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neering-related issues of national importance.
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neers and other experts from industry, research
organisations, local and central government, terti-
ary ingtitutions, and the engineering profession.
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seminars, workshops and conferences as opportu-
nities arise.
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« Beof national importance with wide public appeal
and with tangible results.

« Facilitatetechnol ogical co-operationamongst com-
mercial and government organisations, tertiary in-
stitutions and the engineering profession.
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research.
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Chapter 1

Introduction

1.1 Foreword

These Landfill Guidelines are arevision of the CAE
Landfill Engineering Guidelines, originally published
in“ Our Waste: Our Responsibility” (1992).

Landfill siting, design, operationsand monitoring have
undergone major advances over the last thirty years.
Awareness of the issues related to managing various
categories of waste, together with growing concerns
over theenvironmental effects of waste disposal, have
seen significant improvement in the siting, design,
operation and monitoring of wastedisposal facilitiesin
countries where waste disposal practices are not dic-
tated entirely by cost.

However, current practice remains variable through-
out New Zealand.

These revised guidelines have been written to:

» reinforce key components of the 1992 Landfill
Engineering Guidelines;

» outlinekey issuesand requirementswith respect to
the applicable legidation;

e provide additional guidance on siting, design and
construction, with respect to new landfills and
lateral expansions of existing landfills; and

» provide additional guidance on operations and
monitoring at all operating landfills.

1.2 Objectives and Aims

The objectives of these Landfill Guidelines are to:

» provide the basis for siting, design, development,
operation and monitoring of landfillsin New Zea-
land in an environmentally acceptable and sustain-
able manner;

» provide practical guidance to landfill owners, op-
erators and regulatory authoritiesin meeting their
requirement to avoid, remedy or mitigate the ad-
verse effects of landfill disposal, in accordance
with the Resource Management Act (1991);

* reflect current recommended waste industry prac-
tice (both private and local authority) for key as-

pectsof siting, design, operation and monitoring of
municipa solid waste landfills, both new and ex-
tensions of existing sites, in the light of:

— developmentsin the practice of landfill siting,
design, operation and monitoring;

— experienceintheuseandimplementation of the
1992 Landfill Engineering Guidelinesby landfill
operators and regulatory authorities; and

— experience in the implementation of the Re-
source Management Act (1991).

In achieving these objectives these guidelines aim to:

« outlinethekey considerationsin the siting, design
operation and monitoring of landfills on a site-
specific basis; and

e provideaconsistent approachtolandfill designand
management to reduce the actual and potential
effects of landfills on the environment.

Theseguidelinesdeal specifically withmunicipal solid
waste landfills intended to accept municipal solid
waste, as defined in Section 1.3 below.

Within New Zealand there are no specific and legal ly-
binding requirements for the siting, design, operation
and monitoring of landfills.

The final decision on site-specific requirements is
made by the appropriate regulatory authority, or the
Environment Court, under the provisions of the Re-
source Management Act (1991), following a site-spe-
cific assessment of effects on the environment.

Siting, designing and operating landfills, after consid-
eration of the issues and, in accordance with recom-
mendations contained in these guidelines, is expected
to provide areasonable assurance that the landfill site
will not have significant adverse effects on the envi-
ronment.

Indevel oping and evaluating landfill proposals, landfill
owners, operators and regulatory authorities need to
consider in detail the resulting actual and potential
effects on the environment taking into account the
following:

o landfill size
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¢ landfill location and site characteristics;
e surrounding environment; and
e local community.

Specifics of siting, design, operations and monitoring
will be determined following detailed technical, and
non-technical, investigation and analysis.

Therefore, these guidelinesdo not €liminatethe neces-
sity for the devel opment of site-specific requirements
for investigations, design, operations and monitoring.

Figure 1.1 indicatesthe general issues associated with
landfills and protection of the surrounding environ-
ment.

These guidelines are not intended to be a detailed
technical manual, but rather abasisfor landfill opera-
torsand regulatory authoritiesto seek detailed techni-
cal, planning andlegal advicefrom appropriately quali-
fied and experienced individuals and companies.

1.3 Waste Classification and
Landfill Types

Inthisdocument waste classification and landfill types
are defined as follows.

\ \ \
\ \ \
\ \ \

\ \
\ } Precipitation Y
\ \ \
\ \

Gases and odours

£t
{ / Evaporation

\
A\l \ \l

Noise, dust, litter
and visual effects

Waste Classification
Waste is classified into four general categories:

e cleanfill material (or inert waste);
e municipa solid waste;
e industrial waste; and

¢ hazardous waste.

Cleanfill Material (or Inert Waste)

Cleanfill material, or inert waste, iswaste that doesnot
undergo environmentally-significant physical, chemi-
cal, or biological transformations, and has no poten-
tially hazardous content once landfilled. It must not be
contaminated or mixed with any other material.

Cleanfill material is defined as:

« Materia that when discharged to the environment
will not pose arisk to people or the environment,
and includes natural materials, such as clay, soil
and rock, and other materials, such as concrete,
brick or demolition products, that are free of:

— combustible, putrescible, degradable or
|eachable components;

— hazardous substances or materials (such as

Prevailing wind direction>

T
| : \ Contaminated Woodland
: 1 ) ) surface water ~
: : runoff Housing L
Hid . ) People Supply
s WASTE : : : Ditch i borehole
! | . Z &8 15
1 i v *
: . Infiltration - = ° <V
1 - = =
! , Leachate level within site e === <7
W - _ ___= = Methane migration in
h ,}/ fissures or permeable zones CLAY
! ———
| Y | SEtl i
: SAND
| Seepage of leachate Unsatur@ted zone
N . R Saturated zone < JL-—7 7
Groundwater
Figure 1.1: Environmental protection — lllustrations of source/receptor/pathway

(Modified Figure 3.4 from UK Department of the Environment Waste Management Paper No. 26 B (1995))



municipal solid waste) likely to createleachate
by means of biological breakdown;

— any productsor materialsderived from hazard-
ous waste treatment, stabilisation or disposal
practices;

— materialssuchasmedical and veterinary waste,
asbestos, or radioactive substances that may
present arisk to human healthif excavated; and

— contaminated soil and other contaminated ma-
terials.

Municipal Solid Waste

Municipal solid waste is any non-hazardous, solid
waste from a combination of domestic, commercial
and industrial sources. It includes putrescible waste,
garden waste, uncontaminated biosolids and clinical
and related waste (including contaminated waste steri-
lised to a standard acceptable to the Department of
Health). All municipal solid waste should have an
angle of repose of greater than five degrees (5°) and
have no free liquids.

It isrecognised that municipal solid wasteislikely to
contain a small proportion of hazardous waste from
householdsand small commercial premisesthat stand-
ard waste screening procedures will not detect. How-
ever thisquantity should not generally exceed 200 ml/
tonne or 200 g/tonne.

Industrial Waste

Industrial waste is that waste specific to a particular
industry or industrial process. It may contain some-
what higher levels of contaminants, such as heavy
metals and human-made chemicals, than municipal
solidwaste and needsto bemanaged with environmen-
tal controls appropriate to the specific waste(s) being
landfilled.

Hazardous Waste

Hazardouswasteiswastethat posesapresent or future
threat to peopleor theenvironment asaresult of oneor
more of the following characteristics:

e explosiveness;

flammability;

» capacity to oxidise;
* Corrosiveness;
 toxicity; and/or

* eco-toxicity.

Introduction « 3

Hazardouswaste contains contaminants such asheavy
metals and human-made chemicals, at levels high
enough to require treatment to render them safe before
landfill disposal.

For further discussion on hazardous waste refer to the
CAE document Management of Hazardous Waste
(2000). For recommendations on landfill waste ac-
ceptancecriteriawith respect to hazardouswaste, refer
to Section 5.6 of these guidelines.

Landfill Types
Landfills are classified into four categories:

o cleanfill;
e municipal solid waste landfill;
e industrial waste landfill; and

» hazardous waste landfill or hazardous waste con-
tainment facility.

Cleanfill

A cleanfill, or inert waste landfill, is any landfill that
acceptsonly cleanfill material andinert wastes, includ-
ing clean excavated natural materias. In general the
only effective environmental controlson dischargesto
land and water from cleanfills relate to waste accept-
ance criteria

Municipal Solid Waste Landfill (MSWL)

A municipal solid waste landfill (MSWL), also often
referred to as a sanitary landfill, is any landfill that
acceptsmunicipal solidwaste. A municipal solidwaste
landfill may also receive inert waste.

Industrial Waste Landfill (IWL)

An industrial waste landfill (IWL) isalandfill that is
designedto accept predominantly industrial waste. In
many cases industrial waste landfills are monofills,
associated with a specific industry or industrial loca-
tion (for example mining, forestry and smelting) and
designed and operated in accordance with the specific
wastes targeted. Design, operation and monitoring
requirements may be more, or less, stringent than for
municipa solid waste landfills. An industrial waste
landfill may also receive municipa solid waste and
inert waste, depending on design.

Hazardous Waste Landfill (HWL)

A hazardouswastelandfill (HWL), or hazardouswaste
containment facility (HWCF) is any landfill that ac-
cepts waste formally defined as “hazardous waste” in
statutory instruments, or as specifically determined
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through any special requirementsthat may beset by the
Environmental Risk Management Authority (ERMA).

Siting, design, operationsand monitoring requirements
for landfillsaccepting hazardouswaste will be consid-
erably more stringent than for landfills accepting only
municipal solid wastes.

For further discussion on hazardous waste landfills
refer tothe CA E document Management of Hazardous
Waste (2000).

1.4 Layout of the Guidelines

These Guidelines are set out in the following sections:

landfills and legidation;
e siting;

e design;

e operations; and

e monitoring.



Chapter 2

Landfills and Legislation

2.1 Introduction

This section provides a description of the legislative
requirementswith respect to landfills. It addressesthe
requirementsin the Resource Management Act (1991)
(the Act), including the following:

» requirements for designations and resource con-
sents; and

 theresource consent application process.

Relevant case law is provided in Appendix 1.

2.2 Resource Management
Act (1991)

Purpose and Principles

On 1 October 1991 the Resource Management Act
(1991) becamethelegislation controlling resource use
inNew Zealand. Part 11 of the Act setsout the purpose
and principles. The purpose of the Act is:

“To promote the sustainable manage-
ment of natural and physical resources” .

The Act providesadefinition of “sustainable manage-
ment”. Essentially, theterm meanscommunitiesman-
aging resources to provide for their social, economic,
and cultural well-being and for their health and safety
whilemeeting certain environmental imperatives. The
potential of natural and physical resourcesto meet the
reasonably foreseeable needs of future generations
must be sustained, the life-supporting capacity of re-
sources must be safeguarded and adverse effects of
activities on the environment must be avoided, rem-
edied or mitigated. Thislast focus upon the effects of
activitiesis akey feature of the regime introduced by
the Act.

The Act aso sets out a number of matters of national
importance (including the preservation of the coastal
environment, wetlands, lakesandrivers, theprotection
of outstanding natural features, landscapesand signifi-
cant indigenous vegetation). Other matters to which
decision-makersmust haveregardincludetheintrinsic
valueof ecosystemsand themai ntenanceand enhance-
ment of amenity values.

The Act introduces specific emphasis on the interests
and resource management concerns of Maori.

Jurisdiction of Local Government

Local government functions are divided between re-
gional councilsand territorial authorities (district and
city councils). Sections 30 and 31 of the Resource
Management Act (1991) set out in detail the different
functions of regional councils and territorial authori-
ties.

Regional Councils

Under section 30 of the Act, the functions of regional
councilsinclude:

* the preparation, implementation and review of ob-
jectives, policiesand methodsto achieveintegrated
management of natural and physical resources of
the region;

» the preparation and implementation of policiesin
relation to the actual or potential effectsof the use,
development or protection of land, which are of
regional significance;

» the control of the use of water and land for soil
conservation;

 the control of the discharge of contaminants;
» avoidance of natural hazards;
* maintenance of water quality;

» the prevention of adverse effects of hazardous
substances; and

e activitiesin, or affecting, the coastal marine area.

I ssues, objectives, policiesandrulesinrelationtothese
resource management functions within a region are
contained within its regional policy statement and
regional plans.

A regional council is responsible for assessing re-
source consent applications for activities where its
policy statement or aregional planrequiresthis. These
can be any of the following:

» adischarge permit;
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e awater permit;
* aland use consent; or

e acoasta permit.

Territorial Authorities (District and City
Councils)
The functions of territorial authoritiesinclude:

e preparation of district plans, which state the re-
sourcemanagement i ssues, objectives, policiesand
methods to be used and environmental results en-
visaged for the district;

< control of theactual or potential effectsof activities
on land and on the surface of water in lakes and
rivers,

« theprevention or mitigation of the actual or poten-
tial effects of natural hazards and storage, use,
disposal, or transportati on of hazardoussubstances;

* the control of the subdivision of land; and

« control of noise.

2.3 Resource Consents

There are five different types of resource consent.
These are:

e discharge permit;

e water permit;

e land use consent;

e coastal permit; and
* subdivision consent.

A description of those consents that are particularly
relevant to refuse landfillsis set out below.

Discharge Permits
Under the Act, alandfill falls within the definition of
“industrial or trade premises’ as:

“Any premises used for the storage,
transfer, treatment, or disposal of waste
materials or for other waste manage-
ment purposes, or used for composting
organic materials’ .

Accordingly, under section 15 of the Act, no person
may discharge any contaminant to air, water or land
associated with the landfill unless expressly allowed
by arulein aregional plan or proposed regional plan,

aresource consent, or aregulation. Regiona councils
areresponsible for assessing applications for resource
consents (discharge permits) relating to dischargesto
land, air and water.

Discharge to Land

Landfillsrequire adischarge permit for any discharge
of water or contaminants directly onto land unless
expressly provided for in a regiona plan, proposed
regional plan, resource consent or regulation.

A single generic discharge permit is usually used to
cover all discharges of solid waste to land at the
landfill.

Discharge permits for the discharge of solid waste to
land generally contain conditions relating to:

¢ location of solid waste discharges,

e quantity of solid waste to be discharged;
* waste acceptance criteria;

¢ liner and leachate collection systems;

e cover systems;

e acceptance of designs;

e peer review (in some circumstance); and

« bondorfinancial assurance(insomecircumstances).

Discharge to Water

Landfillsrequire adischarge permit for any discharge
of water and/or contaminants directly into water (sec-
tion 15(1)(a)), or onto land in circumstances where it
may result in a contaminant entering water (section
15(1)(b)), unlessprovided for inaplan, proposed plan,
resource consent or regulation.

Activitiesthat requireadischarge permit under section
15(1)(a) include discharges of clean and/or contami-
nated surface stormwater and groundwater from a
groundwater control system. In some cases a single
consent may be used for all surface water, or
groundwater discharges, withinasingledefined catch-
ment. In others, aseparate permit may be required for
each separate discharge.

The disposal of collected uncontaminated water may
require adischarge permit if thisis directly to water.

Discharge permits for discharges of contaminants, or
water, towater at |landfillsgenerally contain conditions
relating to:

* location of discharges;



» design and integrity of structures;

e Quantity of contaminantsor water to bedischarged;
e quality of discharges,

e monitoring of discharges; and

e scour protection.

Activitiesthat requireadischarge permit under section
15(1)(b) include discharges of leachate from closed
landfills to groundwater, discharge of leachate from
operating landfillstogroundwater, and spray irrigation
of leachate onto land.

Dischargepermitsfor dischargesof contaminantsonto,
or into land, in circumstances that may result in con-
taminantsentering water at landfills, generally contain
conditions relating to:

» location of discharges;

 liner and leachate collection systems;
» landfill cover system;

e quantity of leachate discharge;

» leachate monitoring;

* groundwater monitoring;

» surface water monitoring;

e contingency measures for unacceptable levels of
groundwater or surface water contamination; and

» bondorfinancial assurance(insomecircumstances).

Discharge to Air

Landfillsrequire adischarge permit for any discharge
of water or contaminants into air unless expressy
provided for by a regiona plan, proposed regional
plan, resource consent or a regulation.

Three types of discharges to air may occur:

» theemission of decomposition gases such asmeth-
ane, or other greenhouse gases, and odorous com-
pounds;

e dust; and/or
» smoke resulting from the burning of rubbish.

It isimportant to note that open burning in alandfill is
illegal for most sitesunlessallowed by aregional plan.
Under section 418 of the Resource Management Act,
only thoseactivitiesthat werelegal under theClean Air
Act can continue under the Resource M anagement Act
until itisrestricted by aregional plan. Open burning at
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landfillswasbanned under the Clean Air Act 1972, and
is therefore illegal under the Resource Management
Act 1991.

Furthermore, a variety of hazards arise when burning
occurs within a landfill site, and these may present
significant risks to both the health and safety of site
personnel and the public. The Health and Safety in
Employment Act 1992 placesspecific requirementson
employers and those in control of a place of work, to
prevent harm to employees (section 6 of the Act) and
others (sections 15 and 16 of the Act) who may be
affected by activities at the workplace. There would
seemlittledoubt that firesat alandfill, whether planned
or accidental, would be regarded as giving rise to a
number of significant hazards, any of which may pose
arisk to employees in the workplace.

Discharge permitsfor discharges of contaminantsinto
the air from landfills generally contain conditions
relating to:

» complianceprovisionsfor effectsof odour and dust
discharges;

e monitoring for landfill gas discharges and migra-
tion;

» collection and flaring or utilisation of landfill gas;

» operation, performance and monitoring of landfill
gas flares; and

e odour monitoring provisions (for example “ sniff”
panels) in some circumstances.

Water Permits

Landfillsrequire awater permit from aregional coun-
cil for the collection and control of stormwater unless
it is expressly alowed by arulein aregiona plan or
proposed regiona plan, or aresource consent, or isan
existing use under section 20 of the Act.

In practice, regional councils generally require water
permitsfor diversion or damming of natural streamson
or around thelandfill siteand taking of groundwater by
agroundwater control system. A water permit may also
be required for the diversion of stormwater around a
landfill site. In some cases a single consent may be
used to enable all diversions or takes within asingle
defined catchment. Inothers, aseparate permit may be
required for each separate diversion.

Water permits for the taking, use, damming or diver-
sion of water at landfills generally contain conditions
relating to:

» location of takes, dams or diversions;

e design and integrity of structures; and
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e scour protection.

Land Use Consents

“Use of land” includes “any deposit of any substance
in, on, or under the land” (section 9(4)(d) of the Act).
Under section 9, no person may use land in a manner
that contravenes arule in a district plan or proposed
district plan, or a regiona plan or proposed regional
plan, unless allowed by a resource consent or has
existing use rights.

Since it would be unusual for aregiona or territorial
authority to make any general provision for alandfill
within aplan or proposed plan, under normal circum-
stances alandfill will require aland use consent from
either aterritorial authority, regional authority, or both.

Land use consents issued by territorial authorities in
respect of landfillsmay contain conditionsrelating to:

e development plans;

* nOisg

¢ roading and traffic;

o litter;

* nuisance from birds, flies and vermin;

« fencing;

e separation distances,

e giterehabilitation;

e landscaping and visual effects; and

« bondorfinancial assurance(insomecircumstances).

A land use consent may also be necessary from the
regional council if alandfill proposal involvesexcava
tionorfilling, orisotherwise contrary totheprovisions
of aregional policy statement or aregiona plan.

Land use consents for excavation or filling generally
contain conditions relating to:

e erosion; and
« dilt control.

Theresource consent processisoutlined in moredepth
in Section 2.4.

Coastal Permits

In the coastal marine area (that is, below mean high
water spring tide), the regional council is responsible
for assessing coastal permit applications. A coastal
permit would be required before a landfill could be

developed in the coastal marine area (for example, in
the intertidal area) or, if there is likely to be any
discharge into the coastal marine area.

Subdivision Consents

Subdivision is the responsibility of district/city coun-
cils. Subdivision may be anecessary part of alandfill
project if there are roads to vest in the council or
reservesto be set aside asaconsequence of thelandfill
development.

Existing Use Rights

In some circumstances, landfills that were established
some years ago may be able to claim existing use
rights. Sections 10 and 20 of the Resource Manage-
ment Act providerequirementsthat must bemetif land
isto continue to be used in amanner that contravenes
aruleinadistrict plan or aproposed district plan. The
firstisthat theland usewaslawfully established before
therule became operative. Thiscanincludealand use
established by a designation that has subsequently
been removed.

Thesecondrequirement isthat theeffectsof theuseare
the same or similar in character, intensity and scale to
those which existed before the rule became operative
or the proposed plan was notified or the designation
was removed.

The Act also provides that:

e consents granted under the Town and Country
Planning Act become land use consents (section
383); and

e water rightsunder theWater and Soil Conservation
Act 1967, are deemed to be ‘existing rights and
authorities' (section 386), and becomeeither water
permits or discharge permits, expiring on either 1
October 2001 or 2026, depending upon their origi-
nal duration; and

¢ for the numerous landfills that did not have water
rights and/or land use consents at the time of
enactment of the Resource Management Act 1991,
no lawful consents exist.

The Suite of Typically Necessary
Consents

The establishment of a landfill under the Resource
Management Act 1991 may require a number of con-
sentsfrom aregional council and/or district/city coun-
cil. Thenumber and type of consentsrequired, andthe
detail of information necessary may vary dependingon
the type of landfill, and its siting and surrounding
environment.



The types of consent that may be necessary for a
landfill, and the authorities from which they must be
sought are set out in Table 2.1.

Designations

A designation is a provision in a district plan, that
provides for a particular public work or project of a
requiringauthority. Designationsfor landfillscanonly
be required by a Minister of the Crown, or aregional,
district or city council. In the case of landfills, the
designation procedure is not available to private or-
ganisations.

A designation for alandfill providesfor the use of the
land asalandfill. However, resourceconsentsfromthe
regional council will still be necessary for excavation/
filling, discharges of contaminants and stormwater,
and use of water.

A subdivision consent from the district/city council
may still be necessary, but the presence of adesigna
tion does away with the need for a land use consent
from the district council.

A notice of requirements to designate land can be
publicly notified as if they were applications for re-
source consents and thereis provision for public sub-
mission and appeal. Designations with respect to
landfillsgenerally contain conditions similar to condi-
tionsin aland use consent.

District Plans

Councils may make provision for landfills in their
district plans under Clause 6, Part |1, of the Second
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Schedule. This statesthat one of the matters that may
beincluded in the district planiis:

“The scale, sequence, timing and rela-
tive priority of public works, goods and
servicesincluding publicutility networks
and any provision for land used or to be
used for a public work for which the
territorial authority has financial re-
sponsibility.”

Any person can request a change to an operative
district plan that would make provision for alandfill
(section 73). Thisrequest could be for either:

» asite-gpecific provision; or

» agenera provision within the district plan that
would permit landfillsto be established, subject to
certain criteria.

An application for a plan change is a public process,
with extensive opportunity for public submissions.
Any person who has made a submission has aright to
appeal thecouncil’ sdecisiontothe Environment Court.

A request for a plan change requires a considerable
amount of information. Reference should be madeto
Part 11 of the First Scheduleto the Act that sets out the
information requirements. In general terms this in-
cludes:

» aclear definition of the change sought; and

» adescription of the environmenta results antici-
pated as aresult of the change.

A description of the environmental results anticipated

Authority Consent Type Purpose
Regional Council Discharge Permit Discharge of contaminantsto:
* land
* water
e ar
Water Permit The taking, use, damming or diverting

of water

Land Use Consent

Excavation or filling of the land

District /City Council Land Use Consent

Use of land for purposes of alandfill

Subdivision Consent

This may be necessary if the project involves
any amalgamation of titles, vesting of roads
or reserves, or partition of the land into
different ownerships

Table 2.1 Regulatory authority resource consent responsibilities
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asaresult of the change should be prepared in accord-
ance with the Fourth Schedule (of the Act) and an
assessment of any significant adverse effects on the
environment is necessary.

Section 32 of the Act also requires that the costs and
benefits of the proposed change, and the alternatives,
and the need for the change, are adequately investi-
gated and considered beforetheplan changeisadopted.
Effectively thismeansfor aprivateplan changethat the
work must be done before the application for the
change is made with the council.

The approximate time to prepare the necessary docu-
mentation to support a plan change is 6-12 months.
Oncetheapplication hasbeenlodged, the approximate
minimum time to obtain adecision from the council is
about 12 months.

An additional 6-12 months should be alowed for
appeals to the Environment Court.

Consultation/Liaison with Consent
Authorities

The appropriate regulatory authorities, be they re-
gional, district or city councils, should be consulted at
the earliest opportunity to confirm their requirements
in respect of resource consent applications and to
establish pre-application consultation links with staff.
The advantages of this early liaison cannot be over-
stated.

Consultation with tangata whenua should be under-
taken, and any affected parties identified and con-
sulted.

Consultation is important to ensure the resource con-
sent application is sufficiently clear, thorough and
complete in its assessment of effects on the environ-
ment.

Enforcement Mechanisms in the
Resource Management Act

The Act provides a number of enforcement mecha-
nisms to ensure compliance with the district and re-
gional plan requirements, designations and resource
consents. There are three levels of enforcement:

e administrative enforcement, which may take the
form of declarations, abatement notices, excessive
noise directions and infringement offence provi-
sions, al instigated by the relevant territorial au-
thority or regional council;

« civil enforcement through enforcement orders, is-
sued by the Environment Court at theinstigation of
acouncil or amember of the public; and

e offence provisions.

Administrative Enforcement

The Environment Court may issue declarations to
clarify any matter concerning the Act or aplan. Dec-
larations are usually used to clarify responsibilities or
powers under the Act, or to determine the correct
interpretation of a document.

Abatement notices are used to enforce compliance
with the Act and various planning instruments, and to
ensure that the duty to avoid adverse effects on the
environment is observed. Enforcement officers ap-
pointed by local authorities can issue abatement no-
tices. A person must comply with an abatement notice
served on them within the period specified in the
notice, unless they decide to appeal.

Civil Enforcement

Only the Environment Court, on application, can make
enforcement orders. The potential scope of enforce-
ment orders is wide. Orders may require a person to
cease acertain activity or take positive action to rem-
edy adverse effects on the environment. Interim en-
forcement orders are designed for use in emergency
situations and are, in that sense, similar to injunction
proceedings. If a Judge considers it necessary, the
notice and hearing requirements can be dispensed
with, so that interim enforcement applications may be
dealt with on an ex partebasiswherethe person agai nst
whom the order is sought is not present.

Examples of what may be required in an enforcement
order issued against alandfill operation include:

« cessation or prohibition of an activity that contra-
venesor islikely to contravene the Resource Man-
agement Act 1991, any regulations, rulein aplan,
requirement, heritage order, or resource consent;

« cessation of an activity that islikely to be noxious,
dangerous, offensive or objectionable, or where it
has or is likely to have an adverse effect on the
environment. It should be noted, however, that this
remedy is not available in certain circumstances
where the person is acting in pursuance of a re-
source consent or rulein a plan (section 219(2));

e compliance with any rules, regulations, heritage
order or resource consent; and

¢ avoidance, remedy or mitigation of actual or likely
adverse effects.

Offence Provisions
The most serious offences are punishable by afine of



upto$200,000 and aprison sentenceof uptotwoyears.
For a continuing offence, a fine of up to $10,000 per
day may beimposed. Any person may lay aninforma-
tion (thefirst step in a prosecution) within six months
of the time when the offence first became known, or
should have become known to the local authority in
question. These are offences of strict liability, which
meansthat it isnot necessary to provethat the defend-
ant intended to commit the offence.

An ‘emergency’ defenceisavailable where a defend-
ant is able to establish that an event or action was an
emergency measure, that the defendant’ s conduct was
reasonable and that following the event he or she
adequately mitigated or remedied any adverse effects
on the environment.

Alternatively, adefence may bemade out by establish-
ing that the event or action wasbeyond the defendant’s
control by virtue of an event such asanatural disaster,
mechanical failure or sabotage. To succeed with its
defence, theaction or event must not have been reason-
ably foreseeable by the defendant, and he or she must
have also adequately mitigated or remedied any ad-
verse effects on the environment.

A defence of due diligence is available in circum-
stances where the defendant did not know and could
not reasonably be expected to have known of the
offence, or where the defendant took al reasonable
steps to prevent the commission of the offence. In
either case, the defendant must additionally provethat
all reasonabl e stepsweretakentoremedy the effectsof
the offence.

2.4 Resource Consent
Application Process

Resource Consent Process

“Resource consent” isan umbrellaterm covering five
different typesof consents. A resourceconsent permits
something to be done that would otherwise be re-
stricted by a rule in a plan. As indicated already, a
resource consent includes:

 discharge permit;

* water permit;

* land use consent;

e coastal permit; and
» subdivision consent.

Landfill activitiesare not usually provided for specifi-
cally within district or regional plans and resource
consents are usually required.
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When lodging applications for resource consents, an
applicant must also provide an Assessment of Effects
on the Environment (AEE) with respect to the pro-
posal. This assessment is required to bein sufficient
detail to enable both the consent agency and members
of the public to form an appreciation of the effects of
theproposal. Thescope of an assessment isprescribed
in the Fourth Schedule to the Act.

An AEE should also contain a description of how a
landfill will be operated, to minimise any adverse
effects on the environment. It may contain various
management plans covering such matters as routine
operations, daily cover, leachate collection and treat-
ment, control of noise, rodent and bird pests, and
landscaping. It should also include the outcome of any
public consultation that has been undertaken.

Notification

A presumption in section 94 of the Act isthat applica-
tions for resource consents will be publicly notified.
Experience has been that most councils do in fact
notify applications for resource consent in respect of
landfills. Notification providesan opportunity for any
member of the public to lodge a submission either in
favour of or inoppositionto aproposal. Submitterscan
also present their submissionsin person at the council
hearing of submissions, and subsequently take an ap-
peal to the Environment Court if they are dissatisfied
with the decision of the council.

Applications may proceed without public notification
in certain circumstances. Theseinclude:

» where the consent of persons affected has been
obtained in advance; and

» where any adverse effects on the environment are
minor.

How Long Does the Resource Consent
Process Take?

Once an application for a resource consent has been
lodged, the consent authority first decides whether or
not to notify the application. The timing of each proc-
essis set out below.

Notified application

e Ten working days to publicly notify the applica-
tion.

» Twenty working days to receive submissions.

» Twenty-fiveworking daysafter closing of submis-
sionsto hold ahearing. At least 10 working days
notice must be given of the time and place of the
hearing.
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¢ Council’s decision within 15 working days of the
hearing.

* Apped to the Environment Court by applicant or
any submitter.

Notethat under section 92 of the Act, the council may
request further information from the applicant at any
time up to thetime of the hearing. Once such arequest
has been made the consent authority may postponethe
notification of the application or the hearing of the
application until it is satisfied that the information has
been provided.

Approximate time to decision — 70 working days
(alow four months).

Appeal time — an additional 6-12 months minimum.

Non-notified application

¢ decision madenot to notify within 10 working days
of receipt of all further information;

» assessment of application;

« council’s decision within 20 working days of re-
ceipt of all further information;

e appedl to the Environment Court by applicant only
(in respect of refusal or condition on which the
consent is granted).

Notethat section 92 (further information required) can
apply to the non-notified process as well.

Approximatetimeto decision — 30 working days (six
weeks).

Appeal time— an additiona 6-12 months minimum,
only if theapplicant isnot satisfied with the conditions
of consent, sincethere will have been no submittersin
opposition.

Council Hearings and Appeal Rights

If resource consentsarerequired from both aterritorial
authority and a regiona authority, joint hearings are
oftenheld. An applicant and any submitter may appear
and present evidence. Theapplicationisusually heard
by a sub-committee of elected council officers or
independent commissioners. A council planner and/or
technical expert(s) will attend the hearing to assist the

committee where necessary. Involvementinacouncil
hearing does not create any liability for any other
party’s costs; however, the applicant pays the cost of
preparation for the hearing and council’ scosts. These
costs can be significant for an applicant.

If consent is refused, or granted subject to conditions
the applicant doesnot accept, the applicant may appeal
to the Environment Court. If consent is granted, any
submitter has a right of appeal. Any appeal must be
lodged within 15 days of receiving thedecision. Once
such an appeal islodged, it will typically take at |east
four months before the Environment Court sets a
hearing date.

An Environment Court decision may be appealed to
theHigh Court and Court of Appeal, but only on points
of law.

The Environment Court

This court is a separate and independent judicial body
established under the Act. It has jurisdiction for all
appeal s to decisions under the Resource M anagement
Act.

The appeal processisalengthy one. An appeal to the
Environment Court is likely to delay a proposa by
about 12 months or more.

The costs of bringing an appeal in the Environment
Court are substantial and include the preparation of
legal submissionsand evidencefromtheapplicant and,
if necessary, technical experts, and attendance at the
hearing. Costs for preparing and attending an appeal
hearing escalate rapidly for appealsrequiring avariety
of expertsto beinvolved.

Appealsinthe Environment Court areopento award of
costs. Typicaly, a successful party may seek costs
from the other parties, and the Environment Court
makes this decision.

A party may seek security for costsfrom another party
in litigation, where there is an apprehension that that
party may not have sufficient fundsto meet asuccess
ful claim for costs.

Many appeals are resolved by mediation and negotia-
tion. The Court actively encouragesthisapproach and
provides expert assistance where necessary.



Chapter 3
Landfill Siting

3.1 Introduction

Selection of appropriate sites for new landfillsis fun-
damenta to the long-term protection of the environ-
ment, both human and physical, from the potential
effects of landfilling operations.

