recovery Act (U.S)
SWRCB = State Water Resowrces Control Board (Calif.)
TAC = toxic air contaminant

TOC = total organic compounds

vol. = volume

WAC = Washington Administrative Code

WMP = Drafi Waste Management Policy (Victoria, Australia)

WVDQEP= West Virginia Departiment of Environmental Protection
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Table 2. Comparison of States: Regutatory Topics Included in Tables 3 Through 10

Separation Between Waste and Highest Groundwater
Minimum Distance
Allowable Alternatives
Type of Subgrade and Separation From Bedrock
Materiat Underlying Landfill Site
Separation Between Top of Bedrock Surface and Bottom of Liner

Horizontal Distance From Floodplain, Wetlands, and Water Supply Wells, Separation From Aquifer, and
Distance From Airports

Distance From Floodplain
Distance From Wetlands
Distance From Water Supply Wells

Proximity to Aquifer
Distance From Airports

General Design Requirements—Summary
Checklist of Required Design Elements, Analyses and Calculations
Required Analyses and Deasign Calculations
General Design Reguirements—Liner Performance, Surface Water, and Stability
Liner Performance Evaluation
Conditions When Required
Details of Liner Performance Regquirements
Surface Water Drainage System
Design Storm
Slope Stability Analyses
Slope Stability to Incorporate Containment System?
Acceptable Factor of Safety
Design Seismic Event

Allows Estimation of Seismic Movement?

Base Liner System—General
Permitted Liner Types
Type of Liner
Base Liner System-—Single Clay Liner or Natural Geologic Liner
Minimum Thickness
Maximum Hydraulic Conductivity/Permeability
Condition When Allowed

Base Liner System—Single Composite Liner
Definition
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Upper Component

Lower Component

Other Component

Alternatives

Geosynthetic Component

Consfruction Issues

Other Factors

Clay Component

Thickness

Maximum Hydraulic Conductivity/Permeability

Construction Issues

Base Liner System—Double Liners (Including Double Composite Liners) (General)

Conditions When It Must Be Used

Configuration

Primary Liner

Secondary Liner

Middle Component

Alternatives Reference

Construction and Design Requirements

Leachate System-—Primary LCRS

Minimum Layer Thickness

Minimum Hydraulic Conductivity/Permeabtity

Maximum Allowable Head on Liner

Design Flow

Alternatives Allowed?

Siope Reguirements

Pipe Specifications

Pipe Wall Thickness

Other Design Factors

Leachate System—Secondary LCRS

Minimum Layer Thickness

Minimum Hydraulic Conductivity/Permeability

Maximum Allowable Leakage

Design Flow

Alternatives Allowed?

Siope Requirements

Pipe Specifications

Pipe Wall Thickness

Other Factors
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Leachate System—Leachate Recirculation
Recirculation Aliowed?

Required Liner System to Allow Recirculation
Other Requirements

Final Cover System—Generai
Minimum Requirements
Requires Composite Final Cover

Requires Final Cover to Have Hydraulic Conductivity/Permeability Less Than or Equal to That of
Liner/Subsoil

Requires Synthetic in Final Cover, If Base Liner Has Synthetic

Allows Aiternative
Final Cover System—Components
Top Soil
Vegetative Cover (in addition to top soil)
Drainage Layer
Infiliration Control—Geosynthetic
Infiltration Control—Saoil
Are Both Required?
Gas Venting Layer
Foundation/Grading Layer
Final Cover System—Application
Days Since Waste Placement Before Final Cover Must Be Placed
Maximum Slope
Minimum Slope
Requirement for Benches
Other Requirements
Allows Alternate Cover

AR

Minimum Post-Closure Maintenance Period
Reporting and Site Review

Systems Maintenance and Operation
Monitoring Requirements

Financial Assurance

Post-Closure Land Use Restrictions

Applicability

Required programs

Water Quality Protection Standard (Water Standard)
Constituents of Concern
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Concentration Limits

Point of Compliance (“POC” for Monitoring)

Compliance Pericd

General Water Quality Monitoring and System Requirements
Detection Monitoring Program (DMP)

Evaluation monitoring program (EMP)

Correction action program (CAP)

Applicability Trigger
Compliance Plan Schedule

Compliance Deadline

Performance Requirements

System Design and Testing Requirements
Monitoring Requirements
Record-Keeping Requirements

Reporting Requirements

70



¥

"iauy
1S8MO] ByJ JO WoRoq
ay} pue Jaxempunolb L oIsEm Jdajem
jo tans| ybiy lojpue wolsAs punoB sButptyy
|eucseas pajjohuco Buf o wbiam Jo uooajosd Aouabe
‘SUIBIP YoLad) uasmiayg uonesedos Ag pezienba pasueyua oje)s uodn
pue ‘Burdid 'apy 1004 G UjejueLw ale sanssakd L Uoual Jo saplaoid paseq
(¥)90 vOSHN) | welp o} payw PUB SUOIENIONY oneISOLPAY S M Jo-In9 B SE 4oNs ‘suesw HIYM {piepue)s ‘uonoes
|elayeLl apelbgns uogeredas seempunolb [HUN ‘uoionisucy anssed AQ Jo-no aq ued uBiisep| aanduosesd| uamb Aue
paureif-auy yhm| Y p uigIUIBW {onu0d o Juateanba Buunp  swaelsis 19AB] SIU) Jt 1994 BAY UBY) S$3| | Wa)sAS Jouy B0l | W pamoje
S9)IS 10} S||pUef Q] swiBishs 10 WB)SAS josluon abeuseip, aq Aew 9jqe) Jojem payoiad webus|  saagewsaye | Apeoyosds
uelBInes-jo-auoz abeuseiq juapelh oyneipiy - [EUOHIDPY - e UlyIMm 10 o} Ladap ayt, amwow, | passsulbug se AU
Spoulay sanews)y
‘aiqe) iejempunoib oedun
mojaq apelb &sIanpe ou
858¢ aABY UED a9 s auay) jey
S{ypUE| UoReIn)es .« batamo; Aeiopue ag jou Aew UOREASUOLBD
-JO-8U07 "SAA SaA seA| aqe) elempuncib jeuoibal sy, ‘ON ucdn *saj - S8A S9A =79 SaA
LBAjEUISlY SMC|lY
ks
£ 1569 Je aq |LBYS uolBpUNY}
0 doy 2yt woi r@empunolt
‘a|qe} ‘(s144} 198K ybiy Afleuosess o)
1a]empunolb JsuwasAs Buidwind 1oyempunolf 0} poOU JoU op yidop 'Sjupue| 1aylo [je 104 {59240
jusueunad; ‘(mojeq ees ~ pajEIsu 10 2SN DU} INOUNM BIGE) JBIBM | 1BUK BU} BpPISINO Jajinbe pue sy Jo Kejpden
‘(siupuel 104 Y g pue ] "juejeninba Jo| payasad lo ajqe] J2iem ybly jeuoseas saoueusndde woyoq usemaq spure 0] 5 0} anp asi
uojjesnies~jo-su0z| ybiy jeuosess; ‘Walsks [0uoo WRIPRIB|  Bu) YPIM JOBILOD Ul 3G JOULED LBSAS pue 3 Yim [0S JO Y § Uasjewo; |ons) 1ajem
Joj jdeaxa) ¥ ot byl DNNEIPAY B HUG)Y 04| Joul SUl Jo 9SBQANS JO WoRog YL, | Sauy sleyoea) Y § 4 004 s|geswiad Mo| 9|8, 104 4G sapnpuny g -~
ATURISIC] WINWHUN
$9102
EVZ0E 3G U
0a8g Jo1empunocif
I} Hedgng Buifepun,
g Lued O uOILLep
(aXprXe)MzIoobos| puevEPGY oM (BlovL o) zezeie (PleL'z00g| ‘s deyn (@)10'goeg | pue (9) ovzoe
HN “L '¥sD £g -1§€-41 Jaideys ‘deyD 'epod BluBMASUUBE'GZ SIIL[ 988 "WHOAN 9| ‘OVINN 02 IX (AL YL-02 L ‘OVIN "0°eQ L] 098 MDD L2 -
uoisag uonenbey

13jempunoig 3saybiy pue sysepm usamiey uopesedag—Bunlg :sejelg Jo uosuedwion "B ajge)L




4

4 01| v - - ¥ 01 ~| - - - -
aoue}si(]
)
{w)(e)z)oovos
UN|  oTPSIlusDes - - ()€1 Z-09€ 995 MHOAN 9 ~| He)9vz-9z:L ‘OVIN - - -

uonosg uoneinbay

49usT jo wopog pue oseLng yooipag jo doj ussmpeg uofjesedss

ST ISES| jB

jo adojs pue spus 0k
X § 5 ¥ yim ‘winugdo
10 %5 0} £ PUE J0}00.d
"PIS §0 %56 oI

Ul g Ui aulf eseq
mo[aq jofe| aseqqng

TEE

pue 9,z uasmiaq ado|g
SiLD

Ol X 1 33 pue 10j00.d
“PIS JO 94566 MOy}

UL g Ul 18Ul 8seq
Mmojag Jake) eseqang

O Y OF 3SBa|

1B 94 0} pONGSUCD 10 '[RInjEY
Iauys — aopag Buikuspun

OJUi {|1JPUB] BY) WO SUBUNARIUOD
40 uonesBilw azZiwIun 0} Alay)
1sow] yisodsp pajepjosuooun,

“Jaul sysodiios
B|qnop e aney

ISNi [jypuel ‘Alddns
1alem Jo aoinos

JOBUIp SE Saases

pUB S2BUNS seal

10 18 ] ¥201p8eq uaypa

uondtiosag

S-LVEPSIUSO EE

(e) £6Z'¢42 § 8poD
BlueMASUUBH'CZ Sl

(A} (1) {=)21°2-092 993 HHDOAN 9

HE9WZ-921L ‘OVrN

uo0eg uonenbay

aYS Hypue] Builpapury jererep

Y204pag woiq uoneledeg pue speibgng jo adA—Bung :sejels so uosuedwon ac aiqel



£l

‘1aynbe
a0.nas 9os pajeubisep

€1

(0)z3'2-089€ 098 HHIAND
“tejinbe

fediouud o Jopnbe

Addns rojem lewid

. Bate uoasiold
80Inosas Jgynbe
pajeubisap Ajewio)

- - B 1aA0 paliiiied JoN - 18A0 panjusiad JoN -- - €, UM JON -- e
Jaynby o} Apuipxo.d
‘$0INCS Jajem “wdf

aleaud 10 ougnd 001 > sdwnd Jpisy

§0 juaipeiBumop eyl lam jo § 0GE Hom Jo jlom Alddns

Y 00E UM wdb 13em aygnd jo eale

pue jusipesbidn 00| = sdwnd yery uononsiaud pesyjjam
¥ooz'L ¥o0Z'L 10001 [ %7 LHIERA - H9M 40 Y4 000" - 8u], UM JON - -

sjfam Ajddng isjep woi4 asuelsiqg
‘SDUE|}EM ‘SpuUBam =9
B0 Jo 3 00l su} apeibap jou 'OVI'N 'saiatjod
‘E0L YN UIYNM 10 {£1°GO | | 1im 3 38U paiesjsuowep swdoteasq ‘posebi Pl
YO Ui papiaoad ‘spuepgam apelbap § ul pauysp) pue sissubug PUE 30In0SaY $1 joudill SSIjUN | -06 ‘SO GOMMS ‘108)a aslonpe
SE SPUEfaM U0 ‘SPUB|j8M JOU |1 JipuE] 1B} pueam anjea Jo sdiog) funy ‘SpUE|}OMm |BlsBOD! ‘spuejjom speifep] Ui 21°Q57 "Hd4D ol S)BRSUOLAP
Pedun 8SISAPE] SO I} GOC UM pelelisuowWIap Ssajun | uondaxs Jo y 00E | 9w Ag paniwwad ssajun 08005 SPUBHOAA ABwl JeY} ROSE QO aouaisal $SAUN ‘SPUBjeMm
jueoyubis oN P3IE0O] 10N | 'SPUBRAM Ul p3IEDOL 10N | UNAIM PBIEDO] JON | ‘spuBliam ul PRjEo] JON | uiLiim paesol JoN| eyl o JUENSING Ue Ul pajeso; JoN Aq sapniou) Ul paledo| joN
SPpUBIaA) W44 32UBISIT
‘g)sEM
plies Jo jrioysem

Ut nseu ‘SlSEM pIoS
10 ‘Ayoeden ‘2)SEM plos “ajsem pios JO JNOUSEM U Jnsad
abeiols Jo Inoysem w ynsal 40 NoYSeM Ui jnsal 30 'fApeden abeiois
12)EM 3oNpaL 10 ‘Ajoeded abelois o 'Ayoedes ebeio)s Jsiem Aejodws)
MO 1S Jeyem Aseiodway 1o)em Alelodussy ‘bas Jonpal 'pooy
jou s8op Jey)i aonpal ‘pooj) Jesk-qQl 82npal ‘pooy 1esA-0gL 19 06-v918% 1eaA-00|L 2y} jo
2JRNSUOWBPL]  3Y] JO MOY IOHISAS 10U AU JO MO JOIHSDL Jou VSN MO} JDLISSI JOU fjim
snu ‘uleidpoay  [im Y 18y} sjensuowap M 3 jey; sjedisuowap ‘oY 103D ‘9L'BGZ| 1By} sjeqsucIap
1ak-0pL 1snw ‘uteidpooy 1snw 'urgpdpooy BalY pPIEZEH LLLEGZ Y4 s ‘wepdpooy
‘uigjdpooy] iyl pajeno) 1Eaf-00 B uyim ‘utgjdpoay Jesf-p0E € uiynm ‘uie|dpooy B poo|4 s1eg| “uiedpooy Jesh-gol OF sousisjal]  1eaf-Qp) B Uiylim
B UIYEM JON HEpUEE Jo] P2IED0| S{ypUR| 04 UIyum POIEJO] JON PRIBO0L S{EPUE] JO | LIUM PHIEDOLJON | BU) O] JURNSING | B UILgim PajRao] JoN Aq saprpul| pejeooy siupue| Jog

urejdpooly Wwol4 asuesiq

pue ‘so)inby wouid uoyeledag ‘s|jam Ajddng Jsjep pue ‘spuepop ‘urejdpooly wold aoueysiqg jejuozioH—BunIg

suodl)y wolq asuejsi(

1$3)E)G Jo uosuedwon "ag a|qeL




v

‘teginby wou4 uojeledag ‘sjjap Alddng Jajeps pue ‘spuepep ‘utejdpooid wolg asuelsig [ejuozZOH—BURIS

Vyd g Hodse
ayy Ajnou 1snws

W4 Ag panoidde ssajun pus Aemunt W4

'uolieaaia pue| Bugsixe $O SB[ G LLIM ay woy

-a1d 15ayBiy sy eroge pasodoud spun panienal
199 00Z UBY) SHOW ag Hupuey ued S| JOABM wy'd g Hodise
(S)e)ez 44 4D ¢L|  JOUISNW [puR| Aug jo juaLisp pagG B B S8ajun auF Anou Jsnw pus
Jad uoneBiaeu| uogeasis leuly 8yl “yyd pwigns sne (y Yeloue Kemuny o sapw
‘pajesio HE 10na1sqo | Jad piezey uolonysao Jo 000'c> Wwbuay Japadoud S ujylim pasodoxd
jOU SI YeiolE 0] pIEZRY pinom wonessdo | png e asod jou jsnu pus Aemuni) yesone Aq pasn SHUN [pUeT
pliig B jey;} pejesjsucwiap HYPUB 21aum | Aemuni jO SOJIW § LI Jaedord Ag}  podie o y ‘piezey pag e asod
S| ]t SS9|UN ‘PaIEBID 9q sease U} pajiuiad|  pasodord syun yypue pasn Jodie jo! 00o's LIUHIM 10U Op sHUN JeY]
PINOM YEIOHE 0} PlEzZRYy JON Yeiode yesone japadosd Ag ¥ 000'G WyitMi o yelone ensuoLlap SN
pIIg B 2Jaym sBase oyl lajjadosd AG pasn|  pasn podHe Jo Y 000'S Yvd 10 {U 000'e< 1of Aq yeme Jajjadosd
ui j& yesane Jejjadord Ag HodHE jO Y 000'S ulym Jo yesone 1 Ag; ay) Aq jes podie| yibuel Aemuni)| pasnh podie Ag pasn Yodie
pasn Jodiie jo 4 900's ulypm o gerae]  pasn podiie 30 1 000'0LE LB WOk souelsip Yelose Jof Aq; 30 3 000'01 103 000'S Ulypm Jo
uym o pesnde 1ol Aq wf Aq pasn podae Uiyl pajeoo] eq Jou S Ulym | pasn podie Jo UH{HIM yelone 18 Ag pasn
pasn Lodiie Jo i 600'08 JOU 0000 LYK §SNW aisem sjqiosennd paniuuad spun| ¥ 000°0} UM papiuuad Hodhe Jo § 000'0l
‘|E19D8) SE StUeg ulpm pepuusd JON | [Riapej SE BlWES papuLad JoN Yl SEUN {ypueT HUPUBE AASIN ON Shun jlypuen ION| "[elapa) SB SWES | WYylM SHUN gypue

spodity Woi4 asuelsiq

suodily woig asuensi(] pue
1823815 Jo uosueduwo?) “(penunuos) og ajqe




GL

S84 SBA Sap SBA S3A SOA SBA S3A saA ON weysAg seq
wajshg
HO-uny
SBA SOA SO S3A S84 SOA SOA SaA 594 SaA PUB UQ-Urry
fopoi
Hodsuel)
ON ON SO oN ON ON SBA oN ON ON| Jejempunocicy
wayshg
SN ON SaA SOA S8 SBA S8A SaA SaR OoN ajeyoeay
suoIsuaLLip
SAA sayoadg ON oN OoN sap suoisuaLIp saijvady oN ON ON | Youal] royosuy
ON ON ON ON OoN SBA ON ON ON oN SSAHG Jouly
oN oN oN ON S3A ON SBA ON SO an| Aungeig adojg
Hoday pue
ON SaA SSA SBA SAA saA SaA ON sap on| dep oibojoag
jodoy
aN ON ON TN ON ON s8N ON saj ON| lEdlUYyDaj0an
suonenae) ubiseq pue sashjeuy pasnbay
180y
puUE MO
ON ON SBA oN SOA SaA SaA SOA Jo3 'se ON| &3Si] € 8i8y] 5§
009L2 ‘HOD
1Z v'bes
oL WOLLLZ uooag
- = B O06¥-ISE-ELL - - - {e}s've-92:L "OvrN - W00 L2 - uopeinBay
suogenoje) pue ‘sesAjeuy ‘sjuswaly ubisag paiinbay jo I1sipioayn

