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Readers’ Comments

Readers who wish to comment on the contents of this report
should address their comments to

F Laperriere

Waste Management Branch
Conservation and Protection
Environment Canada
Ottawa, Ontario

K1A OH3

Ce rapport est aussi disponible en francais sous le titre "Lignes
directrices nationales sur I’enfoutssement des déchets dangereux",
a I’adresse c1-dessous

For additional copies of this report, please contact your provincial
environment minstry or write to

CCME Secretarat

139 Tuxedo Avenue, Bldg 30
Winmipeg, Manitoba
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Abstract

This guideline document has been commussioned as part of the
Canadian Councu of Resource and Environment Munsters’
Hazardous Waste Action Plan announced in March, 1987 The
Action Plan calls for the drafting of National Guidelines for
Hazardous Waste Incineration, Physical/Chemical/Biological
Treatment, and Landfilling to ensur e the protection of the natural
environment and public health This document sets forth the
guidelines for the landfilling of hazardous wastes

This document ts also intended to provide a straightforward
reference on the basic design, operating and performance
standards to be used by the various federal and provincial
regulatory agencies, designers, owners and oper ators of
hazardous waste landfills in Canada It 1s not intended to be a
state-of-the-art technology 1 eview as this information can be
obtained by reference to some of the many publications cited in the
bibliography 1t 1s also not intended to replace professional
technical expertise in the various specialized disciplines involved
in the field of hazardous waste landfilling
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Résumé

Le présent document a été r1édigé dans le cadre du Plan d’action
sur les déchets dangereux du Consetl canadien des ministres des
Ressources et de I’Environnement, annoncé en mars 1987 Le
Plan d’action prévout I’établissement de directives nationales sur
Iincinération, le traitement physico-chumigue et I enfourssement
des déchets dangereux de maniére a assurer la protection du
milieu naturel et de I’hygiéne publique Ce document énonce les
directives pour Ienfouissement des déchets dangereux

Les organismes de réglementation fédéraux et provinciaux, les
promoteurs, les propriétair es et les explowtants pourront se servir
des directives en question pour arréter des normes sur la
conception, exploitation et le 1endement des décharges servant a
Penfouissement des déchets dangereux au Canada Le présent
document ne vise pas a faire le point sur les techniques existantes
puisqu’on peut trouver ce genre d’information dans certaines des
nombreuses publications citées dans la bibliographie 1l n’a pas
non plus pour but de se substituer aux compétences des
professionnels spécialisés dans les diverses disciplines qui ont
trait a I’enfourssement des déchets dangereux
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Summary of Recommended Guidelines

The following summary represents a compilation of all gmdehines
discussed 1n the five sections of this document

Section 1 - Introduction

For the implementation of a hazardous waste landfill project, an
overall program should be developed This program should
address, as a mimimum, all the 1ssues raised 1n this guideline
document while keeping project-specific circumstances 1n mund

Section 2 - Wastes Acceptable for Disposal in a Hazardous
Waste Landfill

(a) The following wastes generally should be prohibited from
landfills

« liquids and matenals containing free liquids,

< empty containers unless they are crushed, shredded, or
similarly reduced 1n volume, and

« explosives, flammable solids, spontaneously combustible
materials, water-reactive matenals, oxidizers and organic
peroxides

(b) Consideration should be given to the establishment of
allowable levels of orgamic hazardous wastes, particularly
halogenated organic compounds, which can be landfilled
Dilution or blending of hazardous wastes with other materials
should not be allowed for the sole purpose of achieving the
concentration limits specified in Guideline 2-2

(c) Hazardous wastes should be treated/processed to the
maximum possible extent which is consistent with the best
available technology appropriate for the type of waste and
landfill disposal operation

Section 3 - Site Selection, Design, and Construction

(a) The site selection process for establishing a hazardous waste
landfill must address geotechnical, land-use, biological,
soclo-economic, human and environmental factors In
addition, the process must be carried out 1n accordance with
the environmental assessment requirements specified by the
respective federal, provincial, or territortal government



(b)

(©)

(d)

©)

®

¢:4)
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A complete site assessment involving experts 1n geology,
hydrogeology, and air quality 1s required Part of the
assessment will include the development of a contaminant
transport model which must be undertaken to estimate the
potential environmental impact of contaminants migrating
from the site at specific locations of concern

The layout of a hazardous waste landfill site should give due
consideration to the physical aspects of the site, the proposed
landfill development plan and efficient traffic flow patterns
Part of this layout involves the creation of a buffer zone which
should be provided around the perimeter of the site to act as a
visual screen and noise barrier The width of the buffer zone
and the visual/noise attenuation features to be incorporated
mto 1t may vary from site to site according to adjacent land
use and local regulations

A security system consisting of, as a mimimum, a perimeter
fence and appropriate signage should be provided Additional
security measures such as posting a-guard and installing alarm
systems may be required depending on site-specific
circumstances

The buildings and facilities at a hazardous waste landfill site
should 1nclude an administration building that contains
offices, a lunchroom, a laboratory, and a segregated "dirty"
and "clean" personnel washup area Other facilities which
should be provided include a weigh scale, vehicle wash
facthity and maintenance building These provisions to
contain hazardous materials on site 1n the proper areas should
also be extended to prevent contaminated or
potentially-contaminated matenals from being inadvertently
transported from the site by means of "tire-tracking”

Any contaminated or potentially contaminated liquid wastes
generated by activities at the hazardous waste landfill should
be segregated and managed as a hazardous waste unless
proven otherwise Some potential sources of these
contaminated hquids would include shower water and water
used to wash vehicles working on the site

Run-on should be directed away from active hazardous waste
landfills All reasonable means should be taken to avoid
run-off from active portions of a hazardous waste landfill site
If run-off occurs, 1t should be considered to be potentially
contaminated, checked for quality and, if appropnate,
managed as a hazardous waste



(h)

o
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(k)
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The choice of which landfill concept to implement
(above-ground, shallow entombed, or conventional) will
depend on a detailed consideration of site-spectfic physical
and environmental conditions Selection of the preferred
concept should be made with due consideration of the landfill
mntegrity and the extent to which the escape of contaminants
from the landfill are to be controlled

The choice of which landfill development method (cell, trench
or area) to employ should be made in light of site and
project-specific factors In general, the discrete cell method 1s
more suited for the landfilling of smaller waste quantities,
whereas the trench or area development methods are more
suited to larger waste quantities Appropriate geotechnical
engineering principles should be applied to different aspects
of the hazardous wastes landfill facility such as the
construction of dykes, cut slopes, landfill cells, roadways, and
drainage structures

The specification of a preferred liner material, natural and/or
synthetic, will depend on site-specific considerations and
shall be based on demonstrated compatibility with the
hazardous wastes to be landfilled The liner matenal’s
resistance to deterioration or failure due to climate changes
and stresses associated with lier mnstallation and landfill
operation must also be clearly demonstrated

A leachate monitoring, collection and removal system should
be installed beneath an "engineered containment” hazardous
waste landfill i order to control contaminant mugration from
the site  Furthermore, any leachate collected from a
hazardous waste landfill should be deemed to be a hazardous
waste and managed accordingly unless proven otherwise

A fimal cover system should be installed over each landfill cell
with the objective of isolating the wastes, controlling
infiltration and providing weather erosion protection
appropriate for the site  The barner layer of the cover system
should be integrated securely 1nto the landfill liner system at
the perimeter of the landfill cells In addition, the cover
system should be of sufficient thickness to minmimize any
stresses due to seasonal freeze/thaw cycles The cover and
bottom liner of the landfill should be designed such that no
buildup of fluid occurs n a landfull cell

(m) From the anticipated charactenstics of disposed wastes, the

potential for gas production should be determined and an
appropnate system for gas collection, treatment and release
provided
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Section 4 - Operation and Monitoring

(2)

(b)

©

(d)

(e)

®

9]

(b)

A comprehensive facihity-specific operating manual should be
prepared for each hazardous waste landfill This manual
should be reviewed by all staff, and used as the pnmary
reference document for the day-to-day operation of the facility

A comprehensive waste matenals inventory control and
record-keeping system should be established for the landfill
site and nigorously adhered to by all operating personnel

A comprehensive vehicle and equipment maintenance manual
should be prepared for all mobile and stationary equipment on
the site and used as a basic equipment reference manual The
maintenance manual should include equipment
decontamnation and personnel protection measures

Care should be taken when operating equipment to ensure that
the integrity of the landfill liner and leachate control system 1s
not breached Care should also be taken in equipment
operation and maintenance to ensure that contaminated
materials are not madvertently "tracked" from the active areas
of the landfill site In thus regard, equipment washwater and
spent cleaning solutions should be collected separately and
treated as a hazardous waste unless proven otherwise

An emergency procedures plan should be prepared for
responding to all realistically foreseeable mishaps which
could occur on the landfill site  The plan should be prepared
1 consultation with provincial and nearby community
emergency response authorities The emergency procedures
plan should be reviewed and amended on a regular basis to
reflect changes 1n personnel, technology, equipment and/or
response procedures

All personnel at the landfill site should be given a
comprehensive training program and subjected to
pre-employment and regular post-hiring medical examinations

Prior to the establishment of a hazardous waste landfill
facility, the proponent should prepare an environmental
baseline profile of the proposed site and immediate
surrounding area which will serve as the reference point for
subsequent monttoring efforts

The owner or operator of a hazardous waste landfill facility
should be required to implement an environmental monitoring
program for both operational and post-closure periods with
regard to physical movement, leachate, leakage, groundwater
and air emussions Furthermore, comprehensive historical
records should be maintained of all monitoring data collected
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for the pre-operational, operational, and post-closure stages of
the site

Pnior to commencing operation, constderation should be given
to the establishment of a set of conditions which, as indicated
by monitoring results, signify failure and tnigger
implementation of remedial action as called for in the
emergency procedures plan

Section 5 - Closure and Post-closure

(2)

(b)

(©

Closure and post-closure care plans for a hazardous waste
landfill site should be prepared as part of the imtial planning
and design phase for the overall facility In addition, they
should be updated 1f they are 1n any way affected by changes
1n facility design or operating procedures during the active life
of the landfill The owner or operator of a hazardous waste
landfill site should be required to close the facility in a manner
that

- munimizes the need for further maintenance, and

« controls the post-closure escape of hazardous
contamunants to the groundwater, surface water and
atmosphere to the extent necessary to protect human
health and the environment