Engineered liner systems have a finite lifetime so
consideration needs to be made of the ability of the
underlying materialstokeepdischargesfromthesiteto
alevel that will not cause significant adverseeffectson
the surrounding environment.

New landfill proposals are commonly subject to sig-
nificant public debate and opposition. Traditionally,
opposition has been in response to the likelihood that
particular effectswill impact selectively on some sec-
tions of the community.

Examples of impacts include traffic hazards, noise,
unpleasant odours, windblown litter and dust, an in-
crease in the popul ations of vermin and wild cats, and
threats to household water supplies.

In addition, some people are philosophically opposed
totheideaof continued landfillingasameansof refuse
disposal.

Even though there is a national trend towards fewer,
larger landfills, with conseguent economies of scale,
large new facilitiesare not more appealing to potential
host communities.

The countryside of New Zealand is becoming more
populated. As aresult, becomesincreasingly difficult
to find potential landfill sites that do not pose some
sort of conflict with other uses.

Opposition to new landfill sites can be expected to
continue, and probably intensify infuture. Opposition
to alandfill proposal can be manifested by attacks on
both the specifics of aproposal and the whole process
of site selection.

This section addresses the following:
 landfill siting philosophy;

* dtrategic planning;

» site selection process; and

» landfill siting criteria.

3.2 Landfill Siting Philosophy

The philosophy behind these landfill site selection
guidelines is to assist in the selection of sites that
providebothahighlevel of containment, through their
natural, geological, hydrogeological and topographi-
cal characteristics, and are located so as to cause
minimum disruption to the community in the area
surrounding the site.

The use of arobust site selection process and siting
criteriato select the most appropriate landfill siteswill
helpavoid or reducepotential environmental problems
by reducing the potential impact on people and envi-
ronmental receptors. In addition, appropriate site
selection may:

* reduce reliance on engineered liner systems,

* reduce requirements for technically-based contin-
gency and mitigation measures;

» alow more efficient and effective site manage-
ment;

e result in savings in development and operating
costs;

» reducelevelsof public concernand opposition; and

e avoid potentia delays in obtaining the necessary
resource consents.

The criteriaset out in this section are applicable to all
municipal solid wastelandfills, whether for small rural
communities or large metropolitan areas. The same
basi c processesapply irrespectiveof thescaleof opera-
tion.

3.3 Strategic Planning

Selection of alandfill site should ideally involve con-
sideration of strategic waste management i ssues.

The need for a new landfill site usually results from
either a community’s solid waste management plan-
ning process, or aprivate company’ scommercial deci-
sion (or possibly a combination of the two).

Consultation undertaken during the strategic planning
phase should, ideally, belinked through to appropriate
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stagesin the site selection process to provide continu-
ity with respect to the various individuals, groups or
communitiesinvolved.

Issues to consider during the strategic planning stage
include:

e size of site required to meet current and future
disposal requirements;

e potential for, or likely effects of, the use of other
waste management options including

— reduction

— re-use

— recycling

— composting, and
— incineration

« waste management plan of thedistrict inwhichthe
landfill isto be located;

e waste management plans of the districts that the
landfill will service;

¢ regional policy statement and applicable regiona
plan(s);

« location with respect to communities from which
the refuse will come; and

e accesstotransport, either on the appropriate stand-
ard of roads or rail access.

3.4 Site Selection Process

Siting of solid wastelandfillsrequiresacareful exami-
nationand evaluation of all of the parametersthat could
potentially result in adverse effects on the environ-
ment.

The site selection process and criteria set out below
should not be viewed as absolute. All potential loca-
tions need to be considered in the light of site-specific
characteristics, which may result in some parameters
being given a greater weighting than others.

Theprimary considerationinthelandfill siting process
should bethe selection of alocation, which reducesthe
potential for adverseeffectson theenvironment, based
on sound scientific and engineering principals.

Landfill siting should aso take into account, design
and operationa aspects of the landfill. Many site
parameters can be improved by engineering design
and/or potential adverse effects mitigated through ap-
propriate operational methods.

Siting decisions should also be made with regard to
local community issues, including needs, expectations
and resources.

While landfill siting should be based primarily on
technical factors, community perception and values
may alsobecritical totheacceptability of alandfill site.
Therefore, it is essentia to involve the local commu-
nity early in the site selection process.

The site sel ection process should normally includethe
following processes:

» initial desk top study;
e diteinvestigations;

e economic assessment (repeated at different stages
of the process); and

e consultation (at different stages of the process).
Initial Desk-top Study

A number of possible localities or sites should be
identified using the following general criteria:

* geology;

¢ hydrogeology;

« surface hydrology;

o dtahility;

e topography; and

e compatibility with surrounding land use.

Information from a number of sources can be used in
this process, including:

« geological maps,
« topographical maps;
e meteorological rainfall maps;

e Department of Conservation conservation man-
agement strategies,

e Historic Places Trust Register;
e digtrict plans;

e regional plans; and

¢ loca knowledge.

Site Investigations

Site investigations should generally follow a staged
approach using:



* preliminary investigations,
 initia technical investigations;
* non-technical investigations; and

 detailed technical investigations.

Preliminary Investigations

A walkover survey should be undertaken at sitesiden-
tified by the desk-top study. Each site should be
assessed with respect to the criterialisted above. Any
obvious fatal flaws with respect to geology, surface
hydrology and stability should also be identified.

Following thissurvey, sites should be ranked to deter-
mine ashortlist of sites for further investigation.

Care should be exercised when ranking sites as:

» design and operational techniques may elevate, or
reduce, the initia status; and

e community issues may affect the status of a site.

Initial Technical Investigations

The purpose of initial technical investigations on
shortlisted sitesisto identify potential fatal flaws and
reduce the shortlist of identified sites to one or more
sites for more detailed technical investigations.

Initial investigations should include:
 detailed mapping of site geology;

» geotechnical investigation, by way of pitinvestiga-
tions to assess site soils with respect to contain-
ment, stability, seismic risk and suitability for lin-
ing and cover material;

» identification of nearby groundwater wells and
users;

e review of historical information on groundwater
level and quality, if available;

» shallow groundwater boresto assesshydrogeology
— ideally theseboresshould bel ocated wherethey
can be used for monitoring during landfill opera-
tion and following closure, if the site proceeds,

» sampling of surface water quality and, possibly,
groundwater quality; and

» assessment of sensitivity of biota and fauna at the
site and downstream.

Non-technical Investigations
Non-technical issues such aslocal socia, cultural and
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amenity values can betheissues of greatest concernto
thelocal community, and can bethe determining factor
on site acceptability. Thefollowing factors should be
assessed before detailed technical investigations are
undertaken at a site:

» location of site neighbours;

e location of any sites of cultural significance, in-
cluding, rivers, streams, Marae, ancestral land,
waahi tapu and other taonga (it shoul d be noted that
some of these site are not always identifiable);

» potential for nuisances associated with odour, ver-
min, birds and flies, noise, litter, dust and visual
effects;

» accessto the site and potentia traffic effects; and

 location of sites of historical significance.

Detailed Technical Investigations

Theresultsof initial technical and non-technical inves-
tigations, coupled with preliminary economic assess-
ments, should result in a shortlist of priority sites
worthy of more detailed technical investigations.

Aninvestigation programmeshould bedeveloped ona
site-specific basis. It should addressthe site selection
criteria detailed in Section 3.5, and potential design,
operational and monitoring requirements.

Following detailed investigations, economic assess-
ment and consultation, it should be possible to deter-
mine the most appropriate location with which to
proceed with theresource consent application process.

Economic Assessment

A preliminary economic assessment should be under-
taken for shortlisted sites so that the costs of develop-
ing and operating landfills at the different sites can be
compared.

This assessment should be undertaken using a full
costing process, inwhich all real, definable and meas-
urable costsfrom all sources, which arepaid for by the
landfill operator, are identified.

The types of costs that need to be identified and
detailed include:

e management, administration and organisational
overhead costs;

» planning and resource consent costs;
+ land cost;

» development costs, including investigations, de-
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sign and construction;
e operational costs;
e monitoring costs;
« closure, rehabilitation and aftercare costs; and
e potential mitigation costs.

Where incomes, other than gate charges, are expected
(for example, sale of landfill gas, lease of land not used
for landfilling) these should also be included.

Comparison should be made in terms of present value
per unit volume, or tonnage, of landfill capacity. Sen-
sitivity with respect to changing costsfor key variables
should also be checked.

The costs of transporting refuse to different landfill
sites should also be taken account of when comparing
Sites.

Economic assessments should be repeated as the
shortlisted number of sitesis reduced and more infor-
mation on site conditions and engineering require-
ments becomes available.

Additional information on full costing of landfill op-
tions is provided in the Landfill Full Costing Guide,
MfE (1998).

Consultation
Consultation with the community isacritical compo-
nent of any landfill site selection process.

All consultation undertaken with persons interested
in or affected by a proposal should be formally re-
corded.

While the decisions on the type and degree of consul-
tation will be specific to each different proposal, the
planning of the site selection process should consider
the following:

» which parties should be involved in each stage of
the selection process,

« thewaysin which parties should beinvolved; and
e theroles of different parties in the process.

The use of community working parties or liaison
groups can be an effective means of identifying and
taking account of potential community concernsfrom
the strategic planning stage onwards.

There are no standard requirements as to the form
consultation must take. Any form of oral or written
interchange that allows adequate expression and con-

sideration of views is appropriate. There is also no
standard asto the duration of the consultation. It could
range from one telephone call to many meetings over
a number of years. However, the following provide
some useful principles and practices to be guided by:

¢ Ministry for the Environment practical guides to
consultation, including;

— SrikingaBalance: APracticeGuideon Consul-
tation and Communication for Project Advo-
cates (September 1999); and

— Case Law on Tangata Whenua Consultation
(1999).

¢ The New Zealand Association for Impact Assess-
ment, which has memberswith considerable expe-
rience of consultation activities.

Thereisagrowingbody of caselaw regarding essential
principles of good consultation. The most frequently
cited court judgement in New Zealand comesfromthe
caseof WellingtonInternational AirportLtdv Air New
Zealand [1991]".

These principles from the Appeal Court decision pro-
videgood guidancefor those planning or involvedina
consultation process:

e adescription of the proposal should bein its con-
ceptual form and not yet finally decided upon;

— start consultation early

— giveyourself the chanceto benefit from others
suggestions

— don’tbeembarrassed by finding afatal flaw just
when you’ ve finished the plan

« dlow sufficient time for consultation;
— other people are busy too
— people need time to digest information

— try to accommodate interest groups existing
meeting schedules (e.g. monthly); don’'t im-
pose the burden of additional meetings if this
can be avoided

¢ make agenuine effort to consult;
— be proactive
— get out and consult

— don't expect people to come to you

1 New Zealand Law Reports 671



— think of avariety of waysto exchangeinforma
tion

 conduct the process in mutual good faith;

— show that you are trying to understand how
other people see the proposal

— be open to any suggestions for alternatives or
mitigation of effects

— be prepared to offer your own suggestions un-
solicited

— crosscheck with others— beware of captureby
the “squeeky wheel”

e provide enough information to enable the party
being consulted to make intelligent and useful
responses;

— don'’t hold back information because you think
people will react negatively to it

— don't adopt the attitude that it’ s alright so long
asyou present relevant information at the hear-

ing
— the sooner people know about issues and ef-

fects, the more time there isto explore mitiga-
tion possibilities

* hold meetings, provide relevant and further infor-
mation on request;

— if you offer further information, provide it
promptly

— don't be afraid to call people’ s bluff — ask for
evidence to back up assertions

* re-open the consultation processif necessary;

— be flexible and responsive to reasonable and
genuine requests — but don’'t be spineless.

It should be noted that consultation is not:
e merely telling or presenting;
* intended to be a charade; or

» the same as negotiation.

3.5 Landfill Siting Criteria

The following landfill siting criteria detail the key
issues that need to be considered when:

 identifying potential landfill sites; and

e planning site investigations and assessing the
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suitability of asite for landfilling.

Itisunlikely that any sitewill meet all criteria. There-
fore the assessment of the suitability of a site for a
landfill becomes a balance of trade-offs with respect
to:

e comparison of site characteristics with alternative
locations;

» the potentia for engineered systems to overcome
site deficiencies;

* methods of operation proposed for the site; and
» socia and cultural issues associated with the site.

In order to minimise future risk to the environment
fromlandfillingactivities, primary considerationshould
be given to key issues and potential fatal flaws with
respect to geology, hydrogeology, surface hydrology
and site stahility.

Geology
Suitablegeol ogy isimportant to ensure containment of
leachate in the long term, or in the case of failure of
engineered containment systems. Geology should be
assessed with respect to the movement of leachate and
landfill gas.

Areas of low permeability in-situ material are pre-
ferred. Becauseengineered liner systemshaveafinite
lifetime, the ability of the underlying materias to
minimisethe potential for liquidsto migrate out of the
landfill into the environment should the liner either
degrade, tear, or crack needs careful consideration.

Due to risk of off-site movement of leachate and
landfill gas, itisgenerally undesirableto sitealandfill
in areas with the following characteristics:

* high permesability soils, sands, gravels, or sub-
Strata;

e high permeability seams or faults; and/or

e Karstgeology —regionswithhighly solublerocks,
sinks and caverns (for example, limestone areas).

Where a landfill is developed in these geological
environments, the design should incorporate a higher
level of engineered leachate containment and appro-
priate contingency measures.

An assessment of geology and site soils should con-
sider:

» theavailability of on-sitematerialsfor lining, cover
and capping. Soilswith ahigh percentage of clay
particles (but which are workable in wet condi-
tions) are generally the preferred soil type;
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« thesuitability of on-site materialsfor the construc-
tion of dams and drainage systems;

e potential sediment management problems, with
highly erodible soils;

e existing site contamination and discharges, if
present;

« suitability for on-site disposal of leachate by sur-
face or subsurfaceirrigation; and

« thepotentia effects of failure of leachate contain-
ment and collection systems.

Geological factors also influence stormwater, silt and
groundwater controls, the containment and control of
leachate and gas, as well as the availability of final
cover materials.

Site Stability

Site stability should be considered from both short-
and long-term perspectives, including the effects of
settlement.

It is generally undesirable to site a landfill in the
following areas:

* areassubject toinstahility, except wherethe insta-
bility is of a shallow or surface nature that can be
overcome, in perpetuity, by engineering works;

e active geological faults;
e areas of geothermal activity; and/or

e Karstterrain — regionswith highly soluble rocks,
sinks and caverns (for example, limestone areas).

In assessing the suitability of a site for a landfill the
local soils need to be considered with respect to the
following:

* Localised subsidence areas. Differential move-
ment could render alandfill unusableduetorupture
of liners, leachate drains or other structures.

e Landslide prone areas. The future weight could,
through a wide variety of mass movement,
destabilise the landfill. Instability may also be
triggered by earthquakes, rain, freezing and thaw-
ing, and seepage.

» Local/onsite soil conditions that may resultin sig-
nificant differential settlement, for example com-
pressible (peat) or expansivesoil, or sensitiveclays
or silts.

Where there is potential seismic impact, the ability to
design containment structures, includingliner, leachate

collectionssystemsand surfacewater control systems,
to resist the maximum acceleration in lithified earth
material for the site, must be assessed.

Hydrogeology
A suitable hydrogeological location is important to
protect groundwater resourcesand understandthelikely
fate and rate of discharge of contaminants which may
enter groundwater.

It is generally undesirable to site a landfill in the
following aress:

e areas overlying drinking water aquifers; and/or

e areas where, after taking into account specific
design proposals, there could be arisk of causing
unacceptabl edeterioration of thegroundwater qual -
ity in the locality.

In assessing the suitability of a site for alandfill with
respect to hydrogeology, the following need to be
considered:

« depth to water table and seasonal water table fluc-
tuations;

« location of aquifer rechargeareas, seepsor springs;
 distance to water users;

e sensitivity of water users;

« dispersion characteristics of aquifers;

e variationsin groundwater levels;

e rateand direction of groundwater flow;

e existence of groundwater divides;

¢ baseline water quality; and

« thepotentia effects of failure of leachate contain-

ment and collection systems.

Surface hydrology

Therearerisksof surfacewater pollutionif landfillsare
sited in close proximity to waterways. The potential
impact of water pollutionisgreater inthosewaterways
used for drinking water or aquaculture.

It is generally undesirable to site a landfill in the
following areas:

e flood plains — these are generally areas which
could be affected by amajor (1 in 100 year) flood
event;

¢ landthat isdesignated asawater supply catchment
or reserves for public water supply;



» gullieswithsignificant water ingress, except where
this can be controlled by engineering works with-
out risk to the integrity of the landfill;

e water courses and locations requiring culverts
through the site and beneath the landfill (if water-
ways are unable to be diverted); or

» estuaries, marshes and wetlands.

In assessing the suitability of a site for a landfill, the
local surface hydrology needs to be considered with
respect to the sensitivity of thereceiving environment,
including the following:

 the proximity of waterbodies or wetlands;

 therisksof pollution of waterbodiesused for drink-
ing water or agua-culture;

e sensitive aquatic ecosystems; and
» potentia for impact from cyclones and tsunamis.

An assessment of the stormwater catchment abovethe
site should be made to identify the extent of any
drainage diversion requirements that may need to be
addressed.

Topography

Sitetopography can reduceor increasethepotential for
adverse effects on the environment from odour, noise,
litter, and visual effects on neighbouring properties.

In considering potential landfill sites an assessment of
the potential for existing topographical features to
assist in minimising impacts should be made.

Modest slopes enable easier stormwater control,
leachate control and site stability measures, aswell as
facilitating the operation of the site. Engineering tech-
nigues can also improve site stability.

Climatic Conditions

Climatic conditions will have an influence on the
choice of a preferred site. The following should be
considered during site selection.

Rainfall

Areaswheretopographical featuresarelikely to cause
higher than averagerainfall are generally undesirable.
Landfillsin higher rainfall areasrequire greater atten-
tion to drainage than those in drier areas.

Sunshine

Higher sunshine areas and north facing slopes reduce
infiltration by increased evaporation.
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Wind
Natural shelter from windswill reduce the nuisance of

windblown refuse and dust. Escarpments or valleys
facingtheprevailingwind should normally beavoided.

Environmentally Sensitive Areas

Landfills should generally be located to avoid areas
wheresensitivenatural ecosystemswould beadversely
affected, such as:

« gignificant wetlands;
* inter-tidal areas;

 significant areasof nativebushincludingthe Forest
Park and areas able to comply with the require-
ments for QEII Trust status;

» recognised wildlife habitats;

e national/regional andlocal parksand reservelands
(for example, cemeteries); and

» any areas where release of contaminants from the
site could severely affect fish/wildlife/aguatic re-
sources.

Other areas that should be avoided include:
» sitesof historical or cultural significance; and

» historic and scenic reserves.

Access and traffic

Landfill development and operations can generate
significant flows of heavy vehicle traffic. Therefore
siteaccessshould beascloseaspossibleto main feeder
routes. The following need to be considered when
locating and determining accessto landfills:

» type and number of vehicles accessing the site;
» other types of traffic using feeder roads;

 thestandard and capacity of theroad network, with
respect to accommaodation of traffic generated by
the landfill;

» whether the traffic can avoid residential areas;

 roadsafety considerationswithrespecttothelandfill
entrance (vehicles using the landfill should not be
required to queue on the highway).

Compatibility with surrounding land use

The proximity of apotential landfill siteto existing, or
proposed, land uses needs to be considered.

Separation distances, or buffer areas, can be used to
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preserve the amenity of surrounding areas. The re-
quirement for and extent of buffer areas should be
determined on a site-specific basis. Where possible,
the buffer area should be controlled by the landfill
operator.

An assessment of the suitability of asitefor alandfill,
and/or appropriate buffer areas, with respect to reduc-
ing the potential for adverse effects on surrounding
land use should consider:

e exigting property boundaries and ownership;
e statutory planning constraints including;

— zoning (the protection of amenity associated
withresidential, commercial or rural zonesfrom
nuisances associated with odour, vermin, birds
andflies, noise, litter, dust and visual effects, or
failure of containment, leachate collection or
landfill gas systems)

— landdesignatedfor aspecial purpose(for exam-
ple, hospitals, schools)

e airport safety; and

e proximity tositeswith cultural or historical signifi-
cance.

Leachate Management

Landfill siting should take account of the potential
methods of leachate treatment and disposal and its
effect on site neighbours.

Methods of leachate treatment and/or disposal could
include the following:

« Dischargeto community sewerage system, with or
without treatment.

« Dischargetoland by spray or subsurfaceirrigation,
with or without treatment. Effectsof runoff, odour
effects from leachate storage ponds, odour and
spray drift from irrigation systems and effects on
soil structure need to be assessed.

» Dischargetonatural water after treatment. Cultural
considerations need to be taken into account.

e Treatment by recirculation within the landfill. Ef-
fects of increased landfill gas production, odour
and potential for differential settlement, leachate
build-up on the base of the landfill, decreased
stability of the refuse mass and leachate breakout
on surface slopes needs to be considered.

e Evaporation using heat generated from the com-
bustion of landfill gas.

Landfill Gas Management
Landfill gas can give rise to adverse effects such as:

» odour nuisance;
¢ greenhouse effects of methane;
e migration in surrounding sub-strata;

» vegetationdieoff withinor onthecompletedlandfill
surface and adjacent areas;

« explosionsorfiresduetogasrel easethrough cracks
and fissures at the surface, or in confined spaces
such asmanholes, chambersand poorly-ventilated
areas of buildings on or adjacent to the site; and

» asphyxiation of personnel entering trenches, man-
holes or buildings on or near the landfill site.

Thepotential for landfill gas migration in surrounding
sub-strata needs to be considered with respect to con-
tainment proposals.

Landfill siting should take account of the potential
methods of landfill gas treatment and disposal and its
effect on site neighbours.

Methods of landfill gas treatment and/or disposal
could include those listed below:

e Venting of landfill gas. Effectsof odour and non-
methane organic compounds (NMOCs) on site
neighbours need to be assessed. Greenhouse gas
emissions should also be assessed.

e Flaring of landfill gas. Visua (light) and noise
effects of landfill gasflares need to be considered.

« On-sitepower generation. Theeffectsof generator
noise and backup flares need to be considered.

¢ On-site treatment or gas stripping prior to off-site
use. The potential odour effects and effects from
backup flares needs to be considered.

Community Issues

Thelocal community will have asignificant input into
determining whether or not asiteis suitablefor devel-
opment asalandfill. Many of theissues, which can be
of greatest concernto thelocal community, may not be
thoseidentified through technical studiesor investiga-
tions.

These issues, many of which are detailed above, in-
clude, but are not limited to:

e design life of the landfill;

* nuisancesassociated with odour, vermin, birdsand
flies, noise, litter, dust and visual effects;
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the potentia effects of failure of containment, * lossof property values;

leachate collection or landfill gas systems; . . :
» long-term compliance with consent requirements,

protection of local amenity values; and/or

traffic effects; » end use of the site.

health risks: Consultation and negotiation with the community dur-
’ ing thesiting processisrequired to determineissues of

cultural issues; site-specificimportance, the actual, or perceived, risks

and appropriate measuresto avoid, remedy or mitigate
heritage issues; adverse effects on the environment.
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Chapter 4
Landfill Design

4.1 Introduction

Thelandfill design processisaffected by thefollowing
factors:

» size and scale of the proposed landfill operation;
+ sitelocation and characteristics,

 surrounding environment; and

» type of waste to be deposited in the landfill.

Internationally, arange of legislative instruments and
design guidelines are used to control landfill design.
Theprincipal onesrelevant totheNew Zealand context
are summarised in Appendix 2.

As outlined in Chapter 1, these guidelines focus on
municipal solid waste landfills.

Many of theprinciplesinvolved arealsorelevant tothe
design of cleanfill sites, industrial waste landfills (in-
cluding monofills), and to hazardous waste landfills,
but these are beyond the scope of these guidelines. In
the case of cleanfills, most regionshave specific provi-
sionsfor the design of such facilitiesincluded in their
regional plans.

This section is intended as a guideline for landfill
developers, designers and regulatory authorities. It
does not attempt to repeat the wide range of design
meaterial that already exists, but focuses on key princi-
ples and applicable approaches.

Key pointsto note are:

 the acceptance of any design by a regulatory au-
thority will be based on an assessment of actual
and potential effects on the environment, which
requiresdetailedtechnical evaluationandjustifica-
tion; and

» the guidelines refer to designs considered to pro-
vide a suitable level of leachate retention, thus
providing a reasonable assurance of protection of
the receiving environment.

Thesedesign guidelinesarenot prescriptive. They are
intended to provide design guidance based onindustry
best practice and consistent with processes set out in
the Resource Management Act (1991).

This section addresses the following:

* design philosophy;

e design considerations;

* groundwater management and control;

» surface water and stormwater management;
» leachate management and control;
 leachate containment and liner systems;

» landfill gas management;

» landfill cover systems; and

» construction quality assurance and construction
quality control.

4.2 Design Philosophy

General

The design of alandfill should ensure that biological,
biochemical and physico-chemical interactionswithin
the waste are promoted, fostering naturally-generated
processes that both degrade and stabilise wastes, and
ultimately render the resulting residues benign to the
environment.

Enhanced degradation, and consequent reduction in
the time required to stabilise wastes, can be achieved

by:

» leachate recirculation;

 hioreactor design and operation; and
» aerobic landfill design and operation.

Leachate recirculation is used at some sites in New
Zealand and could be implemented more in the near
future, both for leachate treatment and to enhance
degradation. It is discussed in Section 4.9.

A bioreactor landfill is a landfill operated for the
purpose of transforming and stabilising thereadily and
moderately decomposable organic waste constituents
within 5 to 10 years following closure by purposeful
control to enhance microbiological processes. A
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bioreactor landfill is an extension of a leachate
recirculation landfill, except that water may be added
or substituted for leachate (depending on climatic
conditions) and other process-enhancing strategies,
such aswaste shredding, pH adjustment, nutrient addi-
tion and temperature management, may be included.
Bioreactor design and operation involves more inten-
sive design, management and monitoring to carefully
control waste moisture content and | eachate chemistry
to optimize degradation.

Aerobiclandfill design and operation aimsto maintain
waste in an aerobic state to achieve faster degradation
than would result from anaerobic breakdown.

Bioreactor and aerobic landfills have not been de-
signed or operated in New Zealand to date. They have
considerably more detailed design, operations and
monitoring requirementsin terms of leachate contain-
ment and recirculation and landfill gas management,
than more traditional approaches.

Bioreactor and aerobic landfills are currently in the
development and research stageworl dwide. Bioreactor
and aerobic landfills are unlikely to be developed in
New Zealand in the near future and therefore guide-
lines for their design, operation and monitoring are
considered to be beyond the scope of these guidelines.

However, it isimportant to continue monitoring over-
seasresearchandtrial stoidentify aspectsof bioreactor
landfill design principles, which may be applicablein
the New Zealand situation.

Irrespective of design philosophy, protecting
groundwater and surfacewater from |eachate contami-
nation, and people from the adverse effects of landfill
gas, remain the principal environmental performance
objectiveswith respect to landfill design. While many
of the potential risks associated with landfills can be
mitigated by judicious siting, appropriate design is
critical inavoiding adverse effects on the environment
due to leachate and gas discharges.

International Trends in MSWL Design

International trendsin MSWL design are summarised
inAppendix 2. Inall cases, the primary objectiveof the
design process, or stipulated standard designs (legal
requirements in some instances), is to protect the
environment around the landfill. Inthe past, thefocus
has tended to be on the prevention of leachate escape
and consequential effects on groundwater and surface
water. However, experience in New Zealand and
elsewhere over the past 10 years in particular, has
indicated that other environmental issuesarealso very
important. Such issuesinclude odorous waste accept-
ance, odour andlandfill gas(LFG) control, stormwater

and sediment effects on surface waters, and dust man-
agement. Consideration of these issues as part of the
design process has been incorporated in these guide-
lines.

New Zealand Landfill Design Trends
In New Zealand a number of trends (paralleling over-
seas practice) have emerged over the past 10 years or
soinrelationto MSWL design. Theseinclude:

¢ general improvement in design standards, particu-
larly withregardtoliner and cover systems, leachate
collection and treatment, and landfill gas control at
new or large sites;

¢ resistanceto upgrading costsand consequent costs,
especialy for smaller sites;

e centralisation of landfill facilities and an increase
in waste transfer to fewer, larger (sometimes sub-
regiondl) facilities;

e greater recognition of thesiting sensitivity attached
to landfills and the need for both good design and
stringent operating practices,

« adoption of overseas (often USA-based) practices
for barrier system design (particularly for larger
sites) in some aress,

« inadequacy of design in the absence of binding
(legal) requirementsfor designandtherel ativelack
of case law under the RMA in some areas;

e an increasing focus on the consequential effects
associated with larger sites (e.g. local amenity and
odour issues); and

o debate over thelevel of prescriptive design appro-
priate in the New Zealand context, and the ad-
equacy of “effects-based” design in the absence of
site-specific performance data.

Design Objectives

The design of amunicipal solid waste landfill should
providefor thefollowing, toadegreeappropriatetothe
landfill’ s size and location:

« aleachate retention system to protect ground and
surface water;

¢ aleachate management system;

« landfill gas control and/or monitoring;
» asurface water management system;

e sitecapping and rehabilitation;

e environmental monitoring; and



» site security and ancillary facilities.

In addition, management procedures should be pro-
vided to:

» track the types, quantities and sources of wastes
received,

» adequately monitor the compaction of the wastes
and record the position of certain special wastes
burials; and

e providequality assurance proceduresfor construc-
tion, operation and aftercare of the site.

4.3 Design Considerations

Landfill Siting

Location is a primary determinant of the extent to
whichalandfill posesanenvironmental risk. Judicious
location of alandfill isthe single most effective envi-
ronmental management tool. The aim isto minimise
the need for impact mitigation and ongoing manage-
ment by selecting a site where natural conditions
protect environmental quality and wheretherewill not
be adverseimpact on existing and future devel opment.

The hydrogeological characteristics of a site have a
critical bearing ontheneedfor, and natureof, measures
to control leachate. The potential for environmental
damage by leachate is more critical if the landfill is
located where there is significant downstream use of
surface or groundwater resources or where conditions
result in significant physical or local amenity risk.
Landfillscan aso causealocalisedlossof amenity due
to litter, dust, odour, noise, and vermin problems.
Proximity to existing and proposed devel opments, the
adequacy of proposed site management procedures
and local climatic conditions are key issues in this
regard.

Investigations and Site Characterisation

Investigation requirementsfor alandfill will vary from
sitetosite. For aparticular sitetheextent of investiga-
tions will depend on:

» geological/geotechnical complexity;
» hydrogeological complexity; and
» gteand landfill size.

Sufficientinvestigations, testing and preparatory work
need to be undertaken to provide:

» characterisation of thegeol ogical, hydrogeol ogical
and geotechnical conditions at the site;
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» gpecific data on site soil properties, including, for
relevant materials, where a soil liner isinvolved:

— index tests, water content, Atterberg limits,
grain size and solid density;

— compaction characteristics (generally the New
Zealand Heavy compactiontest should beused);

— permeability determined at optimumwater con-
tent or wetter to simulate soil remoulding at
field target water content (testing should be
pressure permeability inatriaxial cell usingtap
water asthe permeate, or leachateif conditions
warrant); and

— soil security tests, pinholedispersion, Emerson
crumb test, and, where appropriate, tests on
stabilised soilsappropriate to the materialsand
site location;

» definition and characterisation of surface waters,
including receiving waters,

*  base contour information for design purposes (col-
our aerial photographs are also very useful for
design devel opment and presentation of concepts);
and

» photomontages for assessment of visual and land-
scape effects.

Access

Public Access or Not?

Landfilling operations should, ideally, exclude public
access to the working face.

Therearesignificant disadvantagesin allowing public
access to the working area of a landfill. These disad-
vantages include:

» lack of control on placing of refuse;

» the need to provide vehicle control, larger refuse
discharging areas, and better roading to the work-
ing face;

» having alarger (wider) tipping face open, with the
consequences of more litter control problems,
greater rodent and bird problems, increased
stormwater infiltration, greater fire risk and more
cover material required;

* public healthrisk, particularly from special wastes
and scavenging; and

 additional transportation costs to the community.

A transfer station or reception facility should be estab-
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lished, either at the landfill (remote from the tipping
face) or at some other location closer to the centre of
refuse generation.

The distance of the landfill from the centre of refuse
generationwill influencetheeconomicsof providinga
transfer station there, or a reception facility at the
landfill site.

Accesstothelandfill by larger-volumerefuse contrac-
tors should be allowed by special arrangement, but
only where it is more economical than accepting this
material at atransfer station.

External Access

A landfill will generateheavy vehiclemovements. The
standard and construction of all roads and bridges
forming part of theprincipal accessroutetothelandfill
will need to be reviewed. Upgrading of roads and
bridges may be required.

Access to a landfill should be planned in such a way
that it createsminimal hindranceto existing road users.
Access should, where possible, be on sealed roads to
reduce dust and mud nuisance, reduce maintenance
and facilitate cleaning.

Careful consideration should be given to the require-
mentsof theroad control authority, thatis, Transit New
Zealand or the territorial local authority.