Areunung—sjuawiaiinbay ubisa( |eiouds) 1seje)g JO uosuedwon ey apqe]




9L

i0 ‘f@pow 413+

‘ABojoab oupads-alg

‘sansesw
JORUCD JUBLNPaS 10}
JUSAB INOY-g ‘teak-g7
saunjes) ebeuelp 104
JUBA3 UDRRRUSOUDD Jnoy mnouy inoy
jo awng ‘leak-Gzt  inou-pz eeh gz -pZ ‘1eah-GZ| Moy-vz Jedk-gz| -pg ieeh-gz| inou-pZ ‘reak-gz Inoy-pz ‘ieaf-gz -47 Iegh-GZ oy eak-gol moy-yz 'esk-gz
uHo3g ubiseg
[A[A YA
085 '8pod {@XplsLe
VEasy] Dvm neis) giuenAsuued '0ag {razoy @1 45| 59202 % (£Malosolz 9z'852
{PX(1) 80405 WN “L"H8D eE 002-1GE-ELL ‘GZ BlL "HHOAN 9| 295 'L'BOVINN 02|  L{B)2'vZ-9Z:L ‘OVWrN| 095 "0 ea L 085 UOD LT 088 "H40 0F
ucljoeg ucijenboy
waysAg sbeuleiq 1arep aoeLUNg
‘uBisap spsodwos {'8h 08)
anduosasd | pouad anse|n-istd
SE |jam SE JSED| I8 10 pua o} ybBrosyy
‘Jusfeainba ‘1epow yodsugyy (1-¢

BISEM UIBJLIOD JSMW
-| pue |eisps; se sweg

J0d =) ie sTon
paaaa Jou ag

sjuawslinbeay esurwionad Jeul jo spieleq

“Jaul aysodusod
a)buis
anpdusseaud

a3l 9}
SOANBUIBYE JOY

‘Jdwiaxe aze

StUBysAs aysodwod
a|gnog] “swaysAs taui
aysodwiod 3|Buis pue
Aeio 2|Buis ‘oibojoalb
[EINE j Jod

‘ubisap
iauy aseq ajisodwion
aapdiosaid

- "[ejapa; sk aweg Buisn jou uaypp

pannboy Usyp suoipuoy

{m}eXz)
00€-168-€41

(N9've-92:L "OVPN

Z9-¢6 (t)(e)oyeszs
=l "ON 's&d 8DWMS 40 oF

uopoag uoneinbay

UORENBAT 32URUILIOLID JOUIT

Angels pue ‘Jajep adeng ‘sauewIOMad jeulT—siuswalinbay ubisa( jeleuar) 1saelg Jo uosyedwon gy a|qe)




iz

UolipuoD

SILUBUAD J18pUN

§'t jo Asjes Jo Jopory
B JO NSIE Ul 'SaA

LIUBWRAOY DILISIES JO UOHELUNST SMOY

‘sish|eue
ooads-ajs
B Wol) axenbypea

‘sik §5Z Ul ‘sik "sif 0gg w (sishjeue ubisap Jo dew
papagoxs Buiag 0SZ ui papsauxa | papswoxa Buieq| oymads-ays B wioy B oK SIA 0GZ W
auoz 10U JO 9,08 < A0z W Qu0Z Buiag jou jo JouJo %06 €|  Jeasin Jeak ool Bl pepesoxs Bulsg Jou
pedws onusias ‘auoz wedws| Aupgegord ypm pap3aoxa Bujag jou jo| joedun onusies| %06 = Ageqord | Awigegord yum| Buunp inooo o) Al 10 %08 = Algeqosd
E Ul PIR00| Bq| ORUSISS B U] Pajeno| uoneia@ooe %06 Z Ayngeqosd ym| e U peleno) aq| uim uoljels|saoe uonelgenoe s1 jey} axenbyza ylm uonelajaooe
10U |lBYS IUpUBY | a4 jJou [BYS |[pue] LUNLLIXE --§  UOHEIS[B00E LUMLIXEW | JOU HByS |ypue WNWIXe winixew | wnwxew ayl} 34n WALLIXE
jueAal onwusiag ubisag
‘UORIPUCD
DSBS JepuUn 'l
1AL LI IO} G L
sjuauodiico Jo ubisop ‘(mopaqg aas)
|BINONIS 10} G271 JUSLIBAOLL DILISIDS
jusweiyes pue ‘uotipuen 2JeUINSD JO 'UOIEPUDD
- - - -t Ayoedes Buueaq oy 0g - onesJepungy -} OlBUAp Japung'| -
Ayajeg jo 10jae o|qejdenoy
- - - - SIA - SOA - S8/, -
LWwaNsAg Jusuuieluo) ajetodioou) o} Aiqels sdo(g
{6) (&) ZOE €42 {Boigozs
(u¥e) {9 oc1L (oMayiz ‘0ag Nelaveve pue (G)osLizs
$00'¥0S YN WZe-L'USD £E| -LGE-E41 DVM - - 085 'HHOAN 9| ‘16 'OVIIN 0Z 9T L OVIN| (B} ZOg 998 HOD LZ 9L -

uonoeg uoiieinboy

sesAjeuy Ajijiqes adojs

Alqeig pue ‘1elep soepng

‘aoUBULIOUA JaulT—sjuswaiinbay ubise( [eiauag sajeig Jo uosuedwon (panupuod) gy ajge]




84

{s1eaf og)
BIBD NS00
-isod Jo pus
aLf} Jaye [jun
‘(seouse pue)|  AUBpUODSS AYSOAUOD 20d 3yt e
Sjons| JUBUILIEINOD | pue Aswind abuis 40 ‘sado|s apis uo "apsoduwed STOW PRedXa
‘Xeuw Ajsijes ‘Aepuooas o|6us | Aepuooss sjisodliod ajgnop J UOM Spuy
{ASIN 1snulng Seul oN| pue Aewiid susodwon snid Aewud o ‘sysoduwico 18Ul sjgnop ajels paaoidde
105 J0u) paul-Aep ‘(seale pue-ucL | Jauye "9'1 'aHSOdWOD BY ‘aseq ‘HBojosb H{Aep) jeinjeu ay} ufiisap Aue
‘apsoduion spsodiucy 403} aysodwios) | 1snw suo ~ Jaug 3jgnog | uo ausoduiod signog aysoduion {emeN ‘apsodwon gibuig apsodwon| o aysodwon
Jauy go edh )

TV
ROl 1 4 OV YEEELL 998 '8poD Ze ez {1waog oeg Blove uohoag Z29-¢6 0F85e
{28 2) 90°P05 UN “l ‘¥Sa£E ‘00€-16E-E41 | EBlUBAfSUUS ‘G @RIL] -09€ 089S ‘WUDAN 8| 16 'OVIAIN 0Z “9Z:L 'OVPN| 206 9SS "D RQ 4| 'seH EOMMS| 998 ‘M4 oF
uoseg ucnenbay

sadA ssury pajuiag

[elousn—welsAg saul aseq :sajejs Jo uosuedwon “eg ajge




6.

ustasnbay
198w 03 paloeduwoosl
pue pAEARIXS B
&SI  OLX] BNy g doy ‘pesn
uey) $s8f| oqg O} SI [0S S}S-UO Jf
jo Apagionpuos L 8|qiseay 8q
JNNeipAL | J0U PiNOM SURIQUIBW ‘pouad s1e0
e Buiney oRAYIUAS B ansop-isod
UoNBLLQY | BN} Yons Juswiaas (Jeak-0t) sy
oibojoab pauyep pue uonosedwod JO pus ay} Jaye
s|qeswnsd | o} 8lgns §1 aseqqns {un papasoxe
MO| Bjgels B Ut \|ypuey, 'pasn a0 LUoM
‘Slypue pASIN pa3eao| jjpue; jou 81 Jejempunoib TOW 184} spuy
1o} pamoje JoN - - - - -~} MEJUES B 40, BuArspun alaym, -1 9]els parolddy
PEMO|Y UBYM UOpUOD
SIS, 0L x| -- -- - - - S 0L %1 S 0F % L - -
Anqesuwus/IAonpuo ) sinelpAy wnunxep
UG - - ~ - ~| ygl g - -
SSBUNIL ] WINWHUEY
Plove Q) (EMBlovase
“(2) 90'705 UN ‘penikulad JoN “poliuiad JoN ‘pajwiad JoN ‘pepiused JoN|  papiuLed JoN “BZLOWIN| €06 988 "D laq 2] poliuLed JoN| 098 'HdD OF

uotpoeg uopejnbay

Jaury o1Bojoan [einjeN o Jeur AelD 9|buig—wayshg Jeur aseq :sajelg Jo uosuedwos ‘qg ajqe)



08

(3dQH # Hw-og) 18Uy
QHBUUAS JUI-09 Yum Jeuy
aSodWoI-UoY B JonISuoD

-Aouafie ABw ‘Jauy aysoduwog
Aojeinbal ayy o} dasys ooy sadojs up
Aq penoudde (908002
uaym ‘088 "HDD L2 pue (9)
"JPELLE 8Q UBD ‘pamolel g (L)E) 0r'85E 089S W40
uoljessuotLep jusuodwos} o Jo BUSH souBLLOUad
e papiaosd 18moy] SILSHES §i Pamoje
FUON - pasn aq Aepy - - - - aaqeLS)Y B)SodoD SAjBUIRYNY B8UON
SoAljEUIaNY
'sadid
PUB SAUD . G] X 1 2 YIm L)
"\l 7] :8u0Z UoDe)ep FBeyoRat
SAUD LG X 13 UM oI
Ul @ SSBUNS JBUFT Lauy 8y}
auoN| mojeq Buimo)jo) syl saey 1snpy BUON SUON SUON SUoN QUON SUON BUON 3UoN
juauodwod Japg
ST, 0L
X | ) ylm Iouy
SAUD SUNPILLIPE JO SUo, 04
PN SO 0L XESAD 0L % | 5N B, 0L % L | Agp pejreduiod X 1 SY UM S 0F %
wim Ae13 4o 3 | 3 5N Wi ABjo papediod JO B 2| uum10S JO Y 2 - —{ dimposjoyg ouz Aepjoyz ‘[e19pa) sk aweg| | > Yiim 108 Jo -7
juauodwos Jamo
‘sueigWaLInal ‘aueluisWwosh| susiquawosh
(sauyo pw (3daH (3dau aueiquawosb
sueiquiswoab -0€ "uiar} JdGH 10} [AL-09 URL) | 0} 1W-0G UL} | OnBUuASOSE ‘auesquiawost (3daM|  (3dGH 10} w09
Jiti-09 Uiy sul| SUBUILAS (-0 UlN K09 LIy -- - HUU-0E Ui (0T "UHN | RGP UGN SOF JIU-09 UILL) U0 Ul TURL) IW-0E LI
weuodwon teddp
OV panusad!  (1)veog v8s (B)a've ({e) 270G 28g LY i 0v'852
(£} 90'¥0S 1N GRSYL WSO EE ‘00g-LeeeLlt ‘peritisad JoN JoN 'L'BOVIAIN 02 -9T:L "OYIN "ORU L} 098 'Z9-€6 '$8Y BOUMS "0ag "WdD 0y
uolja9eg vopenboy
uontuyaQg

Jau apisodwo) a|Buig—we)sAg saul aseq :sa)e)g Jo uosiedwon "og ajqel




18

R JAY A
098 'HOD
"uoloediiod e{2) vZ-92:L "OVIN L2 Ul papnjou
pUE 17 ‘|4 Sayicads ‘osty u| papniou ale B sjuawamnbay
ooZ# Buissed %06 "ull aq jeus AeD) sjuawaanbas Bussa} Buisal
“seyjaioy pakay aq jleYs uy Z uey; PUE UOOMI}SH0D puUe UONOMREsUoD
ssaul Juacelpe j0 sjuauodwod Ae|D | Jable; ss|iued woy 93] - - - LUFILE LI BUY | - LUNEIUILL DY | -
$ONSS| UOIIDNIISUOD
S/WS 0L <1 S0, 01 % | SR 0L XL - - S/Wo 0L x| S[UWD 0L =} | S/WD 04 x| SAMD 01 =} Spug , 0i < |
AIqEaWRdfAHANORPUOS) SNEBIPAH WINWIEXEN
Wy Be ue - - ¥z uz He ue B
ssauNIy
LIl
953 'T9-E6
(B}l say goUMS
DM (1HeXZ) "patutiad @)1veoe 20§ 088 7 (9)0ge0z (a) oy sz
(2) 90'#05 YN SRS i HS0EE QOE-LGE-ELE ‘papnuIsd 10N 1oN| § 16 "OVAN 0Z (3)9vZ-92:2 DYIN “ORAL| 98§ HID LT 088 M40 OF
uoyoag uonembay
jusuodiuon Aepo
“Ipoeq Bugoedwon “HOIOM} a0elalu
PUE U2Uad} 3L L JUNooIE ofU
Jejewiied [os auy ssouoe Supel ‘AL MY ‘doap ‘us gL
‘peufiisap aq |ieys sayoua Joyduy pie] Jauy ‘dasp “ut gl Buipasodxa; 0} Z| youd} LOUDUY
‘ALHS {0} Z1 yousl) Joyouy adojs $adojs 10} 58010§ ‘adojs Jo doy Jo
uByY) JANBY JO ALIHE uel} ladas)s 40 doy jo abpe woy "u ajsual epnpul| a6pa WOl Ul $Z UL
3 JOUUED SIEMBRIS JOLDJUI JO SadOS | H7 LI B SBYJUSI] JoydUY - - an ispw ufiiseq B S8YIUSI) JOLOUY - - -
$10)12B4 JSHO
‘sABp O Uillin adojs jo i %§E uey) sejeald PZEOT
01 Jamo pug aseq Buuanod seymedgi  sadols O S840 QliSUD) 038 ‘400
‘sugiqawosbi  pajendes Bulpusisyiim WO vE-gzs L2 W papnjow
1on0 pedejd 105 J0 Y Z pue i | Jon0 40 a|geden ag ‘OWIN Ul papnjoul aie aie sjuswanba)
peuIad PeOf SIS UL Saynadg ‘ado|s LanLuBE sjuawainbal Suyiss) Bunsel
‘%01 < S9do|s Jo INOJH0Y O} 1O auy au; 0} afjered PUE UOHORJISLIOD PUE UOfORISUOD
[iesed PBYUBLIO 8q [[BUS SWESS D@14 PeIUBLIO SWESS Pial] -- - - - UANUWEUSW 84y ) - LLITHLIEUILLE B¢} -
$ONSES] UOYONASUDD
(e}
O (ID(e)(E) ‘pajiwsed (e}1)voncs [mpldlrvz] 06088 1wl 99s 29 {ajoracz
(£} 00°'¥0S ¥N RN g 71050 150 00E-15€-€L1 ‘pajituLiad JoN 0N 1’6 "DVINN 02 -9Z:L 'OVIN "0 180 L]-£6 'S9Y HIHMS 098 "WAD OF
ucl308g uonenbay

Jusuoduion asnayjufsoss)

Joury apsodwo) abuig—waysis Jeur aseg :sajelg Jo uosuedwos “(panuRuod) oG ajqe 1




é8

S/WO L OF % | T

sapoied u-gQ > "walsAs S 0L XL Y
- - - oy 'w gy Jouceli o SO UrZL ~| uon2a|ioD Seydes] oI Uz - -
Juauodwos ajppiy
S, 0F X | Y UM
2Unxnupe 10 Aefo
‘(elsodwos jou st Aewd ‘Ul | > sepiued HOHJ Y-2 JOA0 NS S
31) tauy onayjuAsoab SUD 0L X L5y 18130 204 I OE UK |, 0L X | 3 i Ag)o
JW-0g "UI SNIT 'SALD | gim AR YOI ‘UI-pZ 9RO AdOH| 10 Y § IO MBYIUAS
- - = L0bx L SupmAep oy z| ‘susiquiawoab iu-09 UIW - 0] B 0Y URN | O -0 18NS - -

Jou Aiepuossg

{aysoduion
jou S| Ailepuodes

() > azis
apoiied) (i jeinomls g
pinoys “ul g1 woyog ul g

SO 01 % | 5 Ym

ampwpe 1o fep

doj ey} 10} sfUD DOl = LEYy WO Y-Z 1980 ‘ND BD O < L

1) 1auy oyeyjulsoat A ul-Z1 10A0 J3UI0 10} U O L] S UM ABD JO Y Z 1o

-0 Uil snd ‘spws 109 10 ABID “UQL JAA0 'SdaH] 109 ' AQ uiepiapun
- - = L0Lx P SyyumAp oy Z| ‘sueiquawost w-gg Cutn - Joj [l 09 "N | aneyiuis gw-ot U == -
Jau) Adewliig

asnpquipe/ien
“Jaull a)Isodio B ag Jsnw snid sueiquiswioab ‘Aejo 10 ogeyuAS
Aepuooss 1o Asewnd Jeyug “Aefo Aepuosey Jagye Aepuooeg