When closure 1s completed, all equipment and facilities used
at the site, with the exception of monitoring faciliies and
equipment, should be decontaminated or disposed of 1 an
appropnate manner The site itself will also be subject to
restricted use  Land use restrictions for the completed site
should be defined and maintained indefinitely

The post-closure care plan should provide a description of
activities which will be conducted after final closure of the
site and the frequency of these activities As a mimmum,
these actvities should include

+ mamtainng the function and integnity of the final cover,

« maintaining, momtoring, and operating the leachate and
gas collection, removal, and treatment systems if mstalled,

+ protection and maintenance of survey benchmarks, and

« control of access to the site in accordance with 1ts
approved post-closure use
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(d) A central repository for "as-built" drawings and other

(¢)

)

operational records should be established and maintained
indefimitely by the provincial regulatory agency responsible
for regulating the post-closure activities of landfill sites In
addition, this repository should maintain files dealing with
on-going monitoring programs Consideration should be
given to entrenching the long-term maintenance of records n
the form of legislation

Prior to commencing operation, some form of contingency
financing should be provided 1n the event that the integrity of
the landfill 1s breached and repairs are required either during
its active life or following closure The amount of financing
required will depend on the size of the landfill, the types of
wastes placed theremn and pertinent site-specific factors As a
reference for establishing an amount, a current record should
be kept of the costs of remedial measures at hazardous waste
landfill sites across North America

To ensure the continuity of post-closure care and to eliminate
the potential for another party unknowingly acquiring this
responsibility, the hazardous waste landfill site should be
legally registered on the appropnate deed or land title prior to
commencing operation



Section 1

Introduction

1.1 Scope

This document presents national guirdelines
for the landfilling of hazardous wastes for the
use of regulatory agencies and hazardous
waste management system designers, owners
and operators It provides general guidance
for dealing with the many 1ssues of concern
that relate to the landfilling of hazardous
wastes The topics considered by the
guidelines include

» site selection,

+ design and construction,

» closure and post-closure care, and
+ operation and monitoring

The guidelines are intended primarily for
apphcation to new landfill facilities, not
existing ones Furthermore, the guidelines are
not directed toward the landfilling of
radioactive wastes as regulated by the Atomuc
Energy Control Board The guidelines
provide a framework of principles,
methodologies and mmimum standards
which, if adhered to, will minimize the risks
to human health and to the environment posed
by the landfilling of hazardous wastes It 1s
intended that the use of these guidelines will
result in a more uniform national approach to
the landfilling of hazardous wastes

Given the vanabality of climatic and
geological settings across Canada and the
rapidly evolving nature of landfilling
technology, 1t 1s recognized that a certain
degree of flexibility must be afforded in the
application of these guidelines If 1t can be
demonstrated that alternative approaches

could be employed which ensure an
acceptable level of protection for the
environment and human health, such
approaches should be deemed to be 1n
compliance with the intent of this document

1.2 Overview of an Integrated
Hazardous Waste Management
System

Before considering guidelines for the
landfilling of hazardous wastes, 1t 1s useful to
describe how a landfill fits mnto the vanous
components of an integrated hazardous waste
management system

1.2.1 Overall System

Since hazardous wastes can retain their
harmful properties over a very long period of
time, perhaps for centuries, it 1s important to
mimumize the amount of hazardous waste
requiring disposal  This can be achieved by
implementing measures either to reduce the
quantity of hazardous wastes produced, or to
recover, recycle or otherwise reuse the

wastes If disposal 1s the only alternative, 1t 1s
1mportant to treat the wastes before disposal
to render them less hazardous This treatment
may be achieved by means of thermal
destruction or physical/chemical/biological
means The third significant step 1n
hazardous waste disposal involves the
disposal of the residues from the treatment
and destruction process This 1s usually
accomplished by landfilling

Figure 1 presents a simplified diagram of the
steps involved 1n a "cradle to grave" system
for the treatment and disposal of hazardous
wastes It illustrates that as many as five
stages are possible in the overall waste
management system These include
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Stage 1 - Waste Generation:

This stage represents the actual production
and on-site storage of hazardous wastes The
fraction of the wastes that 1s not suitable for
reduction, recovery, recycling or reuse will
require some means of proper treatment and
disposal 1n subsequent stages

Stage 2 - Waste Collection and
Transportation:

Thus stage includes the collection of
hazardous waste generated in Stage 1 and 1ts
transportation to the processing and disposal
facilities used 1n the subsequent stages
Figure 1 illustrates the possibility of
incorporating transfer stations as potential
cost-effective measures for the collection of
hazardous wastes generated 1n a specific
geographic region to a central
processing/disposal facility

Stage 3 - Waste Processing:

In this stage, the waste 1s processed to reduce
1ts volume, and to stabilize, mimmize or
eliminate 1ts hazardous properties, and
generally make 1t sutable for final disposal
The treatment steps could mvolve various
combinations of physical, chemical,
biological and thermal processes used either
alone or 1n combination according to the type
of waste being processed Products of these
processes will include treated atmospheric and
aqueous effluent emissions, along with sohd
residuals that are detoxified, nert or otherwise
stabilized

Stage 4 - Residue Transportation:

The solid residues from Stage 3 are
transported to the final point of disposition

Stage S - Waste Disposal:

Residuals that are not discharged as treated
effluents or emussions to the environment and

which are still hazardous are deposited 1n a
hazardous waste landfill

A number of possibilities exist regarding the
location of the vanous facilities that constitute
an overall hazardous waste management
system A very large mdustnal complex may
choose to have all five stages located on 1ts
own property Alternately, the hazardous
waste treatment facility, and the landfill
facilities can be located together or on
separate sites

12.2 The Landfill Component

This guideline document 1s concerned
primarily with Stage S, the waste disposal
portion of the overall hazardous waste
management system More specifically, 1t
deals with the landfill disposal of the
hazardous waste residuals from the various
treatment processes

Figure 2, illustrates the potential sources of
adverse environmental effects that may anse
from a hazardous waste landfill

These potential sources are

*  gaseous emiss1ons to the atmosphere due
to gases and/or vapours that may evolve
from the wastes deposited 1n the landfill,

+  dust emussions to the atmosphere due to
wind entrainment of fine particles of the
waste deposited 1n the landfill,

 mugration of maternials off-site transported
nadvertently on vehicles, on worker’s
clothing, etc,

+ direct exposure to the material deposited
on the site through a breach 1n the secunty
system,

+ 1ndustnal hygiene and occupational
concerns regarding exposure of workers
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in the landfill to the waste materials being
deposited therein, and

« soil, groundwater and surface water
contamunation due to leachate migration
from the disposal site

The design, operation, and closure of a
hazardous waste landfill must address the
short and long-term impact of the landfill on
human health and the environment As such,
both the potential for discharge and pathways
of possible discharge should be mimmized
during site selection, design, operation, and
closure Momtonng of potential pathways
that may affect the environment should be
carried out during the operation, closure, and
post-closure period

The general parameters that will reduce the
potential effects on the environment include

« site selection 1n an appropnate
hydrogeologic setting,

Schematic Diagram of Potential Adverse Effects Resulting from a Hazardous

» control of the mater:al placed 1n the
landfill,

« engneered systems to enhance
containment and leak detection, and

« long-term monttoring of potential release
pathways

Site selection 1n a hydrogeologically
appropnate environment 1s key to the
long-term performance of a hazardous waste
landfill The site selection should provide
reasonable assurances that releases during
operation or during the post closure period
will not result in traumatic deterioration of the
pathway systems that could adversely affect
human health and the environment A
discussion of the constraints to site selection
1s contained 1n Section 2 of the guidelines

Control of matenal placed in the landfill
includes reducing the quantity of leachate
generation and minimizing the hazardous
nature of the leachate The quantity of



leachate can be reduced, for example, by
controlling the amount of free liquids placed
1in a landfill The hazardous nature of the
waste can be reduced by setting treatment
standards for matenals that are of concern
A discussion of these 1ssues 1s contained 1n
Section 3 of the guidelines

Engineered systems are measures that are
adopted for landfill design, operation, and
closure that enhance the containment of the
hazardous waste and leachate These systems
include a leachate collection system, soil, and
man-made liner matenals, leak detection
systems, and cover systems It 1s emphasized
that engineered controls should only be
considered 1n conjunction with an appropriate
hydrogeologic environment since it 1s
possible that these systems will deteriorate
before the waste loses 1ts toxicity Some
engineered systems, such as a final cover, will
be incorporated 1nto all hazardous waste
landfills Engineered systems are addressed
n Section 4 of the guidelines

Long-term monitoring of potential release
pathways provides assurance that the landfill
can provide the required degree of protection
to human health and the environment The
two most common monitoring requirements
are final cover integnty and the effect on
groundwater Long-term monitoring
guidelines are discussed 1n Section 5

1.3 Alternative Approaches to
Developing Guidelines

1.3.1 Types of Standards

In developing national guidehines for the
disposal of treated hazardous wastes by
landfilling, 1t 1s necessary to consider the
types of standards that may apply to different
aspects of landfill design, construction,
operatton, and closure Such standards may
be divided 1nto three general categories as
follows

« Landfill design and operating
standards - require the incorporation of
specific equipment, design features, and

procedures, mnto the operation of the
facility,

+ Performance standards - require a
certain mimimal level of performance
from the facility, and

» Risk assessment standards - require that
the facility not exceed the prescribed level
of nsk to human health and the
environment

An example of landfill design and operating
standards would be a requirement to
mcorporate a specific liner material of a given
thickness and permeability into the landfill
design Such an approach to establishing
standards or guidelines offers a number of
advantages including

+ the standards or guidelines are relatively
straightforward and easily understood,

« gwdelines can be utilized readily by both
the owners, designers and regulators, for
their own purpose, and

- they are relatively easy to interpret and
enforce

—

However, design and operating standards
have been subject to considerable critical
comment Some of the more significant
crificisms are

« they discourage technical innovation and
the development and application of new
technology,

- they are inflexible and make no allowance
for the possibility that different standards
may be more appropriate for one set of
circumstances than for another, and

« when apphied retroactively to existing
facilities that are operating well, they may
result 1n a situation where 1t is not
economically feasible to comply

Performance standards can be divided into
a number of categories as follows



« Technical performance standards - which
specify that the facility must satisfy
certain requirements  An example would
be a requirement to handle all stormwater
without mishap for a specified storm
mtensity and return period,