Internal Access

Thelayout of thesiteentranceshoul dfacilitatesmooth
traffic flow. Accessfrom apublic road should be by
asealed road to the reception control facility, laid out
so that queuing vehicles do not back up on public
roads.

The appearance of the accessway isimportant as this
will influencetheusers’ perception and, hence, behav-
iour in the landfill area.

Traffic control by clear, attractive signage and appro-
priate roading layout is required to direct vehicles to
theweighbridge, payment booth and unloading area(s).

At larger landfills, where internal roads should either
be permanent or have a substantial service period,
roads should be sealed, particularly if on steep gradi-
ents. Temporary accessroadsshould be constructedto
an al-weather standard.

If a special reception area is available to the public,
particular carewill berequiredinthedesign, layout and
operation of traffic control systems. Unloading areas
should provide, separately, for both small and large
vehicles.

Site Facilities

Site Entrance Notification

Signs should be provided to ensure all users are made
aware of the following:

e accessrestrictions;

e daysand hours of opening;

« acceptable (or prohibited) wastes;

e materials accepted for recycling;

e disposa charges;

e documentation that must accompany any waste
load;

« level of control and inspection of wastes to be
undertaken;

¢ nameand emergency contact number of thefacility
operator; and

« name of the facility owner.

Directional signageshouldbeprovidedtoassist smooth
traffic flow to the reception facilities, weighbridge,
payment booth, recycling compound and unloading
areas, as appropriate.

All signs, should give information in a concise, easy-
to-read and attractive manner.

Weighbridge

Accurate data on the quantity of waste disposed of in
thelandfill isimportant for operational control, future
development of the site and long-term planning. The
most accurate way of obtaining the required dataisto
weigh incoming refuse.

A weighbridge providesthe most equitable method for
ng charges to users, particularly commercial
users. It can also assist in determining in-place densi-
ties of thefilling areafor landfill control purposes.

The importance of data for deriving waste quantities
now meansthat weighbridgesmay bejustified evenfor
landfills for relatively small communities.

Charging Booth

A booth should be provided for the gathering of feesor
coupons and the recording of user data to enable
invoicing of frequent, large-volume users.

Important aspects to consider for the booth are:

e siting;



— cannot be avoided or bypassed;
— flat areato enable vehicles to stop;
— gpace for vehicle queue within the site;
— minimum disruption to traffic flow;
» security for the cash and the cashier; and

» accounting procedures.

Operational Facilities

The nature and extent of facilitiesrelated to the opera-
tional needsof thelandfill will, to someextent, depend
on the size of the operation.

Facilities that would normally be required include:
» staff washroom (toilets and possibly showers);
o staff lunchroom;

» first-aid and emergency equipment; and

+ fire-fighting equipment.

Other facilities, such as plant storage sheds and main-
tenancefacilities, may bereguiredfor largeoperations.

Services

Servicesincluding tel ephone, power, water supply and
sewage disposal should normally be provided on the
site. Often, due to the remoteness of the landfill from
serviced urban devel opment, water supply and sewage
disposal on the site will need to be self-contained.

Water should beavail ablein adequate quantity for fire-
fighting. Piped (domestic) supplies may be supple-
mented for this purpose by making provision for water
to be pumped from on-site ponds.

Hazardous Waste Reception and Storage
Compound

Consideration may need to be given to the reception
and storage of small quantities of hazardous materials
(for example, used ail), particularly if thereisno other
facility for hazardouswastetreatment or disposal within
areasonable distance.

Important features of a hazardous waste storage com-
pound are:

» secure and lockable;
» bunded, sealed floor to contain spills;

» completely covered, including walls, but well ven-
tilated; and
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» good access for the handling of drums.

Temporary storage could also be provided for possibly
hazardous waste awaiting analysis and classification
before appropriate decisions can be made regarding
disposal.

Wheel Wash Facilities

Wheel wash facilities should be provided where soil
type will cause a mgjor off-site nuisance, such as
tracking mud onto publicroads. Typical problem soils
areclaysand sensitivesilts. Adequateinternal roading
constructed with good metal or seal can eliminate the
need for wheel wash facilities.

Wash water should be tested for contamination and
drained to sedimentation ponds prior to discharge. If
contaminated, wash water may need to be disposed of
to the leachate disposal system.

Fencing and Gate

Landfills should befully fenced along all site bounda-
ries to ensure the safety of the general public and
prevent unauthorised entry and disposal.

Consideration should begiventothesecurity of thesite
outside the hours of operation to prevent damage to
buildings and equipment and/or danger to unauthor-
ised personnel.

Landscaping

Itisdesirablethat the landfill should present an attrac-
tiveappearancetothepassing public. Areasof thesite,
which are not screened by natural topography or exist-
ing vegetation, should be surrounded by a tastefully
designed fence or planted shelter-belt to screen opera-
tions from the view of the passing public and any
nearby residences. The establishment of a planted
shelter-belt requires early planning to alow for ad-
equate growth before landfilling commences.

In some casesthere could be advantagesin contouring
the perimeter of the site to provide screening by earth
mounds, and these could also be planted. Earth banks
or bunds can also provide effective noise barriers.

Final Use and Final Landform

Key aspects of landfill design are the determination of
the final landform, the method of final reinstatement
and final usesfor the site.

The most common final uses for completed landfills
are:

e passive recreation (gardens, parks, golf courses);
and
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e controlled farming (agriculture or horticulture).

Integrating the issues of final use and final landform
will be significant in the determination of critical
parameters such asfill volume and potential lifespan.
Factorsto consider include:

e points of access;
¢ drainage patterns; and
e landfill cap requirements.

The end use options and final landform should be
canvassed during theinitial site selection, public con-
sultation and resource consent processes. The plan of
thefinal landform contours should be prepared as part
of the design process prior to consent applications.

Thefinal filling level sshould becarefully controlledin
accordance with this plan.

Site Capacity

Having determined the final shape of the completed
landfill relativetotheinitial contours, thetotal volume
able to be contained on the site can be calculated.

An estimate of the compacted density of therefusethat
will be achieved on the site, and of the compacted
volume of daily, intermediate and final cover required
over the life of the site, must be made in order to
estimatethetotal refusetonnagethat can be accommo-
dated.

A target minimum in-situ density, excluding cover, of
0.8 tonnes per cubic metre is readily achievable and
should beused in design for larger sites (>50,000 tpy).
For smaller sites and sites without specialised
compaction equipment afigure of between 0.6 and 0.8
tonnes per cubic metre is more likely.

To makean allowancefor daily cover, awasteto daily
cover volume of between 4:1 and 5:1 can be expected.
Intermediateand final cover volumes can be estimated
from their thickness.

The source of material for linings, daily refuse cover,
intermediatecover and final capping materialsmust be
determined. Inmany casesat |east someof thismaterial
may be ableto be excavated progressively fromwithin
therefusefill area. Thiswill increasetherefusevolume
able to be disposed of in the site. The balance of the
material not available on-site will haveto beimported
and an allowance for its volume must be made.

Assuming the refuse stream to the site can be quanti-
fied (making dueallowancefor predicted changesover
thelifeof thefacility), thelikely lifespan of thefacility
can then be predicted.

The appropriate range of design densities for com-
pacted refuse will depend on the compaction plant
available, effort applied (asin earth compaction), and
operation methods adopted. For example, where a
refuse landfill is operated by contract, a payment
system that rewards the achievement of high densities
and penalises the non-achievement of target densities,
ismorelikely to consistently achievethewaste density
adopted for design purposes.

Staging of Site Development

Much of New Zealand is subject to relatively high
rainfall and short duration, highintensity rainfall events.
These factors make it important that measures are
taken to reduce rainfall infiltration into the landfilled
refuse, and control leachate production.

Itisessential to develop and operatethesitein distinct
stages, undertaking landfilling operations on as small
apart of thetotal siteaspossibleat any onetime. Areas
next requiredfor filling should be preparedjust prior to
being used, and areasnolonger beingfilled, or used for
a period of time, should be capped, topsoiled and
grassed, and surface water drainage and erosion con-
trol measures installed.

A development programme for the proposed landfill
should be prepared, using a series of plans that show
the areas and sequencing of the landfill operation.
These should outline the measures required at each
stage for leachate collection, treatment and disposal,
stormwater drainage and silt control, cover material
source, and access roading, and how these will be
provided throughout the life of the site.

Figure 4.1 shows a typical operational plan for a
landfill site.

Cells

One method of landfilling involves placing wastes
within pre-bunded areas to form cells. This method
can be used on medium-sized to large landfills, and
encourages progressive filling and restoration.

Cells can vary in size depending on:
e rainfal;

e absorptive capacity of waste;

e filling rate; and

e number of vehicle movements.

Daily cells may be constructed within alarger cell if
filling rates are high. Using the cell method allows
surface water accumulating in prepared landfill areas
to be treated as stormwater, prior to coming into
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Figure 4.1: Typical operational plan for landfill site
(Figure 5.16B From UK Department of the Environment Waste Management Paper No. 26 (1986))

contact with refuse and also minimises leachate pro-
duction. Cellsconstructedwithinthelandfill shouldbe

built fromasuitably inert and free-draining material to
avoid stratified layers within the landfill.
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If the cell method of landfilling is used, the design
balance between lost landfill space versus cell size
should be considered. Cell wallsshould exceed refuse
height duringfilling, and hydrauliclift must beconsid-
ered in sites prone to varying groundwater tables.

Cell walls may be constructed in low permeability
material to retain leachateif thisis consistent with the
design of the leachate collection and removal system.
It isimportant that cell wall constructioniscarried out
with suitable structural stability to ensure the contin-
ued retention of waste and in such away that the wall
may, if required, beremoved whentheadjoiningcell is
constructed. Careshouldbetakentoensurethat |eachate
breakout does not occur through the wall.

4.4 Groundwater Management
and Control

General

Groundwater management is an important considera-
tion in the design and operation of a landfill. The
groundwater needs to be managed so that:

e the groundwater does not adversely affect the
landfill, in particular the liner system; and

e the normal flow of groundwater is not adversely
affected by the landfill.

Site investigations should clearly determine
groundwater flows in the area of the site and the
maximum range of groundwater levels.

Normally the landfill liner system should be located
above the groundwater table with an unsaturated zone
immediately below theliner. Stringent managementis
required for groundwater seepages from either the
sides or base of landfillslocated in excavations below
the groundwater table. In such casesit isnecessary to
relieve hydrostatic pressuresthat may otherwise cause
uplift forces on the landfill liner and hence potential
instability or rupture.

The protection of groundwater from the impact of
landfill leachate is covered in Section 4.6.

Groundwater Drainage

In situations where the landfill is located below the
water table, an under drainage system should be pro-
videdtointercept groundwater seepagesand to control
groundwater levelsbeneath thelandfill area. A gravity
drainage systemispreferred for al long-term require-
ments.

Design of an under drainage system should consider

the following:

e pipes designed to allow inspection and mainte-
nance and to carry the maximum probable flow;

 incorporation of specific drainage requirementsto
accommodate discrete spring flows;

o careful selection of filter stone or filter fabric size
to avoid potentia clogging of drainage layers by
fine materials, and

e protection of pipes to ensure risk of damage is
negligible.

In general, the designer will need to demonstrate by
way of calculation that the proposed design is robust.

Drainage layers and pipes should be over-designed to
allow for clogging and possible deterioration. In addi-
tion, it is preferable to design the under drainage
systemtoenableuseof closedcircuittelevision (CCTV)
and remote control hydro-jetting equipment for in-
spection and cleaning of pipework.

Groundwater drainage discharge flowrate and quality
should be regularly monitored to detect any leachate
contamination. Thisisdiscussed in Section 6.4.

4.5 Surface Water and
Stormwater Management

General

Surface water and stormwater management are two of
themost important aspectsof successful landfill opera-
tion. Stormwater control isacritical aspect of landfill
design and generally cannot be successfully retrofit-
ted. Surface water management is required to ensure
that:

* contaminated surface run-off from the active fill
area does not enter water courses,

e rainfal run-off from surrounding areas does not
drain into the landfill;

« surface water and stormwater does not generate
excessive quantities of leachate; and

« ponding and erosion on filled and capped landfill
surfaces is minimised.

Surface Water and Stormwater Control

Thesurfacewater management obj ectiveslisted above
may be achieved by the following control measures.

* Interception drains surrounding the activefill area



to prevent overland flow from entering the active
fill area should be provided.

« Rainfal falling on the active fill area should be
collected and managed asleachate viatheleachate
collection, treatment and disposal system.

» Rainfal run-off from slopes outside and above the
landfill should be intercepted and diverted to wa-
tercourses. These diversion drains/channels may
require invert protection to prevent scour and/or
lining to prevent leakage into the landfill.

e Drainage channels or drains constructed on the
completed landfill surface should be designed and
constructed to accommodate settlement, minimise
or eliminate erosion, and cope with localised de-
sign storms.

e Completed fill areas and areas of intermediate
cover should becontoured todirect stormwater into
drainsleading away fromtheactivefillingareaand
working face.

* Permanent or temporary access roads should be
designed to prevent them acting as stormwater
channels that may direct water into the landfill.

Surface Water Discharges

Water discharged from any of the above sources to
surface water courses must be disposed in accordance
with the discharge permit(s), which may stipulate both
quality and quantity limits.

Any stormwater that hasbeen diverted from thefilling
siteislikely to carry ahigh silt load and should be held
in sedimentation ponds prior to discharge.

Sedimentation ponds should be developed prior to
discharge of surface waters to natural stream or river
flows. The ponds and traps should be designed to
ensure easy maintenance and cleaning.

4.6 Leachate Generation and
Characteristics

Leachate Characteristics

Numerous physiochemical and biological processes
govern the production and composition of landfill
leachates. In general, the composition of leachate will
be afunction of the types and age of waste deposited,
the prevailing physiochemical conditions, and the
microbiology and water balance of the landfill.

Decomposition of the putrescible waste takes place by
theaction of microbes. It occursinthreestages. Inthe
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first stage, degradable waste is attacked by aerobic
organisms, resulting in production of organic com-
pounds, carbon dioxide and water. Heat is generated
and the aerobic organisms multiply.

The second stage commences when all the oxygen is
consumed or displaced by carbon dioxide. Aerobic
organisms, which thrived when oxygen was available,
dieoff. Thedegradation processisthen taken over by
facultative organisms that can thrive in either the
presence or absence of oxygen. These organisms can
break down the large organic molecules present in
food, paper and similar waste into more simple com-
pounds such as hydrogen, ammonia, water, carbon
dioxide and organic acids. During this stage carbon
dioxide concentration can reach a maximum of 90
percent, although concentrations of about 50 percent
are more usual.

In the third and final stage (the anaerobic, or
methanogenic phase) methane-forming organisms
multiply and break down organic acids to form meth-
ane gas and other products. The water soluble degra-
dation products from these biological processes, to-
gether with other soluble componentsin thewaste, are
present in leachate. In addition, pH changes and acid
formation may mobilise metals and increase their
content intheleachate. Table4.1 showsthe changesin
leachate composition that occur as alandfill proceeds
through the various phases of decomposition.

The main components in the leachate from landfill
sitesmay be conveniently grouped into four classesas
follows:

» Mgjor elementssuch ascalcium, magnesium, iron,
sodium, ammonia, carbonate, sulphate and chlo-
ride.

» Tracemetal ssuchasmanganese, chromium, nickel,
lead and cadmium.

e A wide variety of organic compounds, which are
usually measured astotal organic carbon (TOC) or
chemical oxygen demand (COD). Individua or-
gani ¢ speci essuch asphenol canalso beof concern.

* Microbiological components.

Household wasteisreasonably consistent in composi-
tion over dl landfill sites, asisthe resulting leachate.
L eachatecomposition at sitesaccepting predominantly
industrial waste is much more variable.

The composition of leachatesis generally in the form
of aclear liquid which turns black and odorous upon
contact with air. The rate of generation of leachateis
closdly linked to the water balance within the landfill,
but eveninvery dry landfillsthereis enough moisture
to generate small quantities of leachate.
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Parameters with differences between acetic Parameters for which no differences between
and methanogenic phase phases could be observed
Acetic phase Average Range Average Range
PH 6.1 4.5-75 CI (mg/l) 2100 100-5000
BODsg (mg/l) 13000 4000-40000 | Na (mg/l) 1350 50-4000
COD (mgl/l) 22000 6000-60000 | K (mg/l) 1100 10-2500
BODsg /COD 0.58 - Alkalinity (mg CaCOz3/l) 6700 300-11500
S04 (mg/l) 500 70-1750 NH4 (mg N/I) 750 30-3000
Ca (mg/l) 1200 10-2500 OrgN (mg N/I) 600 10-4250
Mg (mg/l) 470 50-1150 Total N (mg N/I) 1250 50-5000
Fe (mg/l) 780 20-2100 NO3 (mg N/I) 3 0.1-50
Mn (mg/l) 25 0.3-65 NO2 (mg N/I) 0.5 0-25
Zn (mg/l) 5 0.1-120 Total P (mg P.l) 6 0.1-30

AOX (ug/Cl/Ny* 2000 320-3500
Methanogenic phase As (ugll) 160 5-1600
pH 8 7.5-9 Cd (ug/l) 6 .5-140
BODsg (mg/l) 180 20-550 Co (ugll) 55 4-950
COD (mgl/l) 3000 500-4500 Ni (ug/l) 200 20-2050
BODsg /COD 0.06 - Pb (ug/l) 90 8-1020
S04 (mgll) 80 10-420 Cr (ug/l) 300 30-1600
Ca (mg/l) 60 20-600 Cu (ug/l) 80 4-1400
Mg (mg/l) 180 40-350 Hg (ug/l) 10 0.2-50
Fe (mg/l) 15 3-280
Mn (mg/l) 0.7 0.03-45 * adsorbable organic

halogen

Zn (mg/l) 0.6 0.03-4

Table 4.1: Changes in leachate composition in different stages of a landfill
(Source: Ehrig, H. J., “Water and Element Balances of Landfills” in Lecture Notes in
Earth Sciences: The Landfill, 1989)

In order to determine leachate composition, leachate
analysis needs to be undertaken at regular intervals.

It is important to note that leachate monitored at a
collection point receivingleachatefrom different areas
of alandfill can beamixtureof old and new, weak and
strong leachate. In addition, leachate concentrations
can be lower than those presented above for the
methanogenic phase for very stable landfills or those
with a high degree of water infiltration.

Leachate Characteristics at New
Zealand Landfills

The leachate characteristics for a number of New
Zedand landfills are listed in Table 4.2.

This data reflects the differences in the monitoring
conditions set for each landfill. For example, at the
Horotiu Landfill, leachate from 14 cellsisrequired to
bemonitored. Thelow concentrationsgivenfor Horotiu
are from acell closed for more than 10 years and the

high concentrationsarefromacurrently operating cell.
Atthe Rosedale Rd Landfill, the high leachate concen-
trationsarefrom acurrently operating cell and thelow
concentrations are composite leachate from thewhole
site prior to sewer discharge. The highs and lows at
Redruth, Redvale and Southern Landfillsrepresent the
maximum and minimum levelsin the range of results
obtained for leachate collected from the samelocation
over time.

Factors Affecting Leachate Generation

Thefactorsthat influencel eachategenerationat landfills
include:

¢ Climate: Climate at the site significantly influ-
encestheleachategenerationrate. All other factors
being equal, a site located in an area of high
precipitation can be expected to generate more
leachate.

« Topography: Topography affectsthe site’ srunoff
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pattern and the amount of water entering and leav-
ing the site. Landfills should be designed to limit
leachategenerationfromareasperipheral tothesite
by constructing perimeter stormwater drainage
systems to divert surface water “run-on” away
from the site and by constructing the landfill cover
to promoterunoff and reduceinfiltration. All areas
of alandfill should maintain at least two percent
gradeover thewasteat all timesto prevent ponding
of surface water.

Landfill Cover: Landfill cover at the site affects
the amount of water percolating into the landfill to
formleachate. Ingeneral, asthe permeability of the
soil used for final cover increases, leachate produc-
tion ratesincrease.

Vegetation: Vegetation plays an integral part in
leachate control. It limitsinfiltration by intercept-
ing preci pitationdirectly (thereby improving evapo-
ration from the surface) and by taking up soil
moisture and transpiring it back to the atmosphere.
A landfill with poor vegetative cover may experi-
enceerosion that cutsgulliesthrough the cover soil
and allows precipitation to flow directly into the
landfilled waste.

Typeof waste: Thetypeof waste, thewater content

of the waste and the form that it isin (bulk, shred-
ded, etc.) affect both the composition and quantity
of leachate. Wetter wastes, for example, will gen-
erate more leachate.

Predicting Leachate Production Rates
Sound landfill design requires cal cul ation of expected
leachate production. The amount of |eachate gener-
ated will affect operating costs if leachate collection
and treatment are provided. The amount of leachate
formed also affects the potentia for liner leakage and
hence the potential for groundwater contamination. It
also affects the cost of post-closure care.

Predicting leachate generation quantities requires wa-
ter balance calculations. The issues to consider in
developing asitewater balanceareillustratedin Figure
4.2. A water balance equation is presented below.

L P—-SRO-ET-DS

0

where
L, = leachate production (m*/year)
= precipitation (m%year)

SRO = surface runoff (m3/year)
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Figure 4.2 Landfill water balance issues
(Figure 3.3 from UK Department of the Environment Waste Management Paper No. 26 (1986))



ET = evapotranspiration (m%year)

DS = change in leachate storage of the waste
(m3lyear)

The equation estimates the amount of water from rain
or melting snow that will percolatethrough thelandfill
cover. Over time, thevolume of percolating water will
nearly equal the volume of leachate produced. There
may bealag between thetime percolating water enters
the fill material and the time leachate emanates con-
tinuously from the base of the fill. During this lag
period the landfilled wastes increase in moisture con-
tent until their field capacity isreached (field capacity
is defined as the moisture content of the waste above
which downward flow of moisturewill occur under the
influence of gravity). Someleachatewill begenerated
intermittently (almost immediately in wet climates),
because of water channelling through the wastes.
However, once field capacity is achieved, leachate
production should be more consistent.

The USEPA, in co-operation with the Army Corps of
EngineersWaterwaysExperiment L aboratory, haspre-
pared a computer program, Hydrologic Evaluation of
Landfill Performance (HELP), to calculate the water
balance of landfills. The HELP model version 3.0 has
weather records in data files and a weather generator
programto generatesite-specificprecipitation, air tem-
perature and solar radiation dataand offers optionsfor
predicting leachate generation under many combina
tions of cover conditions.

Theaccuracy of HEL P model predictions can be aided
by calibrating the model using actual field measure-
ments of |eachate generation at the landfill, or at other
landfillsin areas with asimilar climate.

4.7 Leachate Retention and
Liner Systems

Both new landfills and lateral extensions of existing
landfills need to provide an appropriate level of reten-
tion to protect the environment from the adverse ef-
fects of leachate entering the aquifer system and sur-
face waters. Thiswould generally comprise:

» aleachate retention (or liner) system; and
» aleachate collection system.

At somesites, significant retention and attenuation can
potentialy be provided by the underlying geology of
thesite, which may beableto act asacomponent of the
liner system. At others, it will be necessary torely on
awell-engineeredliner systemover theentirebasearea
of the landfill for both retention and attenuation.
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These guidelines, while recognising the statutory re-
quirementsfor site-specific, effects-based design, also
incorporate designs shown to provide a suitable level
of leachateretention at siteswithagood level of natural
retention, sel ectedinaccordancewiththesiteselection
criteriain Chapter 3.

In preparing aleachate retention system design, asite-
specificassessment of effectsontheenvironment must
be prepared to characterise the site and local environ-
ment, identify environmental receptors and evaluate
the potential risks dueto thelandfill. Thisassessment
will need to address:

* geology;

» hydrogeology;

» surface hydrology;

» stability; and

e environmentally sensitive areas.

In order to obtain sufficient information to assess
actual and potential effects that could result from the
use of a design, specific investigations and studies
should include:

» sufficient surfaceand subsurfaceinvestigations, by
mapping, test pitting, drilling and monitoring to;

— develop geological cross-sectionsfor materials
beneath the site

— determine depth to water table and seasonal
water table fluctuations

— confirm the existence of groundwater divides

— measure hydraulic conductivities of materials
beneath the site

— determine rate and direction of groundwater
flow, both vertical and horizontal

— identify potential preferential flowpaths for
leachate and groundwater movement

— determine the dispersion characteristics of the
aquifer

— locate aquifer recharge and discharge aress,
seeps and springs

— determine baseline groundwater and surface
water quality

— determine distance to and sensitivity of
groundwater and surface water receptors or
users
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— determine stability of materials underlying the
landfill site

e an assessment of likely quantity and quality of
leachate produced,;

e an assessment of potential effects of failure of
leachate retention and collection systems; and

e aninitial evaluation of potential contingency meas-
ures to remediate the effects of retention system
failure.

It isimportant to note that an engineered liner system
isnot aperfectly impermeablebarrier, and over timeit
will allow relatively minor amountsof |eachateintothe
underlying soil and groundwater system. The liner
needs to be designed to ensure that the quantity of
leachate leakage and its concentration do not pose a
risk to the environment. Design needs to take into
account the combination of liner hydraulic and chemi-
cal diffusion and attenuation performance.

Leachate discharges from a landfill will potentially
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occur over a period of time in excess of 30-50 years
following closure, withtheleachatevaryinginstrength
over time. Itisdifficult to predict therateand quantity
of leachate discharges, both over time and in response
to various eventsthat could result in liner failure, and
the likely effects of these discharges. Therefore, a
degree of redundancy isrequired in any liner design.

Thefollowing threeliner designs, illustrated in Figure
4.3, are recommended, as they have been shown to
provide a suitable level of protection to the receiving
environment, for a landfill sited in accordance with
these guidelines.

(a)A singleliner comprising 900 mm of clay or other
low permeability soilscompactedin layersamaxi-
mum of 150 mm thick, to achieve a coefficient of
permesbility not exceeding 1 x 10°° m/sec;

(b) A composite liner comprising a synthetic flexible
membrane, 1.5 mm thick, overlying 600 mm of
clay with acoefficient of permeability not exceed-
ing 1 x 10° m/sec;
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Figure 4.3 Recommended liner designs



(c) A composite liner comprising a synthetic flexible
membrane 1.5 mm thick, overlying ageosynthetic
clay liner (GCL), a minimum of 5 mm thick, with
a coefficient of permeability not exceeding
1x 10 m/s, overlying a600 mm thick compacted
sub-base layer with a coefficient of permeability
not exceeding 1 x 108 m/s.

However, other designscould besuitableat somesites,
after taking into account one or more of the following
factors:

o landfill size;

» favourablegeological andnatura containment char-
acteristics;

» unfavourable geological or hydrogeological char-
acteristics; and/or

e proximity to, and sengitivity of, surrounding envi-
ronments.

In considering alternative design requirementsaquan-
titative evaluation of retention system leakage and a
guantitative assessment of effects on the receiving
environment, including a quantitative assessment of
leachate migration and attenuation should be under-
taken. This is likely to require significantly more
investigation and consent documentation than would
be necessary for the recommended designs, and in-
clude:

» an assessment of the quantity of leachate leakage
through the retention system, by both advection
and diffusion;

» leachate attenuation tests on materials underlying
the site, using leachate similar to that expected at
the site;

» an assessment of likely leachate concentration in
groundwater at the siteboundary or receiving envi-
ronment; and

» anassessment of the effectsof |eachate contamina-
tion on the receptor environment(s).

Where groundwater resources, with existing or poten-
tial users, exist within 1000 metres of thelandfill, then
arisk analysis should be undertaken to confirm the
adequacy of design.

Wherethe containment isbased on natural site charac-
teristics, an engineered barrier layer comprising one of
thefoll owing should be used to reducethe potential for
leskage duetoinconsistenciesin the natural site mate-
rials:

e re-compaction of site soilsto achieve a minimum
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300 mm thick layer of demonstrated permeability
of <1 x 10° m/s, suitably protected from damage
or desiccation; and

e an FML barrier, suitably protected from damage,
over prepared in-situ low permeability soils.

The permeability of less than 1 x 10° m/s, recom-
mended for the clay liner component of the first two
designs, isaimed at ensuring that overall installed liner
permeability isnot great enoughtoresultin significant
leakage, when scale, construction and post-construc-
tion effects are allowed for. Permeability of liner
materials should be determined using pressure perme-
ability methods (such asin atriaxia cell) and using
New Zeadland heavy compaction to simulate field
compaction of liner materials.

Inall casesthe emphasis must be on adequately dem-
onstrating that the design will avoid potential adverse
effectsand not result in long-term environmental deg-
radation.

It should be noted that, due to the long-term potential
for discharges from landfills, a lack of monitored or
observed adverse effects from an existing landfill site
is not in itself sufficient justification for a lateral
expansion using past design practices, without addi-
tional investigations on areas proposed for expansion.
The potential for cumulative effectsfrom old and new
areas of asite also needsto be considered with respect
to lateral expansions.

Liner Construction Issues

L ow permeability soilsare often used for the construc-
tion of landfill linersand, wherethey are availablein-
situ, they provide a cost-effective solution. They are
often used in conjunction with synthetic flexiblemem-
branes.

The design and construction of an engineered liner
must be undertaken with an extensive quality assur-
ance and quality control (QA/QC) programme, com-
plemented by a well-defined materials testing pro-
gramme.

Permeability specificationsfor clay linersarebased on
in-situ field permeability measurements.

In-situ testing of the permeability of theinstalled liner
isnot straightforward. Therefore, proof testing is best
undertaken by monitoring dry density and water con-
tent of theinstalled liner and correlating thisdatato the
laboratory-measured permeability data obtained by
testing the clay compacted at various water contents
along the compaction curve.

Soil liner material may originateat thesiteor behauled
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from a nearby borrow area. Soil additives, such as
bentonite (montmorillonitic clay), may also be intro-
duced to decrease the hydraulic conductivity of the
liner material.

It should be noted that certain organic solvents in
leachate can shrink the thickness of compacted clays.
Consequently, the permeability of compacted clay
may increase for certain leachates.

The joining or seaming of synthetic flexible mem-
branesiscritical astheseamsarethemost likely source
of failure. Under the site-specific QA/QC plan, the
joints or seams should be tested for any potential
defects.

The strength and stability of basement materials must
be adequate to ensure the integrity of the liner for as
long asisrequired to ensure protection of the environ-
ment.

Liner stahility against slope failure also needs to be
considered, along with construction practicalities, par-
ticularly at the boundaries of segmented construction
phases for large landfills.

Penetrationsand appurtenancesneed special careinall
liner systems to ensure no leakage path is created.
These should be avoided if at al possible.

Section 4.13 addresses QA/QC tests and testing fre-
quencies for liner construction.

4.8 Leachate Collection and
Removal Systems

The leachate collection and removal system is placed
at the base of the landfill above the retention system.
The functions of the leachate collection and removal
system are:

e toremove leachate for treatment, disposal, and/or
recirculation into the landfill; and

¢ tocontrol the head of leachate on the liner system
to minimise the quantity of leachate |eakage.

The design and effectiveness of aleachate collection
and removal systemissite-specific and dependsonthe
design of the liner and the leachate collection pipes.
General shape of the site, phase shapes, and overall
slopeand topography affect thelayoutsof theliner and
pipe network systems.

A typical leachatecollectionand removal systemshould
include the following components:

« ahigh-permeability drainage layer constructed of

either natural granular materials (sands and grav-
els) or asynthetic drainage material (Geonet). The
drainage layer is generally placed directly on the
liner;

« perforated leachate collection pipesand/or boul der
drainswithin the high-permeability drainage layer
to collect the leachate and carry it rapidly to a
collection sump;

e sump(s) atlow pointswithinthesystemfromwhere
leachate can be collected; and

« graded filter layers, as appropriate, over the high-
permeability drainage layer and collection pipes
and/or boulder drainsto prevent physical clogging
of the material.

The design and construction of the collection system
needstobeundertakenwithgreat careto ensurethat the
system remains operabl e throughout the life and after-
care period of the landfill. Failure of a component
could render the whole system useless.

The coallection system should be designed to ensure
that a minimum depth of leachate is retained over the
landfill liner. This depth can be calculated by taking
into account the quantity of leachate likely to be
produced, bottom slope, pipe spacing and drainage
layer hydraulicconductivity, by usingtheHEL Pmodel
(referred to in Section 4.6), or using analytical equa-
tions proposed by Giroud and Houlihan in the paper
Design of Leachate Collection Layers (1995). The
target maximum depth for leachate on the liner should
not exceed 300 millimetres.

The gradient of the collection system needs to be
adequate to ensure that the leachate readily drainsto
the collection sumps. A minimum gradient of 1in 50
(2 percent) is recommended.

Reliance on small diameter perforated pipesshould be
avoided to prevent clogging of the perforations. A
minimum diameter of 150 mm is recommended.

Piping design needs to consider not only hydraulic
capacity, but also structural strength to accommodate
the weight of refuse above them. Spacing should be
determined by the maximum |eachate head allowed in
the design.

Allowance should be made for additional lining pro-
tection beneath | eachate collection pipesand sumpsas
these areas have the potential for the highest leachate
heads.

4.9 Leachate Recirculation

L eachaterecirculation hasbeen shownto offer signifi-



cant benefits in reducing the strength of leachate in
terms of BOD and some metal ion concentrations.

The other benefits of |eachate recirculation include:

* increaseintherateof waste stabilisation and settle-
ment;

* increaseinthe quantity and quality of methane gas
production; and

» provision of aviable on-site|eachate management
method.