Jaul Aepuodss
“19ke| uonDE|eD

snid oneyjuis Aepucdsg
“1@Ae| U0I08}100

“18Ae} UoKoI}|0
pUE uoRDs}ap ¥eST

“18Ae| UoIDa[oD pug
uoipPBlap ajeyoea

W UoKOSsiap SjByoEaT pue uoiaSSp SeyoRen “asrxppe/fec snid ~“109kes snid
- - = Jaul Aewild | Aer snid oieyuds Arewd - AMBYIUAS Aeunid onayuAs Aletung - -
uoiesnByuon

. Siayem aoBuns

asefpe o} yodsuen

JUBUIUEBUCD

“S{YPUE] [y

‘peiinbal 3| 18uy sysodiwon
Alepuooes pue jusuocdwos

s|pou sid 'sau) Arewnd jo
juauoduion sugigulawoab

Ao sadojs apis Jog

o462z > adols

SIBUM SWIOHOG |80 UD

"walsAs oiem
Apunwico Dignd

JO @01n0S alp sE
SOAISS pUe BoBLNS
Jesu Io Je §i yoospaq
a18ym palinhal
ajisodwod ajgnog

wenyubis jo ayqedes
lo/pue Addns 1ajem
3O S22M0s paoadxs
A|QBUOSES) 21E UOHiM
siayinbe Aq umepapun
8lE Si|PUE] aBYM,
pasnbal Jau) s|qnog

pas og

1SN} 3] UBLAA SUOHIPUOD

‘pannbal 30N

‘paanbail joN

‘pannbai JoN

962 el
pue ¢GZ'€/Z 083G '3pOD
elUBAASULD §Z L)

¥ We12- 1'6oVINNOZ

‘pannbal joN

1(3)9wzZ-92:4 "OVIN

()
705 0eg "DRg L

‘palnbel

‘paiinbal JoN J1ON

uciyoeg vonenBay

(leteusn) (ssour ayisodwo ajgnoQ Buipnioul) s1auly 8|qNoOQ—twa)sAg Jauiy aseq :sojelg JO com_hmm_.:oo. PG a|qel




€8

‘SHO1
Aewnd up peeadxe saoio)

abedaas Buipnou ‘s3040)
9jISUa] POIBNOIED pUBISHIM
0} peubisep aq jjeys sadojs
-apis uo sollayiuAsoal |y
e)DeLz

-0g¢ uolioag ul payads
5158] YOO S0 seuenbal 4
80} Loy Y G Ulim

sLIeas "Z|ioy oN "adojs 0}
{aesed ag jeYS SWess iy

sjuawaznnbay ublsaq pue uononysuon

.

GDEL'Z- 1’6 "DOVINN 0T

29UBINAY SIANBLISHY

(je1suan) (s1our] spsodwo) ajgnoy Buipniou]) s1oury 9|gnog-—wslsAg Joui] aseq :s83e}g Jo uosuedwos “(panuiuos) pg sjqel




« SMOY
WINUWXeL enjoe ue
peseq adid sy} uiLyIm
“adid 104 94,60 Uy Aloojen Buiueaid-es
"ASE( 104 %2 Ui %l UIN - R TARN Y| %e "UIN "% WA apiaoid g el adoss, ‘%< "UIN - -
swewaimbey adolg
‘ping Jo ebeutesp
plove soy Bumoje
-9Z:L "OVIN] pesn st ajsem ajgeawad
{1au Aeto pajoedwiod) 1o BisEM JO
lauy sjeusae %001 > Butkuspun
uaym spuo L ol SHI71 dupuap
- -- - SN - sah] X XY Umpues i-| SAA mojle Aep oN
LPamolly saaiewRlly
‘SABD UDADS
UM ULIOIS H-42 JA-G2
ii0Jj mol} yead arowsl ‘Sleyses;
JElusha 0} paubisap yiomjau adid . suolenojen 40 awnjoA Aiep
who)s Bunnp jdaoxa ‘BISEM aoueleq! pejedionue “xew
eole abeuseip L pReRusb s ey 0t 10 @I—uUoRIpUOD L SIUSAS awiy |ead loem,| oy} enmg sAowWal
ayy wog Ajnedes ByoEa| JWSuel}| dn-HES [EJILE UO PISEq e abeuteip jo eaie| o) Buipionoe| o U pSONASUD
- Moy pajadxa, —{ 0} 8ZIs WaWNS, 'sa)e] UCHBH|HUI "XeW —| ayjwoy smoy jemoe,| MmOl Yesd, ‘paubisan) -
moj4 ubiseq
{Auo 13Uy By}
‘(peay areydes; eaie duins uo peay sinerphly
abesane) y ¢ Ypjdunduy gy Hi Bl Bi Bl Bl Jo dnpjing oN wo og>
Jauy] uo pesSH ejqeMO|lY WhWIXeW
SAUD 0L * 4 SAUD 0L x4 -- SUD 0L % 3 SR 0L x| - SAUD 0L x| 80,01 x| -
Ajllqeswaed ; AllANONPUOD JI|NBIPAL WNWIUIN
{safe; uoRoe0D gt Ao enoqe Y |
ajeyoes| pue Ul ABpuosas
Janco aapoajold jo aueiquaoal
¥l B8t | seulquon) ¥ gL Uz - snage y ool S - -
SSOUNIILY ] JOART WINLUILH Y
'BGZ'ELE g 111 098 ‘29
‘085 BP0 ~£6 "SI gOUMS
OV elueajisuuad y'Bere ‘80 085 qGg s PUe OPE0Z 0F852
{€) 50POS MN| OP'S -t 'MSDEE '00€-L5¢-€L1 ‘'GZ SRLL -DYE 088 "HYUIAN 9 '1'8 DOWINN 0Z| UMDY YZ-9ZIL OVIN "DRG L VIS YOI LZ| 298 "dD OF

uoy

jo8g uopenbay

SHO1 Aewl g—waysAg vjeyoea :sajelg Jo uosieduwon "eg afqge )




g8

"00Z# Buissed %6 >
o0ipag Yii oeg
‘Bixoab 1o sejempuncib Z9-E6 97HMS
uowsno ‘dwns ‘uonensuad wolj uoheedas led Jau) aysodwion
‘saloudly sy Buipiebal paiinbal ayy aaey jou B SABY j0U

-Bal suy Ul papinoad sjeeq

‘adid psjeropad
Buuajua sJojaq If OC L UBW

B 00 =

paau jng "JuswueuoD

JYnop aaey
Jsnul senteuaundde
pue seu SOUBABALIOD

e (p)Lve
-9Z:L "OvrN] pasn ase
sjouvab j| pasealou

aq Aepy ‘4 00E

S30p 1By} jypuel
343 jo uoipod
Aue o} pafaauco
aq Jouued

alou ou moj} jjeus sleysest| bBuoeds adid xepy - - ajeyoesy |y --| =Bupeds adid ‘xey -| syeyoea} papagon -
siojoe4 ubisag syl

‘1ejeaif “JarealB et
‘ssjea1b Jo gg anpayag 10 O &|npayYog - 10 04 9npaysg - 10 08 3npayeg - - - -
ssauydiy] liep edid
"EIp "1-g Ul ‘BIP U Uiy - ‘Elp “ul-g Uy "BIP "Ui-g "UIN - EIP 39 Uiy - - -

suoljeogioadg edig

S¥OT lewiid—we)sAg sjeyoea :saje)S Jo uosiedwon {panuyuos) eg siqe]



o8

‘B OOL
= Bupoeds adid “xepy

‘Ul §'0> $BIEg

00z# Buissed 9,5 >

siojor4 JOUI0

1ayeaiB Jo op m_:vm;um_

-Jajealb 10 g8 BINpaLds _

SSUNDILL [ep adig

-| EP Uiy Ul | ~| ‘Eip ury Ui | BIP Uy Wiy | -] - -] -] -
suaneaytoadg adig
~| %2 U | - %z U | %2 U | -| -] %2 U | ~| ~
adoig
-] -] -] | -] | -] 594 | | -
LPOMO|[Y SaAlBLISY
poyad seo
aunsofo-jsod ybnouy)
BuiBBop inouym
@jerado o paublsap
- - - - - - - ag geys wajsis, - -
mo|4 ubjsaq
"SyES| jeijusiod “(saubisap
Buejosi jo siqeden Jiojelado sy
(abeiane Aep-pg duns sjeredas|  Ag pejeinoes aq
‘uonersualb| e uo paseq) Aep Jad aioe lad B 0] UBip jsnul| 0} St ydiym} ajey
aleyoes; jo| |26 0z poooxe Jou |leys SNT1 Jauy sysodwuoo afiexea vonsy
%01 LBy} 3oLl Jo ‘Aep Alepuooas ayi u) pamsesi a|gnop Jo s pasodoid ayy
- = —i Jadawmessdebonl] ool obexes) sjgemole Xepy - JO UOROBS Yo |  pasIXe 10U 1SN - -
abeyeoT| o|qemoly wnuixep
{onayiuisost)
PUBS JO Y | jO Jel}
0} Justennba Ayassiusuel;
- SMID 0 % - SO 0L x| lo (teinuelB) spwo 0y x L - - SO 0L % | - -
AJqeauia J/ARAIINPUOD JNBIPAH WNLLIXRR
--_ U L - U w_ Jeuoal Jo (epnueib) y | :_ .-_ B - -
SEaUNIIY ] Jahe ] winwup
“freuy (v (e}t ve-9z:2
aysodwen ejfiuls mojaq §6Z'eLZ §opoD ‘OVrN 'L (9)e'vE GG puRZ DG
‘painbaijoN] SO PRGNSO €8 ‘pannbea JoN | BluenAsuued 'GZ Bl (DS L'E-09E 095 "HHDAN 9 "paiinba) joN =92 "OVI'N "985 "D 190 L| paxnbaljon| ‘palinbal joN

uopoag uolteinbay

S¥91 Aepuosag--wiaysAs ajeyosea :sajels Jo uosuedwos 'qg sjqe |




18

‘UOJRURLIBIUOD
Jayempunoib
1o} [epualed

‘uonesydde yused al} aseasou) Jouues (s15EM ‘pieOg 19)BAN

‘8jeyoes| 8y} qIosqeE W uoneiasuoLap ‘(abesene Kep-og) pijos pajjypue ayj Agq panoldde

03 Aioeded sisem apnoul 1SNy |  9ISEMm SNOpPIEZEY B| plousaiy) |euoeladn 30 ucepeibapoig si pue ‘Ajoedes

UR0WNS €| aIoy ) spinby | @g jou ||eys 9jeyoean Aep Jad aioe foueyus Butploy-ainjsiow

BISEM PHOS:  uans Jo Buisodsip ‘wigisAsi Jed |eb-0z sy puohaq 0] S 184)} WalsAs S,91SEM BY] DBAOXA

‘pencidde yum pag Asnoiaaud uy AousBiawe uei ucijoalod SjeyoRa| B ajes abeyes| ou) wawabeuew jou seop obieyosip

aq sny st uonenoaoall wolp Buynsas Joiem| Agq uiepepun agisnpyl  Alewid ay) aseauou 2)BYORT; auy; se Buo|
JHIBISAS 0y 1afgns eauy 10 '8jESUSpUOD ‘ajeyoes) JOUUED BJEYDES| {|BJsA0 ue yo yed SE ‘joatay] ueuad ‘pau
uooaoD UE LT ‘aleyoea| quosqe o Aluenb | paleInaIDes JO swnjop SE 3|qissiulay “Ajenuue pauij-apsodwos | -apsodon § Ajuo
ajeyoes) Butdid paacidde ydaooe ABY|  JUSIDIBNS BABY IS ‘@oueLopad sauy ‘uondo [esodsip| pue spueape 0} Ajuo pue| pue ‘Auo Jypuet
uspia, LIE LIIm PRanpuos st ‘Wwalshs "BISEM DIOS UM Alewyd ajgeidanoe sjeyoes| 9j0s 8| Ut paacidde | “AlUo [ypuet Swes 0}| Swes o} ajeyoea)
QABY ISP | UOHE|NDNDAI JBUDOEST]| UOI0SY00 ABYEI| PRl 24 SN EdlY 10 syuow xig -} SE papiuad JoN g 3smN | S1eyoes| uinias Aepy wanal Aepy
sjususinbay A0

‘suole|nbal
‘Wwashs "WB)sAS UORDSB|I00|  “Iaul algnop [E19pa) 01 "WAJSAS LUORDS|OD
REN] UOIR3H00 SjByOE) “E3UY| BJEYIED| B UM e o jauy] eousisies Ag SHOT NEBYDESD| B YjiM
ajisodiuon pue Jauy spsodwion “1aul) apsoduion aysodwod obug "Jauy agnog —| Jauy sysoduwony apsodwon | pue P siisodwon ]  leul ausodwon
UOIEINDIID9Y MOj|Y 0} wie)sAS Jaui padnbay

"{mojaq
aas) Aousbiswa

S84 SHA Ul Ajuo ‘sap S84 SaA - SaA TN SDA SN
LPOMOI|Y UOHBINDIDBY
oM ((e)s) PLZ'CLE §opoD MLz £(@)Lvz] BeQs osg (Bloveoz ge'ese
{2} £1'905 uN 628 ¥ HSOEE 00Z-1GE-EL | | BIUBAASUNSA'SE SILL -09¢ 095 WHOANS YN -9Z:L "OVPN] “0eg L 098 "WOD LT 095 "W4D OF

uoge|nalisey sjeydeo—wd)sAg sjeyoea (sejelg jo uosiieduwon 09 3|qeL

uonoeg uonenBay




88

S84 sah - SBA s@p SSA = sa) SSA SaA
BANRLIBYY SMO||Y
« M0y
-yBnonyy, uo
1an0D aysoduwos paseq paubjsap
aaey 0} paiinbal o soul S58|UN Y fauy o sBUy
‘se0p H el 5 ag B £E61 J8Q0I00 §| S 9q 0) ) [8A0D 580 0} 4 IBAOD|  Bq 0} ) 42A00
uBisap aajeUsalE 'Jou 01 J9A0D sadnbar] 1aye Buneiado supue) salnbal Ing seynbaling} saanbaring
SOA S0P JBACD annduosald = ng 'Anoidxe JoN fie Ing 'Apondxa 10N ‘Alondxa joN EETN SaA ‘fondxa JoN | Anioydxe joN
oRaYIuAg Sei JBul eseg J| ‘18n0D jeuid uj oneLjukg salinbay
“JSES| 81 JAASUIILM 'SEUD ‘§S9)| 8] JaABYDIUM
+01%} 10 'j1os-qns jeinjeu 'Sp 0L X L ~Auaonpuco
10 ‘18t WOROY 8y) 4O BN Sy 10 ‘Jaul Alewnd afnesply,
) Uiim [BuateLl Us|eD jo au jo Aypgesunad Jop mopyBnony,
U &L ISBS] 1B SpNpou) 1SnW sy} o) |enbe Jo uey) anjgsgns
{e}E)86906 HN) S9A ufiisap anjewsje Auy wu s53} Allgealliad ON STA SaA SSA UED 10 'Sa) STA
jlosgnguieul jo jey) 0] fenb3 1o uey ) $594 Ajiqesuiad/AHAIIOINPUOY SENEIPAH ABH 0} JaA0D) jeuls SeHnbay
yog
JouU 0% 36 NS 1auya
aneoal seale lades)g
‘(pe} oN ado|s ALHY tey)
SN oM (ple-uou) sap ON! $S9] Yjim sease uo Aup ON oN oN oN ON
18A07) [eutd 9y1sodwon salinbay
['ousedwos Jo (3daH
-09) sueiquawoal
-0 1O 'SALD
AL > L33 ylim 1os jo
‘seale J-g7| Joyye 'sjun | O %
pHE-108 }} T 1 < 39Ul Ulim sjypue|
paulf 1o paujun Jo4] “soke ‘apeibgns
'Sease pue {tos spun 01 x 4 ‘apeibgns ‘apelbans|  pos y-z 'Jo ‘ssa||  (eimBuRUY
-uou-—tos y z puef i siqey (8)ggz gzl ) pue WD) aysodwoo |eanjeU Bl [einjeu/iau)| ‘s|px@10a0 S{ [BABYDIUM §O ¥ uey)
aueiquiawosab §1(adamM » pw '€661 Jagqo) 10 Uy} 559 Oy ueyy snid o ‘raul Wojogo| $89f 10 ‘s
HOS JO Y Z pue ‘SAUD {(3daH| -09) suelgwalloab g isye Bunelado Jo'spuo gL} 859 40 ‘'SUD +0} | ueiquatioal| 3 J0 sAUD Q) S04 X L5y
suesquawoal Jw-0p! 0L X ESHUIMIoSIO Y || i iw-09) w08 Heu-0g sliypue] paulf o] * L HIOUGLE X | SHIOPGL MU-DE| L SH/MIOS Y-L|  JOHOS Y-G|
sjuatalinbay wnwugpy
L UOBRNY 29-t6
PEZ'ELE 008 ‘883 gUMS
OV | 'apoD elueAASLiLD {PYs1°Z| {e)1)veos dasg 0ive H'G 308 7 (B)os012§ 09'862
LOPOG YN Lab'g-L 'MSO EE '006-L5E-CLL '5Z sItL - 09£'998 "HUOAN 9] "1'6 DVINN 0T -92:L "DYIN “0reg L HOO LZ9L| 298 "WdD op

uotoeg uosembay

SO0 19A0)) [BUiy PaNILLIB

eqoyes

* peigspey

[eiousn—uws)sAg 120 jeul :soje)s jo uosueduion ‘e aqe




68

‘fosjuen sef
2Jejioe) 0} J9A0D
)RIPAULIBIIE DY}
18A0 Ajpeap paseld
S/W2 0 x L 2Y
yitm aysodwoooab
BIOfiOSJOY 1