» Contamnment performance standards -
which specify that a certain level of
containment must be achieved by the
facility An example would be that the
landfill must contain a specified amount
of the waste materials that are deposited
therein for a specified period of time, and

« Environmental performance standards -
which specify a maximum allowable
contaminant level 1n the ambient
environment around the landfill An
example of this standard would be
spectfications that the contaminant
concentration 1n the groundwater at a

. barticular point must not exceed a
predetermined level

Performance standards overcome the
disadvantages of design and operating
standards 1n that they allow the application of
new and innovative technology However,
the application of performance standards has
been criticized since these standards will
require revision in light of new toxicological
mformation that may be developed 1n the
future

In the risk assessment approach, standards
are developed which are based on the degree
of hazard at a facility and the corresponding
risk to human health and the environment
The standards usually take the form of criteria
that specify a certain maximum level of nsk
Sometimes 1t 1s possible to quantify risk in
absolute numbers using probabilities Usually
however, the data base 1s not adequate to
establish absolute values Thts means that
broad narrative critena must be formulated 1n
order to compare alternative proposals and
select a preferred option that poses the least
nsk The risk assessment approach has been
employed to establish acceptable contaminant

levels 1n effluent discharges and 1n ambient
water, air and so1l It has not been used to
establish guadelines for the design,
construction and operation of hazardous
waste management facilities

1.3.2 Approach Used in these Guidelines
There are a number of considerations that
should be made 1n the development and
application of national guidelines for the
landfilling of hazardous wastes in Canada
They are

«  With respect to siting, these guidelines are
specifically directed toward the
establishment of hazardous waste landfill
faciliies Should a landfill be established
1n conjunction with either
physical/chemical/ biological treatment or
thermal destruction facilities, some of the
guidelines presented herein may not be
totally appropnate

« The climate, geography, geology,
hydrogeology, ecology, population and
land use varies markedly 1n the various
regions of the country, 1n fact, the
variability of these features among
different areas of the same province can
be extremely broad

« The primary regulatory responsibility for
the treatment and disposal of hazardous
wastes lies with the provincial
junisdictions 1n Canada

« Technologies for the treatment and
disposal of hazardous wastes are being
modified and improved continually

It 1s reasonable to assume, therefore, that the
establishment of any hazardous waste landfill
facilities 1n Canada will be an undertaking
unique to the area The landfill site wall
require a customized approach to address
specific project conditions Therefore, the
approach to developing guidelines for
landfilling treated hazardous wastes 1n
Canada should provide for flexibility of
application so that the project-specific needs



are addressed Certain general design and
operating standards of the landfill will be
essential, such as the need for a spill control
and emergency response program The
primary reliance on performance standards
will provide the owners, designers and
regulators of hazardous waste management
facilities with a degree of flexibality that
permuts innovation and adaptation of the
design, construction and operation of the
facility to suit the specific project Given the
complexity and lack of experience 1n
employing the risk assessment approach for
establishing hazardous waste management

facilities, 1t 1s not considered appropriate at
this ume for use 1n this guideline document

Gudeline 1-1:

For the implementation of a hazardous
waste landfill project, an overall program
should be developed that addresses, as a
minimum, all the issues raised in this
guideline document. At the same time,
flexibility should be maintained by
adapting the guidelines to project-specific
circumstances.



Section 2

Wastes Acceptable for Disposal in a Hazardous Waste

Landfill

2.1 Historical Aspects

In the past, considerable quantities of
untreated and treated liquid and solid
hazardous wastes have been disposed of by
landfilling This practice has lead to
numerous problems in the vicimty of old
disposal sites, primarily due to contamination
of groundwater and subsequent migration of
the groundwater from the site  Costs
associated with cleanup measures at
contaminated sites can be extremely high
Consequently, a number of recent regulatory
mtiatives 1n several junisdictions have been
developed to ban the landfill disposal of
certain materials

2.2 Rationale for Determining
Acceptability

There 1s concern over the long-term 1ntegrity,
rehability and operability of liner systems,
leachate control systems, and other
engineered components of a landfill facility
Both clay and synthetic liners can be damaged
during placement of the wastes In addition,
the properties of clay and synthetic liners can
be altered by contact with certain wastes such
as solvents Thus, 1t 1s essential that landfill
design and waste materials be compatible

For example, halogenated organic compounds
1n concentrations exceeding 1000 mg/kg have
been prohibited from hazardous waste landfill
in some jurisdictions

Liquids placed 1n a landfill can contribute
significantly to leachate generation To
munimize this generation, 1t 1s recommended
that liquids and matenals containing free
liquids be excluded from landfills unless
provision 1s made for their treatment within
the landfill This prohibition should be
extended to include liquids adsorbed 1n

materials At the pressures that could exist in
the depths of a landfill, liquids could be
"squeezed out" of the absorbent maternal to
become free iquids once again  Free hquids
can be defined by the Paint Filter Liquids Test
(U S Environmental Protection Agency,
1985)

Empty containers such as drums, boxes, and
canisters should not be placed 1n landfills
unless crushed, shredded, or processed by
some other means to reduce their volume
This will eliminate the chance of subsidence
occurring 1n the completed landfill due to
collapse of the containers under the pressures
experienced after bunal If subsidence were
to occur, 1t could threaten the integrity of the
landfill cover which would then require
on-going maintenance to ensure the securty
of the landfill

In order to protect the health of landfill
workers and nearby residents, certain wastes
exhibiting properties stmilar to those defined
by the following regulations under the
Transport of Dangerous Goods Act (Canada,
1985) should be banned from hazardous
landfill sites

« Transportation of Dangerous Goods
Regulations Class I - Explosives
(July 1985),

« Transportation of Dangerous Goods
Regulations Class 1V - Flammable Solids,
Substances Liable to Spontaneous
Combustion and Substances That on
Contact with Water Emut Flammable
Gases (July 1985), and

« Transportation of Dangerous Goods
Regulations Class V - Oxidizing



Substances and Organic Peroxides (July
1985)

Such matenals can create chemically unstable
conditions if buried 1n a landfill

Dilution or blending of a hazardous waste
with a nonhazardous material should not be
permutted for the sole purpose of diluting 1t to
meet any specified concentration limut

Guidehne 2-1:

The following wastes should be generally
prohibited from landfills:

» liquids and materials containing free
hquids,

» empty containers unless they are
crushed, shredded or similarly reduced
in volume, and

» explosives, flammable solids,
spontaneously combustible materials,
water-reactive materials, oxidizers and
organic peroxides.

Guideline 2-2:

Consideration should be given to the
establishment of allowable levels of organic
hazardous wastes, particularly halogenated
organic compounds, which can be
landfilled.

Guidehne 2-3:

Dilution or blending of hazardous wastes
with other materials should not be allowed
for the sole purpose of achieving the
concentration limits developed pursuant to
Guideline 2-2.

Hazardous wastes to be deposited in a landfill
should receive treatment and/or processing
consistent with best demonstrated available
technology appropnate to the type of waste
The objective 1n applying such technology
should be to minimize the potential release of
contaminants to the environment 1if the
security of the landfill system 1s breached
The appropriate management methods and
treatment/processing technology that can be
applied to hazardous wastes prior to
landfilling could include

« reduction 1n waste volumes produced at
the source by 1nstalling modifications to
the industnial process producing the waste,

 recycling, recovery and/or reuse of
various components of the waste,

+ physical/chemical treatment for
liquids-solids separation and
detoxification,

» biological treatment for removal of
brodegradable organic components,

- solidification/stabilization/fixation for
converting liquid wastes to solid form and
for encapsulating hazardous components,
and

» thermal treatment for destruction of
organic wastes

Guideline 2-4:

Hazardous wastes should be treated with
the best available technology which is
appropnate for the type of waste and
landfill disposal operation.



Section 3

Site Selection, Design, and Construction

3.1 Site Selection

It 1s a widely held assumption that public
opposition to waste management facilities has
become the most critical problem facing the
waste management industry This opposition
1s most frequently associated with the
well-known NIMBY (not in my back yard)
and LULU (locally unwanted land use)
syndromes Therefore 1n order that the site
selection process proceed to its final stages,
three key activities must take place

» there must be disclosure of intentions to
local citizens and other interested
members of the public,

« there must be appropriate examination of
potentially suitable sites, and

« there must be thorough investigation of
candidate locations

There 1s a need to approach site selection 1n
terms of two essential considerations
technical critena and community
acceptability Accordingly, public
participation should be an integral part of
project management from the outset

Program plannming, for hazardous landfill sites
should be conducted so that input from local
sources and all data are made accessible and
understandable to the general public 1t 1s
also 1mportant to note that decision making in
this process must reflect public imput

The fundamental considerations in a
hazardous waste management system design
and site selection should be the safety of
people and the protection of the environment
The approach to the site selection process
should reflect these 1ssues Selection of a site
that minimuzes the potential for adverse
community and environmental impacts

greatly facilitates the implementation of a
hazardous waste landfill

Since the requirements of the environmental
assessment process vary according to
mdividual junisdictions within Canada, 1t 1s
recommended that the appropnate federal,
provincial or territorial government agency be
contacted for more specific information
regarding the siting of hazardous waste
management facilities

Guideline 3-1:

The site selection process for establishing a
hazardous waste landfill must address
geotechnical, land-use, biological,
socio-economic, human and environmental
factors This process must also be carried
out in accordance with the environmental
assessment requirements specified by the
respective federal, provincaal and
territonal government.

3.2 General Design Considerations

A hazardous waste landfill must be designed
and constructed so that it becomes the final
repository for the waste materials At the
same time, the landfill must control any
release of contaminants 1nto the surrounding
environment that could degrade its quality to
a point that would 1mpair the ongoing use of
lands near the facility

Conceptually, there are two basic approaches
to the safe landfilling of hazardous waste
"natural attenuation" and "engineered
containment” In the first approach, landfills
designed to receive hazardous wastes are
located only 1n areas where contaminant
attenuation 1n the environment can be
achieved naturally This approach allows the
possibility of achieving a condition where



maintenance 1$ not required over the long
term The major disadvantage 1n the natural
attenuation approach is that 1t 1s based largely
upon the accuracy of predictions about the
level of protection provided by the natural
environment Natural attenuation also
requires the presence of suitable hydrological
and geological conditions

In the second approach, rehance 1s placed on
engineered facilities rather than on natural
attenuation to protect the environment
Typically, landfills designed using this
approach combine engineered liners, covers,
leachate and/or gas collection and treatment
systems to control the release of contaminants
to the environment

While engineered containment reduces the
potential nisk associated with contaminant
mugration into the environment, questions
remain concerming the integnty and
functionality of such systems over the long
term The additional cost and responsibility
associated with the maimntenance and
operation of such systems have to be
accounted for In practice, a specific landfill
design may incorporate features from both
basic design approaches to achieve the
necessary level of environmental protection

Regardless of the approach taken to landfill
design, 1t 1s of paramount importance to have
accurate information on the geological and
hydrogeological charactenistics of the site and
the surrounding environment Specific
attention should be given to the development
of a contamunant transport model to assist 1n
estimating potential off-site environmental
effects

Guideline 3-2:

A complete site assessment (e.g., geology,
hydrogeology, air quality, etc.), including
development of a contaminant transport
model, should be conducted to estimate the
potential environmental impact of
contaminants migrating from the site at
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specific locations of concern such as site
boundaries and momitoring installations.