Generally, leachate should only berecirculated in the
landfills that are designed and equipped with a liner
and leachate collection system constructed for atarget
300 mm depth of leachate over theliner.

L eachate recirculation systems require design to ad-
dress potential problems associated with:

 leachate seepages and breakout on side slopes,
* increaseinleachate head onthebaseof thelandfill;
 initia increase in leachate strength;

e increasein landfill gas production and odour nui-
sance;

e (differential settlement; and
» stability of the waste mass.

L eachate recirculation should be provided for as soon
asitispracticableto do so. Leachate produced from
more recent areas of the landfill should be collected
and discharged to areas containing aged refuse. Dis-
chargeisgenerally viaasubsoil perforated pipeover a
length of trench constructed just bel ow the surface of
thefill and remotefromtheleachate collection system,
to maximise the percolation distance. Recirculated
leachate should not be sprayed onto the surface of old
areas of the landfill as problems of contaminated
surface runoff and odour could result.

Rates of recirculation should be carefully monitored
and controlled to ensure that areas of refuse do not
become saturated, as this could result in surface out-
breaks, and could potentially jeopardise the slope sta-
bility of the landfill. Rates and areas of recirculation
should be carefully chosen and will invariably require
seasonal adjustment to maintain optimum landfill per-
formance.

4.10 Leachate Treatment and
Disposal

Leachatecollectedfromlandfill drainagesystemsneeds
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tobepre-treated and/or disposed of carefully, toreduce
therisk of pollution.

M ethodsof |eachatetreatment and/or disposal include:

» dischargetoacommunity seweragesystem, withor
without pre-treatment;

 dischargetoland by spray or subsurfaceirrigation,
with or without pre-treatment;

 dischargeto natural water following treatment;
» treatment by recirculation within the landfill; and

e evaporationusing heat generated fromthecombus-
tion of landfill gas.

At present, the dominant method of disposa is the
discharge of leachate to a sewer, land or watercourse.

Wheredischargeistoasewer, treatment of theleachate
takes place at the sewage treatment plant. Where vol-
umesof leachategenerated arelow, tankeringleachate
to asewage plant may be the most appropriate method
of disposal. Sinceleachate strengthsare significantly
greater than normal municipal wastewaters, careshall
be taken to avoid overloading the sewage treatment
plant. Studieshave shownthat sewagetreatment plant
operation has been disrupted when | eachate exceeds 2
percent of the hydraulic loading.

A further optionfor off-sitetreatment isat aspecialised
hazardous or toxic waste centre, where leachate from
landfillsin the region is accepted.

The volume and strength of leachate produced at
landfill sites is subject to large seasonal variations.
Wide fluctuations in flow and concentration can be
minimised by balancing leachate flow, either by stor-
age within already deposited waste or by using a
lagoon, so reducing the required treatment capacity by
removing thepeak |oadings. However, concentrations
of components in leachate also change with its age.
Treatment strategiesmust thereforeadapt to changesin
leachate volumes and strengths both during thefilling
stage of the landfill and after its completion.

L eachate, particularly that fromrecently placed wastes,
contains high concentrations of readily biodegradable
meaterial (principally organic acids) whichisamenable
to biological treatment. Leachate from wastes that
have been deposited for a longer time is generally
lower in organic content, less readily biodegradable
and may contain relatively high concentrations of
ammoniaor iron. Thus, |leachatefrom aged waste may
require a combination of processesfor effective treat-
ment.

The method and degree of leachate treatment neces-
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sary will be site-specific and dependent on the type of
wastedeposited, any expectedvariationinflow, strength
of toxic components and the nature of the receiving
environment.

On-site Treatment Technologies

Technologies for on-site treatment of leachates in-
clude:

« hiological anaerobic or aerobic systems;
» chemical oxidation and reduction;

e precipitation;

e air stripping; and

e carbon adsorption.

Thesel ection of atreatment processshould bebased on
leachate quality, laboratory evaluation studies and,
where possible, on pilot-scale studies. Where no
leachate dataexist, such asat thedesign stagefor anew
landfill, an alternative approach is required. In this
situation leachate quality may be predicted from
leachate generation calculations, experience at other
sites, and leaching testsfor typical industrial and other
wastes expected to be received.

Land Treatment and Disposal

Spray irrigation, or subsurface irrigation, of treated
leachateisan effective disposal method wheresuitable
land areas and soil typesare available. Department of
Health guidelines on wasteirrigation recommend that
only pre-treated effluent beirrigated. Subject to site-
specific requirements, oxidation pondswith minimum
detention of 30 days or, alternatively, two-stage aer-
ated lagoons with a minimum total detention of 10
days, may be appropriate.

Spraying of treated leachate onto land can result in a
significant reduction in its volume, due to
evapotranspiration. Additionally, asthe leachate per-
colates through vegetated soils, opportunities are pro-
vided for microbial degradation of organic compo-
nents, removal of inorganicionsby precipitationorion
exchange, and the possibility of rapid uptake by plants
of constituents such as nitrate (from soil bacteria oxi-
dation of ammonia).

Intermittent spraying throughout each day will provide
more effective evaporation than asingledaily applica
tion. Transpiration by vegetation will account for a
substantial proportion of thetotal loss. The possibility
of spreading harmful pathogens by spraying leachate
needs to be considered, but evidence to date suggests
that thisisnot aproblem provided appropriately treated

leachate is applied and the operation is properly man-
aged.

Littleinformationisavailable onthelong-term effects
of continual spraying of leachateontoland. The spray-
ing of leachatescontaining metal sor persistent organic
compoundsisnot recommended because of their accu-
mulation in soils and plant material. In this respect,
reference should be madeto publications on the appli-
cation of sewage sludge to land.

4.11 Landfill Gas Management

General

Ingeneral terms, landfill gaswill beproducedinal most
al landfills. Gas is produced as an end product of
biological decomposition. Although mainly methane
and carbon dioxide, it may also contain other gases,
includingvolatileorganic compounds. Table4.3gives
a typical composition of landfill gas. In the early
aerobic decomposition phase, thegasispredominantly
carbon dioxide. In the later anaerobic decomposition
phase, the gas has a relatively high methane content.
Methane may be generated in commercial quantities.

Potential Problems Associated With
Landfill Gas

Potential problems as aresult of landfill gasinclude:

e detrimental effects on soils and vegetation within
the completed landfill and adjacent sites;

¢ risksto human health (on-site and off-site);

¢ risksof explosionsor firesdueto gasmigrating and
collectingin confined spaces such asmanholesand
chambers and poorly ventilated areas of buildings
on or adjacent to the site;

¢ odour nuisance;

« ignition of landfill gasupon release through cracks
andfissuresat the surface (methanefiresare gener-
ally not visible in daylight); and

« asphyxiation of personnel entering trenches, man-
holes or buildings on or near the landfill site.

Landfill Gas Production

Therate of gas production can be controlled to alarge
extent by the adoption of appropriate landfill manage-
ment techniques. Site design may require that gas
production be either encouraged or minimised, de-
pending on whether or not the gas is to be utilised.
Where accelerated stabilisation is an objective, a sub-
stantially greater rate of gasproductionwill result. The
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Component Percent

(dry volume basis)
Methane 45 - 60
Carbon Dioxide 40 - 60
Nitrogen 2 - 5
Oxygen 0.1 - 1.0
Sulphides, Disulphides, Mercaptans, etc. 0 - 1.0
Hydrogen 0 - 0.2
Carbon Monoxide 0 - 0.2
Trace Constituents 0.01 - 0.6

Table 4.3 : Typical constituents found In landfill gas
(Source: Trace Organic Constituents in Landfill Gas, Department Civil Engineering, University
of California, Davis, November, 1987)

rate of gas generation can beinfluenced by controlling
conditionswithinthefill, particularly moisture, through
such measures as controlling the integrity of surface
capping, recirculating leachate through the landfill, or
irrigation.

Ensuring that the waste is well-chopped and com-
pacted as it is placed will hasten the onset of the
anaerobic phase of degradation for the more readily
degradable materials. Rapid filling of small areas of
the sitewill shorten the aerobic degradation phase and
tend to keep waste temperatures down.

Where large volumes of high BOD |eachate are pro-
duced and removed from thesitewithout recircul ation,
theresultant loss of nutrients, onwhich gas production
relies, will reduce the overall quantities of gas pro-
duced.

Daily or intermediate cover and the use of low perme-
ability materialsin cell construction may result in the
development of perched water tables and have effects
on moisture movement, transmission of gases and
buffering of leachates. Such effectswill be important
in terms of gas production, migration pathways and
proposed methods of gas control. Even active gas
extraction systems can further contribute to the gas
production process by drawing moist saturated gases
through the body of thefill.

Landfill Gas Control
The requirement for alandfill gas control system will
depend on:

 the quantity and rate of landfill gas production;

 thepotential for odour nuisanceto site neighbours;
and

» potentia risks associated with landfill gas migra-
tion.

A landfill gas control system, if required, would gen-
erally incorporate:

* asystem to retain gas within the landfill site and
prevent offsite migration;

« alandfill gas collection and utilisation or flaring
system;

* aseparate system for controlling gas migration at
the perimeter of thesitethat iscapabl e of independ-
ent operation from the collection system for gas
within the waste body;

» gas monitoring boreholes/wells outside the waste
boundary;

Toeffectively design and operate alandfill gas control
system it is necessary to understand that two largely
independent mechanisms for gas migration exist;

e gaseous diffusion (concentration gradient); and
 advection (pressure gradient).

In order to make the gas control system robust, it is
usualy necessary to have more than one level of
control at any site. Thelevels of control must be site
specific.

Migration Control and Monitoring

Itisimportant to detect possiblegasmigrationfromthe
site towards sensitive areas. Purpose-designed gas
monitoring boreholes should be installed between the
site and sensitive property boundaries and regular
monitoring should be undertaken. Landfill gas moni-
toring is discussed in more detail in Section 6.7.
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Appropriate measures should be taken to adequately
control theaccumulation and migration of landfill gas.
Migration control systems should primarily be estab-
lished and concentrated around the perimeter of the
landfill if there is arisk of lateral migration towards
adjacent developed property. Control systems should
be progressively installed asfilling is completed adja-
cent to susceptible areas.

No single form of gas migration control may be ad-
equate to protect sensitive adjacent property. Thus, in
addition to an on-site gas collection system, other
measures, such asthe use of low-permeability barriers
between the site and the adjacent strata, may be neces-
sary. Because of differencesintheviscosity of liquids
and gas, clay and bentonite clay barriers are orders of
magnitude less effective at restricting the flow of gas
than that of leachate. Hence the designer may need to
consider whether theproposed |eachateretentionliner/
barrier is adequate for gas control or whether ahigher
specificationliner using asyntheticflexiblemembrane
isrequired for gas control purposes.

Currently three types of systems are used, either indi-
vidually or in combination, to control lateral migration
of landfill gas. These are:

e passiveventing;
e physical barriers; and
e suction-driven landfill gas extraction.

Passiveventing systemsshouldonly beusedinlandfills
where the rate of gas generation islow (e.g. small or
biologically old sites).

Physical barriers range from stone-filled trenches to
low permeability constructions including combina-
tionsof flexible geomembranes, bentoniteslurry walls
and piles and cut-off walls. To be fully effective
against gasmigration, clay barriersshould incorporate
a geomembrane. The performance of al physical
barriers isimproved when combined with a means of
gas removal (i.e. extraction using suction or passive
venting).

Examples of passive landfill gas venting systems are
shown in Figures 4.4 and 4.5.

Design of passive venting systems needs to take ac-
count of hazardousareaclassifications(NZS/AS 2430,
Classification of Hazardous Areas) potential as odour
sources and potential flammability at the discharge
point.

Landfill gas extraction systems comprise up to five
main componentsand rely on suctionto extract landfill
gasfromthelandfill. Thefivemaincomponentsof the
system are:

e gaswellsor drains constructed in the landfill;
e associated pipe network and pumping mains;

¢ condensate traps for the remova of condensed
liquid from the system;

« landfill gas extraction pumps (blowers); and
o landfill gas diffusers, flares or a utilisation plant.

Individual gas wells should be located to achieve an
appropriateradiusof influencefor gasextraction, with
due regard to any possible end use restriction. Gas
wellsshould be sited to avoid penetrating theliner and
avoid coincidence with specia waste buria locations
as identified by the special waste survey (disposal
location) records.

An example of a gas extraction well for use in active
systemsis shown in Figure 4.6.

It may also be possible to collect gas using leachate
recirculation trenches.

Landfill Gas Disposal

Disposal of gas from acollection system isa continu-
ous process. Landfill gas should either be flared or
otherwise used to provide an economic return in such
processesasel ectricity generation or leachateevapora-
tion.

Vent pipe
1.5 m high

Cap/restoration layer

Bentonite/clay/concrete
seal, approx. 2to 3 m

LAY DN A A

© Perforated/slotted

. HDPE pipe or similar

+ Up to 225 mm diameter

SN SN e
J‘JA’\‘_.\’\‘ e

.+ Selected
/. no-fines

' aggregate

Figure 4.4 Example of passive landfill gas
venting well
(Figure 8.2 from UK Department of the Environment
Waste Management Paper No 27 (1991 ))
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Figure 4.5 Example of passive landfill gas venting system
(Figure 3-4 from USEPA Solid Waste Disposal Facility Criteria Technical Manual (1993))

Regardlessof theend useof thegas, someprovisionfor
flaring should be made, particularly if migrationisa
concern. Flaring might be necessary to deal with
excess gas flow and instances when the utilisation
process is not operational.

Flare systemsshould be designed to ensurethat thegas
iscompletely burnt at the highest possibletemperature.
Enclosed flareswill providethebest combustion, how-
ever open, or candle, flares may be appropriate, de-
pending on landfill size and location.

Energy recovery should always be considered in pref-
erence to flaring as landfill gas utilisation, as besides
being environmentally beneficial, it helps offset the
costs of landfill gas control. Where there are local
users, direct use of the gas is more efficient than
electricity generation.

4.12 Landfill Cover Systems

Landfill coversfall into three categorieshaving differ-
ent functions:

» daily cover to reduce:
— windblown litter;
— odour;

— vermin; and
— birds.

» intermediate cover to:

— minimise water ingress,

— complete cells; and

— provide fire protection.
+ fina cover to:
— control water ingress;
— reduce leachate generation;
— providefinal contour;
— provide gas control;
— dlow plant growth; and
— permit end use.
Landfill cover isaddressedinmoredetail, with respect

to landfill operations, in Section 5.10.

Daily Cover

Daily cover typically consists of a minimum of 150
mm thick earthen layer or an alternative material such
as:

» geosynthetic blankets;
» shredded green waste;
* sawdust;

e spray on foam;

e contaminated soil (that complies with waste ac-
ceptance criteria);

» ash (that complieswith waste acceptance criteria);
 tabilised sludge;

*  paper pulp;

» composted material;
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Figure 4.6: Example of landfill gas extraction well
(Figure 8.3 from UK Department of the Environment Waste Management Paper No 27 (1991))

« small weave netting; and e duration between the proposed placement of the

final cover and the intermediate cover.
* heavy duty reusable plastic sheets or tarpaulins.

Final Cover

Final cover designislargely dictated by sitedesignand

management provisionswith respect to enhanced deg-

radation (i.e. leachate recirculation), landfill gas man-

agement and the proposed end usefor the site. Never-

« typeof soilsavailable on-site; theless, thefoll oy\{i ng'is consi dgred the minimum rec-
ommended specification for afinal cover system:

Intermediate Cover

Intermediate cover typically consists of a compacted
soil layer. Thethicknessand hydraulic conductivity of
the layer depends on:

« dope and topography of the top of the refuse; ] .
e acompacted earthlayer at least 600 mm thick, with

+ areaof thecell; and amaximum hydraulic conductivity of 10" m/s; and



» topsoil at least 150 mm thick that is capable of
sustaining plant growth.

Examples of final cover designs are shown in Figure
4.7.

Other issues that need to be considered in the design
include the following:

» Surfacegradients. Thesewill beinfluenced by the
proposed final use of the site, but should be gener-
ousenough to ensureeffective shedding of precipi-
tation. A minimum gradient of 1V:20H is recom-
mended to promote drainage of the top of the
landfill; a maximum gradient of 1V:3H is recom-
mended to minimise erosion and post-closure care
problems.

» Effectsof settlement, which may cause cracking or
ponding of water.

e Vegetation cover. For example, if theareaisto be
grassed thenitisimportant to avoid creating avery
low permeability hard pan under ashallow layer of
topsoil. In such a case, the topsoil will tend to
become soggy in winter and dry out in summer,
inhibiting grassgrowth. A granular drainagelayer
immediately above the cap may berequired. The
advice of a professional soil scientist is recom-
mended.

Whereleachateisrecircul ated to enhancewastedegra-
dation, thefollowingissuesneed careful consideration
with respect to cover design:

e Gasproductionwill be accelerated, and the poten-
tial for adverse effects from odour, due to gas
escape through the cover, increases.

150 mm Vegetation layer

600 mm

Infiltration layer - compacted soi
= (K<1 x 107 m/s)

600 mm

300 mm

600 mm
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» Settlement rates of the refuse are increased so that
the bulk of settlement occurs much sooner.

» After-carerequirementscan potentially bereduced,
andwiththemthepotential for longer-termadverse
environmental impact.

Where the final cover is designed to minimise the
infiltration of water into the waste and reduce the rate
of degradation, acombination of aflexible membrane
liner (1 mmto 1.5 mmthick), or geosynthetic clay liner
and compacted soil layer, istypically used.

The following advantages and disadvantages need to
be considered.

Advantages

e Thequantity of leachate generated at any onetime
is much lower.

» Leachate treatment costs can be significantly less.

» If leachate is pumped at the rate it is generated,
leachate heads on the liner can be significantly
smaller.

» Potentia for landfill gasto escapefromthecoveris
very low, hence the potential for odour problems
will be small.

Disadvantages

» The breakdown of materialsin the landfill will be
very slow.

» Leachate generation and gas production will con-
tinue for longer periods.

Vegetation layer

B
"
P (%

AT Rgfuse PN DS

a2 v \ s [ WP A%l
- B u»\\\\y:‘.y NN
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Figure 4.7: Examples of final cover designs
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¢ Gas, leachate and settlement may become prob-
lems decades after refuse placement, resultingina
major after-careburdenfor theresponsibleauthori-
ties.

4.13 Construction Quality
Assurance and Construction
Quality Control

Construction quality assurance (CQA) and construc-
tion quality control (CQC) are criticaly important
factors for overall performance of landfills. In order
for the design to tranglate into alandfill that is protec-
tive of human health and the environment, it hasto be
properly constructed.

Themanufacturing quality assurance(M QA) and manu-
facturing quality control (MQC) are also equally im-
portant for the geosynthetic materials used in landfill
construction. The geosynthetic materialsrefer to fac-
tory fabricated polymeric material slikegeomembranes
or flexible membrane liners, geotextiles, geosynthetic

clay liners, or geocomposites that include geonet and
geotextiles.

This section presents the recommended tests and test-
ing frequencies for the soil and geosynthetic compo-
nents of landfills. Thetesting frequenciespresented in
this section should be used for guidance only. Actual
testing frequencies should be decided based on site-
specific and proj ect-specific factorssuch asvariability
of material, experience and qualification of the con-
tractor and the supervising technician or engineer. The
recommended tests and testing frequenciesfor the soil
and geosynthetic components of a landfill are pre-
sentedinTables4.4t04.10. For detailsontherationale
for the tests and testing frequencies, the reader should
refer to the CQA and CQC Guidance Document by the
USEPA (1993).

Theacceptancecriteria, or thepass/fail decisionfor the
constructed soil componentsandinstalled geosynthetic
components, should be based on site-specific factors
and the maximum allowable risk to human health and
the surrounding environment from the landfill.

Soil Component Test Name and Parameter(s) determined

Test Method
(ASTM or Equivalent)

Minimum Testing
Frequency

Compacted clay liner .
Moisture Content

Atterberg Limits: Liquid limit and plastic limit

Soil Classification: Classification of soil

gravel)

1 per 2,000 m3 or each

Sieve Analysis: Particle size distribution of fine and coarse aggregates.

Hydrometer Analysis: Particle size distribution of fine fraction of soils.

Standard or Modified Proctor: Moisture and density relationship

Hydraulic Conductivity: Permeability of aggregates (exclude for bedding 3

ASTM D2216 : N
change in material type
ASTM C136 1 per 5,000 m3 or each
change in material type
3
ASTM D422 1 per 5,(_)00 m> or each
change in material type
3
ASTM D4318 1 per 5,000 m” or each
change in material type
3
ASTM D2487 1 per 5,000 m*~ or each

change in material type

1 per 5,000 m3 or each

ASTM D698/1557 ? .
change in material type

1 per 10,000 m* or each

ASTM D2434 A R
change in material type

Granular leachate

" Sieve Analysis: Particle size distribution of fine and coarse aggregates ASTM C136 per source
drainage layer and
bedding gravel Soil Classification: Classification of soil ASTM D2487 1 per source
Hydraulic Conductivity: Permeability of aggregates (exclude for bedding ASTM D2434 1 per source
gravel)
Carbonate Content: Insoluble residue in carbonate aggregates ASTM D3042 1 per source
Structural fill and final | v;5isture Content ASTM D2216 1 per source
cover protective layer
Sieve Analysis: Particle size distribution of fine and coarse aggregates ASTM C136 1 per source
Atterberg Limits: Liquid limit and plastic limit ASTM D4318 1 per source
Soil Classification: Classification of soil ASTM D2487 1 per source

Standard or Modified Proctor: Moisture and density relationship

ASTM D698/1557

Note: Source: USEPA (September 1993), “Technical Guidance Document, Quality Assurance and Quality Control for Waste Containment Facilities”, EPA/600/R-93/182

Table 4.4: Soils - recommended tests and testing frequencies for material qualification
before construction
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Soil Component

Test Name and Parameter(s) determined

Test Method

Minimum Testing

(ASTM or Equivalent) Frequency
Subgrade for laying Visual Observation: N/A As required
liner . . .
Monitor unsuitable soil zones, uneven ground surface.
Compacted clay liner Moisture Content ASTM D2216 1 per 2,000 m3 or each
change in material type
Sieve Analysis: Particle size distribution of fine and coarse aggregates. ASTM C136 1 per 5,000 m® or each
change in material type
Hydrometer Analysis: Particle size distribution of fine fraction of soils. ASTM D422 1 per 5,000 m® or each
change in material type
Atterberg Limits: Liquid limit and plastic limit ASTM D4318 1 per 5,000 m? or each
change in material type
Soil Classification: Classification of soil ASTM D2487 1 per 5,000 m3 or each

Standard or Modified Proctor: Moisture and density relationship

ASTM D698/1557

change in material type

1 per 5,000 m3 or each
change in material type

3

Hydraulic Conductivity: Permeability of aggregates (exclude for bedding ASTM D2434 1 per 10,000 m*” or each
gravel) change in material type
Granular Leachate Sieve Analysis: Particle size distribution of fine and coarse aggregates ASTM C136 1 per 2,000 m3
Drainage Layer and ’
Bedding Gravel X . 3
9 Carbonate Content?: Insoluble residue in carbonate aggregates ASTM D3042 1 per 2,000 m
. . - . 3
Hydraulic Conductivity: Permeability of aggregates (exclude for bedding ASTM D2434 1 per 2,000 m
gravel)
Structural Fill and Sieve Analysis: Particle size distribution of fine and coarse aggregates. ASTM C136 1 per 2,500 m3
Final Cover Protective '
Layer Atterberg Limits: Liquid limit and plastic limit ASTM D4318 1 per 2,500 m3
Soil Classification: Classification of soil ASTM D2487 1 per 2,500 m3
Standard or Modified Proctor: Moisture and density relationship ASTM D698/1557 1 per 4,000 m3

Note: Source: USEPA (September 1993), “Technical Guidance Document, Quality Assurance and Quality Control for Waste Containment Facilities”, EPA/600/R-93/182.

Table 4.5: Soils — recommended tests and testing frequencies prior to installation

Soil Component

Test Name and Parameter(s) determined

Test Method
(ASTM or Equivalent)

Minimum Testing
Frequency

Compacted clay liner

Moisture Content

Sieve Analysis: Particle size distribution of fine and coarse aggregates.

Hydrometer Analysis: Particle size distribution of fine fraction of soils.

Atterberg Limits: Liquid limit and plastic limit

Soil Classification: Classification of soil

Standard or Modified Proctor: Moisture and density relationship

ASTM D2216

ASTM C136

ASTM D422

ASTM D4318

ASTM D2487

ASTM D698/1557

1 per 2,000 m3 or each

change in material type

1 per 5,000 m3 or each
change in material type

1 per 5,000 m3 or each
change in material type

1 per 5,000 m3 or each
change in material type
3

1 per 5,000 m* or each
change in material type

1 per 5,000 m3 or each
change in material type

1 per 10,000 m3 or each

Hydraulic Conductivity: Permeability of aggregates (exclude for bedding ASTM D2434

gravel) change in material type
Granular leachate Sieve Analysis: Particle size distribution of fine and coarse aggregates ASTM C136 1 per source
drain{:lge layer and Soil Classification: Classification of soil ASTM D2487 1 per source
bedding gravel :

Hydraulic Conductivity: Permeability of aggregates (exclude for bedding ASTM D2434 1 per source

gravel)

Carbonate Content: Insoluble residue in carbonate aggregates ASTM D3042 1 per source
Structural fill and final | Moisture Content ASTM D2216 1 per source
cover protective layer Sieve Analysis: Particle size distribution of fine and coarse aggregates ASTM C136 1 per source

Atterberg Limits: Liquid limit and plastic limit ASTM D4318 1 per source

Soil Classification: Classification of soil ASTM D2487 1 per source

Standard or Modified Proctor: Moisture and density relationship

ASTM D698/1557

1 per source

Note: Source: USEPA (September 1993), “Technical Guidance Document, Quality Assurance and Quality Control for Waste Containment Facilities”, EPA/600/R-93/182.

Table 4.6: Soils — recommended tests and testing frequencies during construction
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Test Name Test Method (ASTM or Minimum Testing
Equivalent) Frequency

Mass per unit area ASTM D3776 1 test per 10,000 m2
Grab strength ASTM D4362 1 test per 10,000 m2
Mullen burst ASTM D3786 1 test per 10,000 m2
Puncture resistance ASTM D4833 1 test per 10,000 m2
Permeability (for filter 1 test per 10.000 m2
application only) ASTM D4491 P '
Apparent opening size (for 1 test per 10.000 m2
filter application only) ASTM D4751 P '
Trapezoidal tear strength ASTM D4533 1 test per 10,000 m2
Thickness (for cushion 1 test per 10.000 m2
application only) ASTM D1777 P '

Notes:

1. Source: USEPA (September 1993), “Technical Guidance Document, Quality Assurance and Quality Control for Waste
Containment Facilities”, EPA/600/R-93/182.

2. Testing should be carried out at a frequency of one per lot or at the above listed frequency, whichever is less.

Table 4.7: Geotextile —recommended tests and testing frequencies

Test Name Test Method (ASTM or Minimum Testing Frequency
Equivalent)
Specific gravity ASTM D792 Method A 1 test per 10,000 m2
Thickness ASTM D751 1 test per 10,000 m2
Tensile strength at yield ASTM D638 1 test per 10,000 m2
Tensile strength at break ASTM D638 1 test per 10,000 m2
Elongation at yield ASTM D638 1 test per 10,000 m2
Elongation at break ASTM D638 1 test per 10,000 m2

Tear resistance

ASTM D1004, Die C

1 test per 10,000 m?

Carbon black content ASTM D1603 1 test per 10,000 m2
Carbon dispersion ASTM D3015 1 test per 10,000 m2
Peel adhesion2 ASTM D44373 1 test every 150 m of seam length
Bonded seam strength? ASTM D4437% 1 test every 150 m of seam length

Vacuum testing2

100% of extrusion welded seams

Air testing2

100% of dual hot wedge or dual track

welded seams

Notes:

1. Source: USEPA (September 1993), “Technical Guidance Document, Quality Assurance and Quality Control for Waste Containment

Facilities”, EPA/600/R-93/182.
Applicable to geomembrane seams.

when the sample has visually yielded.

o~ wN

For shear tests, the sheet shall yield before failure of the seam.
Testing shall be carried out at a frequency of one per lot or at the above listed frequency, whichever is less.

For peel adhesion, seam separation shall not extend more than 10 per cent into the seam interface. Testing shall be discontinued

Table 4.8: Geomembrane — recommended tests and testing frequencies
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Test Name Test Method (ASTM or Minimum Testing Frequency
Equivalent)

Density ASTM D1505 1 test per 10,000 m2

Thickness ASTM D751 1 test per 10,000 m?

Mass per Unit Area ASTM D3776 1 test per 10,000 m?

Hydraulic Conductivity ASTM D5084 1 test per 10,000 m2

Notes:

1. Source: USEPA (September 1993), “Technical Guidance Document, Quality Assurance and Quality Control for Waste

Containment Facilities”, EPA/600/R-93/182.

2. Testing shall be carried out at a frequency of one per lot or at the above listed frequency, whichever is less.

Table 4.9: Geosynthetic clay liner — recommended tests and testing frequencies

Test Name Test Method (ASTM or Minimum Testing
Equivalent) Frequency
Geonet Component:
Carbon Black Content ASTM D1603 1 test per 10,000 m?
Density ASTM D1505 1 test per 10,000 m?
Thickness ASTM D1777 1 test per 10,000 m?
Geotextile Components:
Mullen burst strength ASTM D3786 1 test per 10,000 m2
Mass per unit area ASTM D3776 1 test per 10,000 m2
Apparent opening size (filter ASTM D4751 1 test per 10,000 m?
application only)
Hydraulic conductivity (filter ASTM D4491 1 test per 10,000 m?
application only)
Grab strength ASTM D4632 1 test per 10,000 m?
Trapezoid tear strength ASTM D4533 1 test per 10,000 m?
Puncture resistance ASTM D4833 1 test per 10,000 m?
Geocomposite:
Hydraulic transmissivity ASTM D4716 1 test per 10,000 m2
Peel strength ASTM F904 1 test per 10,000 m?

Notes:

1. Source: USEPA (September 1993), “Technical Guidance Document, Quality Assurance and Quality Control for Waste Containment

Facilities”, EPA/600/R-93/182.

2. Testing shall be carried out at a frequency of one per lot or at the above listed frequency, whichever is less.

Table 4.10: Geocomposite — recommended tests and testing frequencies
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Chapter 5

Landfill Operations

5.1 Introduction

The operational procedures employed at any landfill
site will have a significant bearing on its planned
development, performanceand potential effectsonthe
environment, particularly effects on site neighbours.

This section addresses the following:
» landfill management plan;

» staffing and training;

» health and safety;

» Siteaccess,

» waste acceptance and monitoring;
e roading;

* visual impacts;

* waste compaction;

s cover;

* nuisance control;

» fireprevention;

+ water control;

 landfill gas management; and

» closure and aftercare.

5.2 Landfill Management Plan

All operations at a landfill should be undertaken in
accordance with a predetermined Landfill Manage-
ment Plan. This plan should cover all aspects of
landfill operations, with detailed descriptions of:

e site management structure and responsibilities;
* design parameters;

» sitedevelopment and filling sequence;

» daily operating procedures;

» types of equipment to be used on the site;

e monitoring regquirements;

» emergency and contingency procedures,
 record keeping and reporting; and

e closure and aftercare of completed cells and the
whole landfill.

A recommended outline table of contentsfor alandfill
management plan is provided in Appendix 3.

Thefollowing sectionsprovidedetails of the aspectsof
landfill operations that should be addressed in the
landfill management plan and options for operating
procedures.

5.3 Staffing and Training

Staffing

The level of staffing should be adequate for environ-
mentally-responsible and safe management of the
landfill. Staffing requirementswill vary asafunction
of size, types of wastes, and diversity and complexity
of site operations. Landfill operators should provide
adequate staffing to ensurethat during operating hours
all continuous tasks (including waste reception, and
security, compaction and covering) are completed in
accordance with the landfill management plan.

Training

Management and operating personnel must befamiliar
with the landfill facilities (including environmental
protection systems), operational practices, thestatusof
siteactivities, and resource consent conditions, and all
operational staff should undertake training courses
relevant totheir particular duties. Asaminimum, staff
training should ensure that:

» staff whoinspect or direct the placement of incom-
ing wastes are capabl e of accurate data recording,
and skilled at identifying wastesthat are unaccept-
able (these staff include supervisors, inspectors,
equipment operators and weighbridge attendants);

» operators of compaction or earthworks equipment
areskilled at undertaking all tasksrequired of them;

» staff who undertake sampling or testing are famil-
iar with required testing and sampling protocaols;
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o dl staff are familiar with site safety practices and
procedures; and

o dl staff are familiar with site emergency proce-
dures.

All new employees should receive basic training as
part of their orientation and refresher training should
be performed on an annual basis. Documentation of
training should be maintained in the site operating
record.

5.4 Health and Safety

Landfill operations must be performed in accordance
with the requirements of the Health and Safety in
Employment Act 1992, and a Health and Safety Plan
should be prepared for each site setting out the proce-
dures to satisfy each of the requirements of the Act.
These include the following:

« The identification of hazards present on the site.
Examples include traffic (including landfill
compaction equipment), landfill gas (LFG), sharp
(injurious) refuse, steep and uneven terrain, and
illegal disposal of hazardous waste.