Tdeiz

- 933 "WHOAN 9] aioe
Jad jusA { jo xelw padeds
{elp "ul-g ui) sadid resy
funuen seb ‘aasis ooz
Burssed |eusiew jo jybBiam
Aq 9,01 XEWw pue S/Wo
DX L2 Uymposjoy |

7Y

lake Sunuep sen

‘(seale pyue) oN
(seae

ALHY ueyl

“Jauy onauyuis
BEY 181 sfigpug)

SOA ON pue-uou) seA ON| Joney sease uo AjUo 'sax ON 10 AJUO ‘sBA oN oN ON
Lpasinbey ylog eiy
o MoLuBnoILE,
“Ajuo suglguswoatb io o} paubisap
108 Jo Y-z Jouys 'iadsels 13Mmo| S5a[LN 12MO] “IBMO]
10 ALMp sadojs uo S| JaAsydym 1 JBABYDIYM ST JOARDILM
Jeyealt 1o oLy 1o sedojs ‘esew '(eLayew "felajew
Yitm saoelss) adojs sps, feimeuau| =R TR FAI = HTETH
{sease 103 ydeoxe “lepey Jo ALHY woyoqg Aue woyog Aue woog Aue
pLe-uoU pue pre 40 sadojs ypm seale ul} §0 Jeyj o) |enba joeyi oy enba|  jo eyl of jenbe
SAUD (O S, 0 Yog) s O Aluo o Buifrepun oy} 50 'SIWD 0L % S 0b Jo'sun 0} Jo ‘s o
XLIHUIMOYZL X I M Y- 1 X LS UM Y-g - HEE—SW 00> [ 1 SYIM UG * L WM 'ug = XL PHUNMTY L LS UM G
Hog—jonuo) uone U]
‘(pue-uou) “glpxoj0ab
fercsdde | {JGQH B W-00) [ (3daH § 1W-09) (3Ot # 1w-09) | Aq uiepspun
g "Aep jo auelquisiload auerquawoal {I4QH 4 HW-0g) suriqawost | auesquiaioab
iU Op WA | nBY Ul pasn aq Aeiy U-0g Uiy (U-0E “uily | SUBIQUISLLOSE [1U-OF Uiy - IL-GE Uty -0 “UHy - -
agauuAsoany—jonuoD uopenyu|
SO 0L X b SO 0L X L2 WO dojuoy g
Y UM yum sysodwoooab Hos
PUESJO Y | BIO{OS IO | - SBA - - jodojuouig - - -
Jake sbeuieiq
'uy 0g | Ul gl | ut 9] Wz -] -| ~| u g | iz -
(1os doy o} uonippe ur) 18A07 sngeiabep
ul g ur o ur g -] - ut g ur g i g -| g
ltlog doy
| JuswioeRY
Z9-E6 sy
YETELE GOHMS
v 03§ "8pod {(1)vZo5 098 NLve H'S % (2)os0LZ 08'852
LOVOS UN| V919 'WSDED ‘006~ 19E-EL1 uuad ‘gz oL} (PYGL'Z- 095 'MMOAN Of ' 16 DVINN 0Z S9TLOVIN P98 O 1ed L) 998 'HND £2 038 "Wl 0y

13098 uoienbey

sjuauoduion—ug)sAS 19A09 [euly 1sjelg Jo uosuedwos g/ ajqel




06

“I@A0D

ABIPALLB
Jo Aep
ag ABWE U g

18A00
2jeipalLaiul
10 Ajiep

agq Rew 'y

‘seiyadosd
Bupssuibua
aleydoidde

sey i papiacud
'BjSEM JO ‘|I0S
pajeuluBiuod
'Hos aq Aepy
‘peoedwoD i 2

Jede Buipeiguonepuno g

sjusuoduwon—wa)shs 1000 [BULd (Seje)g Jo uosuedwo) “(panupuod) g sjqeL




‘soneyuAsoab

YUM 10 ALIHE

uet)) jadasis sadojs

103 uoyepien (eads Yl
‘asen Aue u) pannbai
podal Ailige)s edolg

sjualainbay ieyi0

‘1ellon Y-0g

Alaas pajeiodioou s Budeus
§ 8jgeIdanoe palapisuon

ag AeW v, ¢e 03 dn adojs

B ‘04,07 uey) Jajeaub sadoys
[BINJBU UO SAYS JOF , UOISOID
ZIWUIW OF tapio uj Buioenay
ple $9INSESL [0JJUDD Younk
aerodioou 1snu sadops Buoy,

¥
F

SRS
[E91aA Y-GZ

Aiana aoella) spim

-G1 '%G 1 uew

ladas)s sadops oy

(LGB Thr

038G HYDANSI ALHE
uey) Jadaays sadogs
o} uejd paaoidde
NOYUM NG spypuel
10} Ajuo pannbal

U 02 Jo sjerusiuy
|EDIBA JB S808)i3)

UOQISIBNIP Jo-Ur, -

Wbrsy [eonsan Y05
AaAs youag apim Y-G|

sayuag Joj Juswslinbay

‘POMOJ|E ‘pesodoid si Bupuod

afues 95 JusAald 0] LISISAS
%G %E %G 012 %E %P| olg Mospdoy %E - SMIORYS SSAUN "94E -
adojg wnwuy

‘seshjeue

Aiaess Aq payuan ag

‘AL HE “{UOISTIY MO] 1SN ALIME uey) Jadeals
ALHY ALHY - ALHE NLVHE 'sadois 2PIST H) ALTHE JO %5 ALHE $3doig ALHSL'L --
ado|g wnwixep

‘uotiepesbap
() 80:90G uN] S)sem aouByue|  HEls woy
uswaoetd ajsem ‘HES wolj sAep 0} pamojie aq Aew Aejap sAep 081
1SE| wouy shep ‘Hes wos shep 081 edwon ieafk-¢ ‘paiinba) Ajjensn apadulos
081 @9dwiod 081 M3|deuos pue sAep ainsop Bugjoy ‘pels| pue sAep of
aq pue sAep pue sAep 0g uypm uibag w0} sAep 081 Sieidwon | uiym ulbag
0F uypm uifiag o} 0F ulym wbsq o) 03 sainoe pue shep og umim wbeg| o} sanmyoe
SBNIAOE NSO 081} sanlAoe amso|D SOE 11%4 anso|y - 08l O} SSijiAlOR aINS0L) ansad
Padeig ag ISny JeA0) [BUL B10j0g JUBWOOE] BISEA 90U sheg

PETELE
eg 'apod ey (q)

“Ovm ‘(6 elueafsuliag {Psie| puewezos 08g Weve| 206 oes ‘014128 pue| "0o'BSZ 909G
{2) 80°+05 HN VLY LESOee | B 1J005-1GE-CLE 'GZ SpL - 095 'HHOAN 9| 1’6 DWIAIN 02 ~92:L "OYPN "ORA L] (d)os0iz 088 MDD LT U4 or
ucohleg uonembay

uonedljddy—uiajsAg 18A00 jeULY (SBJE)G JO uosLedwon) "o, ojqe)




L4 ]

‘teacsdde
Hiimee
QlepaLuIa
‘jeacidde pue
- ‘fenoidde ynm—AjEp 'Sa - - -1 Yym—Afep ‘s Ajiep ‘sap ‘leacidde yym ‘s

JOAOT) BIBUIBYY SMO|Y

uoijedljdd y—waisAg JoA0D) [euld 1SAJB)S JO UosUedwo) (panuRuod) o7 ajqe 1




26

‘Bunopuow

sefi anso|dxs|  lead sepusied “wieyshs jonuon
Jhwiad Auspeny syodas UoES JO pud pue Bupoyuowr seB
‘paugep Ajeoyoeds 3y Ag pasinbal Apapenb pue|  ayj woy sAep ‘9u0Z pajeimesun
10U sjuawBlNbal uetd Bunopuow |enuue yitm sjusod Sy papeuqgns ‘pasnbai ejep|  pue Jejem @oeuns
ng ‘[enuew s} W payisads Bupoyuows Ajoey spodal seb pue Ayenb Usjempunoi|  -Buuoyuow seb
suonelado w paiinbal SB ANUHULI /lRluawuciAUS aosuewnopad sepempunosb ‘yseas pue Buuojuow
weboid jo uogeaynusp) 1snw Buticyuoypy, ejempunosy | seb ‘Aenb seyepn jo Buydwieg Buuopuow| 1sjempunoss JO [BRILLGNS | Yes JeAOD DIPOLIa ] iDleMpuUnoIg)
sjuatwannbay Buiiojluop
‘wdsAs WIlsAS ‘Lwalshs
Bupoyuows sefb pue [03302 ssaone juawsbeuew
SYD1 jo uonesado AoBs ‘SO isiem aoeuns
‘SLIajsAs PUB SoUBLSRIELL ‘wialsAs Bunuaai ‘wajsAs feaodal
Bupoyuout 1iempuncif ‘Buropuo ‘SWEaisAs seb ‘sjam pUe jOJuoD Apnoas aps
pue ‘|eyoes)| ajis |eusjew Bujoyuow Buriojiuous seb ‘wejsAs| !sjuswnuow fanns
‘sef pue ‘sainesy 18A0D J0 Jeda ‘SjORuD ‘SO Hea00 Jsempuncis layempunoib Bupojuotit| 'swsisAs uogoalod ‘WIDISAS
joJjucd sjeyoee] pue seb| fainso|D isye sleak ‘waysAs uonejuspast aapeieban 'siod pugl  HORUOD Jo-uni Jaiempunoib pue Bujoyuows Busoyuow
'LUBISAS [04JUOD 13jEMm G} fof Juswaes Suioyuow seb pue uoisoss| Buuoyuows Ajioey| sueySW ‘Y| / Uo-Uni 'sadojs SHM ISHOT 'sweishs seb !5y
wiels ‘ueishs Janon J8A0D Jo Jleday | IS Hento jBU1g | 'SHDT 18A0D jBut AelusuuOAug | (WSISAS JBA0D | BPIS [JaA0D (BUiL WBIsAs 120 JUSLLIUIBILOD ||y weishs Janon
uojjeiad( pue sdueuIUIBH SWBISAG
BINS00 1oYe sieak
any Asone paynbal
OUBUJUIBLL sdew wawanes
lanod ~08{ "BINSOP "UleuIo |
UWOHBULION | feU) pue 'josjucD laye paynbal dew 1OBOD
‘UONELLLION | JoRU0S puR 'abesn JuStpas pue pue Aanns (e pue ‘afesn
e pue ‘ebesn| Apadoud 'saaioe UoIS0Ia '[oJjuoD :uetd asuodsas | Apadoud ‘sagnpe
-Ruiqisuodsal|  Auadoid 'salagpoe SoUBUSIUELY | Sjeyoes| pue seb fenuew AouaBiaws ainsop SouUBUIIELW
[BIOUEHY pUR D180 SoUBUBLIELL pue Buyojuous | ‘Buicjiuow aInsol suogelado -jsod 'sjewnse pue Supo)iLou
uus-Buo) 1oy ajnpayds pue Buycjuow Bugpniout | -1sod jo uonducsap gaueusjuiew | ued Buoluow ‘uejd a1en ‘918D BINSOPR 1500 |BHIULE pUB Buipnau
Buipnioul podal ubisap Burpnjaut ued uerd amnson & Buipniouy pue Buiioyuow pue areo aunsop-jsod -1s0d Bulpnpul] sueld ssueusjuRW ue|d ainsop
pue jenuety suciiesedg | amnsop-isod ywugng -jsod Jpwugng ueid 3nso)n 2UNSOO-150 2In8050-1504 pug 2inso uefd anse|n 3INSO{I-1S0y -ysod jwgng
MIIADY 811G pue Buipodey
JUBLILOLIAUS
auy) pue Aejes ‘(siseq oymads
pue yyesy ognd| -ois UC pausloys
0} Jesiy} B sasad se io pauay)Bua))
‘sieak oy ‘sieah oo 'sieak 0f ‘pauLapR 10N ‘s1e9f pg ‘pauyap JoN ‘sieak of ‘sleah 0| Buo| se Jo ‘sieak oo sieah g
polad SIUBUIUIRY BINSO[D-1SOd WNLILIK
Z06'G Hedgng 00612 2 '060LE
ovm (e LBLELE W osre]  'Leed's'ud g(e) L've L'Ng ‘08412 "0960Z 09'85Z
L1906 UN| HOELE-L WSO EE 006-19€-€41L 0BG 'GZ SML| - 095 ‘WHDIAN 9] '0Z Sl ‘OVINN Q2L "OVIN 088 "D RG L 098 WO LZ 093 "4 OF
ucioeg

sjusiwalinbay asueUBjUIRlY 8INSO[)-)S0d :$9le)S jo uosuedwon ‘g a|qel




6

[580°905 uN]

‘SjEuajeLU IISEM 10 ALY

|EUL 843 JO UDIBABDXS
sy Jo Buipping

AUE JO UOHONKSUGD
10 JusLuysiqeIsa

ayj ‘'sasodind jemynoube
105 uopesado uy sabuo; ou
ase jey) sease jesodsip
2ISEM 35N 0] PANGIIOL]

lvereg-

-ggl sjuswWaNnhal
yim Aiduion

03 Alessanau
SSIUN SLUSSAS
Buuoyuow syl Jo
Wa)sAs atlUeILc
243 Jo slusuodwoD
13yjo 40 'sietl|
'19A0D [BUL SU} JO
Abayu sy qimsip
10U {|BYS &5()

Ean) (o) (z) 00s
-15€-¢21 Dval
‘gluswaiinbal

yim Ajdwos

o} Aesseoau
SS8|UN SWBISAS
Buiopuow

3L} 0 Wa)sAs
JUSUIIBIUGD

ay} jo sjusuoduiod
l8yjo Jo 'sau)|
SBAOD [BUY BYS JO
AuBajut syt qinisip
10U {|BYS 98N

[161 €Lz ed 52]
‘$HSN aAjBuIB)E
30 Kauea

e poddns 0}

pue| patejabanal
i 30 Aoedes
pue Ajn au}
uigdxa o) pasinbas
si ue|d asn pue;
amsoo-jsod vy

Hey (g1 z-09¢
Hedang YuOAN
gl ‘sjuswalnbas
ym Adiwioo

0] lessaosu
$SI|UN SLIISAS
Buuoyuow

ay) Jo weysAs
JUDUHHB U0

ayj jo sjusuoduiod
JBLL0 10 ‘slauy
IRADD (LY BY) Jo
AuBayut ayy ginsip
10U |lBYS a8

{1'azog pue
TLYZ0G°A
Hedang DWAN]
‘SLWAISAS
Burcpuow
Jayempunocib
PUE auRL}au
PUE ‘WI)sAs
UoHOa}|02
ajeyoea) ‘JonoD
30 AuiBaut

IV THET

yeus ued
Bulioyuow pue
2JeD 2INSo|D
-1s0d & Buiajonul
juslanbas
AUNSOD

—i1sod sy} Japun
PROLNSDS St BsM

pauyap 1oN

[b'M's D®a

2] 'wewyedag
ay} Ag panoidde
ueid asn pug)
amsop-sod B

10 uoneswaldu
siinbey

[ENs D1eq sl
ays Buiueyuew
a|doad 0} pajLly

S| §5200€ pue
[l4pUE} PBSOD

UD pajonpLios ag
Hieys fjiagoe oN
‘Hipue; pasop

uo paygiyosd sre
Buiuing usdo pue
1a1em Buipueig

[sXayo6L12

‘085 "WID

2z} ‘ued aunsop
yym pasnbau

S| S9SN PUE} 2S00
-1s0d pasodoid

jo uondunsep v

[(8)o61128 WO 22
af)l}] "ewsio uepED
185w Jsnw seale
pajlypuel jo doy

uo sjuswanoidisl
jemnpnis

Jo UO[PNASUSY)

[{ryoB1128

HOD 42 @l
"SWIBYSAS jonuas
pue Buloluous

seb pue ‘swayss
[OJIU0D UCISOIR

pue sbeuielp Yanod
[euy ay} jo Ausbio
3 qunisIp jou fjeys

le)

(9 L9'BGZY 400
862 Hed

10 sjusliannbal
ay] yum Adwoo o)
AlE$S809U Ssajun
wsyshs Buuopuow
ay jo uoiouny
Y} JO tWajsAS
JUSLUUIBILOD

au jo Jauodwion
l8yjo Aue Jo
‘sialy] ‘JaAco jeuly
By jo Ajlibaju) ayy
Qingsip Jou [leys

SUOH2LIISSY 9S(] PUET 8INSOE)-150d

‘lenueL

suonesado v papnioul 2q
03 Ajjigisuodsa) [eloueuy

Jo jooud Buysiqeiso
10 poylali pue aieo

wis)-Buo) yum sjenosse

SI500 O SISAjBUY

"pauYap JON

-ue|d ainsop-isod
ay) sad pouad
ainsop-isod
24U 9y} J1ano
§]s00 gjpouad pue
[enuue Supnpu
‘BB BINSOD
-is0d janpuod