3.2.1 General Layout and Security

The layout of the site must take mnto account
such matters as topography, the landfill
development plan, road access from off-site,
on-site traffic flow patterns, and aesthetic
requirements such as visual screening and
buffer zones

The landfill development plan should provide
for the progressive opening, filling and
closing of areas on the site  All site closures
should be conducted 1n a logical manner
consistent with efficient and economic
utilization of the site and protection of human
health and the environment

Access to the site should be strictly
controlled The general public should not
have access to a hazardous waste landfill site
as 1s sometimes the case with municipal
landfills Both incoming and outgoing traffic
should pass through a single control point for
manifest verification, sampling and any other
regulatory and admuinistrative actions
Appropnate signage, signals and lighting
should be used to direct the flow of traffic on
the site

A suitable buffer zone should be provided
around the perimeter of the site The buffer
zone could incorporate berms and/or trees
planted to serve as a visual screen and noise
barrier It will also serve as a margin of
safety for neighbours 1n the event of an
accidental release of contamunants The
width of the buffer zone and the visual/noise
attenuation features to be incorporated nto 1t
may vary according to adjacent land use

The securty of the site should be maintained
by a perimeter fence to keep out unauthorized
people as well as 1inerant wildlife The fence
should be posted with signs to 1dentify the
site and warn trespassers to stay away A
telephone number to contact in case of
emergency should also be posted
Consideration should also be given to posting



a security guard at the site and installing
alarms on the gate and security fence

Guideline 3-3:

The layout of a hazardous waste landfill
site should give due consideration to the
physical aspects of the site, the proposed
landfill development plan and efficient
traffic flow patterns.

Guideline 3-4:

A buffer zone should be provided around
the perimeter of the site to act as a visual
screen and noise barrier. The width of the
buffer zone and the visual/noise
attenuation features to be incorporated
into it may vary according to land use and
local regulations.

Guidehine 3-5:

A minimum security system consisting of a
perimeter fence and appropriate signage
should be provided. Additional security
measures such as posting a guard and
installing alarm systems may be required
depending on site-specific circumstances.

3.22 Buldings and Facilities

The buildings and related facilities required at
a hazardous waste landfill include an
admunistration building, weigh scale, roads,
laboratory, personne! wash-up area, vehicle
wash, equipment maintenance building, and
securnity system Site facilities should include
a water supply, sewage disposal, a power
source, telephone services, and a vehicle
fueling depot The admunistration building
should provide office space for the site
manager and adminstrative staff and be
capable of serving as a reception area for
visttors to the site It should also house the
laboratory, personnel wash-up/locker area,
lunch room, scale house and other appropriate
functions

The laboratory should be capable of providing
rapid venfication checks on the physical and
chemucal nature of the matenals to be
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landfilled If a chemucal
solidification/stabilization/fixation process 1s
nstalled as part of the landfill, then the
capabilities of the laboratory can be expanded
to include testwork relating to the operation
and quality control of that process Wastes
generated by the laboratory should be treated
as hazardous wastes unless proven otherwise

The personnel wash-up facility should include
segregated "dirty" and "clean" areas separated
by a mandatory shower area In this fashion,
workers’ clothing that 1s potentially
contaminated will be kept segregated from
street clothing This would minimize the risk
of transporting contamnants from the site
madvertently Laundry facilities can be
provided for workers’ clothing and other
protective apparel Shower water and spent
laundry water should be segregated and
treated as a hazardous waste unless proven
otherwise

The lunch room should be designed to
provide a clean environment for workers,
admunistrative staff and visitors eating 1n the
active area of the site For workers entening
from the active area of the site, the eating area
should be accessed through the segregated
wash-up area

A weigh scale and scale house should be
provided to weigh full and empty vehicles
entering and leaving the site for inventory
purposes In addition, a vehicle wash facility
should be provided to decontaminate vehicles
that have been working 1n the active areas of
the landfill site  Washwater from this facility
should be treated as a hazardous waste unless
proven otherwise As well, an equipment
maintenance building should be provided to
service and repair the vehicles and other
equipment used on the site

The roadways at the site should be designed
for easy turming and manoeuvering by
constructing them with reasonably shallow
gradients Road surfaces and design load
capacities should be compatible with the
degree of use intended, particularly



inclement weather In this regard, it may be
desirable to install paved roads on routes that
will be used continuously over the life of the
site This will assist 1n dust control and
provide an all-weather surface for
frequently-used routes

Provision should be made to ensure materials
from contamunated or potentially
contamunated areas on site are not transported
madvertently from the site by "tire-tracking"
or by some other means with vehicles that
have been 1n direct contact with hazardous
waste areas This can be done by one of two
methods

 provision of a transfer point on the landfiil
site at which vehicles entering the site
would off-load their cargo This cargo
would then be picked up and taken to the
landfill by vehicles and equipment
dedicated exclusively to working 1n the
contaminated areas of the site, or

« provision of a vehicle wash station at
which all vehicles leaving the site would
be washed thoroughly The washwater
would be treated as a hazardous waste
unless proven otherwise

The selection of a preferred method of
transportation will depend upon economics
but should also be chosen to be consistent
with vehicle management practices used at
other hazardous waste facilities that may be
on the same site  These may nclude a
physical/chemical/biological treatment plant
or a thermal destruction facility

Guideline 3-6:

The buildings and facilities at a hazardous
waste landfill site should include an
administration building housing offices, a
lunchroom, a laboratory, and a segregated
"dirty" and "clean" personnel wash up
area. Other facilities which should be
provided include a weigh scale, vehicle
wash facility and maintenance building.

Guidehne 3-7;

Provision should be made to prevent
contaminated or potentially contaminated
materials from being inadvertently
transported from the site by means of
"tire-tracking".

Guideline 3-8:

Any contaminated or potentially
contaminated liquid wastes generated by
actvities at the hazardous waste landfill
such as worker shower and laundry water,
or contaminated vehicle washwater, should
be segregated and managed as a hazardous
waste unless proven otherwise.

3.2.3 Stormwater Management

Proper stormwater management 1s a very
important consideration in the design and
construction of a hazardous waste landfill
Appropnate precautions should be taken to
prevent surface water from entering the active
areas of the landfill site Likewise, run-off
from such areas should be collected
separately, analyzed and if necessary, treated
and disposed of as a hazardous waste

Precipitation falling directly on the open
working areas of the landfill that result 1n a
contaminated run-off stream can be avoided
by providing a cover for the active area under
which work can proceed regardless of
weather conditions

Guideline 3-9:

Run-on should be directed away from
active hazardous waste landfills. All
reasonable means should be taken to avoid
run-off from active portions of a hazardous
waste landfill site. If such run-off occurs, it
should be considered to be potentially
contaminated, checked for quality and, if
appropnate, managed as a hazardous
waste,




3.2.4 Alternative Landfill Concepts

There are a variety of concepts for the design
and construction of the waste cells which are
the final repositories for hazardous wastes 1n a
hazardous waste landfill Figure 3 illustrates,
1 simplified schematic form, three alternative
landfill concepts as described by the Ontario
Waste Management Corporation These
concepts are distinguished as follows

(MM Duillon, 1986)

« Above-ground - places the sohdified
material entirely above the ground surface,

« Shallow Entombed - places all of the
sohdified matenal below the base of the
weathered zone, the top surface of the
landfill cover will be approximately at the
ongmal ground surface level, and

« Conventional - places the solidified
materal both above and below the ground
surface

Depending on the characterstics of the
available site, one landfill method may be
more appropriate then another Each case
must be assessed on 1ts own merits with due
consideration to such factors as

» topography,

« soil stratigraphy and permeability,
« water table elevation and gradient,
« climate,

- availability of suitable borrow matenals,
and

 the extent to which the escape of
contaminants are to be controlled

If 1t 1s desirable to maintain the existing
topography of the site after completion and
closure of the landfill, then the shallow
entombed concept might be appropriate
Long-term maintenance 1s mimmized as well

with selection of the shallow entombed
concept Alternatively, if 1t 1s important to
contain waste matenial above the water table,
then the above-ground or conventional
landfilling concepts might provide an
advantage However, 1f the wastes must be
placed under the weathered zone to avoid
freeze/thaw cycles or possible erosion, the
shallow entombed concept would be more
appropnate If there is a shortage of borrow
materials to use in constructing the landfill,
then either the shallow entombed or the
conventional concept muight be appropriate as
the excavated matenals could be used 1n
constructing and completing the landfill

Guideline 3-10:

The choice of which landfill concept to
implement (above-ground, shallow
entombed, or conventional) should depend
on a detailed consideration of site-specific
physical and environmental conditions.
Selection of the preferred concept should
be made with due consideration of the
integrity of the landfill and the extent to
which the escape of contaminants from the
landfill are to be controlled.