¢ Hazardcontrol, including elimination of thehazard
where possible, isolation where elimination is not
practicable or not complete, or minimisation (in-
cluding useof persona protectiveequipment) where
elimination and isolation are not practicable.

* Theprovisionof information concerningidentified
hazards, control procedures, and possible emer-
gency occurrences to employees engaged on the
sSite.

« Appropriatetraining and supervision of employees
at the site, including provision and use of safety
equipment.

« Development of emergency procedures, alsoknown
as a contingency plan.

* Recording, reporting and investigation of acci-
dents.

TheHealthand Safety Planwill apply toall employees,
subcontractors and visitors at the site. Attention must
also bepaidto ensuring that any capital workscontrac-
tors engaged on the site are fully conversant with the
Health and Safety Plan. These contractors should be
made fully aware of potential hazards associated with
the landfill operations activities.

The Health and Safety Plan should be reviewed regu-
larly to ensure that all hazards are identified and
controlled, training and supervision are provided in a

satisfactory and timely manner, and accident and near
miss reporting systems are operational .

5.5 Site Access

Unauthorised entry tolandfillscanleadtoillegal waste
dumping, exposuresto landfill hazards, fires, and van-
dalism of pollution control devices, aswell asloss of
amenity. Inorder to control site access, the perimeter
of the landfill site should be securely fenced and the
gates locked outside normal operating hours. Close
control over theissue of keysto the landfill should be
maintained to ensure public health is adequately safe-
guarded and the operational procedures are complied
with at al times. All incoming vehicles should report
to the weighbridge or reception office before proceed-
ing further to waste reception or working areas. All
landfill sites should be sign-posted at each entrance
with the following information:

o landfill name;
e owner and operator;

e contact details for the owner and operator, includ-
ing after-hours telephone contact for senior site
staff;

* emergency telephone contacts;
* hours of operation;

e agenera description of the types of wastes ac-
cepted at the site;

e ageneraised list of prohibited wastes; and

« therequirement for awaste acceptance agreement
to be in place before the site is used for waste
disposal.

5.6 Waste Acceptance and
Monitoring

Waste Acceptance Criteria

The purpose of establishing waste acceptance criteria
(WAC) isto ensure that all wastes being disposed in
the landfill are compatible with the operation of the
landfill and do not lead to immediate or longer-term
adverse environmental effects. Waste acceptance cri-
teriashould be determined during theresource consent
process, based on landfill siting and design of reten-
tion, leachate collection and treatment/disposal sys-
tems.

Devel opment of waste acceptance criteriashould take



into account the need to protect landfill processes, the
potential for discharge of hazardous substances to the
environment, and the need to minimise the risks asso-
ciated with hazardous substances, such as effects on
human health and safety.

The codisposal, or joint disposal, of untreated hazard-
ous waste with municipal solid waste is no longer
considered an appropriate management practice. Cur-
rently all but afew hazardouswastesare ableto bepre-
treated to render them non-hazardous with respect to
disposal in well-sited and well-designed municipal
solid waste landfills.

It is recognised that the municipal solid waste stream
contains a small proportion of hazardous waste from
householdsand small commercial premisesthat stand-
ard waste screening procedures will not exclude from
landfills.

Waste acceptance criteriashould comprise prescribed
liststhat set out thosewastesthat arenot acceptableand
leachability criteria for wastes, which may include
treated hazardous waste, that may be accepted.

Prohibited Wastes

Prohibited wastes are those, which dueto their inher-
ent characteristics, canimpact on the safe operation of
alandfill and pose athreat to people and the environ-
ment. A detailed list of characteristics of wastes that
should be prohibited from municipal solid waste
landfills, and types of waste that may exhibit these
characteristics,iscontainedin Appendix 4 (SectionA).

Some prohibited wastes may be acceptablein landfills
that have engineered retention and high standard
leachate collection and treatment systems, following
treatment to remove their hazardous characteristic(s).

Acceptable Wastes

A detailed list of characteristics and types of wastes,
which may be acceptable in a municipal solid waste
landfill following treatment to render them non-haz-
ardous with respect to landfill disposal, and types of
waste that may exhibit these characteristics, is con-
tained in Appendix 4 (Section B).

Waste acceptance criteria for these wastes should
ensure that:

« landfill leachate does not differ from that which
would be expected from non-hazardous municipal
solid waste; and

» thereis no threat to groundwater and/or surface
water receptorsfromwastesdepositedinthelandfill.

Intheabsence of any national requirementsfor landfill
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waste acceptance criteria, the following approach is
recommended for well-sited landfills, which provide
an equivalent level of environmental protection as
those using designs recommended in Section 4.7.

Use of the USEPA Toxicity Characteristic Leaching
Procedure (TCLP) and maximum leachability limits
using thefollowing are recommended in setting waste
acceptance criteria:

» USEPA TCLPcriteria, detailedin Appendix 5; and

* NSWEPA leachability criteria for “Solid Waste
Landfills’, detailed in Appendix 6.

The NSWEPA waste acceptance criteria for “Solid
Waste Landfills” aso includetotal concentration lim-
its to be used together with leachability limits, in
accordancewiththeNSWEPA assessment procedures.

The use of the above as acceptance criteriaprovidesa
reasonabl e assurance that wastes accepted at an appro-
priately sited and designed landfill will not result in
adverse effects on the surrounding environment.

For contaminants where appropriate TCLP limits do
not already exist, it isrecommended that TCLP limits
be set by a site-specific risk analysis based on the
contaminant’s characteristics and flowpaths to
groundwater and surface water receptors, or setting
limits at the “lesser of” following;

e NZS 9201 Model Trade Waste Bylaw limits;

e 100 times the New Zealand drinking water stand-
ard;

» 1000 timesthe guidelinesfor protection of aquatic
Species.

Landfillsthat do not have demonstrated retention and
leachate collection systems, or where groundwater or
surface water is already contaminated, should use
more stringent acceptance criteria.

Notification of Customers

The next step in controlling the entry of wastes into
landfillsistonotify potential customers, landfill opera-
tors and regulators of the waste acceptance policy for
the varioussites. Specific policiesand proceduresfor
notification of customers are discussed below.

Waste Disposal Application

Commercial and industrial landfill users should com-
plete a formal application to deposit waste prior to
becoming a user of a site, or in the case of regular
deliveries, before there is a change to the nature or
volume of the waste being disposed of at asite. The
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application should identify the nature and volume of
thewasteto be disposed of at asite, and any additional
relevantinformation. Theapplicant shouldberequired
to agree not to dispose of waste of adifferent nature or
markedly different volume except with the prior con-
sent of the landfill owner/operator and to attest to the
veracity of theinformation contained within the appli-
cation.

Thedisclosure of the nature of thewastewill allow the
owner/operator to evaluate thewastein acareful man-
ner, requiring the generator to perform whatever tests
are needed to characterise the waste. The disclosure
also provides the basis for arecord of the nature and
volume of the waste disposed of to the landfill. (If a
national manifest system for the storage, use and dis-
posal of hazardoussubstanceswereto beimplemented,
the final copy of the manifest would form part of the
disposal records of the site)

Assessment of Application

Thelandfill owner/operator should eval uate the com-
pleted application against the specific requirements of
the WAC. Wastes that meet the criteria could be
admitted and disposed in the landfill. If additional
tests to better characterise the waste are required, the
generator should arrange for these tests to be per-
formed.

Thosewastesthat do not meet therequirementsmay be
able to be treated in such a way that they meet the
criteria before being accepted at the landfill. Some
wastes may not be able to be accepted regardless of
treatment. Failing successful treatment, alternativedis-
posal facilities will need to be identified and used. In
some cases involving complex waste issues, assess-
ment of the application by aregulatory authority may
be necessary.

Acceptance Agreement

Acceptance of a satisfactorily completed waste dis-
posal application providesthe basis of awaste accept-
ance agreement. The agreement should also contain
details of sanctions available to the landfill operator
should the applicant breach the terms of the agreement
to accept waste. It should also set out the rights of the
landfill operator toinspect, challenge, sample, test and,
if necessary, reject any waste brought by the applicant
to the site for disposal.

Notification of Alternatives

If the application for disposal of waste cannot be
accepted, then the operator of the landfill should be
required to advisethe applicant of any knownfacilities
that are ableto accept thewastefor storage or disposal .

Alternatively, the landfill owner/operator should refer
thewaste generator or transporter to theregional coun-
cil or other entity for further information on suitable
disposal facilities.

A similar procedure should befollowed if wastewasto
be turned away from the landfill following inspection
and an identified breach of the acceptance agreement.
In that case, the landfill owner/operator should aso
advisetheregul atory authority that theparticular waste
had beenillegally presented for disposal and rejected.

Site Procedures

The final step in controlling the entry of waste into
landfills is to implement policies and procedures to
detect and deter illegal disposal of these wastes. Spe-
cific procedures that should be implemented are de-
scribed below.

Random Load Inspections

The landfill owner/operator should implement a pro-
gramme that involves performing random inspections
of incomingwaste. Thisshouldinvolvedetailed screen-
ing of loads to confirm the nature of the waste. The
methodology should allow for selecting loads on a
random basis, and the frequency of inspections should
be based on the type and quantity of wastes received
and the findings from previous inspections.

Randominspection of oneloadinevery 50 commercia
and industrial loads is suggested as an initia guide.
However, if these inspections or other findings indi-
catethat inappropriate wasteisbeing received at asite,
then the random programme should be modified to
increase the frequency of inspections.

Notification of Authorities

Thelandfill owner/operator should notify appropriate
authoritiesif hazardouswasteispresented at thelandfill
for disposal without prior approval and appropriate
documentation. These authorities may include the re-
gional council or unitary authority, or other appropri-
ate organisation.

If the landfill owner/operator identifies the hazardous
wastewhileitisinthepossession of thetransporter, the
load should berejected and will remaintheresponsibil -
ity of the transporter.

If the hazardous waste is identified after deposition at
thetipping face, thenimmediate stepsmust betakento
securethewaste. Contingency plansfor identification
of the waste must be urgently implemented. If the
waste is identified as unacceptable then a plan for
removal or neutralisation of thewaste must beactioned
asquickly aspracticable. Landfill usersand staff must



be protected from any health and safety hazards that
might be caused by the hazardous waste.

Record Keeping

Landfill owners/operators should maintain an operat-
ing record that includes information on waste accept-
ance, on-site recycling, load inspections, and opera-
tional activities. Information on waste acceptance and
on-siterecycling shouldincludethequantity and, where
possible, classification of wastesaccording totheMin-
istry for the Environment’s Waste Analysis Protocol.

Information on load inspections should include:

e dateand timewasteswere received for inspection;
» sources of the wastes;

» vehicle and driver identification;

» Observations made by the inspector;

» notification of violations; and

» notification of authorities.

Information on operationa activities should include
recording of disposal locations and training.

Supervision of the Tipping Face

Supervision of thedisposal activity at theworkingface
should be maintained when wastes are received at the
landfill to ensuretheaccountability of thosedepositing
unacceptable wastes at the site. Where a facility re-
ceivesinexcessof 500 tonnesper week (25,000 tonnes
per annum), this supervision should be undertaken by
someone other than the compactor driver.

Recording of Disposal Location

A landfill owner/operator at asitereceivingwastesthat
require special handling procedures (for example,
treated hazardous waste) should record the location of
those wastes when placed into the landfill, including:

» typeof waste;
e Quantity of waste; and

 location of waste (surveyed or identified on asite
plan).

5.7 Roading

Roads at landfill sites provide accessto the site gener-
ally, theworkingface, special facilities(suchasleachate
control systems, stormwater control systems, and
landfill gas control equipment), and for construction
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traffic. Permanent accessroadsbetweenthesitebound-
ary and entrance facilities, including reception areas,
weighbridge and wash-down facility, should, ideally,
be sealed to a good standard.

Internal access roads beyond the entrance facilities
should be aligned with easy gradients and should,
wherever practicable, follow perimeter routeson good
founding to minimise reconstruction and rel ocation as
filling progresses. Any access road that will be in
service for six months or longer should idealy be
sealed. Accessacrosstherefuseshould beconstructed
from alayer of heavy road metal.

5.8 Visual Impacts

Visual impactsassociated withtheoperationof landfills
can be minimised by following the recommended
operating practices and conducting waste disposal
activities behind purpose-built earth screening bunds.
Landfills can also be screened by means of vegetation
and/or placing shade-cloth screening at specific loca-
tions around the property. The benefit of these meas-
uresistoreducevisual impactsassociated with landfill
operations.

Planting around the perimeter of the site should be
commenced at the earliest opportunity, utilising fast-
growing varieties of vegetation in order to establish
both avisual barrier and some degree of wind protec-
tion to site operations.

5.9 Waste Compaction

Equipment Selection

A landfill should utilise appropriate equipment for
environmentally responsible and safe operation of the
site. A number of factors should betaken into account
when selecting equipment to be used on-site, includ-

ing:
» ditecharacteristics;

 site preparation requirements;

e daily waste input quantity;

* typeof waste;

e density of waste;

» cover requirementsincludingthetypeof cover; and
e operator comfort and safety.

Backup equipment should be available for use in the
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event of mechanical breakdown and also to cover for
normal maintenance downtime.

Waste Placement

Thewidth of theworking face should bekept asnarrow
as possible in order to minimise the area of exposed
refuse. There must, however, be sufficient room to
permit vehicles to manoeuvre and unload quickly and
safely. A balancemust beachi eved between thenumber
of incoming vehicles and the need to minimise
stormwater infiltration, cover requirements and odour
and litter nuisances.

Waste Compaction

The amount of landfill space and land used to dispose
of waste can be minimised by proper compaction.
Compaction also improves the stability of landfills,
and minimisesthevoidsthat would encouragevermin,
fires or excess generation of leachate.

Refuse should be placed against aclay starter embank-
ment or the previous day’s refuse. As soon as it is
unloaded, therefuse should be spread out inthinlayers
toformindividual lifts. Pushing waste over avertical
face is not considered to be acceptable. The layers
should besloped away fromthesidesandfinal surfaces
of thelandfill, so asto minimisethe chance of leachate
tracking to the edge of the fill and breaking out on the
surface.

Each progressive layer should be 300 mm to 600 mm
thick. The number of passes by a machine over the
waste to achieve optimum compaction will depend on
anumber of factors, including the type of machine, its
ground pressure, the type of waste and the slope.
Obviously, the more passes made over the waste, the
better its compaction, but operational considerations
generaly limit the number to between three and five
passes.

Typically, liftsare between two and four metresthick,
depending on the daily volume of refuse deposited at
the site, however, heights of up to ten metres can be
common in large operations.

Landfill operators are expected to ensure that maxi-
mum compaction is achieved for the capacity of the
machines used. For landfills receiving over 50,000
tonnes of waste per annum, the waste compaction goal
should beat least 800 kg/md, excluding cover material,
asmeasured by acompaction test. For landfillsreceiv-
ing less than 50,000 tonnes of waste per annum, the
waste compaction goal should be at least 600 kg/m?,
excluding cover material.

Bulky refuse items require special measures in their

placement. Such items should be crushed by some
mechanical meansto reduce void space prior to place-
ment at the base of the working face. These items
should not beplaced inthefirst lift of refuse, duetothe
risk of liner damage. Similarly, bulky itemsshould not
be placed inthefina lift since settlement of the refuse
may result in such items piercing the cap.

5.10 Cover

Use of soil cover material helps to provide the full
range of environmental management objectives by
limiting run-on and infiltration of water, controlling
and minimising risk of fire, minimising emissions of
landfill gas, suppressing siteodour, reducing fly propa-
gation and rodent attraction, and decreasing litter gen-
eration. Similarly, scavenging isreduced by removing
the waste from view.

Daily Cover

Daily soil cover should be provided at all landfills,
except where it can be shown that no significant
adverseimpact would occur without cover. Daily cover
may beof any soil typeand should only beapplied after
therefuse hasbeen placed, compacted, and trimmed to
the proper grade. A minimum of 150 mm of cover
material should be placed over exposed refuse at the
end of each operating day.

If low permeability soils are used it may be necessary
to penetrate daily cover prior to refuse placement to
avoid problems associated with perched water tables.

To ensure that there will always be sufficient cover
material available to meet performance requirements,
operators should maintain astockpile or an areawhere
cover can be won on-site in al weather conditions,
which will be adequate to meet cover requirements of
the landfill for two weeks.

Alternative Daily Cover

Inorder to maximisetheavailablelandfill capacity and
avoid excessive stratification of the refuse, considera-
tionshould begiventotheuseof aternativedaily cover
materials. Alternative daily cover istypically placed
on the activefacein lieu of soil. Types of alternative
daily cover include:

e geosynthetic blankets;
¢ shredded green waste;
e sawdust;

e gpray on foam;



» contaminated soil (that complies with waste ac-
ceptance criteria);

 ash (that complieswith waste acceptance criteria);
» stabilised sludge;

*  paper pulp;

e composted material;

e small weave netting; and

» heavy-duty reusable plastic sheets or tarpaulins.

The selection and use of appropriate alternative cover
materials requires consideration of a number of fac-
tors, including:

» availability of material;

» ease of material handling;

 climatic conditions;

 additional nuisance potential;

e potentia contaminants within the material; and
» potential effect on site stability.

Landfill operators can specify alternative cover mate-
rials provided they can demonstrate compliance with
performance requirements.

Intermediate Cover

Intermediate cover is used to close off a cell that will
not receive additional lifts of refuse or final cover for
sometime. A minimum thickness of 300 mm of soil
should be placed as soon as the refuse achieves the
required cell profile. Intermediate cover surfacesthat
will remain exposed for a period exceeding three
months should be temporarily grassed using conven-
tional methods or by hyroseeding.

When refuseis placed over an areawhere an interme-
diate cover has been applied, it isimportant to ensure
that the cover is adequately penetrated or removed to
render the surface permeable to gas and leachate. If
thisisnot done, thelandfill may becomestratified with
impermeablelayers, and perched | eachatelensescould
develop, withthe possibility of surfacebreakouts. Gas
could be horizontally dispersed with a tendency for
lateral migration.

Final Cover

Site capping and revegetation should ensure that the
final surface provides an appropriate barrier to water
infiltrationinaccordancewith design philosophy, con-
trols emissions to water and the air, promotes sound
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land management and conservation, prevents hazards
and protects amenity. A final cover system generally
includes (from bottom to top):

e intermediate soil cover;
» low permeability layer; and
» topsoil layer.

In addition, a final cover system can also include a
granular gasdrainage blanket, or ageosynthetic mem-
brane below a subsoil drainage layer. Fina cover
material should be placed as soon as practicable over
finished areas of the landfill above the previousy
placed intermediate cover, when weather conditions
are suitable.

Details of final cover design are discussed in Section
4.12.

Vegetation on the final cover should be established
immediately following completion of the cover.

The achievement of design objectives for the site
depends on final cover being installed diligently in
accordancewith design requirements. Ongoing moni-
toring and maintenance of final cover following place-
ment is al so necessary to remedy the effects of settle-
ment, cracking or vegetation die-off.

5.11 Nuisance Control

Litter

Uncontrolled litter can contribute significantly to the
lossof amenity experienced at alandfill site. Asabasic
rule, al litter outside the tipping area should be re-
trieved on adaily basis.

Litter control netsand fences should be erected around
the perimeter of the area being filled. Relocatable
barrier-type fences can also be placed immediately
adjacent to the active working face asrequired. Nets
and fences should be inspected and cleared regularly
on adaily basis, or more often if needed.

Dust

The main activitiesresponsible for dust generation on
siteare:

» disturbanceof dried soilsonaccessroadsasaresult
of wind or traffic movements;

» earthworks, such as the placing of cover materia
during dry periods; and

« filling and compaction of dust-type refuse.
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In order to minimisedust emissions, permanent access
roads between the site boundary and entrance facili-
ties, including reception areas, weighbridge and wash-
down facility, should be sedled to a good standard.
Unsealed roads should also be sprayed by water cart
and seal ed roads cleaned by mechanical road sweepers
as required, especialy during dry periods. If roads
have speed humps and are properly maintained, dust
problems will be kept to a minimum.

Modern landfill design and operation is based on
careful control of liquidswhich may enter the landfill.
Water, as a dust control measure, must be used very
carefully. Water can enter thelandfill and contributeto
the formation of leachate. Indiscriminately applied
water can aso enter the groundwater and impact the
groundwater monitoring wells.

In addition, dust-type waste should be considered a
“special” or difficult disposal waste. The waste gen-
erator or transporter should be required to dampen
down the load before delivery to the site.

Dust controls should minimise pollutants leaving the
siteasairbornedust, reduce stormwater sediment load,
and protect local amenity. The generally expected
maximum level for dust deposition is 4 gm/m?2 per
month as an annual mean for total solids, but the limit
could belower for landfills adjacent to sensitive areas.
The deposition rate from the landfill should not be
exceeded outside the site boundary.

Odour
The main sources of odour on alandfill site are:

* inadequately covered waste at the working face;
¢ highly putrescible loads of refuse;

e excavationsinto old refuse;

e leachate; and

e landfill gas.

The landfill operator needs to take appropriate good
housekeeping stepsto prevent theproduction of odours.
The size of the working face should be kept to a
minimum and the use of daily cover and immediate
attention to odorous waste loads will minimise the
transmission of odours off-site.

Odour from incoming waste loads should also be
minimised by requiring the generators of odorous
waste to deliver the waste prior to putrefaction or, if
appropriate, treat it to combat odours before delivery.
Loads not complying with these requirements should
be refused entry and returned for treatment. Odours
originating from the generation of landfill gas can be

controlled by the implementation of landfill gas con-
trol systems.

Application of deodorant chemicals by spray near the
workingface, orinareasof excavationinoldrefusecan
be used to control odours. Excavationsin old refuse
should be kept to a minimum.

Odours can al so be caused by emission of landfill gas
and release of volatile organic compounds from
leachate. Odours from landfill gaswill be minimised
by timely cover system construction and maintenance,
and implementation of landfill gas controls. Leachate
odours can be controlled by using pipes and covered
storage facilities to limit escape of volatile organic
compounds.

A landfill that isidentified as having apotential odour
impact should install and operate an on-site meteoro-
logical stationwhich monitorswind speed, wind direc-
tion, fluctuations in wind direction, and temperature.
The landfill operator should maintain a record of
complaints regarding odours. This should be corre-
lated withweather conditionsand deliveriesof particu-
lar wastes.

Birds

Birds, particularly gulls, can be attracted to landfill
sites in large numbers for water, food, nesting or
roosting. Thebirdsmay transfer pathogenstodrinking
water collection or storage areas and crops, aswell as
depositing excreta and food scraps. Birds can also
present a hazard if the landfill is located near an
airfield.

Birdsshould be discouraged fromthelandfill sitefrom
its establishment so behavioural problems do not be-
comeestablished. Inaddition, suddenimposed control
on access by birdsto landfilled refuse can lead to birds
seeking alternative food sources. This can impact on
other bird species, including endangered native spe-
cies, whose eggs can become a food source for the
landfill birds.

Landfills that do not operate continuously often pro-
vide a unique roosting habitat due to elevated ground
temperatures and freedom from disturbance. Nesting
can be minimised by examining the nesting patterns
and requirements of undesirable birds and designing
controls accordingly. For example, nesting can be
controlled for certain species by mowing and mainte-
nance schedules.

M easures can be adopted to minimise the attraction of
birds to the landfill. These include:

e good litter control;



e minimising the uncovered working face;

e prompt and thorough compaction of refuse;

e covering refuse at the end of each day;

» gpecial handling of highly organic waste; and

* minimising exposed earthworksand shallow pools
and puddles of water.

If birdsstart to develop apattern of attractiontothesite
thereareadditional control measuresthat canbeimple-
mented, including:

* increasing cover thickness;

» changing cover type, density or frequency of appli-
cation;

» use of mobile high wires;

» gpecid kites,includingrealisticmodelsof thebird’s
natural predators;

 hird scare audio recordings;
» shooting of species not protected by law;

e composting or processing of organic wastesbefore
disposal; and

» shredding, milling or baling of waste containing
food sources.

Varying bird control techniques may prevent birds
from adjusting to a single method.

Flies

Fliesmay becomeaproblemduringthesummer months,
particularly when there are delays between collection
and depositionof waste. Eggslaidinputresciblerefuse
may hatch over this period. Flies are capable of
transmitting salmonellaand other food-borne diseases
through mechanical transmission.

Prompt, good compaction and application of cover are
essential to the control of flies. This eliminates food,
shelter and breeding areas. In bad cases of fly infesta-
tion the application of insecticides may be necessary.

Vermin

Rats can spread disease, cause property destruction
and contaminate food. They are difficult to eliminate
once a colony is established. Rat populations occur
becausethey are brought to the siteinloads or migrate
tothesite. Appliance storage areas, voidsin bulky or
demolition wastes, or poorly compacted cover soils
can create shelter.

The most satisfactory way to counter rat infestationis
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by effectivesitemanagement. Prompt, good compaction
and application of cover are essential to the control of
rats. Itisalso desirableto arrange asystem of regular
visits and precautionary action by a pest control con-
tractor.

Measures that can be adopted to minimise the attrac-
tion of vermin to the landfill include:

* increasing cover thickness;

» changing cover type, density or frequency of appli-
cation;

e composting or processing of organic wastesbefore
disposal;

» shredding, milling or baling of waste containing
food sources; and

e useof poison bait.

If aternative cover materials or systems are used, the
landfill operator should identify the method by which
it can quantitatively monitor changesin vermin popu-
lation as aresult of the new cover. A plan to manage
vermin should be devel oped.

Noise

Excessivenoise can also contribute significantly tothe
lossof amenity experienced at alandfill site. Thenoise
generated during the operation of alandfill should be
managed so that the following objectives can be met:

* noise from any single source does not intrude
generaly above the prevailing background noise
level; and

» the background noise level does not exceed the
level appropriate for the particular locality and
land-use.

The determination of an appropriate noise limit for a
sitewill therefore depend on the adjacent land use, the
existing background noise and the nature of the noise
source.

Acceptable noise attenuation measures could include
buffer zones, acoustical barriers, and acoustical treat-
ment of equipment. Good bunding design will ensure
limitation of noise from the site. All on-site mechani-
cal plant and equi pment shoul d bemaintainedinagood
state of repair and be fitted with appropriate silencers
or mufflers to minimise noise. Particular attention
should also bepaid to the design of itemssuch as speed
humpsand vibration gridsto prevent noise generation.
Effective noise control can also be accomplished by
restricting hoursof operation to coincidewith adjacent
land uses.
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5.12 Fire Prevention

Landfill fires can cause hedlth effects to people ex-
posed totheemission of pollutantsfromburning refuse
smoke. Thisisduetothelow burningtemperatureand
incomplete oxidation of the burning refuse. In addi-
tion, landfill fires can create physica hazards for
landfill personnel and users, such asburns, explosions,
subsidence, and exposure to hazardous materials.

Landfill fires can generally be attributed to one of the
following factors:

« delivery of undetected burning material;
e delivery of highly flammable materials;
* combination of reactive materials within thefill;

¢ gpontaneous combustion through aerobic decom-
position;

¢ maliciousintent by site trespassers;
e cigarette smoking; and/or
« flammable debris on hot parts of equipment.

Theadoption of good sitemanagement practicesshoul d
minimise the risk of fire from any of these factors.
Landfill fires can generally be classified either as
surfacefiresor deep-seatedfires. Surfacefiresarefires
in recently deposited refuse in the landfill working
face. Deep-seated fires are found at depth in material
deposited months or years previously.

Surface Fires

Surface fires can be started by any of the causeslisted
above. Thebest way to control and extinguish asurface
fireisto smother it with large volumes of wet or damp
soil. Toaccomplish thisfire fighters may haveto wet
thefireto extinguish any flamesand cool thearea. The
fire should then be covered as rapidly as possible.

Deep-seated Fires

Deep-seated fires are started by spontaneous combus-
tion through aerobic decomposition. Ensuring that
refuse is placed in a well-compacted state should
prevent the occurrence of deep-seated internal fires.
However, care should a so be taken to ensure that the
interior of thefill ismaintained in an oxygen depleted
state. In particular, an active landfill gas extraction
systeminthevicinity of theworking face, or areaswith
only intermediate cover, can result in high oxygen
levels in the refuse and the establishment of aerobic
conditions. Theresulting temperature rise can lead to
combustion within thefill. Increased temperatures at
gas extraction points may indicate that aerobic condi-
tions are devel oping.

The area of the deep-seated fire should be identified
and surcharged with large volumes of clay or similar
material. This minimises the number of outlets for
gases to escape and reduce the entry of air to the fire.
The area should be checked daily for heat, smoke,
cracking and subsidence. Landfill gasextractionshould
be stopped in the vicinity of the fire, but wells should
be checked for temperature and carbon monoxide.
Landfill gas vents and extraction wells should be
seal ed to prevent escape of combustion gasesand entry
of oxygen. If practical, the area of the fire can be
isolated by deep trenches backfilled with clay.

Management Provisions

Good landfill management practices should minimise
the potential for fires. These practicesshouldinclude:

 fire breaks constructed around landfill cells;

¢ prohibition on al forms of deliberate burning;
¢ no smoking on site;

e screening of wastes;

« close control of waste deposition; and

e good compaction and cover.

Fire-fighting equipment should be maintained on-site
and operationsstaff should betrained intheuse of such
equipment and techniques for dealing with surface
firesand deep-seated fires. TheFire Serviceshould be
consulted regarding training and establishment of fire-
fighting procedures.

Equipment available on site should include:
e an adequate permanent water supply;

« fire extinguishers; and

e protective clothing and breathing gear.

In addition, at larger landfills equipment should in-
clude:

« awater cart fitted with ahigh-pressurehosesystem;
and

e gpecidist chemical spill agents and foams.

Further information on landfill firesiscontainedinthe
document Hazardsof Burning at Landfills(MfE, 1997).

5.13 Water Control

Leachate

Leachate Generation
Thecontrol of |leachateisfundamental totheprotection



of water quality. Surfacewater should be controlledto
prevent water ingress into the landfill and consequent
formation of leachate. Groundwater entry is another
potential contributory source to the formation of
leachate. Control of groundwater entry is primarily
dependent onthedesignand construction of thelandfill
liner system.

Prohibition of thedisposal of bulk liquid wastesshould
also be implemented to control waste that may also
becomeasourceof leachate. Liquidwastereferstoany
waste material that is determined to contain free lig-
uids. This is usually defined by SW-846 (USEPA,
1987) “Method 9095 —Paint Filter Liquids Test”. One
common waste stream that may contain a significant
quantity of liquid is sludge.

Leachate Control

Leachate collection, removal and disposal systems
should befully operable prior to the disposal of refuse
inaparticular area. A regular programme of preventa
tive maintenance for leachate control systems should
be required. Typical items that should be addressed
include:

e regular inspection of leachate drainage and treat-
ment systems;

 flushing of leachate systems; and
* sarvicing of pumps.

To improve the flow of leachate and prevent perched
leachatel enses, theoperator should break up or remove
previously applied daily or intermediate cover prior to
further filling.

Leachate should generally be disposed by one of the
following methods:

 dischargeto community sewerage system, with or
without pre-treatment;

 dischargetoland by spray or subsurfaceirrigation,
with or without pre-treatment;

» dischargeto natura water after treatment;
 injection/recirculation into the landfill; and

» evaporationusing heat generated fromthecombus-
tion of landfill gas.

Leachate Monitoring

Because of thecomplex processesoperatingwithinthe
landfill,andtheir potential environmental effects, moni-
toring isrequired to confirm that the landfill is behav-
ing as predicted and to provide management informa-
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tion. It can indicate the effectiveness of attenuation
processes or any treatment processes (such as
recirculation) used. Changesin compositioncanact as
awarning and assist in identifying problems such as
overloading with a particular waste. Environmental
monitoring will generally also be necessary to confirm
that effluent quality is within the discharge consent
conditions.

The monitoring programme will be site-specific, but
ambient measurements should be obtained prior to
commencement of operations to determine the envi-
ronmental effect that can be directly attributed to
landfilling operations.

Stormwater

Stormwater Control

Stormwater should be controlled to prevent water
ingress into the landfill and consequent formation of
leachate. Inaddition, stormwater should be controlled
toprevent erosion and excessive sediment dischargeto
waterways.

Surface water from outside the area of exposed
earthworks should be diverted around the perimeter of
the works. Surface water from within the area of
exposed landfill earthworks should be treated in silt
retention systemsprior todischargein accordancewith
resource consent requirements. Theaccessroadtothe
working face should be aligned to prevent it from
channelling surfacewater totheface. Sidechannelson
accessroadsshould beintercepted short of thefaceand
diverted away fromthefilling area. Surfacewater that
comes into contact with waste should be treated as
leachate.

A regular programme of preventative maintenancefor
stormwater control systems should be undertaken.
Typical items that should be addressed include:

 regularinspectionof stormwater drainageandtreat-
ment systems;

* cleaning sumps;

» dredging silt ponds;

» clearing culverts;

e servicing pumps; and

* reinstatement of eroded areas.

The exposed or cleared areas of the landfill should be
minimised at all times, and topsoil set aside for
revegetation purposes. All completed areas of the
landfill should be progressively revegetated, and any
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areas exposed for greater that a month should be
stabilised to minimise soil erosion.