0} Aped-piy} aupy
0} 1502 Sapnpu;
"BJBD 2iNSO0
-Js0d 3o sbejanoo
SHONUNUOD

o} aaueinsse
[eiSLeUY ysigeis3

‘ued asmson

u1 papnjoul ag

0] B|QEIEAR DPEBLL
S [jiM Spun) yorgm
Ag sueaw pue
S}S00 SDUBUSIUIBLL
ainsoj-jsod

10 JuBWsSSassYy

-‘ugyd ainsop-sod
aly) jad pouad
amsop-sod
anua sy} 190
$1802 pouad pue
tenuue Guipnou
‘Bie0 NSO
-i1sod Jonpuod

o} Aued pau any
0] }S0U SBpNOU|
"alED BINSOR
-Jsod jo afieiancn
SNONURUCD

0} vueInsse
[ejouBUY Yskqeisy

“pauyap JoN

"SpUng
SAljeusye
sayjinads

pue 'Jnoooe
MOIOSS BU} WO
alqeliene spung
jo uogoalosd

e sapinoid
‘51500 Sjewise
03 pajugns
ueld jeioueUy
8Insop-jsod
pUE BINSOID

‘Pauliep 1oN

‘sieal
0F awWg Jso0 jenuue
8] S| IouUeUSjUIRLY

ainsoo-ysod

10} ajeunise 1500
ay] aateusiuiew
ansoP

-jsod 10} 3jewn)ss
1502 ay} JO Junowe
alj} 1S3 1B JanoD
0] {(sueauwl a0

10} pun} 9|qQeo0AaLl
ue jo JuaWys|qess
sasnbey

‘ued amsojo-jsod
ayy Jad pousd
armnsop-sod
2IRUs By} JBAD
5)509 Mipouad pue
enuue Buipniou
‘BIED aINSHD
-jsod yonpuod

o} Aued piiyg any
0} 1509 SepnY|
“alen SINSOR
-1sod jo abeianon
SNONUILOD

10} IVURINSSE
iBlouUEUY yshqesy

ADURINSSY |BjOURULY

sjuswaINbay douUBUBUIBY BNSC|)~1SOJ :S3)E}S O UOSL

edwo9 (panuiuos) g ajqe




G6

‘pousd oieo ‘(saunjonls

amnso|>-1sod s} JslueueD

PUE jlipUel aU} pauigluew

Jo 3y anoe sy} jO 8Juasqe

Buunp saunbe al up) Aenb
Jsouladdn s} lajem o jeaay) i pollad aled
o} [jypue| 1sy} e sasod s@bue| | aunsopsod
WO} SluangsuoD ou Jun ay) ul 23Ut pue
snoplezey Fjsem 8y} 1yl puet ayy
‘apew 1 JO uonesBiy SjensuoWap 1 Jo ay| anoe
‘susanbal aoueultopad 104 [eyusiod uen Jjojerado oy} Bupnp
jusIaylp aney Jau IRETET 10 Jaumo Jayinbe
'¥661 '6 flidy Joye sigejdaooe jo | Jew ejelsjsuowap By} N Jun ay) Jsouuaddn
asem pljos Bupdeooe uONEJSUOLLEP UBD JOUMO 3L} WoJj Sasesd) | eyl o} |jupue|
PasEad Yomym “18]EM aneuns e | Jpapuadsns g ‘polad auen BqEaasaln] 118U wioly
pUE SISBq |BNUUE UB Lo 10 Jjeempunoib syl | pue Aljsiwsyo Aews sweesBoud ainsojp-isod 0 UMDY | sjuan)isucy
Aep Jad suo} 0o} uBU} ojU] uorIsodwiooap Jayem jo Buuonuoypy | 8yl pue yun sy Jo} uoloe snopJezey
SS5| PHAIFIRS YOIm JO sanysuoo | Buipueisispun JO )Y daloE By MBS jo
€661 ‘5100 202 10 SJUBLIWEUOD ay9dwon ‘suoldaoxa Suunp jnbe Joj goueansse | uopelbnu soj
uolhieiado ul seypse ‘sjeyses) RS [0S ysowsaddn [erauey {enualod ou
'SjuanIsUoD 20U0 pajIUG yum Ajdwion o4 3 SIMSIN HIRjew | s aiay) jey)
‘saumea) feaisAyd ey sem plios jo Ajua | aq Aewl pousd O} paunbai i} oy [lBUS pUB auoz | Siesjsucuiap
10 Jie ‘'sayddns Jojem U} 1eep ued jey) Buyduies ale ¢B6L SjUBNISUGD psjeimesun uen
aenud o agnd eem {suonerado 1o wasAs Buyopuow JSjum aUy ‘6 laqopQ pue | snoplezey Aue aulso | J8umD ay
8OBUNS '9JBSUSPUOD sjep Aq Wdwexa B ulejujeLw 'silypue] Jau 6861 'v1 fewy Jo uoneibiw 12)EM a0BuNS papuadsens
seb ‘sef ‘piny 280y} 1saxe pue ‘sjeiado a{nop Jo4 uaamiaq pasop 103 jenusiod Ugjempunol ag Aew
1sjBWisA| ‘sjeyoes| SILPUR| [B) | '||EISUL [JEYS SI0umMO SHYPUET 'CB6L 0U S| 3Jay} jew 0} sases|al swesbosd
'auoz pajeIneESUN 0L0-15g-c21 Jad 2yl upue; welbosd ' 1800120 iaye sjeljsuowsp 0} puodsal BuuoyLop

au} Uerempuncis SjuBwpunocLl suonejnBas 1ge a}sEM jEdIDIIN BupojluoL JO U0 PBsOD | ued Jaumo Byl f ‘saIoe) ‘azHEBIRYD
JOjjuoW 0} S0BUNS [esodsIp -g£4| o} palgns e ssjerado | |ejuslwuoiaus io Bupesedo | jdeoxa sjjypusy [Ipue) Nap ‘SjjHpuR]
Wwniuiuie B Je pannbay BISEM DIHOS | 3B oYM S||ypuE) ey Aedioiuniy sunbay asoly pue fuelues Aejues | peys siojessdo Aepues jje
8 Aew sanoe} iy PUE SHEPUR] Y | (12 50 S1sumo Byt o uosied y S|ILPUB] Y SHUPUE| Mau iy l|E JO SIaumQ {e JO S1aumQ) 10 SIBUMD) JO slsumQ
Ayjiqesiddy
‘DVM £0-16 'S8y 89'852
050-002-C4L ‘|8l 108'g wedgng GOHMS 0EP0Z yBrosy
oA ubnoiy |8Z'cLZ | 02'Z 112088 ‘| Yed '8'UD L] yBrouy 08E0Z | 05957 085
0¥l ‘806 ‘206G HN P lYSoee 00 L SE-ELL ‘098 '5Z AWML "HHOAN 9 ‘02 Sl OVINN | 6-VPLL 'OVIN | 998 D e L 038 WIDLE W40 OF
uo|}o8g ucnenbay

I eitioge :

sjuswaiinbay Butioyuop 1ejEMPUNOIS (SBJE)S jO UosURAWOY ‘g BjqeL




96

‘d300M
§0 JopPaup
a Ag pasinbauy ‘s1skjeue g5z
s Jo Jutad Alenb soem 4D o) ‘pajoadxa
Aypoe} ur pauysp SjERsl euoneiado suojenba Alqeuoses.)
-uonenbal sy jo /06 s Jo ‘uonenbsy pue 'spunoduios Uy U papnppu {e13pay wawyedsap SIUBMISUCD
uonsas jo (Buucjiuocw | ayj o || xipusddy oebio aq isnuw ay§jo §| Ag pajsanba; SNopiezey pue
JIBLUSSasse)} ¢ puge | xipuaddy U ajseion ‘olwelio | ssjgef sisAjeuy xpuaddy pue uaym | ‘sjonpoud uoioeal
8fqe} pue (Buuocyuow | poisiE SIUSMISUOD HIPUB | sapnpu 'bezels Ayenpusiepy | o pue jaigel | uoneinBal sy | 8iget woy 'SRNIRSUCD ‘uone|nbal sy
uonoslep) | ajqel olugbiou ‘| Xtpuaddy suolje|nbai syiupeisy | ‘D031 uonoas | jo v xipuaddy | pue ‘ucpenbel SISEM [IE 'SHIIM 10 | pusddy
I XIpuaddy Ui papniou pue ojuebip U pRisty u: pgsn Sjuaniisuol) i pajsy Ui pAsn ul paysiy 3L Ul payyuap) U paysiy
WIa5U07 0 SJUempsUoT
‘Siuauiaiinbal
uopenjeas
eleq ypim
uogaunfuol
ul “ydaq
‘ueid 3yl Aq payinads ‘sjuiod ‘parosiep aiam
($10v) Bupoyuow asIMIBLI0 Buiroyiuout fje | ey || Xipuaddy
SHLL| UONJRIUSDUOD OV 00Z-S41 Ayjenb 1ajem SSI|UN “IS1eM pue ‘souey|diiod U paisi
anjjeuls)e Jo BuayIo Aenb AousBunuoco Bupuip 103 $0 jutod ‘sjjLug SHIBNISUOY
pue sisjeweied ‘1 apuaddy | iotem punocif ay 18661 {5701} s1ens| UOIEIUSILOD 10} wesbosd
Bupiopiuow DjueBilous 105 Ul pajsl 950 Bursn weiboid o) {Buiiuad) JUBUHLBIUOD ‘wesuo BuroyUow
SJHUI UoROE aaRuanald pue siejaweled Bunojuows uoday ‘welboud ‘wesbosd LNUXELL 0 SjUBNSLO juauissasse
10 S1sisuay) "uoneoydde | aseld JUBLLISSSSSE ueyd Juswsiege o16ojoafioipAy JUatUssasse uswissasse ay} o] jjensn O S1815U0D \dING 8y} Jo uonessD
wad Buunp 403 |} aseYd Buunp Yim uolouniuog Ut paysyqelsa Bunp Buunp ‘ajis yoea Suunp sHoMm ayy Buunp
PaULLBIaP S[EAYY ul paysiigeisg pauildeg Ul pauyap sjaasT sjeaa paysiigeisy paysiqelsy e paysiiqeysy | sy) w paysygelsy paysigeisy
{PJepuelg I91BAA) PAEpURIS UOTIDEI0id AHERT JOTEAN
‘ueyd Bujopuow
‘Bunioyuow Jo |RIUBLLIUCNAUS
‘pannbal | Jeaf puooes ey B} Ui papn|ou ‘pEl0SIep Si ‘Riessaosu
4 weiboid Jaye Buuoyuow Buyoyuow UORBLIHUBIUOD 1 welBboud ‘(Auessanay
uonejuatudus isjem punoib Ajrenb Jatem & Aenb 1gjem sSainsesu -AgEnuue podaa 1) wesbord
pue JUSLISSasSE SAjjeuls)E Aouabuuon AouebBunuos BA92II67 JO ypm Ajenuue dvD) | uoipe saosloo
‘Brunoyuous ejeyses) LOROE SA1091100 Jo saueys ‘pajoaap pug ‘pousd jusLIsSSassYy -IlUss pajeadal wesBosd uonoe | pue '(Aiesssosu
pue piny jejewIsk| e pue "welbosd asodeud ustm pejiugns amsop-isod ‘wielboid Sunse; SADB10D pue 3} wesbosd
‘Bunopuow jlam Addns Bunoyuopy ey weiboid pue pasedad ‘Airenb Jajem Buojuouw weibosd pue buydwes (4N weiboud Bunroyuow
Jsjem ‘Bupoyuow JBLUSSassY Bulopuow uejd Juslissasse |euojjesado DLUSSasse Bujoyuows | -suopeiueouod Bunioyuow JUSLISSaSSE
oempuncib | i aseuyd ‘weibosd jusuissasse 18jEmpunoLs) ‘Buygpue; pue weiboud uopoalap punoibyoeq uoljenjens ‘wesboid
uoposjap ‘fuyduwes Butiopuows pue weiboid ‘uojeadde o} Jod Apjenb Buoyuow | yes| weiboud SujuLaiap o) {eiyey) welboud Buonuow
Kyjenb rayempunost uolaeg Bupoyuow | ywuad ui papnisu Jaem Bunisixa uocisIap Bunojucws | weiBoud Bupse) Butiopuow uonoajep
aujjaseq sapnpy| | @seyd v uoneleq ue|d Bunoyuop ysigelss 1sny SapPNoUY JS1EMPUNOIS) pue Bujdwes | uogoalap sapnjouy sapniouj

suesBolg pannbay

Sjuswalinbay Bunojiuoy JBjeMmpunoIY) (SA)elS JO uosuedwion (panupuos) g siqe




16

ipue; amso-isod | Buuoyuot Aijenb
‘pousd Jopoyad sues | Buunp pannbas lajem Jonpuod
‘spouad sunsoD ‘pouad alen BIED BINSO|D ‘potiad amsop-sod g "BLaYD 0} SUUL} LML
‘sugjemnbai 1500 pue aUnso alnsop-jsod suonembas -jsod pue aled BINSOR pue {2insoo funesado ‘pouad amnsop
ul pauysp Butpniou ‘Aypoey pue amnsolD ul pauyep 2| snoe -}s0d pue ajf Buipnppun uf pauyop iy} snid Jrun ay) ‘852 Hed
Ajeanads joN ay) JO 8jf aAIDY '3y gy Ajeoyioads 10N ay) Busngy | aagoe sy Buung i aniioy | Atedyoads JoN JO 8y BA0E By ‘H40 Ot Ul ION
pouad asuegdwon
FELRTE ‘panoidde ‘Ruadoud fypoes
uswyedap 51 JASLDIM aq Aews yustuabeuew
Aq pauysp ‘Aiepuncq {fiepunog wied jueaajal JLSEM
aucz Juswabeuelw Ausdod wioy aMjels)e fipuE] uo aq jsnw SRR
ubisap jo spwy; 1o aky} e o eaje ‘B 0G usy} uy Cjpue) 1O JaUMOD PUE ([0 BISEM panciddeun
‘Kiepunog Auadosd “Aypoey s$e00sd | |esodsip payuuad ss3)) Aoe) | 8y} J0 Jaumo sy At paumo pug) juaipeJBumop ul Alepunog yun
‘asn Jajempunclb ay; Ag paumo | jruwiad ay) Buunp au} jo rejewnad 30 Jopawuad AQ paumo pue) us paeoo| pue 1s3yuny Juawabeurw
40 ued ‘Buucyuow pue| uo Alepunoq uswyedsp | ayljosiePw OsE | wsipeibumop | uo Alepunog Jun eaJe [esodsip 2y} jo sbpa BjSEM B} jE 10
jo jued se Jun Juaulateue uiEay je pauys( ‘ued Buoje wawsbeuew | (|enpe sy woy WOl slaistu ‘gjels panoidde
(€) 10 (2} ‘22 0FL HN S}SEM BUj L0 |BucpOIpSLn] uswseqe s patnbar SISBM Si8laW OG5 0G| UBYU] DO | “JIUn pypue} Jo Jwg ue Jo lopanp
088 Japun paypadg w pgL uey) ssaq a} Aq payloadg Jopun s|qeoyddy S||19pA a3y} s pauLa(] UBY} 810l ON Ou Je pauyag wspeibumog | sy Ag payloeds
{Bupiojiuop 30} .50d,,) 2ouendUis] jo Juiod
"ajepdoadde
SE 'anjeuiaje
paseq-yyesy 1o
punciByoeq oW
uo paseq Sdmo
‘SdMD JO
Y%G. se pauysp
(e} wun
UalIoe SAPaLI0D
{SdMO)
pIEpUE}S
iy uonoayold Hpooroz
“JLUIE UORBAUSDLGOD JUSWIS210Us 3Y) Jaempunolb ut pasi
anneuss) e parocsdde uay; Joubiy s1 10 94,08 ‘SpJBpUES SUORIBPISUOD
10 02 0FE HiNJo H )t punoibyorg se pauyap (JAY) abuuys arow soueunoued uo paseq {go0) ‘ajeudoidde
€ e|ge] U paynuapl ajeudoidde 10 ‘juslipedap ‘ajelidoidde ‘gjeldoidde iy Buopuow S| JAABYDIYM pue g punolbyoeq SE ‘SHLU
sE punoibyoeg SE ‘SJL ay) Ag SE 'pIEpugBlS se UBWSSAsSsE | ‘56867 W40 OF punoaByoeqg | uey) Jejealb sy paseg-uyyesy
JA0GE UONBHUSDUOD paseq-yiesy Jo | pausiqgeiss sy peseg-ysii 10 | ‘puncibioeg 'SJUSNHISUOD i0 962 OVIN 0} uospedwon uojiBljueouoD 10 'punoibxoeyg
payioads ‘punoibxoeq “1oW wawanioz | ‘punocibyoeq 1O 10 10N SNOPIEZEY 104 U BUAID ul pauusag 1o} punoibyoeg "TOn

sy

i UCHEIUSau0s

sjusweinbay Buliojiuoy Jejempunols ;sajelg Jo uosiredwod "(penuluod) 6 ajge).