3.2.5 Alternanve Landfill Development
Methods

There are three general methods for
developing a landfill Each method can be
adapted to any one of the three landfill
concepts discussed 1n the preceding
subsection The three landfill development
methods are

+ Cell Development Method - in which
discrete cells are constructed for
depositing waste Each cell 1s opened,
filled, and closed as a umt during a period
of weeks or months This may be a
relatively short time frame compared to
the life of the overall landfill site Cells
will tend to be relatively square 1n plan
view with length to width ratios
approximately equal to 1 1
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« Trench Development Method - in which
the cell 1s extended such that the length to
width ratio 1s substantially greater than
11 Unlike a discreet cell, the trench 1s
developed continuously with opening,
placing and covering activities advancing
1n unison as the waste 1s placed 1n the
trench A trench 1s operated over a longer
period of time than a cell - from months to
years The length of the trench 1s
constrained by the overall dimensions of
the landfill site

+ Area Development Method - 1s a method
in which the landfill 1s developed over the
full area available on the site  Simlar to
the trench method, the landfill operation 1s
continuous with the opening, placing and
covenng of waste advancing steadily
The area 1s developed 1n this fashion over
the full life of the landfill site

In descending order, the area, trench and cell
development methods offer the most efficient
utilization of available space on the site, all
other things being equal Nevertheless
depending on project-specific circumstances,
there may be justification to choose one
method over another For example, unique
circumstances such as relatively small waste
quantities, seasonal constraints due to harsh
weather conditions, the need to provide a
cover over the open working face, site
configuration and other reasons, may be
sufficient to justify using the discrete cell
method

Guideline 3-11:

The choice of which landfill development
method (cell, trench or area) to employ
should be made in hght of site and
project-specific factors. In general, the
discrete cell method is more suited for the
landfilling of smaller waste quantities,
whereas the trench or area development
methods are more suited to larger waste
quantities.
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3.2.6 Geotechnical Engineering
Considerations

The design of a hazardous waste landfill
facility must include consideration of
geotechnical engineering principles for the
construction of dykes, cut slopes, landfill
cells, roadways, and drainage structures

The strength of both n situ and engineered
soils should be assessed using appropriate
laboratory and in situ testing techniques
With a proper knowledge of groundwater
flow conditions, and appropriate stability
analysis techmques, safety factors for cut
slopes and embankment slopes can be
determuned Interior cell slopes may be
governed by liner design considerations but a
muumum safety factor of 1 4 1s recommended
for all slope designs as noted 1n the Canadian
Foundation Engineering Manual (Canadian
Geotechnical Society, 1985) Alternatively,
an ultimate limut state analysis can be
undertaken using the appropnate factors as
recommended 1n the same reference

Settlement and heave of net loaded and
unloaded areas should also be considered
because they can cause stress on, and hence
affect the performance of, liner materials and
leachate collection systems In addition, the
impact of a liner on the so1l moisture regime
with respect to net infiltration or
evapotranspiration should be examined In
analyzing the stress state of the sol, the bulk
unit weight of the hazardous wastes 1n the
landfill should be estimated This should be
based on a knowledge of the landfill
components and the method of placement

Guideline 3-12:

Appropriate geotechnical engineering
principles should be applied to those
aspects of the hazardous waste landfill
facility involving the construction of dykes,
cut slopes, landfill cells, roadways, and
drainage structures.



3.3 Natural Attenuation Concept

3.3.1 Premises

The natural attenuation approach to hazardous
waste landfilling 1s based on the following
premuises

1) Landfilled hazardous wastes will present
a threat to the environment for hundreds
or thousands of years

Natural site features of so1ls and
geology, and groundwater conditions
can provide a very high level of
protection for health and the
environment Under these conditions
design features can fully utilize these site
advantages and long-term care
commitments are reduced

2)

3) The long-term 1ntegnty of engineered
control measures such as flexible
membrane liners, leachate collection
systems and sophisticated cover designs

has not been proven

3.3.2 Suing

Sites sutable for the natural attenuation
approach consist of areas where no water
resources are present that can be adversely
affected Areas where water resources are
naturally protected by sound geological
formations are also suitable The natural
attenuation approach 1s also appropnate
where the types of wastes placed in the
landfill can be controlled so that any leachate
produced will be adequately attenuated by the
environment

Proponents for natural attenuation landfills
must emphasize the need for a thorough
hydrogeological assessment of the landfill
site  This assessment must predict the
long-term environmental effect of the landfill
on the ground-and/or surface water resources
and address the results of any abatement
measures to reduce adverse effects The
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assessment must also investigate the
applicability of contingency measures and
monitoring plans

3.3.3 Leachate Control

All containment structures exposed over long
periods of time to the weather and various
chemucals absorb water Waste exposed to
this water produces leachates A natural
attenuation landfill in a humid climate that
relies on clay deposits for environmental
protection 1s expected to accumulate water
over the long term This water and resulting
leachate will eventually reach an equilibrium
elevation above the base of the waste
Leachate that 1s produced 1n the landfill 1s
normally not recovered Its movement 1s
controlled by the attenuation capacity of the
natural environment at the site

3.34 Monuoring

Monutoring 1s particularly important because
1t 1s through long-term monitoring, which
may continue for more than one hundred
years, that data are gathered to venfy the
hydrogeologic assessment and permut the
final closure of the site

3.3.5 Long-term Care

The guarantee of long-term care, until the site
can be finally decommussioned, 1s a
particularly difficult and complex problem

In the case of natural attenuation landfills,
long-term care must include the post-closure
costs of facility insurance, site maintenance,
contingency plans and monitoring

Depending on site conditions this post-closure
period could well exceed 100 years One of
the advantages of the natural attenuation
approach 1s that activities such as leachate
collection and treatment are not required, or
are required for a hmited period only and,
therefore, the costs of long-term care are
minmzed

3.3.6 Compensating Features
Where adequate natural conditions do not
exist, compensating features are required



The natural attenuation approach will
accommodate the incorporation of
sophisticated technology and "engineering"
mnto landfill designs This procedure reduces
contaminant discharge to levels that can be
accommodated by the natural attenuation
capacity of the surrounding environment For
example, 1t may be necessary to reduce the
concentration of a particular contaminant in
the leachate by pretreatment of the waste or to
reduce the amount of infiltration and leachate
production by modifying the cover design It
may also be feasible to incorporate some type
of accelerated leaching or mn-place treatment
system 1nto the design to reduce the strength
of the leachate during the first few decades
after site closure

The natural attenuation approach will
accommodate the use of flexible membrane
liners and leachate collection facilities as
added protection 1n a naturally protective
environment, provided these factlities do not
iterfere with site monitoring

3.3.7 Examples of Natural Attenuation
Landfills

The natural attenuation approach 1s illustrated
by the designs of the Tricil Ltd landfill and
the proposed Ontario Waste Management
Corporation landfill in Ontanio These landfill
designs allow for a very slow, continuous
discharge of contamination from a hazardous
waste landfill over a period of hundreds and
thousands of years The sites are designed so
that the impact of this contamunant discharge
on the recerving ground- or surface water 1s
not significant

Figure 3 provides an illustration of the
"shallow, entombed landfill" concept
proposed by the Ontario Waste Management
Corporation which 1s used at the Tricil landfill
i southwestern Ontario A description of the
physical charactenstics at the Tricil site*
follows

*

Information supplied by R Szudy of Tneil Ltd
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The clay deposits 1n which the Tricil landfill
18 placed are approximately 43-m thick and
have an average hydraulic conductivity of
36x 10 cm/s Approximately 25 m of this
clay separate the base of the waste from the
underlying aquifer Contamunants will move
through this clay primanly by diffusion rather
than advection Based on data from older
parts of the landfill, 1t was estimated that 1t
will be 2000 years before contaminants from
these wastes reach the underlying aquifer and
approxmmately 10 000 years before this
contamination reaches 1ts maximum
(acceptable) level The critical contaminant
i this plume 1s chlonnde Contaminants that
would not be adequately attenuated by natural
processes which could present a potential
problem, are not to be landfilled

The wastes 1n the landfill are given a final
cover of 6 to 7 m of compacted clay The top
of the landfill 1s finished to a relatively level
surface Infiltration through the cover into the
waste after closure 1s anticipated to be
between 0 3 and 3 cm per year Once
leachate production begins, 1t will require
several thousand years for an appreciable
amount of contaminants in the waste to move
to the underlying aquifer No flexible
membrane liner was planned at Tricil because
(a) 1ts service life was felt to be msignificant
compared to the time of contaminant travel to
the underlying aquifer, and (b) calculations
indicated that the environmental impact of the
site without a liner will be neglhigible No
leachate collection system was 1nstalled at
Trncil either because other provisions (surface
water collection) were made for dealing with
leachate production from direct precipitation
into the site while 1t was 1n operation

The site design proposed by OWMC 1s for a
shallow entombment landfill similar to that of
Trcil except for the incorporation of a
leachate collection system This leachate
collection system 1s mntended to control water



from precipitation that may enter 1nto the
operating site It 1s also used for monitoring
leachate quality 1n the short term, perhaps
thirty years after site closure It 1s not
mtended to serve a long-term function

3.4 Engineered Containment
Concept

3.4.1 Overview of Liner Systems and
Leachate Control Concepts

A varnety of complete systems for landfill
liners and leachate removal have been
designed to protect the environment
surrounding the landfill site The topic of
landfill liner systems and leachate control
concepts has been the subject of considerable
debate and as yet, no uniform consensus has
emerged on what the preferred approach
should be Regardless of the approach taken,
there should be some provisions for a quality
control program to ensure that the matenals
and construction methods used for a landfill
site meet the specifications of the approach
selected Examples of various approaches
that have been used are described 1n the
following text

« United States Environmental Protection
Agency Requirements In 1984, the
EPA mandated under Hazardous and
Sohid Waste Amendments that hazardous
waste landfills be lined with a double
lmer Two alternate versions of this were
allowed, one using a flextble membrane
mner lmer and a compacted low
permeabuility soil outer liner, and the other
using flexible membrane liners for both
the inner and outer liners Schematic
diagrams 1llustrating these two alternates
are presented 1in Figures 4 and 5,
respectively Figure 6 1llustrates a more
detailed profile of the Alternate 2
composite, double-liner system

» Hazardous Waste Landfill - Midland,
Michigan: A hazardous waste landfill
constructed in 1985 1n Midland,
Michigan, under the Michigan Hazardous
Waste Management Act 1s reported
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(Cadwallader, 1987) to have the following
hiner system

- asynthetic flexible membrane liner
(100 mu! high-density polyethylene
with leachate collection system-sand
layer),

a clay layer - 1 5 m thick,
a sand layer (for leak detection), and
a clay layer 1 m thick on the bottom