Landfill washouts can occur during periods of high
intensity rainfall. Remedial work must be undertaken
as soon as practicable to minimise any adverse envi-
ronmental effect. If not repaired, relatively minor
washouts can result in arel ease of refuse, leachate and
gas, and promotelandfill instability. Dependingonthe
severity of the washout, proper repair and reinstate-
ment may involve substantial effort.

Stormwater Monitoring

Because of potential environmental effects, monitor-
ing is essential to confirm that the stormwater control
systemisbehavingintheways predicted when the site
was designed and permitted, and to provide manage-
ment information. Environmental monitoringwill also
be necessary to confirmthat water quality iswithinthe
discharge consent conditions. The monitoring pro-
gramme will be site-specific, but ambient measure-
ments should be obtained prior to commencement of
operations to determine the environmental effect that
can be directly attributed to landfilling operations.

5.14 Landfill Gas Management

Landfill Gas Generation

Landfill gas is produced when solid wastes decom-
pose. The quantity and the composition of gas depend
on the types of solid waste that are decomposing.
Methane (CH ) and carbon dioxide (CO,) arethemajor
congtituents of landfill gas. Other gases are also
present and some may impart odour. Hydrogen sul-
phidemay begenerated at alandfill if it containsalarge
amount of sulphate such as gypsum board. Non-
methaneorganiccompounds(NMOCs) areal so present
and may impact on air quality when emitted through
the cover or vent systems.

Landfill Gas Control
A landfill gas control system can have a number of
objectives, including:

¢ sub-surface migration control, to reduce or elimi-
nate the risk of explosion on or off the site;

¢ odour control, to eliminate odour nuisance that can
affect neighbours and site personnel;

e landfill gasto energy by €electricity generation or
direct gasuse; and

e greenhouse gas emission control, to reduce the
methane discharge to the atmosphere.

Landfill operations should encourage gas movements
that are consi stent with the coll ection system provided.
The landfill will generally be stratified in a way that
resultsin horizontal gasflow withinthelayers. These
pathways should beintercepted by elements of thegas
collection system. These will include horizontal col-
lectors, vertical extraction wells, or cut-off trenchesif
migrationissevere. Careshould betakentoensurethat
no unintentional gas routes (for example service
trenches) result in uncontrolled gas migration.

Gaswill build up under thefinished landfill final cover
system. Gasmigrationor emissionislikely if measures
arenot takento prevent pressure build up and maintain
theintegrity of the cover system. Thiscan be particu-
larly important intimesof very dry weather if thefinal
cover system issusceptibleto cracking. Other factors
to be taken into account from an operational perspec-
tive include the effect of a change in atmospheric
pressure on gas migration patterns.

Any landfill gas condensate collected should be han-
dledinthe samemanner asleachate, withtheexception
that it should not be spray irrigated because of low pH
and potential odour.

A regular programme of preventative maintenancefor
all gascontrol systemsshould be undertaken. A large,
complex landfill gas control system may require dedi-
cated technical staff to be established on-site. Simple
systems may only require routine inspection. Service
personnel should normally be available on an on-call
basisin the event of a system malfunction.

Landfill Gas Monitoring

Landfill gas monitoring should be undertaken at all
landfill sites, primarily to determine whether gas pro-
ductionisgiving riseto ahazard or nuisance. Monitor-
ing should commence approximately six months after
establishment of thelandfill and continue until landfill
gas production has fallen below the level where it
congtitutesarisk. For most sitesthiswill bein excess
of 30 years after closure.

Control system monitoring should include the quan-
tity, temperature (inthelandfill), pressureand primary
composition of gas extracted from the landfill. Minor
constituents(hydrogen sul phide, non-methaneorganic
compounds) should be monitored depending on the
treatment (if any) of the landfill gas.

Migration monitoring should be concentrated at loca-
tions considered to be most at risk and should provide
a clear indication of the changes in gas quantity,
composition and movement with respecttotime. Pres-
sure and temperature can also be relevant.

Surface emission monitoring should demonstrate that



the cover material and extraction systemiscontrolling
the emission of landfill gas. The landfill operator
should arrange testing of the atmosphere with appro-
priate equipment a short distance above the ground
surface in areas of intermediate or fina cover where
wastes have been placed.

The safety of personnel involved in monitoring must
be carefully considered. Written safe working proce-
dures should be adopted and practised prior to under-
taking gas monitoring.

5.15 Closure and After-care

Closure

Upon compl etion of waste disposal operationsin part
of alandfill, closure works should be undertaken as
soon as practical. The closure works will include:

» construction of the final cover system, including
final stormwater and erosion control structures;

* revegetation of the landfill cap; and

« construction of the final landfill gas and leachate
control structures.

Constructionof groundwater control systemsmay also
be necessary for old landfills that are subject to
groundwater ingress.

The aim of theseworksisto provide for the continued
decomposition of the disposed wastes in a safe and
environmentally-sound|andfill structure. Sitecapping
and revegetation should ensure that the final surface
provides abarrier to migration of water into the waste
and controlsdischarges of landfill gasand leachate. It
should also promote sound land management and
conservation, prevent hazards and protect amenity.

During the closure process operations personnel will
berequiredtomaintainleachate, ssormwater andlandfill
gas control systems while the final cover system is
under construction. Additional carewill berequiredto
maintai nsurfacewater standardsduringtheearthworks
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associated with final cover construction. Monitoring
should continue during the closure works.

After-care

Thenatural processeswithin landfills continueto pro-
duceleachate and gasthat require environmental man-
agement for many years after landfilling. Operations
to support environmental management should be un-
dertaken in the post-closure period. Post-closure op-
erations should follow the direction of a closure plan
prepared to reassess the provisions made during the
development of thelandfill. The plan should takeinto
account the status of the landfill and the degree of
control over the release or migration of contaminants
from the landfill. The plan should specify:

» the stepsto be taken in stabilising the site and the
time frame required;

» therequirementsfor all leachate, landfill gas, and
stormwater control systems, and monitoring and
reporting practises to be maintained during the
after-care period; and

 contact arrangementsfor adjacent property owners
to maintain communications with operations per-
sonnel.

These operations would typically include:
 leachate collection and disposal;
 landfill gas control;

* monitoring of site integrity;

» reparsto thefinal cover system;

e maintenance and control of vegetation;
» stormwater and sediment control; and

* monitoring of groundwater, surface water and
landfill gas.

Monitoring for environmental effectsand siteintegrity
should be continued until thelandfill no longer hasthe
potential for adverse environmental effects. Remedial
actions should be completed as required.
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Chapter 6

Landfill Monitoring

6.1 Introduction

Monitoring of landfills is necessary to confirm that
they are performing as expected, in accordance with
design, operational practices and regulatory require-
ments, and that dischargesarenot resulting, or likely to
result, in adverse effects on the environment.

Monitoring requirements need to be developed on a
site-specific basis, taking into account:

o landfill size;

e geological and hydrogeologica characteristics of
the site; and

e proximity to, and sengitivity of, surrounding envi-
ronments.

This section addresses:

* objectives of monitoring;

» leachate monitoring;

* groundwater monitoring;

 surface water monitoring;

» analysisand review of monitoring data; and

 landfill gas monitoring.

6.2 Objectives of Monitoring

The physical, chemical and biological breakdown of
refuse within alandfill produces leachate and landfill
gas.

L eachatedischarging through the base of alandfill can
contaminate groundwater, | eading to contamination of
surfacewater. Leachate can also contaminate surface
water via discharges from the landfill surface and
stormwater management systems.

Landfill gas can give rise to asphyxiation and explo-
sion hazards, and odour nuisance.

The objectives of monitoring at and around landfill
sitesareto:

e determine baseline environmental conditions at
and around the landfill site;

» determine processes occurring within landfills
through monitoring of leachateproduction, leachate
composition and landfill gas composition;

» determine effects on the environment due to the
landfill through monitoring of groundwater, sur-
face water and landfill gas;

e check compliance with resource consent(s) and
other regulatory regquirements; and

 identify the need for, and the extent of, remedial/
mitigation measures to reduce effects on the envi-
ronment.

Monitoring of groundwater, surface water and landfill
gasneedsto becontinued during the aftercare period of
the landfill, until the strength of any discharges has
reducedtoalevel at whichthey areunlikely tohaveany
adverse effects on the environment. This aftercare
period islikely to be at least 30 to 50 years.

6.3 Leachate Monitoring

Purpose of Leachate Monitoring

The quantity, composition and strength of leachate
produced from alandfill depends on the composition
of the landfilled waste and the rate of infiltration of
rainwater and, possibly, groundwater.

Leachate monitoring should be undertaken at any
landfill whereit is collected in order to:

e monitor the degradation processes taking place
within the landfill;

* manage and protect leachate treatment and dis-
posal systems;

» monitor compliance with trade waste discharge
limits (where applicable); and

 refine groundwater and surface water monitoring
programmes.

Monitoring should include;

* regular measurement of the quantity of leachate
produced;

e determination of leachate strength and composi-
tion; and
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e monitoring changesin leachate strength and com-
position over time.

Monitoring Locations

In order to monitor landfill processesin different parts
of the site and over time, it is preferable to monitor
leachate quantity and composition from each discrete
cell, or each leachate abstraction location.

Monitoring Parameters and Frequency

In general, leachate should be monitored regularly for
afull range of parameters appropriate to the types of
refuse accepted at the site.

Analysis of the leachate chemistry can be used to
modify the parametersto be monitored in groundwater
and surface water, in cases where monitoring uses a
small number of leachate indicator parameters.

If the concentration of a parameter increases by a
significant amount in leachate it should be added to
groundwater and surface water monitoring pro-
grammes, particularly if leachate contamination is
already evident.

L eachatemonitoring should, ideally, beundertaken on
atleast anannual basis, and morefrequently depending
on:

* requirementsfor themanagement of |leachatetreat-
ment/disposal systems;

e groundwater level fluctuations; and
e rate of leachate migration or groundwater flow.

Table 6.1 givesis alist of chemical parameters that
would typically be included in a leachate monitoring
programme for aregional landfill.

Detection Limits

A detection limit relates to the lowest level that a
particular analysismethod can detect aparameter 99%
of the time. Detection limits should be set within a
sampling plan and be based on thelikely concentration
range of the parameter in leachate. Because of the
concentrated nature of leachate, use of detection limits
significantly higher thanthoserequiredfor groundwater
and surfacewater monitoring may bepossiblefor some
parameters.

6.4 Groundwater Monitoring

Purpose of Groundwater Monitoring
As prime receptors of wastes located within natural

settings, landfillsinherently poseissuesfor retention
of contaminants. Groundwater can be at risk from
escape of leachates through the base of the fill mate-
rials and/or from ancillary activities such as
composting. In some situations, groundwater can be
directly disturbed by site construction activities.
Groundwater monitoring seeks to identify actual or
potential effects on the resource as part of the overall
environmental management of thesite. In particular,
groundwater monitoring seeksto achieve the foll ow-
ing purposes.

e provide datafor engineering design and obtaining
regulatory consent for alandfill;

e provide pre- and post- construction baseline water
quality data;

¢ check compliancewith landfill operating and regu-
latory standards; and

¢ identify any needfor mitigationand/or remediation.

Objectives of Groundwater Monitoring
Monitoring objectivesusually seek to achievereliable,
long-term information about the behaviour of
groundwater at a site and the effects from the landfill.
However, obtaining reliableand pertinent information
on groundwater behaviour and characteristicsrequires
a sufficient understanding of hydrogeological condi-
tionsin the site vicinity. The basic details of a moni-
toring programme cannot bedevel oped without know!-
edge of fundamental information on groundwater flow
directions, aquifer configuration and characteristics.
Dueto the high cost of typical groundwater investiga-
tion programmes, monitoring and investigation objec-
tives are often integrated so that borehol es serve both
purposes as much as possible.

Specific objectives for investigation/monitoring in-
clude:

 characterisation of the groundwater regimeinclud-
ing pressures, flows and quality;

« identification and tracking of baseline conditions
over time;

» characterisationandtrackingof effectsof thelandfill
on groundwater;

e characterisation of theinteractions of groundwater
with surface waters; and

« characterisation of theinteractionsof | eachatecom-
ponents with groundwater, migration pathways
and attenuating effects likely in the groundwater
system.



PARAMETERS UNITS MONITORING
FREQUENCY
Physico-chemical parameters Bi-annual/Annual
Alkalinity g/m3 0
Aluminium g/m3
Ammoniacal Nitrogen g/m® O
Arsenic g/m3 O
Biological Oxygen Demand g/m3 O
Boron g/m® 0
Cadmium g/m3 O
Calcium g/m3 0
Chloride g/m3 0
Chromium g/m® O
Chemical Oxygen Demand g/mS O
Conductivity msm™L O
Dissolved Reactive Phosphorous g/m3 O
Total Hardness g/im® 0
Iron g/m3 0
Lead g/m3 0
Magnesium g/m® 0
Manganese g/m3 0
Nickel g/m3 0
Nitrate Nitrogen g/m3 0
pH g
Potassium g/m3 0
Sodium g/m® 0
Sulphate g/m3 O
Suspended Solids** g/m3 0
Silica g/m3 0
Total Kjeldahl Nitrogen g/m® 0
Total Organic Carbon g/m3 O
Zinc g/m3 0
Total Phenols g/m® O
Volatile Acids g/m® 0
Volatile Organic Compounds g/m3 O
Semi-volatile Organic Compounds g/m3 O

Table 6.1: Example leachate monitoring programme for a regional landfill

Groundwater Drainage Discharge
Monitoring

At sites where a groundwater drainage system is in-
stalled beneath the liner, groundwater discharge
flowrate and quality need to be regularly monitored to
detect any leachate contamination. This should form
part of the overall landfill monitoring programme.
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Inthefirstinstance, monitoring could befor anindica-
tor prevalent inleachate. If contaminationisindicated
thenmoredetailed analysisisrequired todeterminethe

characteristics of the contaminant.

Chemical parameters and characteristics that would
generally be measured include:
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e conductivity;
e chloride; and
e ammoniacal nitrogen.

Theresultsof regular sampling and analysisprovidean
audit to ensure that the liner retains itsintegrity.

Design of a Groundwater Monitoring
Programme

Monitoring programmes for groundwater require the
integration of many factorsthat caninfluencethevalue
of theresultsobtained. Consideration needstobegiven
to:

e purposes of groundwater monitoring;
« gpecific objectivesin relation to each purpose;

* integration of objectivesto achieve efficiency and
rationalised outcomes,

« selection of monitoring locations and target strata;
¢ monitoring well design;

¢ selection of suitable monitoring parameters;

* monitoring frequency;

e sampling methods and requirements;

e anaytical detection limits;

e anadysisand review of monitoring data; and

e trigger levels.

Determining Numbers and Locations of
Monitoring Points

Appropriate positioning of monitoring points in a
groundwater monitoring network isakey aspect of any
monitoring programme. Selection of well locations
needsto consider the potential pathwaysfor migration
of contaminantsandtravel rates. Degreeof certainty in
understanding theground conditionsaffectsthenumber
of wells. Complex hydrogeology normally requires a
larger number of wells than simple, uniform condi-
tions. Various analytical or computer analysis meth-
odscan be applied to estimate the possible positions of
contaminant plumes from landfills to assist in the
selection of well locations (Haduk, 1998).

Sensitivity of the surrounding environment is an im-
portant factor in monitoring well network selection. In
shallow aquiferswith awater table where the environ-
mental risk is low, a basic monitoring well system
could compriseonewell hydraulically upgradient, and
three wellshydraulically downgradient of the landfill.

For large-scale regiona landfill facilities, 20 to 50
monitoring/investigation wells may berequired. Asa
minimum for landfill sitesthat cover only asmall area,
itisrecommended that at |east one upgradient and two
downgradient groundwater monitoring wells (possi-
bly screened at different depths) be installed.

Key factors for selecting well sitesinclude:

¢ potential sourcesand natureof contaminantswithin
the landfill site, including refuse, transfer stations
and composting aress, if appropriate;

* sources of contaminants from external unrelated
activities such as industry, farming and mining/
quarrying;

* design of leachate retention systems;

e potential pathways for migration of contaminants
during movement below ground,;

e potential rate of travel along migration pathways,

« potential residence time of leachate speciesin the
groundwater system from sourcelocation to poten-
tial receptor. Priority should focus on pathway
sections with residence times of less than 200
years,

e changes to pathways and characteristics due to
ongoing landfilling or other new developments;
and

e proximity of potential receptors along pathways
and associated environmental/health risks.

Pathways for the movement of contaminants can be
affected by:

 the nature of the unsaturated zone;

¢ the presence of perched aquifers;

« fractured or porous aquifers;

e geological formation boundaries;

¢ bedding and tilting of strata;

e geological faults,

e groundwater divides;

» seasona and short-term climatic influences; and
¢ neighbouring pumping wells.

Therate of movement of contaminants along the path-
waysiscontrolled by four key hydrogeol ogical param-
etersthat usually requirefield andlaboratory testingin
order to be determined adequately:



e Hydraulic conductivity, K

— verydow K <108m/s
— dow 106>K > 108 m/s
— medium 104>K>10%m/s
— rapid K>10%m/s

» Effective porosity;
* Hydraulic gradient; and

» Soil/rock/leachate species interaction as given by
the Distribution Coefficient, K

— very mobile K, < 1ml/g

— mobile 100 ml/g>K, > 1 mi/g

— immobile K, > 100 ml/g.

Design Requirements for Monitoring
Wells

The purpose of monitoring wellsisto provide ‘repre-
sentative’ samples of the groundwater in terms of its
physical and chemical properties. Most wellsareaso
used to monitor groundwater level. The design needs
to consider the potential configuration and nature of
the contaminantsin the groundwater, the potential for
chemical ateration of the samples and the sampling
techniquesto be used.

Wells can use single or multiple monitoring facilities.
Multilevel installations, where two or more casing/
screenunitsareplacedinthesameboreholeat different
levels can offer cost savings, but introduce the risk of
cross-leakage. Post construction testing isnecessary to
confirm the integrity of seals.

Well design should cover:

» Screen Length and Position. Screens are normally
1 mto3 mlong. Longer screens loose detection
sensitivity to vertically variable water quality and
provide only a gross measure of contamination.
Screens should be positioned on main flow path-
ways and intersect the water table, whereimmisci-
ble floating contaminants such as petrol, and some
solvents are likely to be found, if present.

e Casing and Screen Materials. Common practiceis
to use PVC materials due to their chemica and
corrosion resistance. Stainless steel is also suit-
able. Joints should use mechanical connections
without the use of gluesthat can affect the sample

integrity.

» Casing Diameter. 50 mm diameter casing meets
common sampling and construction objectives.
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Special sampling tools are available for smaller
diameters.

» Dirilling and Construction Limitations. Drilling
methodsneedto beappropriatefor thetarget zone(s)
and soil/rock type, along with secure emplacement
and sealing of screen sections. Wells should be
developed following construction to remove drill-
ing fluid contaminants, clean the well and remove
fines from around screens.

» Filter Packand Annular Sealsfor Screened Zones.
Filter material sselected for packing screensshould
be nonreactive to the groundwater environment.
Geotextile sheaths can be appropriate for fine-
grained formation materials but are susceptible to
clogging and no data on the adsorption of organics
and other compounds is available. Annular seals
using cement should not beusedin screen zonesto
avoid leached residues from the cement impacting
water quality.

» SurfaceCompletion. Security of thewell head from
surface water ingress and external damage are
prime design considerations.

* Quality Assurance/Quality Control Procedures.
Specifications for monitoring well construction
need to cover quality requirements for materials,
methodsand testing to ensure satisfactory perform-
ance of the completed well.

Monitoring Parameters

Contaminantsthat enter groundwater systemsundergo
various degrees of transformation depending on their
chemical compositionandthenatureof thegroundwater
environment. Factors such as soil/rock geochemistry,
redox state, and background groundwater quality, can
affect the evolution of groundwater chemistry along
flow paths. Parameterssel ected for groundwater moni-
toring programmes need to:

e characterise the overall background chemistry of
the natural groundwater;

 characterisetherangeof contaminant sourceslikely
to be at the landfill; and

e be measured consistently, quickly and cost-effec-
tively.

Generally, contaminants that move in groundwater
systems are in a dissolved form. Unless the strata
contain large openings such as sometimes occur in
fractured rock or dissolved cavity aquifers (for exam-
ple, karst limestone aquifers), entrained solidsin fluid
contaminants are filtered in the first layers of soil.
However, some contaminants may be in pure liquid
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form (such as petroleum products) beneath or floating
on the water table. Others, such as some metals, may
move by intermittently changing between solid and
dissolved phases. In cavity flow systems, contami-
nants can move by attachment to colloids or very fine
sediment.

The main focus is normally on parameters that are
soluble in the ambient groundwater at the site.

Table 6.2 contains a list of parameters that could be
measured for a regional scale municipa solid waste
landfill. Thelist isby way of example and may need
to be amended for specific situations according to the
characteristics of the wastes in the landfill.

As a minimum, for small landfill sites, it is recom-
mended that groundwater monitoring be undertaken
for the following, as leachate indicator parameters:

o water level;

* pH;

¢ conductivity;

o dkalinity;

e chloride;

e ammoniacal nitrogen;

e nitrate nitrogen, or total nitrogen;
« total organic carbon; and

e solublezinc.

If the concentrations of these chemical parameters
increase by a significant amount, or show a trend of
increasing concentration, then monitoring should be
carried out for a more comprehensive suite of param-
eters.

Monitoring Frequency and Timing
Development of specifications describing when and
how often samples should betaken, needsto besetin
the context of an overall monitoring strategy. Key
factors that influence frequency and timing include
thosediscussed abovethat determinethepositioning of
monitoring wells. Other factors are:

« velocity of groundwater movement;
e regulatory requirements;

e operational factors such as landfill development
staging, and leachate, stormwater and gas control;
and

¢ the cost and value of each data item within the

overall programme.

These objectives are normally achieved by a monitor-
ing programme that has atiered structure to provide
information on the behaviour of the groundwater sys-
tem and any contaminants within it, in areliable and
efficient manner. Eachtier definesaparameter, timing
and frequency suite that achieves a specific purpose
according to the particular site conditions and require-
ments. Most tiered systems will contain at least the
following basic elements:

* A basdline or pre-existing conditionstier.
¢ Anindicator tier that tracks short-term behaviour.

¢ A comprehensivetier that tracksl ong-termchanges.
Sometimes this tier is split into two parts that
allows more costly measurementsto be made on a
less frequent basis.

e A contingency tier that is implemented following
abnormal resultsfromtheindicator tier. Generally,
this tier results in the comprehensive tier being
undertaken on a more frequent basis while the
cause isinvestigated and remedied.

The tiered system in Table 6.2 shows measurements
being taken on a fortnightly/monthly, quarterly/bi-
annual and yearly basis. Actual monitoring frequency
should be determined based on groundwater velocity
andtravel timetoenvironmental receptors. Thisshould
ensurethat contaminants can be detected beforereach-
ing receiving environments.

Normally, thereisnorequirement for continuousmoni-
toring of groundwater, except perhaps if water levels
fluctuatedaily inanirregular manner or if groundwater
is being extracted under a contingency action follow-
ing a contamination incident.

Thetiming of quarterly, six monthly and annual moni-
toring rounds should consider seasonal groundwater
behaviour to incorporate extremesin the variability of
parameter values. Co-ordination with the surface wa-
ter monitoring programme is desirable where objec-
tivesarenot compromised. Thiscan achieveefficiency
and provide advantages in the assessment of interac-
tions between the two types of water body.

As a minimum for small landfill sites, it is recom-
mended that groundwater monitoring be undertaken at
least twice a year, to coincide with high and low
groundwater levels.

Sampling and Analytical Requirements

The capture of representative groundwater samples,
and theachievement of asubsequent unbiased analysis
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PARAMETERS UNITS MONITORING TIER
Baseline Indicator Comprehensive*
Fortnightly/ | Quarterly/ Yearly
Quarterly Bi-annual
Physico-chemical parameters
Water Level m O O O
Alkalinity g/m3 O O
Aluminium g/m3 g 0
Ammoniacal Nitrogen g/m3 O O [
Arsenic g/m3 g 0
Boron g/m3 g O
Cadmium g/m3 g O
Calcium g/m3 g O
Chloride g/m3 g 0
Chromium g/m3 g 0
Chemical Oxygen Demand g/m3 O O
Conductivity mSm'l g O O
Dsolved Reaciie om® |4 .
Total Hardness g/m3 O O
Iron g/m3 O O
Lead g/m3 O O
Magnesium g/m3 O O
Manganese g/m3 O O
Nickel g/m3 O ]
Nitrate Nitrogen g/m3 O
pH O 0 0
Potassium g/m3 O O
Sodium g/m3 O O
Sulphate g/m3 O O
Suspended Solids** g/m3 U O 0
Silica g/m3 O O
Total Kjeldahl Nitrogen g/m3 O
Total Organic Carbon g/m3 O O
Zinc g/m3 g O
Organic Screen
Total Phenols g/m3 g 0
Volatile Acids g/m3 g 0
Volatile Organic Compounds g/m3 O O
Semi-volatile Organic 3 O O
Compounds g/m
Notes:
* this parameter list also applies for contingency monitoring
*x only where samples are not pre-filtered

Table 6.2: Example groundwater monitoring programme for a regional landfill
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of results, can present considerable challenges for
groundwater monitoring programmes. A groundwater
sample may be subjected to several different environ-
ments and ambient conditions before it is analysed.
Programmesneedto recognisethephysical and chemi-
cal changesthat can occur throughthevariousstagesof
sampling and analysis, and betailored according tothe
objectives for each sample. Often, the most sensitive
species to be measured controls the approach and
protocols that are used.

A sampling programme should consider thefollowing
factorsin its compilation:

e ambient conditions in the aquifer;

* |ocation, condition and access constraints to sam-
pling points;

¢ therange of parameters to be tested;
« number and frequency of samples;
* appropriate sampling protocols and equipment;

« samplefield pre-treatment requirementsincluding
filtration and preservation;

« sample shipment to the analytical laboratory;
« sample documentation;

« sample chemical analysis protocols; and

¢ QA/QC requirements.

Factorsthat need to betakeninto account in these steps
include:

¢ Sampling Methods and Equipment. Methods for
sampling groundwater range widely and are con-
tinually beingimproved. Ingeneral, thelessdistur-
bance that a sample receives before capture in a
sample bottle, the more likely it is to retain its
integrity. Sometypesof pumps, for example, may
release volatile components such as benzene from
the sample, while others may draw in sediment by
pumping too hard.

e Sample Collection Protocols. The well should be
purged of stagnant water before taking a sample.
Normal practice is to purge three to five well
volumes. Samplesfor trace metalsanalysisshould
normally befield-filtered prior to placement in the
sample bottle. In some cases, |aboratory pre-filter-
ing may be more practical if samples are highly
turbid and transit time to the laboratory is short.
Micro-purging (Stone, 1997) is an alternative
method, usually undertaken at pumping rates of
less that 1 L/min, that can avoid highly turbid

samples (and the need for pre-filtering) and large
purge volumes.

e Sample Storageand Transport. The use of labora-
tory supplied bottles and transport containers is
usually themost secureand quality-assured sample
holding method.

e Sample Analysis Protocols. Selection of analysis
methods needsto consider factorsincluding likely
parameter concentrations, detection limits, regula-
tory requirements, and cost. More details of ana-
lytical methods can be found in APHA (1998) .

*  QA/QC Requirements. QA/QC requirementsvary
depending on elements of the monitoring pro-
gramme. Some standardisation is possible but
specific plansare required for each site. Approxi-
mately 10% to 15% of the sampling effort should
be devoted to QA/QC (ANZECC, 1992). Plans
should cover:

— cleaning and decontamination of sampling
equipment;

— maintenance and calibration of instrumenta-
tion;

— requirementsfor field blanks, bottleblanks, and
replicate samples;

— laboratory safeguardsincluding reagent blanks,
duplicates and reference materials;

— requirements for independent certification of
the laboratory test method;

— checks by independent third parties; and

— checking of analysis results by comparison
with previous measurements.

Detection Limits

A detection limit relates to the lowest level that a
particular method of analysis can detect a parameter
99% of thetime. Detection limitsshould be set within
asampling plan and be based on:

¢ thelikely concentration range of the parameter in
the groundwater;

e applicable regulatory or performance standards,
including trigger levelsfor the groundwater at the
site; and

e practical limitations of the sampling and analysis
process.

Detection limits should be set in prior consultation
with thelaboratory to ensure that the objectives of the



sampling can be met. Normally they should be set 10
times or more below the applicable site standard to
provide clear indication of any adverse trends.

6.5 Surface Water Monitoring

Purpose of Surface Water Monitoring
Landfill operations may present a range of adverse
environmental effects and risks to surface waters,
including water quality and aquatic biota. Surface
water monitoring is akey tool to:

» warn of potential significant adverse environmen-
tal effects on surface water resources;

 identify the need for mitigation and remediation;
and

» check compliancewithlandfill operationsandregu-
latory requirements.

L eachateand sediment runoff posethe primary risksof
contamination by landfillsto surface waters. Overall,
landfill operations with the potential to contaminate
surface waters include:

e sub-surface migration of leachate as a result of
normal seepage or an accidental breach/failure of
the landfill liner;

 discharge of sedimentsfrom thelandfill asaresult
of earthworks or structural failure;

» above-surface leachate break-outs or spills;
» other surface spills of hazardous substances; and

» other activities with the potential to contaminate
surfacewaters, for exampl e discharge of vehicleor
machinery wash water.

Surface water monitoring programmes are usually
based on atiered strategy, according to the following
structure:

» Baseline monitoring to establish the general status
of surface waters prior to commencement of, or
change to, landfill operations.

»  Comprehensivemonitoringtoestablishany changes
tothe general status of surface watersoncelandfill
operations have commenced/changed.

 Indicator monitoring based on selected key indica-
tor parametersto provide rapid feedback on opera-
tional processesandany problemssuchasaleachate
escapes and excessive sediment runoff.

Prior to embarking on a surface water monitoring
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programme, it isimportant to establish the objectives
for surfacewater monitoring and to devel op amonitor-
ing plan. Both the objectives and the monitoring plan
are landfill and site-specific. The following sections
provide guidance on undertaking this process.

Controls for Surface Water Monitoring

Surface water monitoring programmes need to be
carefully designed. They must protect the receiving
environment while enabling effective management of
thelandfill. They should a so bedesignedto enablethe
reliable collection of information, to avoid the accu-
mulation of redundant data, and to be cost-effective.

Tobeableto operate effectively, any surface monitor-
ing programme must have controls in place. These
includestatistical reliability, temporal and spatial con-
trols, and quality assuranceand control (QA/QC) meas-
ures, asfollows:

e The design of a surface water monitoring pro-
gramme must be based on statistical considera-
tions. These must take into account the variability
and accuracy of the data collected and their ability
to identify change and non-compliances.

e Tempora controls are normally in the form of
baseline data. These are collected to document the
status of surface water quality before landfill op-
erations commence or change. They are used as a
benchmark for evaluating changesin surfacewater
quality once the landfill is operating.

» Spatial controls are usually based on control sites.
These are placed at an upstream location from
landfill operations or in nearby, similar surface
waters that are unaffected by landfill operations.
Again, data collected from such sites serve as
benchmarks against which any changesin surface
water quality resulting from landfill operationscan
be evaluated.

QA/QC measures form an important part of any sur-
face monitoring programme. They are based on suit-
able procedures to ensure that monitoring data are
accurate and reliable.

Design of a Surface Water Monitoring
Programme

The design of a surface monitoring programme for
landfill operations should take into account a number
of key considerations, including:

 the objectives of the monitoring programme;

» natureandlocation of hazardswith the potential to
contaminate surface waters,
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¢ selection of suitable monitoring points;

« selection of suitable monitoring parameters;
« monitoring frequency;

e sampling requirements;

e anaytical detection limits;

e anadysisand review of monitoring data; and

e trigger levels.

Determining Locations for Stormwater
and Surface Water Monitoring

L ocationsfor asurface monitoring programmeneed to
cover all surfacewater resourcesthat could potentially
become contaminated by landfill operations. Key cri-
teria that should be considered when selecting moni-
toring stationsinclude:

e potential sourcesof contamination associated with
the landfill and their above and below ground
pathways;

« other external sources of contamination that may
affect surface water resources;

¢ location of surface water sources, in particular
sensitive environments;

* requirements for control site(s);
* extent of recelvingwater dilution and mixing; and

e siteaccessihility.

Parameters for Surface Water Quality
Monitoring

Surface water monitoring programmesrequirearange
of parameters to be monitored. It is important that
parametersare carefully selected at the outset. Param-
eterschosenfor surfacewater monitoring programmes
should be able to:

¢ adequately describe the overall status of surface
waters, includingwater/sediment quality andaguatic
ecology;

« reliably pick up contaminants discharged from the
landfill or other relevant sources; and

* be measured consistently, quickly and cost-effec-
tively.

Physico-chemical Water Quality

Table 6.3 provides a list of water quality parameters
that are typically included in a surface water monitor-

ing programme for a regiona landfill, including pa
rameters for baseline, comprehensive and indicator
monitoring.

Whilethelistisrepresentative, it needsto bereviewed
for different landfill operations and locations. For
smaller landfills, some parameters may be omitted.
Conversely, for aregiona landfill that receives large
guantities of treated hazardous waste, specific param-
eters may need to be added.