86

‘sainpadod
SJUBUBILIBLE

pue uonelado [jam
pue ‘Guuoiuous

pUE UONEJE)SLE ‘sa|dwes

jam Bulinp fages Apenb sajem

pue yesy ansua anjiejuasaidal

0} samnpaoaid 109|100

‘wawdinbs ‘lojueo Aenb | oy syydep pue

Budwes pUE aoueinsse (eouerduron ‘$au0z payoisd
pue Buyup Ayenb pue 30 jod pue 'uoljeimes

40 UoRBUIWIEB]LODED jonos Apoisno anneal pue Jo auoz 'sigpnbe IoRUOD Ayenb
‘pasnbal lolue Ayenb pue Jo uteys punoibyoeg) Jsyio '1aynbe pue aguBInsse
aq osje soueunsse Aenb 'seunpasord SUOHEDD| jsouiaddn 0] joedus Anjenb pue
Aew Bupoyuow ‘sishjeus ‘lojuoa Apoisno jo [eonAjeue ajendordde JO uoloaIeR IS8 iee ‘loJu00 Aposno o
ffom Addns | pue uonosjo ueyD 'sainpasoid Juauidiys pue 12 syam | Jo) suoiedo| seayle pue uleyo ‘sainpasoid
IBIBAA 'SHOM | EJEBP ‘SPOyiaL esAleuE uojeasard 10 J18quinu saueduiod Jo Jutod [eonAleuR
Supsopuow sishjeue Jusudiys ‘uonoejoo usRyng 1B sjutod SuionuoL "uatdiys pue
genlans | elep jesusnes pue uoneaiasatd ugRUSWNIOP 1oL () 'sauoz peymed | uopemsasald sjdules
AN0y NN ‘spoyjaul ‘Dugpuey pue ajdwes Apoisno pue 'uoijeinies ‘uoijosjoo sidwes
“syoedu Ayioef |eonAreue uolpayos sidwes 103 sanbiuyos) 10 ureys pue §O auozZ 'siojnbe 10} senbiuyoay
pue 'sjuatpert pue Buydues ioj sanbiuyosy pue sanpaoocd ‘FouBINSSE 131}o ‘epnbe pue sainpascid
'‘Apjenb ‘SUONEI0| PUE 53INP300Id sishjeue Apenb pue | jsouuaddn jo sajdwes apnyou| "S|lam
1alem juaipesb punocubyoeq | ‘suoHIPUOD Siceds "SUONIPLOD pue Buigdwieg sainpanoid JejempunosB pisiA 03 | e Je uopejussaidas
~LIMOP pUE sjeusae -8)Is uo Paseq ‘pauyap ayieds Jajinbe jeonfieue sfam punoiByoeq (1) JJeINDoE sINsuD
-dn aunuIelep ssywads | 'Aemuyled Jo Jnpuoo sjuswennbal -9YIS U0 souueddn | ‘podsuel pue 10 I2guInu JusIsIung ©3 sainpasosd
0} sjuawaiinbag ‘iajinbe Jatempunolb Bupodal paseq sjjem Jsjinhe 30 so|dwes ‘uopeMasad ‘sisAjeue sisfjeue pue
ofjioads-ajig isouuaddn palaunoous pue 'sasAjgue jo Buioeds souladdn layempuncub ‘uonosyjoe pue uopos)joo vlep | Buydwes juaisisuen
“Aipoey Jo sajdwes 151y jo sajdwes pue Buiduses 1RIIOZLION jo sajduies angejuasardat ajdwes 'Spoyiall sisAjeue “tapinbe jsowladdn
al} jo Buthas Jsjempunolb 1spempunolb 30 Aousnbay ‘sainpanold laempunolb oe)joo | oy sanbiuyos) BIED [EYISEIS 0 ssjdwes
aibojoab pue piaik anjejuasadal ‘sBuises Bundwies anjejussaldal o} syidap pue pue 'spoyisii [eondjeue Jzjempuncid
sibojoaborphy 0] (uapesb 109}i09 o} syjdap pue syam o) | pou Bulpnow | 1epod o) syidep {saue|duos salnpanosd pue Bupduwes anpelLasadal
pue “EMOP pue (eoueyduwiod SpIEpUER]S 'SHaM sueid | pue (souekdiuod 30 juiod sepmoul jeyy | 'sBo) Buup ‘suoijeony 10002 0] syidap
‘uBisap Aypoey ¢ ueipess 10 1Ujod aaiejal 10} sjuauaannbal Buniopuow 40 wod ange|al SAleja) pue uones|dde punoiByoey sjeuiaye pue (esuerdios
'sadf] sjsem -dn | - pue punoibyoeq) | ydap pue uogeso| lleJopueid | pue punoibyoeq) punocibxoeq) puad | 'gyo pue ‘diNg 'dNa J0 od aayeral
‘8215 AJjI0B) | ¥ JO LNt} suoneso| | Jequinp JusipelB | jeonAeue aps SuoREDO| suoneso; | Buunp psyeass 10} sluawaxnbai pue puncibyreq)
Aq paupsalep SfiaMm 8leudoidde ~UMOD 9314} e pue gjep sjendoidde g 8jeudosdde je painbal weyshs Buioyuow Suoijeco|
sjuod 30 Jagquinu e s|em Jo pue Jusipg)b-dn | jo Buipodas Joy Sfiam jo 1agUnu | sitam jo saquinu | ued Buydwes Jejem aoepns pue | alepdosdde je sjam
Buuoyuopy Wwaoyng IaquIny JUSIING lam 3U0 1SB3| 1Y | suswalinbay pUETRITITS aoyng [FENEDS) isjempunolb jussaid | o Jaquinu Jusdgng

Sjuawalnbey WalsAs pue BULICIIGOW AJenD) $33EAn {B1aUBE)

sjuswoiinbay Buliojuoly J9jeMmpunois) 1S9l J0 uosuedwo? “(pPenuRuoD) 6 2jGeL




66

EES ‘ywoday |enuue
paull-eignop Ul apn|ous pue
104 pEanpald wetpedap o} ‘G00DMY
‘pannbai BJED BPIADIH Ag pauep
{Airenuue ey Buydwes ‘piepue;s Aausnbay
$58| OU Ing 'I0}aap Auspeny Iajem Buydwes
Ag paiinbai ‘sjudiuannbal o) Buiredwoo | pabueyo wolshs ‘Aouanbayy
SE J0) Affenuue Bugodal pue Joy saunpaooad Suuoyuow Buydwes jenuuz
‘padinbal -lLLSS JOPUOIY 'siejeweled pauoeds 'asuodsay -(LUBS LN
aq os[e Aetu {leoo "3'1) ajsem ‘sjuiod ‘Ajenuue Buisn pUE UOREIYIOU ‘Sluswannbas
Bunojuow Jo adAy ayioads Butiojtow to) -iwas fulduies ucHENREA asga|ad Buuoda)
HELY e Buisodsip jypue) sjusuwiannbal Upm y xipuaddy Ejeq ‘Buyojiuow pue ‘sapuanbaly
Addns Jajepn 10} syuswainbal ‘wempsuod | Suipnpou usyd “Allenuue-iuas uf paIsl ‘Aenuue 200 1BeA-5 'zZg pue uoijeoo)
| 8|gey. JUSIBHIP UM A4 souen Bugdwes Bulsopuow jo Aouanbayy sjanysuos -las Jseq) =06 UolInjosey Bundiuses Buipryouy
'| xipuasddy sjj2m Bupopuow ‘uoneinbal ey} 10 fauanbeidg | jElUSLUUOHAUS LNLLULL (UM Bupoydows e Buggduwes gOUMS ‘| XIpusddy
ul pasy Jejempunoid | o || pue | xipuaddy swedag ut papnioul '1 8Bl 0011 Joj palinbay ‘'sjuanysucy 0 sjuaBINbas | wi Pasy SIUANNISUOD
SjusnYIsuaD 1e 10} wesboly U} SILUBNHISUOD 10} Ag papiaoid Buisoyuow Uonoag Ul paysi welboid pauyep Joj jeaw $0 Buncjuow ay}
30 Buyroyiuow Buonuop Bupoguow apnpu; | wioy wo Buyojuow Alenb saem sigduweled Bunoiuos punosbyoeq 0} siolawieled | 2pnjout o) LU
|[enuue-jwasg uoneaQ | 8seyd JSILU WINUIY 40 Synsa) woday feuoieladp 10y Bugiojuopw uonasieg ysyqesy Buniojuo 2 Je painbay

i 1

{dwa) Em._mo_n_ BuLIGNuGH uonseeq

ap

sjuswannbay Suiio)iuol Jeyempunols) 1saje)s jo uosueduwion '(ponugnuod) g ajqe




aol

‘sleyaes| "SIENYISU0D

10 S{|om snojaaad pajoslap

u| papasiep 10} SplepuE)S
Slamysuos uoasjosd ‘slualuainbal
1o} Bugdwes rsyempunclb Buniodas pue
|[BNUGE-LLIDS ‘pannbai aeaIn ‘salzuanbaly
H Xipusddy 05 Butopuow ‘sjuswannbal ‘sainsesw pue suoneso|
HN U SJBMsuU00 jenuue-huag Bunuodal AI2S1I0D ‘sabueyo Bujdwes
10} aj2loes] ‘uonenbal aiyy WM O0ZELL pue ‘UOIIBI0} pue 55355y Hodai pue sapnjouy
Jo sisAjeU. | U] pajsy) JUSNISUCD Buisn prepuers Fouanbay Buydises ‘dNQg anuguon '8pItoad BlER ‘H Xipuaddy
jenuuy aleyoes; U0 JO BU0 uonpaod 30} uswiaiinbal “Aflenuue pue ‘rayem punoib U paysy
u pajo:ep | Joj sfem BuLoyuow layem punoif SaPNEIU| sa|qey SABD (06 Ulyitm Ui P2jodlap | SjuSnsuoD Joj
fisnoiaaid elpeib-umop e ys||qe)se sisfjeuy Aenp it xipuaddy sjuanysuan pautioyad aq
SIUBN}ISU0D pue puncibyoeq s osjy 18¥epn papuedxa Ul Sjusnjisuon snopiezey | isnw Buydweg
e 1o | xipuaddy BEETET "SIIBNHISUOD B4} Ul SJUSNYISUOD 0] 1ejempuncsB je sspnjou ‘S{ang
'106 HN U palsy pajosjep uaaqg i1 xipuaddy 10y pazAleue aq azhjeur ‘SAUNSBOL Bunokuow punaifyoeq
SIUSNRISUOD 10} aney punolbyoeqg 1o} 9z jeue ‘uonesBivw yo 0} pasu sajdwey 1SR pungy EL LTI |ENUUE-ILRS 13A0 BSEaHU)
adwes 1s)14 Heu 1BA0 SISEBIIU BN "s1@nd) UORDAHP pue Bjel ‘pajoalep s Ayenb ‘sjuawalnbal 1 punofsoeqg ssasse ‘Butsopuow Auesiubis
UoNRoE anjusaald ueogubis punoifyoeq pue 'uonepelbap saem Bunixa Jano Butpoda. pue 13A0 S|aAT) 'DHULIBUOD Bujotiuo ‘zg Keosnsuels
Ypm Ajdwoo o} Ayeoushels POVVXS S|9AD) Igyempuncib jo | ssesioul juesyubis uonD|LY BlEP Ul asesIou §1 ‘Bundwes | -gg uopniosey e S| a1l
ssucdsal asodoid | sansuaym painbes juanysuos yidep pue Juaixs | ey ued Bupojuow Burpniout "y ueayubs UCHEULBIOD HOHMS 0 1ansuaym
pue 22UBpaasKS s| Wwelfiaig §I paysigese |euee ‘fnuenb [ejUauELUOlIALS a3y} SAOQE aie Ajleonsnes wiropad Sjuawalnbal palinbai
0 soueoyubis Buuonuopy | aq st welbord ‘Ryjenb ‘asus)sixa ul pepnpout ueid | sjaag; i eueiBosd } wesboad ‘sseau j@ow wiesbosd
puUE asned ssesse UBWSSBSSY Bunoyuow ay] suiwiSRp 0) Bupoyuow Ajjenb Bupoyuotu Buponuow jueagiubis | o) siaowesed Bunojow
o} podas pugng TEE:ER JUSLUSSISSE Uy Aem sy} sayivadg | Jeyem AousBuiuon juswissasse uy JUDWISSASSE Uy Ajleonsnes y Buponuop JUSLLISEasSY
weiboid BulioyGOW Loneneag

1oje opad.

sjuswaJinbay Buliojiuoly 1ejempunois) :sejelg Jo uosuedwos “(panupuod) g sjge)




101

JUBLLUOIALD
“1ojem punoib ayl pue yyesy
ul pajalep uewny jo uonoayosd
SJUaN}ISU0D au} aInsua 0}
‘eaoidde SNOPIEZEL | AIBSS90LU $BInSeEall
j0 shep 06 & sapnjou unlaw) Aue aye)
Uit uBjdpiom Buuoyuow | pue 'pajosies Apawal
‘Ranpadsal WUYNG {ERULE UOIIDE BAI0BII0D
'spiepue)s ‘UOJIOR 108408 -IUBG uIBIay ayl Jusuwsidus
JUBLLIBDIOD pue ‘JuBWIWoD Yy 188 ‘piBpuEls uogodoId
pUi Juw uoljoe ayghd ssazppe sjuswalinbal Jayem-punocsb
anjjusassd ‘sainseal ‘soueidwion "UORDE Jo) Burgodar yim souenduwos
JO 8ouepaaIXe I 2seug ‘uonejnbas BARDDII0D SajeSUOWAD | UOEPUSWILLIODaI | PUB '9iNpayss | 2JBNSUCWSp 'Apawer
104 (9 9qe ) uf paysiiqelsa 1Y [ONu0D 10V 18 {enuajod pue 'fpawal pue ‘Bunopucu uotjor anaalIes
92 0FL HN piepuelS DIX0 |} [SPON Bupiuug sjes Asiuspy 40 SaAPaYD ‘vonesluadui o} Buiproaoe ay} Jo ssauaAloaya
pue (g ajqe} Ui Juelduiod Y "OVYM OPE | |eioped 8Y) Jepun 1snwt pHoday ‘PEARIYOE SI pajeipul 'sansesw piepuelg ay} ajeaiput
Y2 OFL HN st Jsjempunosb -£41 Aq pasnbas | pals| slusnyisuoo ‘pIEpURIS gouesdwios jey) '‘Bunojluow SANDBUI0D | ISIBAA BUI UM ‘wesbord Bunojuows
Ul pajsl| suMioe jpun Bupchuow SE sainsesw 104 JUH] 1IN Aienb | pue uopepawe) JUBLUSSSSE ajqisesy aoueydwon jUswssesse
palnbal |t @sEYd 2} SADB1I0 1e Bupniow ‘Jaw lolem peeoxa [ ainsua o) uoloe | jo sjuswannbay 'si01daoal SaAsiyoe ue Jo sjuswainbar
gjqissod jo Bunnp aseaow | Jo uoyejuawB)dun 10U St pIEPUR)S {11'z-00%2) SAI}281100 J$N SjoaLL jenuajod ‘ojey | Jabreyos|p syl LNLUILIIE 243
abuey ‘uodats eoyiibls pue ‘uoRJ9les | udWRege ue Jeyt | 15H sisiawesed 1snw wesboid ey wesbosd uBUIRILCD 1By} ansua 18@W Jsnu welboly
JUBLISSBSSE ERSETET 'JUBWSSISSE | sajeipul sisAieue papuedxs | "y dA0gE IO R Sujoyuow ‘asea|al pue yun ayt | ‘spiepuels uoipaiold
1o ndu I pojuaLSdw UB eyl Isnw pue uonepesbap L s1s)sweied ake || 10§ sjgqe] iaem JO 3INjEU pUR | WOy sesesial saempuncib
UG PISEq ¥NG | pue paunouad &G | Sisumo 'SpiEpuels JyempunosB Auve jt | woy usnysuod punoil uogor | jualXa selENEAS uonepaLusi lano papaiep
Aq papsolas SN saINSeail uonasjord 40 soussaud | pannbal poday Aue jo SAOSLI0D usuissasse 0} weibBod St JUSNYISUOD
ainsesl aadaLoD Jaem punoib | oy laye pasedad SaINSEap| S|ond] uoKYBiap e jualapdity salnsesw uoloe 1 Xipuaddy
osuodsay | 10 JUSLUSSasSE Uy psaoxa s|aag) ) | — ueld Juswaleqgy SAIB1I0N 1 pajesin puE Ysigelsy anos1I00 BAPBII0D ue j pannbay
{av ) weolg UD)IOY BARDELID,

: v 154

sjuswalinbay Buliojiuop JvjeMmpUNOIS (seje)g Jo uosuedwo?) (panuiuos) g ajqe




0L

9
‘slipue Iy WD 12
10§ sUB|d SiNs0ID apmeleIg
pue uoneiado Jo
UBld— LG HN DV SlIYPUE JSEA | sllpUET BISEA PIOS lediuniy
PHOS [BIDIUN | ) SDUBLLIOHE JO SPIEpUBS
“SII4PUET Wil 4 suoissiwz —MAMM HEedang ‘09 1ed 'D
104 Bunopuoiy Mdmmmww Jajdeyogng | saideyd "W4D OF
|BJUSLULONIAUS ¥
—L0G "N DV - 1'0GEL Biy S{pUET 3ISBAA DiIOS
350D WINOG | jedidungy Joj sawn | aousidiue)
BB ‘uopn|iod i PUE $3UIePING UoISSiWS
feuonesado |iypue Y J0 UORIGIYOLY gﬁﬁummﬁw —o70 vedans ‘09 ed ‘0
~—90G HN VM -G =12 OYPN SJUBLIBANDS Bl lajdeyoang ‘| 12ideND 4D OF
{1-g8) 8Ny Siypue SHHIES ‘Al Ledgng ‘Buinusialey s1dope olfs Si)
"BLIRIY) UOHONKSULD) jusuabeusyy ajsepn ledipiungy | juawabeusyy | ybnoiy | vedgng ‘SjjypueT PE 3N SIY SliypUE S1sepA plos jedoungy
pue 'ubisag SISBAA|  SIUPUET BiSEM —g A7 J81deyn FSEAN juswabeuep ‘suopgnboy fejueg | SIUPUET DISBAM | 10y enoin—agE Hed {uonenBal
‘SousuLopad | pilog | seueg|  puog jedijunwyi  aisepn lediounyy | plios--gog SISEAN PIOS a)seM|  —guoposg| PHOSIBARWNW| g aungng) | seldeyD "y40 Op
‘UoHEIa] jlipuEy| ejny aAnE|siBan 104 BUBD A 25y edang; | Led ‘6 ialdeyn|  plos—yz pue;  ogueideyp|  —6ZE ainy
“~b0G HN DV €L AWML} —OUM 15E-ELL 8pO0 UUSd 6Z|  "WHOAN 9! '0ZBIML OVWN|  Z-9Z:Z DWIN 1o L] FANOD BISRUS | oy sy ueaiD Jo A pue 'fit || Bl

uosesg uonenbay

suopenbay |onuoy ses [jypue isajels Jo uosuedwon ‘gL 2jqeL



€0l

[(9)80'008

"N} “Jie snopiezey 1snquioo
pug 1231109 03 WaISAS

B ||BISUI [IBYS 2)SeM pijos
jediounwi pajdaooe aney
pue _pA 000'005 < Auoedeo
ubiisap yim siiypuer

e

{rpog-0sel 1ahe
Buguaa-seb apnpul 1snw
J3A02 U ‘sjupug; Iy
uesio Jog ‘pue|s| Buo uj