Secure Hazardous Waste Landfill -
Swan Hills, Alberta: A secure landfill
with a cover over the active cell was
constructed in 1986 at the Alberta Special
Waste Management Corporation’s Swan
Hills facility The following components
were placed beneath the landfilled wastes
to contain any leachate seeping out of the
material (Richardson, 1986)

a leachate collection system above
liner (synthetic drainage mat),

a flexible membrane liner of high
density polyethylene,

a leak detection and collection system
below hiner (synthetic drainage mat),
and

a clay liner

Secure Hazardous Waste Impermeable
Cell - LaSalle, Quebec: In 1988, the
muncipality of LaSalle, on the outskirts
of Montreal, imitiated the last phase of the
decontamination of the land where the
former Lasalle Coke plant was located
Thas plant, which transformed coal into
coke and synthetic natural gases, had
operated from 1920 to 1977 The
company’s land was highly contamiated
as the result of spills and the disposal of
waste on the plant site In 1988, the
municipahity of LaSalle began building a
cell to contain some 600 000 m? of
contamunated soil and waste on the site of
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the former plant This cell was designed
and built in accordance with the concept
of the secure landfill cell by using a
double-liner system to render the sides
and bottom of the cell impermeable It
was also designed for the collection of
leachate and the detection and collection
of any liquid between the two
geomembranes (Figures 7, 9, and 10)

With a secure landfill cell design, 1t 1s
possible to drain the contaminated materials
that have been landfilled by means of a
leachate collection system, thereby
minimizing the risk of contaminant migration
outside the cell The leachate collection
system at L.aSalle overlies the primary
geomembrane (HDPE, 2 0 mm) which retains
the contaminants 1nside the cell Underlying
the primary liner 1s « leak detection and
collection system This system detects and
collects any liquid that infiltrates the system
Below 1t 1s a second geomembrane (HDPE,

1 0 mm) which constitutes the second
impermeable barrier of the secure cell Lining
the bottom of the cell 1s a layer of clay till
with a minimum thickness of 12 m and a
mean permeability coefficient of 4 x 10 cm/s

The cell cover consists of three layers, each of
which has a distinct purpose (Figure 8) The
first layer just above the waste 1s an
impermeable layer, consisting of a
geomembrane (HDPE, | 5 mm) overlying

60 cm of compacted clay Thus layer 1s
designed to prevent the infiltration of
precipitation  Above the impermeable layer 1s
a 60-cm drainage layer designed to promote
rapid drainage of rainwater The top layer 1s
composed of 30 cm of vegetation which is
designed to promote the regrowth of
vegetation over the landfill The two top
layers protect the impermeable layer from the
effects of the freeze/thaw cycle

3.4.2 Liner Materials

Many different types of liner matenals have
been used, or studied for use 1n landfills
These matenals include

Flexible Membrane Liners

« high density polyethylene (HDPE),
+ polyvinyl chloride (PVC),

+ butyl rubber,

« neoprene, and

« other polyethylenes (e g , chlonnated,
chlorosulphonated)

Considerations for flexible membrane liners
should include

« compatibility with the waste to be
contained and the leachate that may be
generated,

« resistance to weathenng (e g, ultraviolet
radiation),

» resistance to physical damage,
« resistance to rodents and microbes,

« retention of desirable properties at various
temperatures,

« efficiency of jomnting and seaming,

« quality assurance/quality control during
both manufacturing and placing,

- need for a 0 5- to 1 0-m thick layer of
granular materal to be placed over the
flexible membrane 1s to protect 1t during
placement of wastes during operation of
the landfill, and

 the performance and service life of the
liner

When compared to the numerous other
synthetic membrane liner matenals, HDPE 1s
presently the matenal of choice High density
polyethylene exhibits good tensile strength
and elongation properties, high tear and
puncture resistance, good low temperature
bnttleness properties, and excellent resistance
to attack by a wide varnety of chemicals
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Soil Liners

Historically, soils with a high clay content
have served as liner matenal in numerous
applications Soil liners are placed on the
sides and bottom of a landfill and compacted
n layers according to specific requirements
However, the interaction between soil and a
variety of chemucals 1s complex and vanable
Thus, the compatibility of soil liners with
several types of hazardous wastes 1s uncertain
Laboratory studies 1n the early 1980°s
indicated that concentrated organic liquids
could increase the hydraulic conductivities of
soils from 100 to 1000 imes Regardless of
how representative these tests were of
prototype conditions, the EPA subsequently
abandoned soil liners 1n favour of flexible
membrane liners (FMLs) This decision by
the EPA to mandate FMLs has been
challenged by others (Reades and Chart,
1986) for some applications The
Environmental Protection Agency currently
favours compostte liners consisting of clay
and a synthetic matennal Considerations for
so1l liners should include

» the most effective moisture content for
compaction (a "wet condition" of the
opttmum liner 1s preferred),

+ the type of compaction (kneading type
preferred, e g , sheepsfoot roller over
smooth roller),

+ the final hydraulic conductivity achieved,
and

« the quality assurance/quality control
during placement

Other Liner Matenals

Other than flexible membrane liners and clay
soils, the following types of liners have been
used

« bentonite and bentonite muxtures,
« sotl-cement, and

« sprayed-on matenial (e g, asphalt, asphalt
in cement, granite)
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While these other liners may be considered,
they have not found wide application 1n the
hazardous waste management field

Guideline 3-13:

The specification of a preferred liner
material, natural and/or synthetic, will
depend on site-specific considerations and
shall be based on demonstrated
compatibility with the hazardous wastes to
be landfilled. Liner matenal will also be
chosen on the basis of its resistance to
deterioration/failure due to climatic
changes and stresses associated with liner
installation and landfill operation.

34.3 Leachate Control

Leachate normally 1s collected above the liner
material and conveyed by a network of
perforated pipes to sumps or niser pipes for
surface containment and disposal The pipes
are placed 1n a layer of granular matenals to
allow for percolation of the leachate into the
pipes The thickness of the granular layer
typically varies from05to1 0 m

Some considerations for leachate collection
systems are

+ the type of pipe matenal selected (should
be resistant to chemuical attack by the
leachate, and

« the hydraulic design of the system should
include factors to limut leachate hydraulic
heads above the collection system to
acceptable limuts Hydraulic design will
cover the size and spacing of the pipe
network and determine the type of
granular matenal surrounding the pipes
Hydraulic design should account for
precipitation that may occur prior to cover
installation

As an alternative to a pipe collection system,
synthetic drainage gnds (geonets) and
synthetic drainage mats (geotextiles) have
been used These provide a layer of voids or
"conduits" for the conveyance of hquids
They can be particularly appropriate on side



slopes Dramnage grids and mats may also be
used below liners for leak detection and as a
secondary means of leachate removal

The characterstics of leachate from a new
hazardous waste landfill are relatively
unpredictable and there 1s a paucity of
background data on this subject Sampling
and analysis at a specific site will determine
leachate characteristics In general, leachate
from a hazardous waste landfill should be
classified as hazardous waste Treatment of
the leachate can be quite costly and
complicated Therefore, every effort should
be made to reduce the amount of leachate to
be collected and treated Rather than
construct a leachate treatment facility for
relatively small quantities of leachate on the
landfill site, the leachate could be hauled to a
hazardous waste treatment plant for
processing

Guideline 3-14:

A leachate monitoring, collection and
removal system should be installed beneath
an "engineered containment" hazardous
waste landfill 1n order to control
contaminant migration from the site.
Furthermore, any leachate collected from a
hazardous waste landfill should be
classified as hazardous waste and be
managed accordingly unless the waste
material is proven not to be hazardous.

3.4.4 Engineered Cover

An engineered cover for a hazardous waste
landfill 1s used for the following purposes

« to provide a separation between
potentially harmful contaminants and the
surrounding environment,

» to control surface water infiltration,

« to sustain vegetation growth and provide
an aesthetically-pleasing finished
appearance, and
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« to fulfill engineering functions such as gas
control, surface run off management,
erosion control and structural integrity

An important function of the cover 1s to
control infiltration 1nto a landfill thereby
preventing an unacceptable buildup of
leachate over the bottom liner In the extreme
case, uncontrolled infiltration could allow the
waste cell or the landfill to fill with leachate
which would then overflow onto the ground
surface It should be noted that, as 1s the case
with liners and leachate collection systems,
the long-term performance of engineered
covers has yet to be demonstrated

The Canadian National Research Council’s
Task Force on Geotechnical Waste Disposal
(1983) points out, "the comparison between
covers and bottom liners should be based on
equalization of flows and not on the basis of
equal permeability " Equalization of flows
between covers and bottom liners will depend
on factors such as relative heads and liner
thickness This approach 1s considered more
desirable because it accounts for local
conditions such as rainfall, evaporation and
the magmtude of storm events

A major goverrung factor in the design of a
low permeability zone 1n the cover 1s frost
and weathering protection Accordingly, both
the EPA and Proctor and Redfern (January,
1985) state that the impermeable layer should
be completely beneath the average depth of
frost penetration for the area Although
factors such as snow cover may be taken mto
account, this will require a substantial top
layer to protect the low permeability zone

Subsidence of the cover over the cells 1s
another important consideration The
potential for subsidence will be a function of
waste placement procedures, materials used,
depth of the cells, and settlements The
thickness, elasticity and elongation of any
flexible membrane used as a cover will have
to be considered 1n light of the potential for
subsidence to occur The cover design should
also take 1nto account potential exposure,



slope stability and construction disturbance
The surface of the final cover layer should be
graded to discharge run-off away from the
operating site  The surface should then be
planted with grass to enhance
evapotranspiration and protect against erosion

A typical "engineered containment” cover
system normally incorporates the following
design features

« atop layer of soil that would
accommodate shallow root vegetation
native to the area and encourage run-off
without erosion,

- asecond drainage layer constructed of
porous free-draining matenal to
accommodate major sustained storm
events and to discourage root penetration
in the low permeability zone, and

 athud layer which functions as a barner
to surface water infiltration

Guideline 3-15;

A final cover system should be installed
over each landfill cell with the objective of
isolating the wastes, controlling infiltration
and providing appropriate erosion
protection for the site.

Guideline 3-16:

The barrier layer of the cover system
should be integrated securely into the
landfill liner system at the perimeter of the
landfill cells. In addition, the cover system
should be of sufficient thickness to
minimize any stresses due to freeze/thaw
cycles.