Sediment Quality

Monitoring of sediment quality may be necessary for
those landfills located in the vicinity of depositing
surface water environments such as slow-flowing riv-
ers, lakes or estuaries. In these environments, certain
contaminantswith an affinity to parti cul ate matter may
accumulatein sediments, particularly trace metalsand
organic constituents. Table 6.3 lists the parameters
that areappropriatefor inclusioninto asediment moni-
toring programme.

Biological Quality

The monitoring of aquatic biological parameters may
become necessary for those landfills located in the
vicinity of sensitive and/or valuable surface water
environments. A number of biological parameterscan
be monitored, including aquatic plants (emergent and
sub-surface, higher and lower plants), fish and benthic
invertebrates (bottom-dwelling lower animals).

Mostly, biological parameters are used for baseline or
comprehensive monitoring to describe the general
statusof surfacewater resources. They arelesssuitable
for indicator monitoring because of their highinherent
level of variability and associated high sampling and
analytical costs. Further, destructive sampling meth-
ods may contribute to the degradation of biological
indicators that are monitored.

Overadll, theneed for biol ogical monitoring needsto be
evaluated carefully for each landfill operation and
location, based on the above considerations. In most
cases, specialist technical expertiseisneededto ensure
that biol ogical samplingand dataanalysisiscarried out
in acompetent and reliable manner.

Whole Effluent Toxicity Testing

Whole Effluent Toxicity (WET) tests are commonly
usedintheUStotest thetoxicity of effluentsto selected
aquatic organisms. WET tests enable the assessment
of complex mixturesof chemicalsontheenvironment.

The application of WET testsin landfill surface water
monitoring programmes in New Zealand has been
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PARAMETERS UNITS MONITORING TIER
Water Quality Sediment
Quality
Baseline Indicator Comprehensive
Continuous | Fortnightly | Quarterly Yearly Yearly
Monthly Bi-annual
Physico-chemical parameters
Flow IIs 0 O O
alkalinity g/m3 O
Aluminium (TOT/AS) g/m3 0 0 O O
Ammoniacal Nitrogen g/m3 o o O
Arsenic (AS) g/m3 O O O O
Boron g/m3 a O
Cadmium (AS) g/m3 0 0 0 0
Calcium g/m3 O 0
Chloride g/m3 O 0 O
Chromium (AS) g/m3 O 0 O 0
Chemical Oxygen Demand g/m3 O 0 O
Conductivity mSm'l g O m] O
Copper (AS) O O O O
Dissolved Reactive g/m3 0 O
Phosphorous
Total Hardness g/m3 O O
Iron (TOT/AS) g/m3 0 0 O 0 0
Lead (AS) g/m3 O O 0 O
Magnesium g/m3 o O
Manganese (TOT/AS) g/m3 O 0
Nickel (AS) g/m3 a O
Nitrate Nitrogen g/m3 O O
pH g/m3 O O O
Potassium g/m3 0 0
Sodium g/m3 0
Sulphate g/m3 O
Suspended Solids g/m3 O O O
Temperature g/m3 o O
Total Kjeldahl Nitrogen g/m3 g
Total Organic Carbon g/m3 O
Turbidity NTU O ] O
Zinc (AS) g/m3 O 0 O 0 0
Organic Screens
Total Phenols g/m3 0
Volatile Acids g/m3 O
Volatile Organic Compounds g/m3 a
Semi-volatile Organic g/m3 0
Compounds
Biological Parameters
Aquatic Biota O O O
WET g

Table 6.3: Example surface water monitoring programme for a regional landfill
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limited to date, asleachateisrarely discharged directly
to the environment. Although WET protocols have
been used to test receiving water toxicity in surface
waters below landfills with leachate irrigation sys-
tems, the effectiveness of suchtesting islimited dueto
the high variability of receiving waters and the current
high costs of WET tests.

Monitoring Frequency and Timing

The requirements for the frequency and timing of
surface water monitoring varies between landfills,
depending on:

e landfill layout and operations;
¢ sensitivity of the receiving environment; and
« variability of the receiving environment.

Frequency and timing of surface water monitoring
vary from landfill to landfill, depending on location,
Size, operations and environmental risks or events
(such as heavy rainfall or flooding). For example,
whereleachateistreated and irrigated on-site or inthe
vicinity of sensitive surface water resources, surface
water monitoring should be more frequent. Require-
ments for monitoring frequency may be reduced over
time if a high level of landfill performance can be
demonstrated.

Monitoring frequency and timing must also take into
account the variability of the receiving environment
through time and space, such as high and low tidesin
estuarine/marine environments, seasonal low and high
flowsinrivers, or daily water quality changesinlakes.
Therefore, monitoring needsto reflect the spectrum of
environmental change and, as a minimum, worst case
conditions. Worst case conditions are represented by
extreme conditions where therisk of adverse environ-
mental effectsishigh, such asduring low flow or high
temperatures.

To optimise monitoring efforts and costs, surface wa-
ter monitoring strategies are often based on a tiered
approachwheremonitoringfrequency andtimingvary.
Table 6.4 outlines an example of atiered monitoring
strategy for surface waters.

Sampling and Analytical Requirements
As part of implementing a surface water monitoring
strategy, asampling planisrequired. Thisplan needs
to specify:

¢ aschedulefor sampling locations, parameters, fre-
guency and timing;

¢ sampling and analytical protocols;

« requirements for sample handling, preservation,
processing, transport and storage; and

¢ QA/QC requirements.

Thesampling schedul eal so needsto specify thenumber
(replicates) of samples to be collected at any time.
Ideally, the number of samples is determined by an
acceptable level of uncertainty specified at the 95%
confidence level. However, due to the high costs
incurred by replication, this guideline is seldom
achieved. Rather, the approach taken to reduce the
uncertainty of monitoring dataisto average them over
time or space.

Sampling and analytical protocols should specify the
methods used for visua observations, field measure-
ments, sample collection and analytical testing. There
are a number of references that may be used for this
purpose, including APHA (1991), Hellawell (1978),
Metcalfe-Smith (1992) and Standards Association of
Australia(1987). A full rangeof referencesisprovided
in ANZECC (1992). Protocols must be passed on to
external contractors involved in the monitoring pro-
gramme.

Sampling protocols also need to address sample han-
dling, preservation, processing, transport and storage.
It is beyond the scope of this document to go into
details, but arange of references may be used for this
purpose (see Bibliography).

Processing of water samplesfor tracemetal analysesis
anissuethat hasreceived specific attention over recent
years. Asmetal shavean affinity toadsorbto particul ate
matter, they tend to be only partially available to
aquatic organisms and therefore exhibit only limited
toxicity. Historicaly, the trend has been to measure
metals using total extraction techniques.  Recent
recommendations by the USEPA indicate that only
soluble metals need to measured. However, the prac-
ticein New Zealand over recent yearshasbeento adopt
acid-soluble processing techniques, where trace met-
als adsorbed to sediments are partially extracted by a
weak acid prior to analysis.

The sample plan also needs to outline a series of QA/
QC protocols, specificaly relating to:

¢ maintenance and calibration of field instrumenta-
tion;

¢ useof fieldandbottleblanksto verify samplingand
bottle cleanliness;

« useof reagent blanks, duplicates, known additions
and referencesmaterial by laboratoriesinvolvedin
analytical testing;
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Continuous record of flow

Monitoring Tier Frequency/Description of Purpose
Parameters

Baseline Monthly to quarterly monitoring Establish the status of existing surface water
of general water and sediment resources at selected monitoring stations
quality (refer Table 6.3) and before commencement or a change in
biological parameters landfill operations

Indicator Automatic flow meter installed at one or

more stations to record catchment and
landfill runoff and identify the need for flow-
related controls

Continuous record of
conductivity

Automatic meter installed at one or more
stations to pick up any escapes of leachate
to surface waters

Continuous record of
turbidity

Automatic meter installed above and/or
below stormwater ponds to check treatment
efficiency and measure compliance

Daily visual inspections

Visual inspection of stormwater control
systems and surface waters downstream of
landfill

Fortnightly water quality
sampling (refer Table 6.3)

Short list of parameters aimed at checking
general water quality and picking up
leachate contaminants

Contingency

Long list of parameters to be sampled only
when indicator monitoring data indicates
regulatory exceedence

Comprehensive )
Quarterly sampling
(refer Table 6.3)

Long list of parameters checking general
water quality and a wide range of possible
contaminants (some parameters used as for
baseline monitoring)

Yearly sampling

Selected parameters including organic
screening tests, sediment and biological
sampling, WET tests (optional)

Table 6.4: Example surface water
monitoring strategy

e useof independently certified contractors (for ex-
ample, Telarc registered laboratories); and

» checks by independent third parties.

Approximately 10% to 15% of the total effort of a
surface water monitoring programme should be de-
votedto QA/QC (USEPA, 1992). All QA/QC protocols
and results should be documented in a manner that
enables them to pass regulatory authority scrutiny.

Detection Limits

Detection limits refer to the level that a measurement
or an analysisof amonitoring parameter must achieve.
The setting of detection limitsis usually based on the
following criteria

» the ability to provide useful information for man-
agement purposes;

» applicable environmenta performance standards

or trigger levels (as arule, detection limits should
be set an order of magnitude lower than applicable
trigger levels); and

e practical limitations, such as the reliability of an
observer, or the sensitivity of an instrument or an
analytical analysis.

Detection limits for surface water monitoring pro-
grammes must be determined at the outset, and any
external parties, such as analytical laboratories, must
be advised. This enables data to be collected and
evaluated in a consistent and standard manner.

6.6 Analysis and Review of
Monitoring Data

General

Monitoring datafrom landfill sitesneedstobecollated,
reviewed and analysed to:
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* establish baseline conditions;

« track changes to baseline conditionsin relation to
site activities, climatic and external factors;

e provide a basis for interpretation of overall
groundwater and surface water behaviour and ef-
fects over time;

« check compliance against site performance stand-
ards and resource consent requirements,

e provide information for reporting to regulatory
authorities;

« reviewing QA/QC information;

e process and storage of data (preferably using
computer software); and

e prepare monitoring reports.

Analytical methods applied to the data should take
account of:

¢ the purpose of the analysis;
e theform, precision and spread of the data;

« the validity of the method and its professional
acceptance; and

« theform and ease of interpretation of the resullts.

Leachate

L eachate monitoring data from landfill sites needsto
be analysed to:

e establish leachate volume produced;
e track changesin leachate strength; and

« determineif additional parametersshould beadded
to, or removed from, groundwater and surface
water monitoring programmes.

Groundwater

Data from groundwater monitoring usually has both
spatial and temporal components. Interpretation of
spatial datainvolvesassessment of conditionsthrough-
out thezoneof interest based ontheavail ablemeasure-
ment points. In the first instance, interpolation needs
to be limited within zones of hydrogeological similar-
ity, taking account of features such as faults, strata
boundaries and hydraulic conductivity conditions.
Common methods of interpol ation include contouring
and kriging. Numerical groundwater flow and trans-
port models can be used for complex situations.

Temporal analysiscaninvolvesimpletime-seriesplots
or moredetailed statistical anaysis. Thereareanumber
of methodsand tool sthat can beused, depending onthe
analysis objectives and complexity of the data. Most
computer spreadsheet programs will perform regres-
sion and variance-type analyses.

For contaminant detection, assessment tests of statisti-
cal significance are used. These assist in determining
whether adata set showsevidence of contamination or
natural variability. Packages such as GRITS/STAT
(USEPA, 1992) or general statisticstype packages(eg
SYSTATY) can be used. A discussion of methods is
given in Neilson (1991) and Lachance and Stoline
(1995).

Surface Water

Statistical methods should be applied to surface water
monitoring datato:

e examine datavariability;

« evauatethesignificance of adverseenvironmental
effects; and

¢ determine compliance with trigger levels.

A detailed description of statistical methods available
to evaluate surface water monitoring data exceedsthe
scopeof thisdocument. However, arangeof statistical
termsareused to describethevariability of monitoring
data, including means, medians, standard deviations
and percentiles. Similarly, thereisarangeof statistical
methods to test the significance of the difference be-
tween groups of data (for example, the difference in
water quality between an upstream and a downstream
monitoring location).

Inapplying statistical tests, caremust betakento check
whether monitoring dataisnormally distributed or not.
This will determine whether parametric or non-para-
metric tests need to be applied. Suitable computer
software to undertake such tests includes EXCELY
and SYSTATY. Useful references include McBride
(1998), Wardet al. (1990), Keith (1988) and Sanderset
al. (1983).

Trigger Levels

Trigger levelsconsist of specified numerical valuesor
narrative descriptorsfor the protection of groundwater
and surface water resources that must be met by the
landfill.

Trigger levels can be used:
« by landfill operatorsfor operational purposes; and

« by consent authorities to set regulatory limits.



Landfill operatorswill normally set triggerson param-
etersthat have been set by the consent authority, but at
lower levels to provide early warning of possible
compliance issues. Other parameters relevant to their
operational requirements are often measured also.

In New Zealand, acommon approach isto adopt atwo-
tier trigger level system for surface water monitoring
regimes. The first tier (TL1) has a mainly landfill-
management related function. It is designed to alert
management to the fact that the landfill is about to
deviate from normal operating conditionsand is lead-
ing to regulatory non-compliance. Therefore, TL1
levels serve as an indicator of landfill operations for
management purposes only.

Exceedance of the TL1 trigger level requires a speci-
fiedresponsetoinvestigatethe causeof theexceedance
and to remedy/mitigate the cause as necessary. TL1
trigger levels are normally set at a specified level or
percentage of the regulatory binding TL2 trigger level
that is suitable for management purposes— for exam-
ple at 70% of the TL2 level.

The second tier of trigger levels (TL2) consists of
regulatory binding environmental performance stand-
ards. Exceedanceof aTL2trigger level indicatesnon-
compliance with the resource consent conditions im-
posed on the landfill.

Groundwater

Trigger levels provide warning that something is hap-
pening inthe groundwater system that isabnormal and
should be investigated. Where data from monitoring
rounds are normally fully collated and analysed six
monthly or yearly, trigger levels provide aready com-
parator to test for any problems from each round of
monitoring.

Trigger levels set for the detection of effects from the
landfill activitiesare usually compiled from an assess-
ment of the natural baseline conditions. Where the
baseline conditions vary uniformly and can be de-
scribed statistically by anormal distribution, the base-
linefor any parameter can be set asan envelopewithin
some number of standard deviations from the mean
value. Three standard deviations from the mean are
used by some regulatory authorities which relates
approximately to the 95% confidence level.

Trigger levelsmay a soreflect drinkingwater or aquatic
life standards (e.g. Ministry of Health (1995) or
ANZECC (1992)) as appropriate for the likely down-
gradient use of the groundwater.

Surface Water
Performance standards form the basis to determine
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complianceof landfill operationswith operational and
resource consent requirements for surface waters.

For surface monitoring programmes, TL2 trigger lev-
els are usually based on:

» national/international criteriafor the protection of
aquatic life (for example, USEPA (1991) or
ANZECC (1992));

» average background levels established for control
sites (usualy based on the mean plus three times
the standard deviation [x + 3 x STD] ); and

 visual controls, such as photographs and maps.

To be able to evaluate compliance of monitoring data
with surface water performance standards or trigger
levels, itisnecessary to specify what an exceedanceis.
Examples are listed below.

e For continuous (i.e. half-hourly) measurements of
turbidity and conductivity, compliancewithtrigger
levels can be assessed by using running averages
calculated over 12 successive measurements(i.e. 6
hours total).

 Forfortnightly monitoring data, compliancecanbe
assessed using running averages over three succes-
sive sampling occasions. Also, non-compliance
can bedeemed to have occurred if morethan one of
the three data points exceeds the trigger level.

e For quarterly and annual monthly monitoring data,
compliance with trigger levels can be assessed
using individual data points.

6.7 Landfill Gas Monitoring

Purpose of Landfill Gas Monitoring
Monitoring of landfill gasisimportant to enable effec-
tive management of on-site and off-site risks. On
landfills operating active gas extraction systems, the
surface and sub-surface monitoring results also pro-
vide supplementary information for the effective op-
eration of the extraction system. Monitoring results
provide the ability to:

» determine the effectiveness of landfill gas control
measures and identify any requirements for modi-
fication;

e permit a gas field to be “tuned” effectively to
provide optimum gas control;

» determinetheextent of landfill gasmigrationoffsite;

* identify migration pathways,
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e assess risksto neighbouring properties; and

» assessthefirerisk potential of thelandfill gasboth
within and outside the refuse.

Characteristics Affecting Monitoring
Requirements

The nature and frequency of landfill gasmonitoringis
governed by anumber of site parameters including:

 landfill size;

e refusetypeand age;

e surrounding land use;

e sitegeology and groundwater conditions;
« landfill gas control measuresin place; and

¢ results from previous monitoring.

Subsurface Gas Monitoring

Wheredevelopmentsarewithin 250 metresof alandfill
site, or underlying geology makes migration likely,
landfill gasshould bemonitored using installed probes
around the site boundary. As a preliminary assess-
ment, and to assist the siting of monitoring probes, it
may be useful to conduct a gas spiking survey around
the landfill site boundary. Spiking surveys involve
creating holes in the ground and measuring gas con-
centrationsviaatubeinserted into the hole (with aseal
around tube at top of hole made during sampling).
Spiking surveysareonly of [imiteduseif gasmigration
at depth is occurring.

Permanent monitoring probesshould consist of alength
of pipe made from an inert material such as PV C with
aperforated section over therequired sampling length.
The pipe is usualy installed in a gravel pack and
appropriately sealed over the upper one metre. A
sampling point should beinstalled in the capped top of
the probe to enable measurement of landfill gas with-
out having to open the sampling probe. Probe depths
should generally be at least 3 metres, although deeper
probes may be required in areas of low groundwater
tables, where deep unsaturated permeable layers/fis-
sures exist, or refuse depths are high and water levels
low.

At some sites it may be necessary to install stacked
probes, whichincorporateseveral pipeswith screensat
discrete depths (corresponding to differing stratalfis-
sures) with seals between each screen.

Monitoring of the probesis preferable during low and
falling barometric pressures as these conditions pro-
vide closer to “worst case” results in terms of gas
migration. A systematic procedure should be used for

monitoringtheprobesto ensureconsi stency and should
include:

e recording barometric pressure and ground pres-
sure; and

* measurement of concentrationsof methane, carbon
dioxide and oxygen, purging the probe of at least
twice the probe volume using an intrinsically safe
vacuum pump to provide a representative gas
sample.

The probe should remain sealed between monitoring
periods. Opening of the probe cap (to obtain water
tablelevels, etc.) should only bedoneat thecompl etion
of amonitoring procedure.

The number and locations of monitoring probes de-
pends on anumber of site parametersaslisted earlier.
Probe spacing and depths will be site specific and
should be determined only after a detailed review of
siteconditions by specialistsinthefield of landfill gas
monitoring.

Monitoring Frequency

Probe monitoring frequencies will vary depending on
sitecircumstances. Wheresiteconditionschange(e.g.
extraction rates, surrounding landuse, water table), the
frequency of monitoring should beincreased until gas
concentrations are found to stabilise.

As a minimum, monitoring of each probe should be
carried out six monthly until probe gas concentrations
have stabilised below 1% by volume methane and
1.5% by volume carbon dioxide.

In the absence of buildings within 250 metres of the
landfill boundary, the USEPA guidance value, above
which gas control is required, is 5% methane in a
boundary probe.

More frequent monitoring will be required where gas
isfound in close proximity to properties. Inthecaseof
residential properties, permanent gasmonitoring equip-
ment may be necessary.

Surface Gas Monitoring

Several techniques exist for monitoring surface emis-
sionsfrom alandfill. Itisunlikely that all techniques
will berequiredfor any onelandfill, however they have
been listed below for completeness:

¢ Visua Inspection— although not adequateinitsel f
as a means of monitoring, visual inspection can
provide useful information as to potential areas of
elevated landfill gasemissions. Key indicatorsare
areas of distressed vegetation, evidence of capping
cracking and discernible landfill gas odours. Find-



ingsfrom avisual inspection should be confirmed
using instantaneous surface monitoring.

e Instantaneoussurfacemonitoring (ISM)—an|SM
is conducted over a prescribed or random walk
pattern acrossasite using aflameionisation detec-
tor (FID). Methane is sampled viaawand with a
funnelled inlet held 50 mm to 100 mm above the
ground surface. Site conditions should be dry and
wind velocities less than 15 km/hr on average.
Duringthemonitoring processthetechnicianmakes
recordings at regular intervals and includes any
areas of elevated emission levels.

» Integrated surface sampling (ISS) — an ISS is
similar to instantaneous surface monitoring with
the exception that gas collected during the walk
pattern is pumped to a non-contaminating sample
bag. The methane reading in the bag can then be
measured, giving an average concentration over
the walk pattern. Trace constituents can also be
measured from the gas sample. Extreme care is
required using thissystemin order to obtain repre-
sentative results.

e Ambient Air Sampling— ambient air up-wind and
down-wind of a site is collected via integrated
ambient air sampl ersinto non-contaminating bags.
Thisform of sampling isusually focused on meas-
uring total non-methane hydrocarbons and trace
pollutants and is likely to be required only in
exceptional and specific circumstances.

e Flux Box Testing — flux boxes are containers
(typically drumscut lengthways) with theopenend
embedded approximately 2 cm into the landfill
surface. A small holeisformed in the side of the
container to allow venting. A flux box testing
programmerequiresaspecific designto ensurethat
a dependable outcome is achieved.

Wheresurfaceemissionsmay present arisk toasite, or
create an odour nuisance, visual inspections and |SM
surveys should be carried out to assess areas requiring
remedial work. Other techniques may be utilised in
specificsituations. For siteswith activegasextraction,
ISM results can also provide useful information for
optimising the effectiveness of the extraction system
and capping maintenance.

Monitoring in Buildings

Where abuilding is determined to be at potential risk,
based on probe monitoring results or other monitoring
information, the building should beregularly monitor-
ing to check for the presence of landfill gas. Duringthe
monitoring, a portable gas sampler should be used to
measure methaneand carbon dioxideconcentrationsin
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all voidsand areasin the basement and/or ground floor
andwall cavitiesof thebuilding. If possible, measure-
mentsshould be madein eachlocation beforeallowing
ventilation to occur (e.g. measure under adoor before
opening).

If landfill gasisdetected, the cause should be remedied
as soon as practically possible. Generally, if methane
inexcessof 10% L EL isdetected, gascontrol measures
will berequired. If concentrationsare found to exceed
1% by volume methane or 1.5% by volume carbon
dioxide, the building should be evacuated, all ignition
sources (including el ectricity) switched off, and reme-
dia work carried out as soon as possible under an
approved health and safety plan prior to reoccupation.

Monitoring frequencies will vary depending on the
level of risk to the building and/or occupiers. Gener-
ally monitoring should be carried out at |east every six
months and stopped only if risks can be demonstrated
to below. For higher risk situationsit is advisable to
install a permanent gas monitor, an alarm system, and
to establish clear protocols in the event of an alarm
activating.

Landfill Gas Control System Monitoring

Wherelandfill gasisactively collected and flared, and/
or removed from site for utilisation, monitoring of the
system is necessary to ensure:

e air is not sucked into the landfill, creating the
potential for an underground fire;

» gasqudlity isappropriate for the flaring system or
end use;

e gasisflared at an adequate destruction efficiency
(where aflareis used);

» thereisadequate control to permit areas of the site
to beisolated or gas extraction rates adjusted; and

» condensate from the gas extraction system is ad-
equately managed.

Monitoring requirementswill be specifictothedesign
of the control system. However, monitoring for the
following parameters should generally be undertaken
at each well head, or combination of well heads, and at
all flare or gas utilisation facilities:

* Qaspressure;
» gasflow;
*  methane;
» carbon dioxide;

* oxygen;
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* residua nitrogen (by calculation);
e temperature (as an indicator of landfill fire); and
« carbon monoxide (as an indicator of landfill fire).

Monitoring frequency should be as frequent as possi-
ble and ideally weekly. However monthly monitoring
iscommonly adopted onceagasfield hasbeen “tuned”
(adjusted to a stable condition).

In addition, monitoring of hydrogen sul phide and non-
methaneorganic compounds(NM OCs) may needtobe
undertaken to check for total NMOCs emissions.

Flares

There are two common types of flare used, candle
(open flame) flares and ground flames. Ground flares
provide asignificantly higher level of gas combustion
control capability. Both types of flare station must be
fitted with appropriate safeguards to prevent flame
flashback or ignition of the incoming gas stream.
Typically these safeguards will include:

* aflamearrestor;
e an automatic slam-shut isolation valve; and
*  an oxygen Sensor.

Itisusual for the oxygen sensor to alarm at between 4%
to 6% oxygen (depending on gascontrol requirements)
and automatically shutdown the extraction system.

Candleflaresaretypically monitored for methaneflow
rate and oxygen on the incoming gas contents. There
are usually no specific combustion controls other than
flame outage monitoring equipment.

Ground flaresusually havefacilitiesto measure meth-
ane flow rate and oxygen on the incoming gas, com-
bustion temperature monitoring and also facilities for
high temperature gas sampling.

It isimportant that al flare stations comply with the
appropriate hazardous area classifications in terms of
all electrical and control equipment installed.
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Glossary

Aquifer

A geologic formation or layer of rock or soil that is
able to hold or transmit water.

Background Level

Ambient level of acontaminant inthelocal areaof
the site under consideration.

Bio-accumulation

Accumulation within the tissues of living organ-
isms.

Cleanfill

A cleanfill isany landfill that acceptsonly cleanfill
material and inert wastes, including clean exca
vated natural materials.

Cleanfill Material

Material that when discharged to the environment
will not pose arisk to people or the environment,
and includes natural materials such as clay, soil,
rock and such other materials as concrete, brick or
demoalition products that are free of:

« combustible, putrescibleor degradablecompo-
nents;

* hazardous substances or materials (such as
municipal solid waste) likely to create|eachate
by means of biological breakdown;

« any products or material sderived from hazard-
ous waste treatment, stabilisation or disposal
practices;

* materialssuchasmedical and veterinary waste,
ashestos or radioactive substances that may
present arisk to human healthif excavated; and

» contaminated soil and other contaminated ma-
terials.

Closed L andfill

Any landfill that no longer accepts waste for dis-
posal.

Co-disposal

The disposal of hazardous waste by mixing in an
informed and predetermined manner, with munici-

pal refuse, so as to use the attenuation and bio-
chemical processes operating within thelandfill to
reduce the environmental impact from the mixed
waste to an insignificant level.

Contaminant

Any substance (including gases, liquids, solids,
and microorganisms) or energy (excluding noise)
or heat, that either by itself or in combination with
the same, similar, or other substances, energy or
heat:

a) whendischargedintowater, changesorislikely
to change, the physical, chemical or biological
condition of water; or

b) when discharged onto or into land or into air,
changes or is likely to change, the physical,
chemical or biological condition of the land or
air onto or into which it is discharged.

Corrosivity

The ability of a substance to corrode metals or to
cause severe damage by chemical action when in
contact with living tissue.

Discharge
Includes emit, deposit and allow to escape.
Dischar ge Per mit

A consent to do something that otherwise would
contravene section 15 of the RMA.

Ecosystem

A dynamic complex of plant, animal and micro-
organism communities and their non-living envi-
ronment, interacting as a functional unit.

Ecotoxicity

Adverse toxic effects on ecosystems or ecological
communities.

Environment
Includes:

e ecosystems, including people and communi-
ties: and

« dl natural and physical resources; and
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» those qualities and characteristics of an area
that contribute to the community’ s reasonable
enjoyment; and

» the cultura, economic, aesthetic, and social
conditions that affect the above.

Flammability

The ability of a substance to be ignited and to
support combustion.

Geomembrane

A polymeric sheet material that is impervious to
liquid aslong as it maintainsits integrity.

Geosynthetic Clay Liner (GCL)

A relatively thin layer of processed clay (typically
bentonite) either bonded to a geomembrane or
fixed between two sheets of geotextile.

Geotextile

A woven or non-woven sheet material lessimper-
vious to liquid than a geomembrane, but more
resistant to penetration damage.

Hazar dous Waste

Hazardous waste is waste that poses a present or
futurethreat to peopleor theenvironment asaresult
of one or more of the following characteristics:

» explosiveness;

o flammability;

e capacity to oxidise;

*  COrrosiveness,

« toxicity; and

* eco-toxicity.
Hazardous Waste L andfill

A hazardous waste landfill is any landfill that
acceptswasteformally defined as" hazardouswaste”
in statutory instruments or as specifically deter-
mined through any special requirements that may
be set by the Environmental Risk Management
Authority (ERMA).

Industrial or Trade Premises

* Any premises used for industrial or trade pur-
poses; or

e Any premises used for the storage, transfer,
treatment or disposal of waste materials or for

other waste management purposes, or used for
composting organic materials; or

* Any other premises from which a contaminant
isdischarged in connection with any industrial
or trade process and includes any factory farm,
but does not include production land.

Industrial Waste

Industrial wasteisthat waste specifictoaparticular
industry or industrial process. It typically contains
somewhat higher level sof contaminants(uptofour
times), such as heavy metals and human-made
chemicals, than municipal solid wasteand needsto
be managed with environmental control sappropri-
ate to the specific waste(s) being landfilled.

Industrial Waste L andfill

An industria waste landfill is a landfill that is
designed to accept predominantly industrial waste.

Land Use Consent

A consent to do something that otherwise would
contravene section 13 of the RMA.

Landfill

A wastedisposal siteusedfor thecontrolled deposit
of solid wastes onto or into land.

Landfill Gas

Gas generated as a result of decomposition proc-
esses on biodegradable materials deposited in a
landfill. It consists principally of methane and
carbon dioxide, but includes minor amounts of
other components.

L eachate

Theliquid effluent produced by the action of water
percolating through waste, and that contains dis-
solved and/or suspended liquids and/or solids and/
or gases.

Municipal Solid Waste

Municipal solid wasteisany non-hazardous, solid,
degradabl e waste from acombination of domestic,
commercial and industrial sources. It includes
putrescible waste, garden waste, uncontaminated
biosolids and clinical and related waste. All mu-
nicipal solid waste shall have an angle of repose of
greater than five degrees (5) and have no free
liquids.

Municipal Solid Waste L andfill

A municipal solid waste landfill isany landfill that
accepts municipal solid waste.



Oxidise

In relation to a capacity to oxidise, the ability of a
substance to cause or contribute to the combustion
of other material by yielding oxygen.

Resour ce Consent

A coastal permit, discharge permit, land use con-
sent or water permit.

Biosolids

The semi-liquid residue from sewage treatment
plants, septic tanks and the processing of organic
materials.

Toxicity

Theadverseeffectscaused by atoxin (poison) that,
whenintroducedinto or absorbed by aliving organ-
ism, destroys life or injures health. Acute toxicity
meansthe effects that occur ashort timefollowing
exposure to the toxin, and chronic toxicity means
the effects that occur either after prolonged expo-
sure or an extended period after initial exposure.
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Transfer Station

A facility wherewastesaretransferredfromsmaller
vehicles (cars, trailers, trucks) into larger vehicles
for transport to a disposal site.

Treatment

In relation to wastes, any physical, chemical or
biological change applied to awaste material prior
to ultimate disposal, in order to reduce potential
harmful impacts on the environment.

Waste

Any contaminant, whether liquid, solid, gaseous, or
radioactive, which is discharged, emitted or depos-
ited in the environment in such volume, constitu-
ency or manner asto cause an adverse effect on the
environment and which includes al unwanted and
economically unusable by-products at any given
time, and any other matter whichmay bedischarged,
accidentally or otherwise, into the environment.

Water Permit

A consent to do something that otherwise would
contravene section 14 of the RMA.
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Appendix 1

Relevant Case Law

1.1. Introduction

Set out below is a summary of the recent case law
relating to the establishment and operation of landfills
under the Resource Management Act. It isimportant
to seek specific legal advice for particular issues.

1.2 Discharge of Contaminants

Thedischargeof acontaminant intoastormwater drain
that in turn dischargesinto water is not adischarge of
a contaminant into water (section 15(1)(a)) but adis-
chargein terms of section 15(1)(b); see Southland RC
v Southern Delight Ice CreamCo (1995) 2ELRNZ, 34.

The definition of discharge in section 2 allows for
something broader than merely the direct action of a
person. | nstead the consequencesof aperson’ sactivity
areincluded by thewords“emit” or “alow to escape”.
Consistent with the policy of preventing contamina-
tioninwaterwaysand with Union Steam Ship Co of NZ
Ltd v Northland Harbour Board [1980] 1 NZLR 273
(CA), aperson can beindirectly liable for adischarge
of contaminant through afailureto act on their behalf
or an action of an employee. The causal link between
the person charged and thedischargewill beaquestion
of fact in each case.

In AFFCO NZ Ltd v Far North DC (No 2) [1994]
NZRMA 224 (PT), the Tribunal accepted that some
dischargesto air are so insignificant that they could be
ignored under theprincipleof deminimisnoncurat lex.
However, it rejected the proposition that because the
dischargeswerenot discerniblebeyond theboundaries
of the site the principle applied. In particular, unlike
discharges to water, the RMA does not provide for
mixing zones for dischargesto air (section 107(1)).

1.3 Existing Use Rights

A privateindividual cannot rely on section 10(1)(b) to
establish existing userights. InWilsonv Dunedin City
Council (decision no. C50/94), the Tribunal doubted
section 10(1)(b) wasever intendedto provideprivately
owned and operated activities with the benefits of
existing use rights acquired by virtue of the lawful

establishment of a public work. Designation proce-
dures apply only to the activities of Ministers of the
Crown, local authorities and duly appointed network
utilities operators.