(=) ¢ 8-09¢] "uonefu
oz ) paubissp

‘SpIEpUE}S
auByew ainsua

0] J9W 8q Jsnw
wesboid Busonuouw
BUBLJS BURNOL Y

"pRJONUOW 3G 0}
pasu |{im 9)s ay) ‘'seb
lypue| g peiesn

$1 8OUESINU IO pIBZEY
B saAsliaq HINMID

1o "Ruoyinge auy {e00}
‘fouabe uswaoiojue
2y} UBUAA apIMeIEIg

[adt-osii] nwpue

-0L0-1GE-ELL 84 SO jjypue| mcmuwuxm SAfIOBUL PUE BAROR
((e)eovos Ovin] “siiypue pue sucisuedxa pue eaig yoes o} soydde [{eyoss 09
HN] wisAs uonoelxe asodind pajiy afseyosss moy deop ayl ainy nseon :?om ‘"4 ov] "LB6L
anissed axnbai seb Ut Jo pasodsip SpISING PBIEIY) {ljpUe) ‘og Aeyy sye Jo
aelsuab 0] fenusiod yum sisem pios MU 'S|JypUE| [ ues(> “uohisodap| o payipow 1o
a)1seMm pljos edisiunw-uou 0 sadA} sayjo ydaoxe ‘pues; Buot uj SISEM 2ININY L paonisuoDss
Jayjo 10 3jSem jelisnpus 10 'FSEM PIOS Io} ajgejeae Apeded 'pajaNAsUOD
A|uo yd@aoe yayM S|PUET] {Blisnpul “ajsem Teoyviize-ooe ubisap [RUGIIPDE SBU|  suupue; S
poom ‘ajsem oag] atow o 14B 51x08 10 /@61 '8 19GUWBAGN
Kz} g vog uN uofiowsp 10 Sjei UOISSILI® DOWN € oUIS Bl Aue [(@)1vese
‘waysAs AJaaooal anDe pue Ja BARY JeU) SHUPUE| JO 'L ['zoy le sysem pejdedoe Y]
ue yum paubisep eq o) ['|1-)-gg] ‘sisem en@oal Auo QLS T PUR B 01,6 ‘Al Hedgng] SEY [{pUe] ajsem ov} 1661
posU aisem oS [ediDIUNLL | pIiOS JO [esodsip lo ey} sampoe} < fyoedes ubisap saey Ayuenb prlos |edipiuniy e leqopQ Jeye
1deooe jey) spupuel jy | reysuel; 'Buyoksal]  jou I ‘wHOH ey} spypue; ‘Ameden Aue Jo sjsem pue 161 'OF Aepy 21SEM an@0B)
‘Bujsoduics 40 D apgng uBisap jeuoyippe piios ansoas| [5(Q)' 112022 Sl0j9Q PIOUSLALIOD L yeu 4G
[10'692 | 'Bussaocoid sy Joyi iopun payjenbas SEU 10 /86| '§ AON 12U} SigPUB | SYEN] SUSHEoIA [e'13g SEM UO/JEDUIDOLL uoisuedxs
Jejdeys sanjels LISUGHSIAL | a|qisucdsal St oum jou ase ['t'e2zed} oows sisem padaode tol ejsem epads suoissiwa| 'oag “9ieg 10 “Uoganlisuoal terae;
L0-£0] ‘seiiioe) jBSOdsIp | BUOAUE 10 SANHREL  jRY) 9SOy} pue| 7] SHupUE| Bjsem| 'pauipoLL JO PaRIONIISUED 10 jediDuny urynsaljou| 4] siypue ‘uolomIsue) pue ‘Buysixa
asem Pos [je o} saddy QYSeM PIOS Iy TSI Mau iy fedpiunw jy sfipue; o) saliddy e o) seddy geys seos) Iy Alejues v ‘Aunog eyseys ‘MU §y

Ja6fi | Anprgesyddy

suopjejnBay jonuoy sen {|ypueT] saIelg Jo uosiiedwod *(panuiuod) g 2qeL




0L

[oyzeeeLz

eg 6z} seqioey
JO uoHoOnAsuUCD

Bunp papesy|

ll@wzozre
-0otl

-3AiBiN 06 > ajel
LIDISSHIG SMoys
Buyduses ¢ oty
Jo Z J8] Ssapn
B 05 < Sjel
UDISSILIS YDIm
ur jodal jenuue
1524 ISR SYUOW
OF 4iypm |jejsu|

Jayewined

18 137 %EZ >
O 3L paaoxs
s|ane] seb uaym
uiisop 0) paau
siypue| Bupsixzg

Hpdiosil] ued ubisep

0 [BRRUGNS JBYE SUIUOW g1
LRL] JB)e} OuU wWid)sAs jJ0RUeD
pue uoRas|oo ajelado

PUE jjBlSU} 3SBOY WINOg
[eosze]

JABIN 057 DOWN Uotym

U Woda [enuue }siy Joye
SUIUOW OF UM Wajshs
feisy :unog eiseyg

Hy(2)es209 "W
ovl pue [{e)-29¢709
“H49 oFl G

06> smoys Buidwes
€ 13|} 10 Z 18l ssajun

TA/BI 0G< DONN

yolyMm Ut podas |eniute

1814 JBYE SYUoW 0f

LYim wisshAs joijuon
puUe Uoda)o e [eisyy

aulpesq souegdwo?n

fzeotel

-ggl "ubisap [ypue|
ul papnjout aq
SN Yoioa)oo seb

10 poyjaty pasodory

[eyiatesz

Bd gz} ‘uonedijdde
yunad jo [ aseyd
Ul papnjot 8q 0}
spasu uejd joluoo
pug Gulojuow secy

[teywezoizz
-09g Uonoag]
&6 DS < BBl
UDISSILLD DOWN
HiBak | ulypm
ueid ywansg

e dyLvz-9z:
LEL OVPN
foRuoD HONnHOS
iy JO neamng

0} Buipioooe
panituiag

[peag

298 '3 12Q /]
‘Juswabeuepy
BISEAN PUE
Y 4O UoISIMG
10 vonoag
ainosay iy
WIoS Jubad
sinbar Aew
SUOISSIWT

iph-ogiil

"SAiAIE jlipug; 1o} ajelado
0} spuuad 10 JONHSUOD 6}
spuwised 10 suoesdde ypm
ueld ubisap WaIsAs (o0
pUE UORIB[IoT Juoads

-8)is JaNg :3sec)d yinog
[zosztl

AN D5 St Bje] LoISSILD
DONN 38yl Buluiiayep
Jaye Jead | uiypm ueld
IUGNG :Ajuno) ejseys

[(zr{a) 2608 '"40

oyl SA/BN 05< 51 938l

UoISSILB DOWN B4}
Kaesh | uyym ueid

ubiisap waishs jonuoo
PUE UDKD3YI00 NGNS

SHLUMOA
Aq s DEXG'E f0

ssew Aq By 01x5z<

Ayoeden ubisep i

8|npa

Yog uejq asuejdwon

suonejnBay jou0D SEY Jjypue] 1S9je)g Jo uosyedwio) ‘(PanuRuo) g4 e|qel




501

{{vy L 905uN]
‘Aepunog
fusdoid fypue
& UoKoa}sp ou
amnbay Aey 137
%00} > Alepunog
Hypue| jO 002
R Jte 1o Buyly
10 sy spisino
SHOS Ul Samons
Ul 131 %52
HOHERUSBOUOD

[(1) 80 ¥05uN]
‘seb ansoidxe

10 uonerBiw
uaaaid 0]
paubisap aq feys
ajsem Bundaooe
Sliypuel iy

B (%) +0 v0GMN]
"(SpyHN) swelnod
snopJezey

10 (020D

ui sy Bupasoxs
UOISSILUS
snopiezey

aney jouuen

[apuevieply
-i-g¢] ‘Aiepunoq
18 7T pesoxe jou
saop pue Auadoid
UQ samnijons

37 %ee>
UOREAUIOUOD

e

-L-£8] 191 %sZ<
Aepunog Aypoe;
puoAag pusixa jou
lteys seb anisojdxs
10 aueyjaw
FLRVLIIT=INTE eliiole)

[e'c00z-96-cL1
-Oval 1oV iy
uee;n) jelapad jo
04| UoR23g Yd3
‘SN 10 UBjy
uoneuaws|duy
ajels
uoybuyseps

AQ sjuawalinbay
SO JoU saop
Jun Jey; ainsua
}SnWw sisumO

[(e){p) 00z
~LGE-ELL DM
'$S@IMONAS YIS
<30 Ul wdd 0gL>
UOHERUISUOD
pue ‘Alepunog
Auadoid

e 137> pue
sainionis a1
%GE> BUByaLL
1o uoleljUSIUOT

[la)zee €2

ed ¢zl 'seiyadold
anelpe

40 SUBANIO0 pug
‘SRINIONNS 'SINIOM
0] sbewep Juanaid
0} 9IS UHHIM

sasel jonuog

[eyeszeLe

Bd 57} 'sauepunoqg
e 137> pue

IS Yo SaINIONIS
W 37 %G2> sians|
sef s|gqusngwon

vz

-0gg uognag]

‘aul| Auadosd
puokeq 197>
USIBALBOLOD 'a)s
-40 10 U S3INJOMIIS
Ul 197 %G5>

ag 1snw seseb
uonisodiueaag)

gLz

-pgc] 's1op0 jeauD
pue uonejaban

0} abewep

Juanaad ‘saunponss
UE 37 %he<

se6 jo uonenunooR
usaaud

‘B)Is-yo seseb

40 uonelBiu aasid
o) paubisep jonuco
sefi jupue) sinsoln

[{z) pue
syrrerize
-0g¢ uoneagl o
% ¢ 1B suUeXal se
auwdd gz uey; sso)
0} UOREHUISUOS
DOWN 8o
0Npal 10 %86

Ag DOWN sonpay
‘pasn S| A0IASP
UONSNGUICD Pasoi0
g uaym 1o Juadad
biam o6 £q
DOWN paonpes (z
ubisap

ale|  uado ue si {|
jBy} wialsAs
[01]U00 O} Sjnod pue
seb [ypue| 129)j00

{2

PuE L'g'Z0t Al
Hedagng]
‘Alepunog

uo 137> pue
safjipoey w
%GZ> 3q pinoys
SUBLJBUL JO
UONERUSIUDD

fedyrive

~ 92, OVIN]
widyshs Bunuen
BANDE 1O YeIp
paonpu; siabibly
NS

E UWijim
UOHENUSOUOD
Aue 10 137 %52
JO uogos}ap

v sejewiiad
37 %2

> JO Jkil| pasoxa
s|aas| seb uaym
ubisap 0] pasu
siiypue; Bugsixg

foyag

295 'Dieq
2131 wees
Alepunag je
pue SaInonls
Aoy
uoienua3LoY

‘sajdies pajelbaiu

Aq paumiiaiep awudd

‘saqosd Budwes
SOBLNSANS L '[OA %4,C »

RNTT
paupads Duspasoxs
w0y} sueyjew se
painseatu (spuncduwion
owebio (ejo)} 00OL

30 UOBAUSOUOD Jusaaud
0] LUB}sAS UoRI9)jon seb
HupUEe} SjesRdQ "ash 10
ajes yusnbasgns 1o} seb
paps|ed $so004d 10 20
%€ J& SuUEXaY $B ALldd
0Z> 0} UolesuadU0D
DONN 1sino

sonpal 1o Jybiam Ag
%86 15834 Je Ad DOWN
aanpal 0} psieiado pue
paubisap WisAs |05)uoD
0} ajno: pue sef jjypue;
128jj0] 13se0] Ynog

[£52£°09 YD OF) ‘audd
oog Buipasoxs wogy
SUOHRIUSIUOD BUBYEL
Q0BLNS Hupuel jusasd
0} WwaysAs uonosion seb
Hypuel sjeiado {25209
ud0 ovl {z36z¢l
"3sn 10 ajes loj seb
Pe129)j03 ssaooud 1o 70
%€ Je auexay se audd
02> 0} UOIBIIUSoUCD
J0ONN l=gno

anhpal Jo uonanpal
DOWN ublam Aq

%B6 UM LWII)SAS [olueo
03 snos pue seb |ypue|
1paiog :Auno) eyseys

{{(PYess 09u400v]
‘UpUE] JO BoBUNS

e punocibyoeq
anoqe wdd gos uey
$8a| LONBIMBouGD
aueylawl 0S WoalsAs
LUONAB|Ie0 ajelad)

f(a)

(i (2)(@)zsL 09
449 o] pue
{oyoeg 09 'WdD

Ov] '888] 10 %0 %g
18 siseq Aip ‘auexay
se awdd gz 0}
SUOIBILSDUOD JafiNno
DOWN aonpal 0}
paubisap paysnquued
pasope Ue

10 'Wbiem Ag %86 Aq
DONN Ul bononpal
e ‘ufitsap arey uado
ug Jo sjuaualnbal
ay) 1asL jsnw
$TIASP JOHUOD
oW

10 246 0ix08

jO JOKNN UM
ubisep w ojx5Z
1o mm_‘_._ OIXSZ

ueyy joyeasb
Anoedes pue

‘1861 ‘¢ AON loye
a)sem pajdande §)

[z oue

dang 95z 094 400%]
‘Aepunog

Apadaid Apoe; 1
137> UOIBIURSUOD
pue saunnis
Aunoe;j ut T319462>
seb sueylaw

SR CHUE WV

sjugwalinbay souvewousd

suopenbay jonuo) seo |jypue :sayeyg Jo uosuedwon (panuguos) g ajqe




901

[ yBnony
Brzlerare
-08¢l
“BunicHuow
aoBUNSHNS §O
SPUNOE § Yim
uoiedgssau
seb anisoidxe
Suiprjout
uosebysantt
2INSOF

s (W gve-9z:L
OWPNI 222 DVIN
1ad Buissuibug
AjenD Jiy 1o neaing
Y} pue uISING 9yl
Aq paulwialaep siseq
Papasuy $e ue Uo puy

loWrviozs
OvrN] “Anuenb
pue Ajijenb auyep
0} UojIRYSLOD
pug ubisap 0}

—| Joud pajdiues saseg)

UpyiosiL] dnueys

[EIY] Jaye shep ggt

uey} Jaje| jou ing ‘poelsdo
aq M AHioe) Yoiym

e ajed uononpodd wrluxew
Buiasiyoe Jaye sAep 09
WUYIM WISISAS jOolju0o seb
HUPUE] JO }s3] 80INOS felliu)
1NpUSD HJSEO0N Yihog

[¥oezel wesks

0 dnjiels jo syuow

g ulypMm LuSisAs [osuos seb
jlPUE] J0 153] vueunopad
{Eli JonpuoD 6Z'El
‘suawsanbe: [e1aps) ypm
jueldwos pannbe we)sis
[ORUCD pUE LUOHIBYI0S ti
iw gz Jo By pw g7 vey)
ioyeaib $1 Ayoeden ubisap
fiupus) 4 :Auno) ei1seys

[(9) yBnoay}

(£) (e 564 00H400]
‘Sians|

uabAxo so usbosu
pue 'ainjeisduial

oM IBpesy Uoaa|00
s26 sy ui ssnssaud
abneb Joy ‘Auiuow
{f9M Yoea 1oJLORY

sjustuasnbey Bunsay pue ubiseq weysig

spunoduios

osiuaBournien 1o/pue

JIX0} 0} ansodxa oluoys
pue snoe asiaApe Jusaasd
0} PR|0AUOD 8g PINOYS
saseh aoery Mepunog
aaneusale Jo epunog
AJjoe) JE J1B L] SHUMOA

AG 9,5 pRLOXS JOU IShLL
DURLIAL JO UCHEAUIOUOD
SHDNAS AYS-UO UIYIM e
U SlUnjon AQ %4677 | peadIxe
jou pjnoys pajelsusab

seb sueygaw ‘ainsop

~1s0d pPUE NSO IO
‘Alepunog

Apadoid Apjioe; e

T3 pue saunongs AJoe;
Ul 137 %S¢ pesoxe 0f jou
S[9AD| BUEBLESW apIMB)elS

{(P)1-0541] "s0RpNS
[JEpUe; Uo udED0] Aue jB
Supoyuow snosuejueIsuE
Aq paunwialep mutdd 0og