Guideline 3-17:

The cover and bottom hner of the landfill
should be designed such that no buildup of
fluid occurs in a landfill cell.
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3.4.5 Gas Venting

The potential for gas buildup under a landfill
cover must be addressed Gas may be
generated 1n landfilled wastes due to the
decomposttion of any organic material in the
wastes While 1t 1s recommended 1n

Section 2 0 of this guideline document that
the placement of organic materials 1n
hazardous waste landfills be minimized, gas
evolution could result from volatile chemucal
wastes madvertently placed 1n the landfill
The nature and vanability of hazardous
wastes makes prediction of gas generation
uncertain  Gas may be produced in certain
areas of the fill and not 1n others

Design measures such as a gas collection
layer placed under the impermeable cap liner
and the provision of vents should be
considered In the design and construction of
a landfill, 1t would be prudent to allow for the
controlled collection and release of gas by a
network of pipes 1n gravel-filled trenches or a
similar network system However, these
elements can be dispensed with if little or no
gas production 1s anticipated

Depending on the nature of the gas released,
some form of gas treatment may be desirable
Incineration could be employed if the gas 1s
rich 1n methane and/or volatile hydrocarbons
Other gas treatments mnvolve wet scrubbing if
the gas has a significant hydrogen sulphide
content, or carbon absorption if relatively
small amounts of volatile hydrocarbons are
present 1n the gas

Guidehne 3-18:

The potential for gas production from the
disposed waste should be determined and
an appropriate system for gas collection,
treatment and release should be provided.



Section 4

Operation and Monitoring

4.1 Overview

The successful implementation of a landfill
for the disposal of hazardous wastes hinges on
strict control over operating and monitoring
procedures These procedures should
complement the general design philosophy of
the landfill and also provide for proper
closure and post-closure care requirements

4.2 Administrative Procedures

All operations at the landfill site should be
guided by the procedures detailed in an
operating manual prepared specifically for the
facility This manual should be
comprehensive 1n scope and, as a minimum,
focus on the following topics

» adescniption of design intent, cell
construction detatls, the overall landfill
development plan, and site closure plan,

» aclear identification of the chaimn of
authority, organizational structure, job
descriptions and job responsibilities for all
personnel,

» anitemzation of mandatory regulatory
reporting requirements,

» anitemization of internal written reporting
requirements and record keeping,

« adescription of health and environmental
monitoring programs and related reporting
requirements,

« adescription of the routine landfill
operational procedures including
laboratory procedures,

« adescription of personnel health and
safety precautions and procedures,

+ adescription of site security protocols, and

+  list of authorities to notify 1n case of
mushap

The operating manual should be the primary
iformation source document for essentially
all aspects of site operations and should be
available to all personnel for convenient
reference It should be revised and updated
on a regular basis as new procedures are
developed to cope with changing market,
environmental or regulatory conditions

A waste materials inventory control and
record keeping system should be developed
and ngorously followed at the site Items to
be addressed 1n this system should include

- manfest checking and filing of manifests
for incoming waste deliveries,

« weigh scale and laboratory analysis
records of incoming delivenes for internal
mventory control (and for customer
billing purposes as required), and

- "as-built" drawngs of the completed
landfill cells which include recorded dates
of placement, operating staff responsible,
and types and sources of wastes placed
therein

A comprehensive vehicle and equipment
maintenance manual should be prepared for
all mobile and stationary equipment on the
site  In addiion to operating and maintenance
1nstructions, the manual should describe what
equipment decontamination procedures and
personnel protection measures are required
for maintenance work If maintenance 1s
conducted on equipment used 1n the active
areas of the hazardous waste site, any spent
materials such as soaps and solvents are to be



classified as hazardous waste This should be
clearly stated 1n the maintenance manual The
manual should be used as a basic reference
document for operating and maintaining the
equipment at the site

Guideline 4-1:

A comprehensive facility-specific operating
manual should be prepared for a
hazardous waste landfill This manual
should be reviewed by all staff, and used as
the primary reference document for
day-to-day operation of the landfill.

Guideline 4-2:

A comprehensive waste materials inventory
control and record-keeping system should
be established for the landfill site and
rigorously adhered to by all operating
personnel.

Guidehline 4-3:

A comprehensive vehicle and equipment
maintenance manual should be prepared
for all mobile and stationary equipment on
the site and be used as a basic equipment
reference manual The maintenance
manual should include equipment
decontamination and personnel protection
measures.

4.3 Placement of Wastes

The placement of hazardous wastes 1n the
landfill should follow the requirements set
forth 1n the landfill development plan
described 1n Section 4 0 of this document
This would give due consideration to the
preferred landfill concept, cell design
including a leachate control system, cell
development, capping and closure
requirements Placement of wastes must also
give due consideration to the segregation of
incompatible matenals 1n order to mimimize
the risk of dangers such as explosions, fires,
and the evolution of toxic gases
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Since the infiltration of direct precipitation
and surface water run-on into a landfill
contributes to the generation of contaminated
leachate, efforts should be made to control the
intrusion of water into the waste cells A
cover can be 1nstalled over the active face of
the landfill to help prevent the infiltration of
direct precipitation The other advantage of
this approach 1s that 1t enables work to
continue during inclement weather Any
water run-off from the active areas of a
hazardous waste landfill should be collected
and treated as a hazardous waste

As the wastes are placed 1n lifts, they should
be compacted by a mechanical rolling device
(sheepsfoot, vibratory, etc ) as necessary to
munimize subsidence of the completed landfill
structure 'This requirement may not be
appropnate when dealing with solidified
wastes

To prevent the transport of contamunated or
potentially contaminated materials from the
site, either one of the two measures outlined
below should be adopted regarding vehicles
that come 1nto direct contact with the active
areas of the landfill site

« off-loading wastes delivered to the site by
"off-site" vehicles with subsequent
handling of the wastes by "on-site"
vehicles exclusively dedicated to working
in the active area of the landfill, or

- washing all contaminated and potentially
contaminated vehicles before they leave
the site  The washwater would be treated
as a hazardous waste unless proven
otherwise

Guideline 4-4;

Direct precipitation and surface water
run-on to the active areas of the landfill site
should be controlled Any water run-off
from the active areas of a hazardous waste
landfill should be collected and treated as a
hazardous waste unless proven otherwise.



Guideline 4-5;

Care should be taken when operating
equipment to ensure that the integrity of
the landfill liner and leachate control
system is not breached.

Guideline 4-6:

Care should be taken in equipment
operation and maintenance to ensure that
contaminated materials are not
inadvertently "tracked" from the active
areas of the landfill site In this regard,
equipment washwater and spent cleaning
solutions should be collected separately and
treated as a hazardous waste unless proven
otherwise.

4.4 Emergency Procedures

An emergency procedures plan for dealing
with all realistically foreseeable mishaps at
the landfill site which could endanger human
health or the environment should be prepared
and updated on a regular basis Examples of
such incidents include fires, explosions,
accidental spills of contaminants 1n nonactive
areas, and the generation of unanticipated
contaminated run-off and/or leachate

The emergency procedures plan would
include the following components for dealing
with each type of mishap

o 1mmediate response measures,

- names, addresses and contact numbers for
all persons qualified to act as an
emergency coordinator,

» names, addresses and contact numbers of
individuals, agencies, or organizations
who can provide additional assistance,

» evacuation plans for facility personnel and
nearby residents should the need arise,

+ appropnate medium and long-term
remedial measures,

« 1nventory and location of emergency
equipment to be kept on hand at the
facility, and

- ncident reporting format and procedures

Instruction on the emergency procedures plan
should be an integral part of the training
program for all employees at the landfill The
ventory of equipment necessary for
mmmediate response to the mushaps outlined 1n
the emergency procedures plan should be
kept readily available at the landfill site
Equipment for medium and long-term
response actions need not be immediately
available on site  However, the emergency
procedures plan should note specific locations
nearby where 1t can be obtained on short
notice In this regard, the plan should be
prepared 1 consultation with community
emergency response authonties in the vicinity
of the landfill site  Copies of the plan should
be distributed to all nearby agencies such as
police and fire departments, provincial and
municipal emergency response teams which
mught be called upon, and local hospitals

Guideline 4-7:

An emergency procedures plan should be
prepared for responding to all realistically
foreseeable mishaps which could occur on
the landfill site The plan should be
prepared in consultation with provincial
and nearby community emergency
response authorities.

Guidehine 4-8:

The emergency procedures plan should be
reviewed and amended on a regular basis
to reflect changes in personnel, technology,
equipment and/or response procedures.

4.5 Personnel Programs

All personnel at the landfill site should
successfully complete a mandatory training
program appropnate to their job functions
Following the imitial indoctrination program,
there should be regular "refresher" programs



designed to reinforce established procedures
and mtroduce new procedures Personnel
records should be maintained to document the
nature and timing of training completed by
each employee

The training programs should be given by
qualified and expenienced mstructors As a
munimum, the following topics are
recommended

- landfill concepts and day-to-day landfill
operating procedures,

* equpment operating instructions and safe
practices,

« emergency procedures plan indoctrination,

+ wearng of protective clothing and
equipment,

« appropnate personal hygiene measures
regarding matters such as washup, eating,
and laundry, and

« first-aid rescue measures

All personnel on the site should be given
thorough premedical examnations as well as
frequent pertodic examunations throughout the
duration of their employment on the site  If
there 1s reason to suspect that a worker has
been unduly exposed to contamination, then a
more 1ntensive health monitoring program
focussing on the specific toxicological
marnufestations of the contamunant(s) 1n
question may be warranted The medical
€xamunation program should be directed by a
qualified medical practitioner

Guideline 4-9:

All personnel at the landfill site should be
given a comprehensive training program
and be subject to thorough medical
examinations before and during their
period of employment at the site.
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4.6 Environmental Monitoring
Programs

4.6.1 Overview

As indicated previously, a landfill engineered
for hazardous wastes requires strong expertise
m design and construction to control the
escape of contaminants to the environment
Regardless of the level of this effort, all
landfills should be monitored primanly for
the following reasons

+ to check on the adequacy of its
performance, and

« to provide an "early warming" system so
that any necessary remedial work can be
carried out expeditiously

Prior to the establishment of any landfill
facility, 1t 1s imperative that an environmental
baseline profile be prepared for the proposed
site and immed:ate surrounding area This
profile should serve as the reference point for
all subsequent monitoring efforts

Monutoring must be carried out during the
operational life of the landfill, and during the
post-closure pertod The degree of
monitoring will be determined by the actual
findings and their potential adverse
consequences For example, a landfill site
which displays only a small but constant
amount of leachate leakage over several
post-closure years may receive intermuttent
monitoring for the remainder of the
post-closure period By contrast, a landfill
exhibiting a substantial leak should be
extensively monitored