(panunuos) syuswiainbsy ssueuiouad

suope|nfiay jonuoy seo jjypue :sajelg Jo uosuedwos “(panuuod) gL ajge]




0%

[(L)yzezos
UN]
‘uabAxo 9,

pue aueyjaul
1o} Ajsauenb
a|dwesg

(2reovig
HN] =insojpo

10} wesBosd
Buioyuow
EEN

wigrvaoly
-1-¢g]

oia ‘nB6ojoaboipAy
‘SUOIPUCD HOS

uo paseq wesbord
Bunoyuow

BABY 1SN

Huy )y
“00Z-LSE-€L1
agn] Aepend
0 fouanbaly
UM LYY

{itayrvooz
-EGE

€41 DYl e
‘sifojoaboipAy
'SUOIJIPUCD

10§ Uo

paseq weJboid
Bunonuouw
URNOY

(pyeszeLe

ed 7]

‘ued pascidde
Ulim 22UEBPICI0E Ut
2IN80j0 JoYe pue
suolieiado anoe
Bunnp Ausuenp

oy Bize
-09¢] “Ajyuow
aimeladws)

PUE 'GOIJBNLAIUCD
uabAxo Jo
uaboniuy *sanssaid
abneb ainseapy

[(a1)

yBroiu ()L 122
-09g uosnas]
‘sainpsoaid
Bugdures payweds
Buisn sians|

JOWN sldwesg

Hptsiz

-0l "sieah og 1o
Aapent Bunonuow
RSO 150

{0)62-00g] umd
N ' O Ut papnpul
wesbord Buponuop

{(Z)y21-z-09¢]

‘08 ‘ABojvabolpiy

‘adA] |1os uo paseq
fouanbaly pue

2] yumw uonesedo
(efpu wodn pajegu
we.fold Guoyuow
seb BuoBug

[Z'petoeor
‘Al pedang]
"Ajsauenb
Buraq winwuu
lim ays Je e
‘oi6ojosboipAy
"UOHIPUOD

j10s uo paseq
Buiopuop

[{n1) yBnoyy
Woluysve-ozie
2Vl samnpngs

lte 50 19)3wad

pue Jayeuited

31U PUNCIE jENUYE
‘aalloe JO BUOZ Jayng
jo 18)uad punose
Buuojuow fleyeny

s (@eve

921, OVTN]

'saseq Apayenb

B uo pauuoyad
fanns sed aueyjew

lwe(@reve

-9Z:4 DVrNl

"SifaMm J0 UDJPONIISUoD
pue ubisop oy
palmnsgns aqg Aetu

6 (U)'8've-92:4 OVIN
Ylim oUepIoIo.

ul Aanins seb pouag

e(ayevz

-9Z'. DVl

‘adojs jo a0} 0] 25010
pajedo] siajdues
pue jjupuej Loy
vogesbinu Jojuop

{agasoeg

O feq 2] "podai
lenuue u| synsas
[eonfjeve
apaoid

pue Ausuenb
1589 Je sidweg

‘spunoduco
osiuaBounies 10 010}
0} 2INS0dXa SlUaHD
40 IINDE jo Aprgissod
B §1 818y} Sauwiajep
Y3 8y} usym

sasel aoes joj painbal
aq Aew Budwes
‘pouad Buuojuow
au Buunp sueyjew
o pajdwes aq jjeys
saqosd Bupopuow jiy

‘paluasdwil 8g ysnw
ueld vonelpawess e ‘13
[BBOX3 S|aAD] BUBL I
3 -Aep 1ad suo) oz ueyy
s3] taooe jey) sjupue]
1o} ydaoxa ‘Auauenb s
Bunoyuows jo Aouanbayy
wnliuw ‘ap|meels

[(a}i-ogi1]

‘Bupiojuow soeuns
|jUpuE| SnosUBIUE]ISUE
pug pajesbajus

uuolad "fsepuncqg
{14pue) Buoe seqoid
aoeunsans sjetado pue
HEISUl "801A3p (0U0D
o moy seb ypue| pue
aimesaduie] Jsneyxa
ay jojuowy seb
{IPUEL Ul SUGIEIUSIUGD
OVLPpuUe J0OL

IoYUOlY 3SBCD HINOG

[eg2'00 w40

oyl ‘suonenussugn
SUBHISW JIBUNS jypUE)
J0JUOIN "SOIASP JORUOD
jo moy seb jypue| pue
simeladwa; jsneyxa
ojuop seb gypuet

10 Juajueo uabixo Jo
uafiouyu ‘anjesadal
‘ainssaid JORUOWN
:Ajunon eiseyg

(1) (2re62'08 "u40
Op] suciiequasuoa
aueyawl

JVELNS IOJUOYY

((£) ybnosgy
(1)952°08 "H4D
or] ‘simeisduwey

pUE "SUCREIUSIUC)
uabixo

10 uabonu ‘ainssesd
abneb jopuopy

[(#)

yBnoay {2y (2) #6209
‘W40 orl sampaoosd
Buydwes paiynads
Biysn suonenussLod

DOWN sjdwes

{(¥) 19°d wedang
"8GZ°094400¥]
‘wiaysAs BuuopuoLr
seb Bunesado

pue Bujurejuew
apn|oul Isnus

29 BInS0-150d

12 pue (1) {dyez o
Hedqng g5z 09 ‘YLD
O] ‘siseq Ajsuenb
B U0 019 'SUOHIPUOD
oifioj0aboipAy

‘adA) 108

uo paseq welbold
Buoyuow sunnoy

sjuswesnbay Bunojuop

suonejnbay jonuo) sen |jpue] :s9jeg Jo uosuedwos) (pesnuyuoed) gL ejge




80t

fvgrovy

-1-g€] "pi0aas
Buneiado Aypoey

Ul uejd uoneipstusl
Aue pue
Bupopuow woy
synsas Buropuow
seb apnou ospy

lay-1-egl
‘pioaal Buijelado
ays-uo Ul weiboid
Bunojuow

seb apnpou)

fweglo0e
“ee-eLt
-OWal "plooss
Bunessdo

ul day 8q

0} spaau uepd
UoREIpaLIa:
puE S}nsa;
Bupoyuow seq

trize

-0g¢ uonoas]
‘glep uojjesado
pue ‘siajouiesed
119)8As [ONU0D
‘a1l souzydeooe
ajsem 'zlep
w9sAs uonoajon
'voyerauat

seb psadxe
WINELXELL
'J0puUaA

SHASP jOIUCD
"awdnba
|0ju02 ‘ajel
aouedaooe Jeak
-Ag-reaf 'aoeld
“LE-SISEM PIOS
10 JUNOWUE JIasIng
‘Aoedes ubisep
10 spiooal ‘aep
0} dn sieak }

{aeig

288 "D

[eq £} pouad
anson

-jsod jo pus
un Jojesado
10 JUMo

Ag pauieyar
o4 jsni

‘018 ‘Bunsa}
‘Brpoyuous
ue
UOCIJELLEIOY

[1-0514] sisjesy sseooud
pue ‘siajioq jo uojjessdo jo
spouad ‘soidwes seb jpug
O UOREALEDUCD PUE LONED0)
‘'sainjesadusl UolsSNgUIoD
afigiane 'sajes moy seb
Hliipuet 'sucnENIDadS Jopuaa
wslsAs joruoo Suipnjour
‘glep ||e siesh g jseg|

B 10j LIERH B (ISBOD YInog

fesz 00 w40 ot} [4

6z:cl 'oel ovueydanoe a1sEM
‘goejd-Ui-ajsem Jo Amuenb
‘suoissiug (Ajuno?) eiseyg

[852°09 "d300¥] "ewep
weysAs ase uado pue
‘elep I9jesy $5a@00id
10 Jo0q ‘elep washs
uoRDa{100 'aImeladia)
UoNsSNqIL0D abeiaae
‘912) Moy uojjelsuab
seb wnuixew
‘SUOEDIIDRUS JOpUaA
jo5ucD ‘tuswidinba
JOAU0D JO B ‘Bied
22UEldBO0E 2)sEM JBak
-Ag-1eak ‘eorid-1 sjsEM
pios ‘Aoedes uBisep
fepjut Bupnjous ejep

i|e ajep-0)-dn sieak ¢

{eYszD

vedang '852'09 ‘W40
Oy "synsas Suopuow
pue suejd 8JED aINSO|D
-sod pue aunsop ‘sued
uopepawal Aue pue
synsar Buuoyuows seb
yum spiooal Bupelade

suawainbay Buidasy-piosay

suolje|nBay jonuo) seq ||ypue] sajelg Jo uosuedwos) ‘(penuiuod) gl a|geL




601

[(o) ez 206uN]
‘polad
Buydures jo
pu® jo sAep 09
UiLpm synsal
Bugdues
jugng

fwroppise
-l

-Ovpn] sasel
anlsoydxa

Ut uoljeWLIoju}
Buipnjout
poday enuuy

yuleze
-pog} ued
2INS0§0 euld

lrevize

-09g] sl
UOISSIWS DOWNN
J0 SjRWISS
[Enuue pue
SYBWIRSD JBah-G

[zuiez

-0a¢] “Ajenuue
pue Apeiiut Jodas
UOISSILS DONN

[ryuize
-08¢ uonoag]
"SoUILILID
uoanSUeY
1aye sAep

08 uey) feje; ou
uodal Ajoeden
- uBisap (e

‘Bugdwes 30 sAep 05 LM
V3 8y} o} pauoda) aq Jsnwu
sjnsal Sudwes apimayeg

D1 0511] uwswdinbs josguos
10 uoRa3jj00 Jo uoielado

JO UDESSED JO [BACLUBS

1o Burddes jjom aiojeq shep
0¢ voday Buuorssiuawosesg
-aouejdanae

s1sem Buisesd Jaye sAep op
uey} J2je| Ou wodal ainsoln
“1oyenb fepuaes (oee

40 Aep 15E| 19YE SABD GF Ul
i2}g| OU SpIEPUBIS SUDISSILIS
Jo sanuepavdxe Jo spoded
AusuenD (188 s0mos (el
10 8jep Alesianiuue Jaye sAep
G Uey) taje] ou podal 1s8)
30I1nos jenuue ‘dnuels Jaye
SAEp 081 UILIM Lota) 1s8)
J0UNOS [BIIY] (}SEOD U3nog

{26200 w40 ot] ['d 62
‘saueydsooe oysem Buisean jo
sAep 0¢ ulupm podal sansol)

‘gjel soueldenoe ajsem pue
aoejd-up-ajsem JO SoleuwlSe
leah-g "Aenuue pue A2l
Hodas ajgl uoissIWS DOIN

['z"3 62:c} podas Apoedes
uBjsep ey :Ajunos e)seyg

f{a) pue (p) 25209
""d20y] Juswdinba
|C4IUOD JO {BADWR)

o} toLd sAep g uodal
feacwal Juawdinba pue
‘Hodai ainso B jwagng

[(a)s62 09

""4D 0¥l ued

ufisop washs jonuon
pue uoljaa)us pue uodal
SlE} LOISSIWS JONN
{enuue ‘yodar Ayoeded
ufiisep [enu ue ugng

sjuawaiinbay Buguoday

suonenfiay |043U02) seo) jypue] :sajels Jo uosuedwon (panunuos) g djqe




0L

“sjualuannbai JajoUs Afoads Asy) SE 1B} SB AAOAYS Aj|eluesse LBl A8y ] "eagden NI 8y) UBY] pajielep aiowW 2kt suojeinbel esey) (z00z) Bunupioreaauodag 'eisem DNJSALLO(] 10§ SUCHONASU]
{estuyos ) '(£661) liejgesbunipals VL [SlSBAN SNOPLEZEH 10} SUORDNIISY] [BOIUYDSY (1661 IBIGY VL SAuBLLSS se yons 'suoenfial [2UONEU |BUDIIPPE BABY LOIUN Ueadoing ay) (0 SOJBIS jaquusiy ayy

[{y uBnoayl (Zy 5111 HEd "IN "BLUIOIN0 |BJUBLIUOHAUS JUSleanba ue apircid Jo 'Sluawwaanbal Aoijed ay) 1oow o

UMOYs 90 UED SPOYISLL SBAleUIS) e SSajun sainseall pajsabing pueg 'W3da Sui 4O S8L0IIN0 pannbal 'Wadg 3yl 40 saanoalgo Aolod yiim AdWwoD 1SN sssuad) o [eacidde om e Buiinbai syupust iy §

(8861 10 €4 19¥) 6861 'OV UoBAIBSUOD "ALT ({102 UOHDSS TEZ AOD JUBWIUOIIALD MMM, WSUNOJ PUB SHEYY [BIUSLLOIALT JO Juswledag
(8661 0 GF 1DV) 8661 POV JolEM |BUOHEN 'LZ UORDAS
“g——| SBWNOA ‘SIUBLINDOQ SIUaaNnbay wWnuzugy BT AGE TERD AT ORI A152j04 pue siiegy JOJEAA J0 Jusiupedsq EDLY U3nog
(8661

Ul papuaiLE JSET] “2/61) SIS IYPUET JOf BUIBMING) |EIUYdE )
(2661 30 58 "ON MmeT Aq papuaLLe jseT

‘0461 5O LELON MBT) MY Buisuees|D) puE |Esodsi] 2ISEAA FATOT AUS MMM JUSLLILONALS S1)) 4O RSN uedep
_O3/LEMBEL aMPanQ ounc) FENEEEEY T fousby Juswuosaug veadoing uoup) ueedoing

|ebay

969€ | HAN ‘28911 HaN EIUQZEBILY BP & SODUPIH S0SINDSY SOp ‘Slualgluy Olopy op
'6LYSHaN LNEVIR/L0 YINYNOD oBdnjossy ep .z obilue SUBISILIN(YINYNSIS) WsIgwy Oy Op [ELOIIEN BW2)SIS liZBig

BLOJDIA AUIOUINY L0801 |BIUSLLLOIALT BLOIOIA
§SIBPUET JO UoREIHGRYSY Pue uoliesed ‘ubiseg
‘Bugis—uswobeueyy [BIUSWLONAUT S0REI4 189Y UGN

(Y IMSN) Aoy
U0RJ8j0.d |BJUSLULIOJIALLY SSBAA UINOS MBN (|8 [BIDWACLY
{snypue jo uawabeuepy pue

‘ubiseq ‘Bung) Aoljod uswabeuepy BiSEM Yelq (oA THE AOD LS AW BIEASAY JUBLULCHAUS

Blle SNy

suonenBay pue ‘se)Isqop ‘satouaby Alojeinbay Agunog "L ajgel



Table 12. Comparison of Countries: Regulatory Topics Included in Tables 13 through 20

Does the Regulation Require Pre-Processing?
Any Other Requirement?

Separation From Underlying Groundwater

Proximity Restrictions
Allows Alternative?
Alternative Methods

Floodplains
Wetlands

Surface W;ter Drainage System
Design Storm
Final Drainage Plan

Slope Stability Analyses
Slope Stability to Inciude Containment System?
Acceptable Factor of Safety
Design Seismic Event
Allows Estimation of Seismic Movement?

General
Permitted Liner Types
Single Clay Liner
Minimum Thickness
Maximum Hydraulic Conductivity/Permeability
Condition When It Can Be Used
Single Composite Liner and Double Liners
Upper Component
Lower Component
Other Component
Alternatives
Cther Factors
Requires Double Composite Liner

L;yer Thickness
Minimum Hydraulic Conductivity/Permeability
Maximum Allowable Head on Liner

Design Flow

Allowable Alternatives

Slope

Pipe Specifications
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Pipe Wail Thickness

Geaneral

Other Factors

Permitted Final Cover Types

Minimum Requirement

Requires Composite Final Cover

Regquires Final Cover to Have Hydraulic Conductivity/Permeability Less than or Equal to That of Liner/Subsoil?

Regquires Synthetic in Cover, if Liner Has Synthetic

Allows Alternative?

Components

Top Soil

Vegetative Cover (in addition to top soil)

Drainage Layer

Infiltration Control—Geosynthetic Component

Infiliration Control—Compacted Soil

Foundation/Grading Layer

Requirements

Days Since Waste Placement Before Final Cover Must Be Piaced

Maximum Side Slope

Minimum Side Slope

Requirement for Benches

Other Requirements

Allows Aliernate Cover?

Minimum Post-Closure Maintenance Period

Initial Survey and Map

Iso-Settlement Maps

Post-Closure Land Use Restrictions

AbhlicabllitymTriggér

Compliance Plan Schedule

Compliance Deadline

Performance Reguirements

System Design and Testing Requirements

Monitoring Requirements

Record-Keeping Reqguirements

Reporting Requirements
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Table 21. Selected Regulatory Topics for Further Discussion

States

Separation Between Waste and Highest Groundwater

Engineered Alternatives to Separation From Groundwater

Distance From Wetlands

Distance From Water Supply Wells

Evaluation of General Design Requirements and Submittals

Requirements for Liner Performance Evaluation

Surface Water Design Storm Requirements

Allowance of Natural Geologic Liner Or Single Clay Liner

Design and Construction of Liner Components (Clay and Geosynthetics)

Reqguirements for Double-Liner Systems

LCRS Design Specifications

Secondary LCRS/Leak Detection System Reguirements

Allowance of Leachate Recirculation

Site-Specific Considerations For Cover Systems

Post-Closure Land Use Restrictions

Concentration Limits for Groundwater

Groundwater Monitoring System Requirements

Criteria for Corrective Action

Landfill Gas Control Performance Regquirements

Countries

Requirements for Pre-Processing of Waste

Site-Specific Considerations in Location Selection

Multiple Prescriptions for Base Liners Based on Site Conditions

Muitiple Prescriptions for Final Covers Based on Site Conditions

Site-Specific Considerations for Post-Closure Period

129