By way of example, monitoring typically
includes the following areas

»  site security,

+ physical movement,
 surface water quality,
« groundwater quality,
«  air emissions,



« contaminant control facilities, and
« general mnspection

A set of monitoring standards should be
established 1n advance of the landfill
commussioning which will indicate when the
site has failed to meet acceptable conditions
Corrective actions can then be taken
Consideration could also be given to the
establishment of a second set of standards that
would allow for decreasing the monitoring
frequency or decommussioning the monitoring
and/or contaminant control systems

4.6.2 Physical Movement

Landfills should be momtored for subsidence
or a lowering of cover elevations due to the
collapse or consolidation of the wastes
Elevations monttored should include the
cover over the filled area as well as other
points around the site Proper subsidence
monutoring requires secure benchmarks, or
stmular monuments, judictously placed at the
site with their elevations determined by
precision levelling from a benchmark well
away from the site

4.6.3 Leachate

Leachate collected at a landfill underdrain
system should be monitored for

- the amount being produced, and
- 1ts physical and chemucal characternistics

The data should be analyzed to determine any
trends The particular leachate characteristics
will also influence 1ts ultimate fate in the
environment Leachates from a hazardous
waste landfill should be considered a
hazardous waste, until proven otherwise, and
disposed of accordingly

4.6.4 Leakage

If a leak detection system (secondary leachate
collection system) has been installed as part of
the landfill liner system, any liquid appearing
1n 1t should be monitored for flow and
physical, chemical and toxicological

characteristics to determine 1f 1t 1s an actual
leachate leak or whether the liquid 1s from
another source

46.5 Groundwater

Due to the potential for severe adverse effects
on groundwater resources, groundwater
monutoring 1s a very important component of
performance monitoring at a hazardous waste
disposal landfill A comprehensive
groundwater monitoring program will provide
reliable data on the effect that the landfill has
on the groundwater quality of the site

To be effective, the momitoring program must
be based on a solid understanding of the
groundwater flow system 1n the area
Hydrology studies conducted during the site
exploration phase of the landfill project would
provide this knowledge In overview, a
groundwater quality monitoring program
should consist of the following components

« background water level monitoring for at
least one year before operation of a
landfill,

- 1mtial detailed sampling of groundwater
constituents prior to landfill construction,

« details of and frequency of ongoing water
level monitoring and sample analysis
program during landfill construction and
operation,

- long-term post-closure monitoring, and

« periodic analysis to compare the results of
monitoring wells to the background water
quality 1n order to assess the
environmental 1mpact of the landfill

Additional information on subsurface
contaminant migration may be gathered by
collecting soil-core samples from certain
areas and conducting analyses for the
occurrence of contaminants Various types of
lysimeters also may be used to monitor
pore-liquids 1n the unsaturated zone




4.6.6 Air Emissions

Aar enussions during landfill operations will
include dust from earth moving, excavation,
placing of wastes and placing of the cover
These emussions should be sampled by
placing dustfall samplers and/or high volume
ambient air samplers at various locations
around the penimeter of the site  If there 1s no
nearby weather station that records wind
speed and direction, such equipment should
be 1nstalled at the landfill site so that
correlations between air quality
measurements, wind direction and speed can
be made

During the later stages of the operational
period as well as during the post-closure
period, any air monitoring concerns should
focus on the emissions from the vent pipes
The amount and type of gas discharged wall
vary considerably from one site to another
Even the emussion levels between vents will
vary since the generation of gas depends on
the amount and types of wastes present Air
samples may be collected from either the vent
pipes or from the ambient air Portable gas
probes may be used In extreme cases of
concern, gas detectors may be installed

The sampling and analysis program for air
emussions should include the following

« dustfall,

+ suspended particulate matter (from
high-volume samplers),

« total reduced sulphur compounds
(ambient and from vent pipes),

« total hydrocarbons (ambient and from
vent pipes), and

 other appropnate contaminants

33

4.6.7 General Inspection

Visual mspection should be carrnied out to
address such items as  secunty (condition of
fences, signs, gates), growth of cover
vegetation, condition of surface water
drainage channels, weathering, and
destructive burrowing by animals

Guideline 4-10:

Prior to the establishment of a hazardous
waste landfill facility, the proponent should
prepare an environmental baseline profile
of the proposed site and immediate
surrounding area This profile will serve
as the reference point for subsequent
monitoring efforts.

Guideline 4-11:

The owner or operator of a hazardous
waste landfill facility should be required to
implement an environmental momtoring
program for both operational and
post-closure periods This program would
apply to physical movement of the landfill,
leachate leakage, groundwater and air
emissions Furthermore, comprehensive
historical records should be maintained of
all monitoring data collected for the
pre-operational, operational and
post-closure stages of the site.

Guideline 4-12:

Prior to commencing operation,
consideration should be given to the
establishment of monitoring standards In
the event that monitoring results fail to
meet these standards, a remedial action
plan would be implemented as called for in
the emergency procedures plan.



Section 5

Closure and Post-closure

5.1 Overview

When a hazardous waste landfill site has
come to the end of 1ts useful hife, 1t must be
closed Closure procedures may also be
applied to portions of a large site where filling
operations are completed

Planning for closure and post-closure care of
the landfill site should be undertaken during
the imitial planning stages for the overall
project By integrating closure considerations
mto the landfill design at the outset, the
landfill development plan will be compatible
with proper decommussioning and long-term
care requirements when the life of the site has
been fulfilled

Guideline 5-1:

Closure and post-closure care plans for a
hazardous waste landfill site should be
prepared as part of the initial planning and
design phase for the overall facility In
addition, they should be updated if they are
in any way affected by changes in facility
design or operating procedures during the
active life of the landfill.

5.2 Closure

Specific closure procedures should ensure that
the long-term integnty and security of the site
1s maintained Of prime importance 1s the
protection of human health and the
environment In addition, the closure
program should be directed toward
minimizing the need for maintenance of the
site after closure The potential costs for
long-term maintenance can be considerable
and 1s an 1mportant factor to take into account
when selecting a landfill concept

Mobile and stationary equipment used in the
active portions of the site should be
decontaminated and the contaminated
washwaster residuals should be treated as a
hazardous waste

Guideline 5-2:

The owner or operator of a hazardous
waste landfill site should be required to
close the facility in a manner that:

« minimizes the need for further
maintenance, and

« controls the post-closure escape of
hazardous contaminants to the
groundwater, surface water and
atmosphere to the proper extent
necessary to protect human health and
the environment.

Guideline 5-3:

When closure is completed, all equipment
and facilities used at the site, with the
exception of monitoring facilities and
equipment, should be decontaminated or
disposed of in an appropriate manner.

5.3 Post-closure Care

The subsequent use of the landfill site should
be identified and approprate land use controls
implemented to ensure that the designated use
1s not violated As a guide, long-term uses
should be selected so that the security of the
wastes deposited 1n the site 1s not breached
This would exclude uses involving significant
construction activities such as buildings,
roads, and pipelines However, it could allow
for less itensive land uses such as passive
forms of recreation Access to the site could
also be sealed off for an indefinite penod



The preferred option will depend on
site-specific conditions including the results
of the on-going monttoring program  If
subsidence, gas venting, and/or leachate
generation becomes a significant problem,
then 1t may be destrable to seal off the site
indefimitely until the situation 1s stabilized

The monitoring systems should be maintained
and operated on a regular basis during the
post-closure period to check for possible
problems Particular attention should be paid
to the groundwater monitoring system In
addition, periodic visual inspections of the
site should be made to observe the integrity of
the landfill cover and surface water drainage
systems These inspections would also ensure
that the authorized use of the site is not being
violated Remedial measures should be
undertaken as soon as potential problems are
identified

Guideline 5-4:

Land use restrictions for the completed site
should be defined and maintained
indefinitely.

Guidehne 5-5:

The post-closure care plan should provide
a description of activities which will be
conducted after final closure of the site and
the frequency of these activities Asa
minimum, these activities should include:

+ maintaining the function and integrity
of the final cover,

- maintaining and operating the leachate
and gas collection, treatment systems if
installed,

« protection and maintenance of survey
benchmarks, and

« control of access to the site in
accordance with its approved
post-closure use.
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5.4 Preservation of Records

A central repository should be established in
which "as-built" drawings and relevant
operating records of the landfill are
maintaned for an indefinite period for future
reference This repository should also include
the cumulative records of the monitoring
programs during both the operational and
post-closure phases of the site Once the
landfill site 1s closed, the records should be
placed 1n the custody of the provincial
regulatory agency responsible for regulating
the post-closure activities on the site

Guideline 5-6:

A central repository for "as-built"
drawings and other operational records
should be established The results of
on-going monitoring programs should also
be compiled at the repository and
maintained indefimtely by the provincial
regulatory agency responsible for
regulating the post-closure activities of the
site Consideration should be given to
entrenching the long-term maintenance of
records in the form of legislation.

5.5 Liabuity

If during operation or after closure, a problem
1s detected during the on-going monitoring of
the landfill site, then remedial measures will
be required to repair the problem Depending
upon the type of measures requtred,
considerable costs could be incurred either as
a one-time.capital expense or as a continuing
operational and maintenance cost In order to
meet these costs, some form of contingency
financing should be provided as part of the
mmtial funding for the project Alternative
approaches to provide such financing include-

» purchase of lability insurance either by
the owner/operator of the site or by the
government,



« posting of a bond or other form of
guarantee by the owner/operator of the
site, and

« 1nstitution of a levy 1n proportion to the
quantity of waste placed in the landfill to
create a remedial measures fund

The amount of contingency financing that
should be provided will depend on a number
of factors including

 size and configuration of the completed
landfill site,

 type and properties of the wastes
deposited therein, and

» charactenstics of the environment in the
tmmediate vicinity of the landfill in
relation to the cost of performing remedial
measures

Guideline 5-7:;

Prior to commencing operation, some form
of contingency financing should be
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provided in the event that the integrity of
the landfill 1s breached and repairs are
required either during its active life or
following closure The amount of financing
required will depend on the size of the
landfill, the types of wastes placed therein
and pertinent site-specific factors Asa
reference for establishing a contingency
fund, a current record should be kept of
the costs of remedial measures at
hazardous waste landfill sites across North
America.

Guideline 5-8:

To ensure the continuity of post-closure
care for the hazardous landfill site and to
eliminate the potential for another party to
unknowingly acquire it, the site should be
legally registered on the appropnate deed
or land title prior to commencing
operation.
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