In assessing an application for the expansion of exist-
ing activities, councils may take into account the past
record of operators. See Philp v Taranaki Regional
Council (decision no. W186/96).

1.4 Application for Resource
Consent

Sufficient particulars need to be given with an applica-
tion to enable those who might wish to make submis-
sions on it to be able to assess the effects of the
proposed activity onthe environment and ontheir own
interests. See Affco v Far North DC (No. 2), [1994]
NZLR 224.

When such an assessment i s deficient, the Council and
Environment Court may have no jurisdiction to hear
the case, see Scott v New Plymouth DC [1993] 2
NZPTD 116. See aso Affco NZ Ltd v Far North
District Council [1994] NZRMA 224.

Where several resource consent applications are re-
quired for the same project, their assessment should
takeinto account therelevant cumulative effectsof the
development as a whole: see Burton v Auckland CC
[1994] NZRMA 544,

1.5 Plan Change

Note that the provision for a private-initiated plan
change request to a district plan applies only to an
operative district plan, not to a proposed district plan.
SeeHall v Rodney DC [1995] NZRMA 537. Because
arequest for a plan change cannot be rejected on the
ground that the district plan is proposed but not yet
operative (Clause 25 of theFirst Schedule), aproposed
district plan cannot be changed until it becomes opera-
tive. However, notification of arequested change can
proceed.
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Appendix 2

Relevant Regulatory and Best

Practice Background

2.1 USA

Legislation and Regulations

New waste containment facilities (both hazardousand
non-hazardous) areregul ated at thefederal level under
theResource Conservationand Recovery Act (RCRA).

Abandoned dumps and other contaminated sites that
require corrective action are regul ated under the Com-
prehensive Environmental Response, Compensation,
and Liability Act (CERCLA), commonly known as
Superfund.

Under the RCRA, hazardous and non-hazardous solid
waste landfills are regulated differently. Hazardous
waste landfills are regulated under “subtitle C” and
non-hazardouswastelandfillsareregulated under “ Sub-
titteD” . Regulated non-hazardoussolidwastelandfills
can be of two types: industrial waste and municipal
solid waste (MSW). Municipal solid wastes are regu-
lated under Subtitle D of the RCRA, hence, MSW
landfills are known as RCRA Subtitle D or USEPA
Subtitle D landfills.

General

Inthe USA, regulationisalsoimplemented at the state
level. Inmost states, thestateregul atory agency hasthe
actual authority for implementing RCRA solid waste
landfill permitting and compliance monitoring. Many
states have their own set of regulations, which cannot
belessstringent thanfederal regulations. Thus, federal
regulations set what is known as “minimum technol -
ogy guidance” or MTG.

USA Municipal Solid Waste Landfills
(MSWL), i.e. Subtitle D Landfills
Regulations covering all aspects of municipa solid
waste landfills in the United States are found in Title
40, Part 258 of the Code of Federal Regulations. The
citationfor theapplicableregul ationisthus40CFR258.

Landfill liner for MSWLs (i.e. Subtitle D
Landfills)
Thelandfill liner shall consist of acompositeliner and

aleachate collection system that is designed and con-
structed to maintain lessthan a30 cm depth of leachate
over theliner.

Composite liner means a system consisting of two
components. The upper component must consist of a
minimum 30 mil (0.75 mm) flexible membrane liner
(FML) and the lower component must consist of at
least atwo foot (600 mm) layer of compacted soil with
ahydraulic conductivity of no morethan 1 x 10°° my/s.
FML components consisting of high density
polyethylene (HDPE) shall beat least 60 mil (1.5 mm)
thick. The FML component must beinstalledin direct
and uniform contact with the compacted soil compo-
nent.

An aternative liner system may be approved. The
alternative design must ensure that the concentration
valuesof chemicalslistedin Table 1 of Section 258.40
(Design Criteria) will not be exceeded in the upper-
most aquifer at the relevant point of compliance, as
specified by the Director of an approved state.

Landfill Covers for MSWLs (i.e. Subtitle
D landfills)

Thefinal cover must be designed to minimiseinfiltra-
tionand erosion. Thefinal cover must bedesigned and
constructed to:

e haveapermeability lessthan or equal tothe perme-
ability of any bottomliner systemor natural subsoils
present, or a permeability no greater than 1 x 1077
m/s, whichever isless; and

e minimiseinfiltrationthroughtheclosed MSWL by
useof aninfiltration layer that containsaminimum
450 mm of earthen material; and

* minimise erosion of the final cover by use of an
erosion layer that contains a minimum 150 mm of
earthen material that iscapabl e of sustaining native
plant growth.

An aternative final cover design that includes an
equivalent infiltration and erosion layer may be ap-
proved.
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Post closure care and maintenance is required for at
least 30 years, unless a different period is approved.

2.2 Germany

Legislation

In Germany it is mandatory to handle waste in such a
way that any contamination of the ground, as well as
ground and surface water is prevented. Cognisant of
this, the Federal Government enacted the Waste Act
(Abfallgesetz (AbfG)) and the Water Act
(Wasserhaushaltsgesetz (WHG)). Inaddition, specific
technical instructions have been promulgated under
federal law with the objective being the establishment
of atechnical framework to reach the same degree of
safety in containment, disposal, and management of
waste materialsin all German states.

For the protection of the groundwater, thereisthe“ 1%
Genera Administrative Instruction on the Protection
of Groundwater for Storage and Deposition of Waste”.
For hazardous and for municipal waste landfills, the
federal government hasissued “ Technical Instructions
on the Storage, Chemical, Physical and Biological
Treatment, Incineration and Landfilling of Waste”
(TA Abfall 10.04.1990 GMB1.2.170; or TA-A) and
“Technical Instructions on Recycling, Treatment and
other Management of Municipal Waste” (TA
Siedlungsabfall, 01.06.1993, Bundesanzeiger or TA-
Sh).

As in the USA, German states have supplemented
these federal regulations with their own state regula-
tions.

Furthermore, there are government-appointed task
groups and professional groups, which establish tech-
nical guidance. For example, during the past 15 years,
the geotechnical aspects of solid waste landfills have
been compiled by a task group of the German
Geotechnical Society and edited as technical recom-
mendations under the German title “ Empfehlungen
des Arbeitskreises Geotechnik der Deponien und
Altalsten” or GDA. The topics covered by the GDA
recommendations were adapted to both international
and European conditionsand published as* Geotechnics
of Landfill Design and Remedial Works: Technical
Recommendations”.

General

The German regulations specify minimum require-
ments for the geological features of landfill sites.
Specia attention is paid to the properties and the
placement of the waste material. The waste body is
considered abarrier by itself.

Three categories of solid waste landfills are distin-
guished with respect to the deposited waste material.
Thetechnical requirementsof thethreelandfill catego-
ries are documented in the Federal Technical Instruc-
tions(TA-A and TA-SI). Thechemica composition of
the constituents of the waste isthe governing criterion
for the assignment of the landfill category.

Municipal Solid Waste Landfills (MSWL)
i.e. Category Il Landfills

Thelandfill Category |1 comprisesthemajority of solid
wastelandfills, sincetypical municipal solid wasteand
similar materials with respect to their contents of
dangeroussubstancesare assigned tothem. Following
the philosophy that the waste body itself is an impor-
tant barrier against the contamination of the environ-
ment, very strict criteriahave to be met for solid waste
assigned to Category Il landfills. The most stringent
requirement isthat the content of organic carbon of the
waste material isnot allowed to exceed 5% by weight.
Thismeansthat essentially all domestic waste must be
treated in an incinerator, i.e. waste received at Cat-
egory Il landfills by the year 2005 will be mainly
incinerator ash.

Landfill Liner for MSWLs (Category Il
Landfills)

The liner must be a composite liner of 750 mm of
compactedclay, placedinthreeliftsandageomembrane
of 2.5 mmminimumthickness. The hydraulic conduc-
tivity of the compacted clay must belessthan 5x 1010
m/sinall cases. Inorder to achievethe samequality in
all German states, geomembranes used in landfill con-
struction must be approved by the Federal Institution
for Material Research and Testing.

Leachate Collection and Removal

The lining system includes a drainage blanket above
thegeomembraneliner. Thedrainageblanket is speci-
fied to consist of gravel or coarse rock of no lessthan
16 mm to 32 mm grain diameter.

Landfills must be designed in such a way that the
leachatecollectionand removal systemworksby gravi-
tational flow. Perforated HDPE collection pipes are
installed at spacings of 30 metres or less. Present
practice in Germany uses HDPE pipes of at least 200
mminternal diameter and wall thicknessof about 15to
40 mm, depending on the waste overburden.

Landfill Covers for MSWLs (Category Il
Landfills)

German cover regulations are focussed on surface/
protection layers, drainage layers, barrier layers and
gasventing/foundationlayers. The surface/protection
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layer must be adequate for long-term maintenanceand
reliability. The drainage layer placed above the hy-
draulic barrier layer, according to German regul ations
(TA-A and TA-SI), isalayer of granular soil at |east
300 mm thick with aminimum hydraulic conductivity
of 0.1 cm/s(1x 103 m/s). At many sites, the same 16/
32 mm rounded stone required in the leachate collec-
tion system is used in the cover system as well.

The German regulations (TA-SI) do not give detailed
requirements for the hydraulic barrier layer of old
Category I landfill covers. Most barriersaresimilar to
Category 1, i.e. 2500 mm thick compacted clay layer
placed in two 250 mm thick lifts, with a hydraulic
conductivity of 5x 10 m/s or less.

The hydraulic barrier system for Category Il landfills
will eventually consist of a geomembrane over com-
pacted clay. The compacted clay is described above.
The geomembrane, by German TA-SI regulations,
must be high density polyethylene (HDPE) with a
minimumthicknessof 2.5mm. Theregulationspermit
the use of recycled polymers, however none have been
approved to date.

A gas venting layer must be provided in current Cat-
egory |1 landfillsaccepting degradable municipal solid
waste. For future Category Il landfillswhereno gasis
generated, a gas venting layer will not be necessary.

The soil foundation layer placed directly over the
wasteiscritical in setting thegrade (minimum gradient
is 5% and the maximum slope is not steeper than
3H:1V) for al the overlying cover layers.

2.3 Australia (New South
Wales)

Legislation and Regulations

The Waste Minimisation and Management Act (1995)
introduced a state-wide scheme for licensing waste
activities and the Waste Minimisation and Manage-
ment Regul ation (1996) detailed the state-widelicens-
ing and reporting scheme.

InNSW, landfillsare subject to environmental protec-
tion regulation in two stages. planning and operation.

Regulation at the planning stage is via the Environ-
mental Planning and Assessment Act and at opera-
tional stage through the new waste licensing scheme
viathe Waste Minimisation and M anagement Regul a-
tion.

The State Environmental Planning Policy (SEPP) es-
tablishestheMinister of Urban Affairsand Planning as

the consent authority for regional putrescible landfill
proposals from local councils, waste planning and
management boards or from the waste service. Loca
councils are still responsible for determining applica-
tionsfor individua local council landfills.

Assessment and classification of waste for landfill
disposal isaddressedinthe Environmental Guidelines:
Assessment, Classification and Management of Non-
Liquid Wastes 1997 (Waste Guidelines).

In short, NSW classifieswaste in the following order,
ranging from the least harmful to the most harmful to
the environment:

o inert waste;

» solid waste;

* industrial waste; and
* hazardous waste.

The 1996 EPA Landfill Guidelines (“Environmental
Guidelines: Solid Waste Landfills”) outlined the envi-
ronmental performance requirements and provided
benchmark techniquesfor the operation of solid waste
landfills. The1998 EPA draft addendumtotheL andfill
Guidelines (Draft Environmental Guidelines for In-
dustrial Waste Landfilling, April 1998) set out the
additional management requirements for industrial
waste landfilling.

Leachate Barrier System (Landfill Liner)
for Solid Waste Landfills

Characteristics of a suitable liner include:

» recompacted clay or modified soil liner at least 900
mm thick with an in-situ permeability less than
1x10°mi/s,

» liner or barrier surface should be formed so that
once settling is finished, the upper surface of the
liner or barrier must havealongitudinal gradient of
greater than 1% and transverse gradient of greater
than 3%; and

 ifthelandfillislocatedinanareaof poor hydrologi-
cal conditions or otherwise poses a significant
threat to groundwater or surface water, the com-
pactedclay or modified soil liner shouldbeoverlain
with aflexible membrane liner (FML) at least 1.5
mm thick and with aminimum permesbility of 1 x
104 mi/s.

Leachate Collection System for Solid
Waste Landfills

Acceptable designs include the following:
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e Adrainagelayer with permeability greater than 1 x
1023 m/s and at least 300 mm thick should be
installed over the liner.

* Gravel oracombination of gravel and ageonet may
be used. The gravel should ideally be rounded,
smooth surfaced, of grain size greater than 20 mm,
relatively uniform in grain size, non-reactive in
mildly acidic conditions, and free of carbonates.

« Perforated collector pipes placed within the drain-
agelayer should not be at intervals of morethan 50
metres. Pipes should generally be a minimum of
150 mm in diameter and have aminimum longitu-
dinal gradient of 1%.

Landfill Covers for Solid Waste Landfills
The landfill final capping should consist of:

e the seal bearing surface — designed and engi-
neered layer;

« the gasdrainage layer — minimum thickness 300
mm;

¢ theseding layer — compacted clay (permeability
less than 1 x 108 m/s) of 500 mm minimum
thickness;

« theinfiltration drainage layer — minimum thick-
ness 300 mm, permeability greater than 1 x 10> m/
s; and

 therevegetation |layer — minimum thickness 1000
mm.

Thefinal settlement of the seal bearing surface should
leaveagradient of greater than 5% to defined drainage
points.

2.4 United Kingdom

Legislation and Regulations

All landfill sites in the UK are subject to legislative
controlsandlandfill devel opment cannot proceed with-
Out necessary consents.

There arethree main areas of legidlative control relat-
ing to landfill developments:

 the planning system, which controls the develop-
ment and use of land in the public interest, and
affects the choice of site location;

e pollution control legislation, incorporating waste
management licensing and measures for environ-
mental protection; and

e regulationsand statutory controlsto protect health
and saf ety and ensure minimum standardsfor engi-
neering construction.

Legislation and guidance on its application are found
in arange of documentsincluding:

¢ The Environmental Protection Act, 1990;
* TheWater Resources Act, 1991;
¢ The Controlled Waste Regulations, 1992;

e The Waste Management Licensing Regula-
tions,1994;

¢ TheEnvironmental Protection (Duty of Care) Regu-
lations, 1991;

¢ The Special Waste Regulations, 1995;
e The Town and Country Planning Act, 1990;

¢ The Government and Industry Codes of Practice;
and

¢ The Department of Environment (DoE) circulars,
guidance notes and waste management papers.

Planning control isexercised throughthelocal authori-
ties, whil st waste management licensing isthe respon-
sibility of the waste regulatory body, at present the
Waste Regulation Authority (WRA). Water pollution
control isafunction of the National Rivers Authority
(NRA) in England and Wales and the River Purifica-
tion Authorities (RPA) in Scotland.

General

The DoE’'s Waste Management Paper No 26B pro-
vides guidance on the overall development of landfill
sites, encompassing landfill design, construction and
operational practice.

WM P26B’ sguidanceto Waste Regul ation Authorities
(WRAS) isnon-statutory: aWRA isthusnot obliged to
have regard to it. In substituting its own view, how-
ever, theWRA should ensurethat it informslicensees,
applicantsand intending applicantswhat itsintentions
and requirements are. To do otherwise might be to
disregard the statutory guidance in Waste Manage-
ment Paper No 4 (WM P4:Licensing of Waste Manage-
ment Facilities).

The guidance embodied in WMP26B is based on:

« aholisticapproachtolandfill designand operation,
utilising scientific and engineering skills as an
integrated process from initial conception through
to final capping, restoration and aftercare; and
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e useof asite-specific risk assessment, rather than a
prescriptiveapproach to environmental protection,
for each element and at each stageinthe project, in
order to determine the overall design and opera-
tional practices appropriate to the environmental
settling of each individual landfill site.

Design standards fall into the categories of:
» absolute standards;
e performance standards; and

e guidelines.

Landfill Liners

The selection of aliner system is a complex process
which should be determined on a site-specific basis.

Liner systems include single-liner, composite-liner,
double-liner, or multiple-liner systems

For clay liners, a typical specification is that “the
material should be placed and compacted in layersto
form a homogeneous layer with a total thickness no
lessthan 1000 mm with ahydraulic conductivity of no
greater than 1 x 10° m/s

For composite-, double- or multiple-liner systems, the
thicknessof theclay liner should never belessthan 600
mm.

Leachate Collection and Removal

The NRA (1995) Internal Guidance Note No 8
Leachate Management suggests the following stand-
ards for construction of leachate collection systems:

* base dope 2%;

» drainage blanket 300 mm Type B filter drainage
media;

e 200 mm diameter perforated smooth bore pipes;
and

» possible geotextile or geonet at waste/drainage
blanket interface.

Landfill Cover
The five possible components are the:

» surfacelayer;

» protection layer;

» drainage layer, pipework zone;
* barrier layer; and

e gascollection layer.

Detailed guidance on the design and construction of
the capping system is given in Waste Management
Paper No 26E, Landfill Restoration and Post Closure
Management (1995).
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Appendix 3

Landfill Management Plan Outline
Table of Contents

Operating Hours
Staff Requirements

Introduction — Height of Lifts
Approvals .
Design Parameters Compaction '
Staging — Method of Compaction
Projected Life — Degree of Compaction
End Use — Method of Compaction Testing
— Frequency of Compaction Testing
Management c aterial
Site Owner and Operator over Materia
Management Structure — Daily Cover Requirements
Landfill Operations Contract — Intermediate Cover Requirements
Right of Access — Final Cover Requirements

— Importing of Cover Material
— Stockpiling of Cover Material

Training — Vegetation
Occupational Safety and Health
Operators Guide

Control of Nuisances

Annua Review and Reporting o Sp|.llag$
— Noise
Landfill Operations — Odour
Site Preparation — Litter
— Tip head — Dust
— Signs — Vermin
— Screens — Birds
— Perimeter Fencing — Scavengers
Water Control S
_ Stormwater Monitoring
— Leachate — Groundwater
— Surface Water
Landfill Gas Control — Landfill Gas
— Refuse Quantities
Waste Acceptance — Complaints
— Prohibited Wastes — Reporting
— Acceptable Wastes
— Waste Acceptance Criteria Emergency Procedures
— Areasfor Disposal — Fire
— Method of Disposal — Landfill
— Documentation and Record Keeping — First Aid
o — Emergency Contacts
Tipping
— Access Roads Reinstatement
— Method of Tipping Final Landform

— Size of Face Closure and Aftercare
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Appendix 4

Waste Classification for Landfill

Disposal

NOTES: Numberingandterminology used aregener-
ally consistent with the ANZECC classification sys-
tem and refer in the first instance to untreated wastes.
Asthe system contains both waste types and constitu-
ents, more than one category may be applicable to a
particular waste and therefore all categoriesneed to be
checked to determinewhether landfill disposal may be

appropriate.

A Waste Prohibited from Landfills

1 Characteristics
H1 Explosives

H2 Gases
H3 Flammable liquids

H4.1 Flammable solids

H4.2 Substances or wastes liable to

spontaneous combustion

H4.3 Substances or wastes, which in contact

with water emit flammable gases

H5.1 Okxidising substances

H5.2 Organic peroxides

H6.2 Infectious substances

H7 Radioactive materialst
H8 Corrosives

H10 Liberationof toxicgasesincontact withair
or water

H13 Capable, by any means after disposal, of
yielding another material, e.g. leachate,
which possess any of the above character-
istics

2 Waste types which may exhibit the above
characteristics
Cyanides, surface treatment and heat treatment

wastes

A100 Cyanide containing waste from treatment
of metals

A110

A120
A130
Acids
B100
B110
B120
B130
B140
B150
B160
B170
B180
Alkalis
C100
C110
C140

Cyanide containing waste from heat treat-
ment and tempering

Complexed cyanides

Other cyanides

Sulphuric acid

Hydrochloric acid

Nitric acid

Phosphoric acid

Chromic acid

Hydrofluoric acid
Sulphuric/hydrochloric acid mixtures
Other mixed acids

Organic acids

Caustic soda, potash, akaline cleaners
Ammonium hydroxide

Other (hazardous substances must be
specified)

Inorganic chemicals

D100
D120
D280
D330

Metal carbonyls
Mercury

Alkali metals
Sulphur

Reactive chemicals

E100
E110
E120
E130

Oxidising agents
Reducing agents
Explosives

Highly reactive chemicals
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Paints, lacquers, varnishes, inks, dyes, pigments,

adhesives

F200

Uncured adhesives or resins

Organic solvents

G100
G110
G120
G130
G140
G150
G160

G180

Pesticides
H100
H110
H120
H130
H140
H150
H160
H170

H180

Ethers

Non-halogenated (FP>61°C), n.o.s.
Non-hal ogenated (FP<61°C), n.o.s.
Ha ogenated (FP>61°C), n.o.s.
Halogenated (FP<61°C), n.o.s.

Ha ogenated n.o.s.

Wastes from the production and formula-
tion of organic solvents

Others (hazardous substances must be
specified)

Inorganic, organometallic pesticides
Organophosphorus pesticides
Nitrogen-containing pesticides

Hal ogen-containing pesticides
Sulphur-containing pesticides
Mixed pesticide residues
Copper-chrome-arsenic (CCA)

Other inorganic wood preserving com-
pounds

Organic wood preserving compounds

Oils, hydrocarbons, emulsions

J100

J110

J120

J130

J140
J150
J160

Waste mineral oils unfit for their original
intended use (lubricating, hydraulic)

Waste hydrocarbons

Wasteoils/water, hydrocarbon/water mix-
tures, emulsions (mainly oil and or hydro-
carbons, i.e. >50%)

Wasteoils'water, hydrocarbon/water mix-
tures, emulsions(mainly water, i.e. >50%)

Transformer fluids (excluding PCBS)
Other (cutting, soluble oils)

Tars and tarry residues (including tarry

residues arising from refining and any
pyrolytic treatment)

Putrescible, organic wastes

K100

K150
K170
K180
K200

Liquid animal effluent (poultry and fish
processing)

Liquid vegetable oils and derivatives
Liquid animal oils and derivatives
Abeattoir effluent

Food processing effluent

Industrial washwaters, effluents

L100

L101

L120
L130
L140
L150

Truck, machinery washwaterswithor with-
out detergents

Car wash waters with or without deter-
gents

Cooling tower washwater
Fire wastewaters
Textile effluent

Other industrial plant washdown water

Organic chemicals

M100

M110

M120

M150

M160
M170

M180

M210
M250

Polychlorinated biphenyls (PCBS)
and/or polyterphenyl (PCTs) and/or
polybrominated biphenyls (PBBs)

Equipment containing PCBs and/or PCTs
and/or PBBs

Solvents and materials contaminated with
PCBs and/or PCTs and/or PBBs

Phenols, phenol derivatives including
chlorophenols

Hal ogenated compounds n.o.s.

Any congener of poly-chlorinated dibenzo-
furan

Any congener of poly-chlorinated dibenzo-
p-dioxin

Organic cyanides

Liquid surfactants and detergents

Clinical and phar maceutical wastes

R100
R110

I nfectious substances

Pathogenic substances



R130 Cytotoxic substances
Miscellaneous

T100 Waste chemical substances arising from
research and development or teaching ac-
tivities, which are not identified

B Wastes possibly suitable for
municipal landfill disposal
— solids and sludges

1 Characteristics
H6.1 Poisonous substances

H11 Toxic substances (chronic or delayed ef-
fects)

H12 Eco-toxic

2 Waste types which may exhibit the above
characteristics

Alkalis
C120 Waste lime and cement

C130 Lime/caustic neutralised wastes contain-
ing metallic constituents

Inorganic chemicals
D110 Inorganic fluoride compounds
D120 Mercury compounds

D121 Equipment and articles containing mer-
cury

D130 Arsenic, arsenic compounds
D140 Chromium, chromium compounds
D141 Tannery wastes containing chromium
D150 Cadmium, cadmium compounds
D160 Beryllium, beryllium compounds
D170 Antimony, antimony compounds
D180 Thallium, thallium compounds
D190 Copper compounds

D200 Cobalt, cobalt compounds

D210 Nickel, nickel compounds

D220 Lead, lead compounds

D230 Zinc compounds
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D240 Selenium, selenium compounds
D250 Tellurium, tellurium compounds
D260 Silver compounds

D261 Photographic waste containing silver
D270 Vanadium, vanadium compounds
D280 Alkali metal containing compounds
D290 Barium, barium compounds

D310 Boron, boron compounds

D320 Inorganic non-metalic phosphorus com-
pounds

D330 Inorganic sulphur containing compounds
D340 Otherinorganiccompoundsand complexes
Putrescible, or ganic wastes

K100 Animal residues(poultry and fish process-
ing wastes)

K101 Scallop processing residues
K120 Grease interceptor trap waste —domestic
K130 Bacteria sludge (septic tank)
K132 Sewage sudge and residues
K140 Tannery wastes not containing chromium
K150 Vegetable oil derivatives
K160 Vegetable wastes
K170 Animal oil derivatives (e.g. tallow)
K180 Abeattoir residues
K190 Wool scouring wastes
Organic chemicals
M130 Non-halogenated (non-solvent) n.o.s.
M140 Heterocyclic organic compounds
M190 Organic phosphorus compounds
M200 Organic sulphur compounds
M220 Organic isocyanates

M230 Amines and other nitrogen compounds
(aliphatic)

M240 Amines and other nitrogen compounds
(aromatic)
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M250 Surfactants and detergents

M260 Highly odorous (eg. mercaptans, acrylate)

M270 Methacrylate compounds

M280 Other (hazardoussubstancesmust bespeci-

fied)

Solid/sludge requiring special handling

N100

N110

N120

N130

N140
N150
N160
N170
N180
N190
N200

Drums which have contained hazardous
substances (and which have been triple-
rinsed)

Containersand bagswhich have contained
hazardous substances (hazardous sub-
stances must be specified)

Contaminated soil s (hazardous substances
must be specified)

Spent catalysts (contaminants must be
specified)

Fire debris

Fly ash

Encapsul ated wastes

Chemically fixed wastes
Solidified or polymerised wastes
lon-exchange column residues

Industrial waste treatment sludges and
residues n.o.s.

N210 Residuesfrompollutioncontrol operations

N220 Asbestos’

N230 Synthetic mineral fibres

Clinical and pharmaceutical wastes?

R120 Pharmaceuticals and residues

R140 Wastes from the production and prepara-

tion of pharmaceutical products

Miscellaneous

T120
T130

T140

T150
T190

Scrubber sludge

Photographic chemical swhich do not con-
tain silver

Inert dudges/dlurries (eg. clay, ceramic
suspensions)

Used tyres'tyre wastes

Other (hazardoussubstancesmust bespeci-
fied)

1 Some radioactive wastes may be able to be landfilled-
refer Guidelinesfor Disposal of Radioactive Substances
—National Radiation Laboratory

2 Refer to Asbestos Regulations 1983

3 Some clinical wastes such as non-sharp, non-infectious
and non-pathol ogical wastesmay be ableto belandfilled
—Department of Health
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USEPA Toxicity Characteristic Leaching

Procedure Limits

In the case of a Category A or B waste (as detailed in wastewithrespect toany of thelisted constituents, then
Appendix D) that hasreceived treatment, if thefollow- the material is not suitable for unrestricted landfill
ing limits are exceeded by a leachate extract of the disposal.
Contaminant Examples Maximum Concentration
(mg per litre)
Arsenic 5.0
Barium 100.0
Benzene 0.5
Cadmium 1.0
Carbon Tetrachloride 0.5
Chlordane 0.03
Chlorobenzene 100.0
Chloroform 6.0
Chromium 5.0
Endrin 0.02
m-Cresol 200.0*
o-Cresol 200.0*
p-Cresol 200.0*
1,4-Dichlorobenzene 7.5
1,2-Dichloroethane 0.5
1,1-Dichloroethylene 0.7
2,4-Dinitrotoluene 0.13
2,4-Dichlorophenoxyacetic acid 10.0
Heptachlor 0.008
Hexachloro — 1,3-butadiene 0.5
Hexachlorobenzene 0.13
Hexachloroethane 3.0
Lead 5.0
Lindane 0.4
Mercury 0.2
Methoxychlor 10.0
Methyl ethyl ketone 200.0
Nitrobenzene 2.0
Pentachlorophenol 100.0
Pyridine 5.0
Selenium 1.0
Silver 5.0
Tetrachloroethylene 0.7
Toxaphene 0.5
Trichloroethylene 0.7
2,4,5-Trichlorophenol 400.0
2,4,5-Trichlorophenoxypropionic acid 1.0
2,4,6-Trichlorophenol 2.0
Vinyl chloride 0.2
Sulphides 50 ppm
Cyanides 50 ppm
Asbestos Any amount if unbound in matrix
(so as to prevent fibres being
airborne)
Total Halogenated Compounds 1,000 ppm
Total Synthetic Non-halogenated Compounds 10,000 ppm
Polychlorinated Biphenyls 50 ppm
* Total of all cresols not to exceed 200
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Appendix 6

NSWEPA Leachable Concentration and
Total Concentration VValues for Solid
Waste Landfills

Contaminant threshold (CT) is the maximum allow-
able concentration if a TCLP test is not carried out.
L eachable concentration limitsand total concentration

limits are used together in accordance with NSWEPA
(1999) Environmental Guidelines: Assessment and
Management of Liquid and Non-liquid Wastes.

Contaminant Contaminant Leachable Total
Threshold Concentration | Concentration
(mg per litre) | (mg per litre) | (mg per litre)

Arsenic 100 5.0 500
Benzene 10 0.5 18
Benzo(a)pyrene 0.8 0.04 10
Beryllium 20 1.0 100
Cadmium 20 1.0 100
Carbon Tetrachloride 10 0.5 18
Chlorobenzene 2000 100 3600
Chloroform 120 6 216
Chromium (V1) 100 5 1900
m-Cresol 4000 200 7200
o-Cresol 4000 200 7200
p-Cresol 4000 200 7200
Cresol (total) 4000 200 7200
Cyanide (amenable) 70 3.5 300
Cyanide (total) 320 16 5900
2,4-D 200 10 360
1,2-Dichlorobenzene 86 4.3 155
1,4-Dichlorobenzene 150 7.5 270
1,2-Dichloroethane 10 0.5 18
1,1-Dichloroethylene 14 0.7 25
Dichloromethane 172 8.6 310
2,4-Dinitrotoluene 2.6 0.13 4.68
Ethylbenzene 600 30 1080
Fluoride 3000 150 10000
Lead 100 5 1500
Mercury 4 0.2 50
Methyl ethyl ketone 4000 200 7200
Molybdenum 100 5 1000
Nickel 40 2 1050
Nitrobenzene 40 2 72
C6-C9 petroleum hydrocarbons N/A N/A 650
C10-C36 petroleum N/A N/A 10000
hydrocarbons
Phenol (non-halogenated) 288 14.4 518
Polychlorinated biphenyls N/A N/A <50
Polycyclic aromatic N/A N/A 200
hydrocarbons (total)
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Contaminant

Contaminant

Leachable

Total

Threshold Concentration | Concentration
(mg per litre) | (mg per litre) | (mg per litre)
Scheduled chemicals * N/A N/A <50
Selenium 20 1 50
Silver 100 5.0 180
Styrene (vinyl benzene) 60 3 108
1,1,1,2 - Tetrachloroethane 200 10 360
1,1,2,2 - Tetrachloroethane 26 1.3 46.8
Tetrachloroehylene 14 0.7 25.2
Toluene 288 14.4 518
1,1,1 — Trichloroethane 600 30 1080
1,1,2 — Trichloroethane 24 1.2 43.2
Trichloroethylene 10 0.5 18
2,4,5-Trichlorophenol 8000 400 14400
2,4,6-Trichlorophenol 40 2 72
Vinyl chloride 4 0.2 7.2
Xylenes 1000 50 1800

*Scheduled Chemicals

Aldrin

Benzene, hexachloro
Benzene, pentachloronitro
Alpha-BHC

Beta-BHC

Gamma-BHC Lindane
Delta-BHC

Chlordane

DDD

DDE

DDT

Dieldrin

Endrin

Endrin aldehyde
Heptachlor

Heptachlor epoxide
Hexachlorophene
Isodrin
Pentachlorobenzene
Pentachlorophenol
1,2,4,5-tetrachlorobenzene
2,3,4,6- trichlorobenzene

2,4,5-trichlorophenoxyacetic acid, salts

and esters
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desk-top study 14
discharge permits
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economic assessment 15
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equipment selection 55
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fire prevention 59
deep-seated fires 60
flares 82
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management provisions 60
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geosynthetic materials 46

groundwater drainage 30

groundwater management 30

groundwater monitoring 66 - 73
design requirements 69
detection limits 72
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monitoring parameters 69
monitoring points 68
sampling requirements 70

H

hazardous waste storage compartment 27
Health and Safety in Employment Act 7, 52
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hydrogeology 18
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K
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L

land use consents 8
landfill cover systems 43
landfill design trends
international 24
New Zealand 24
Landfill Engineering Guidelines (1992) 1
landfill gas 40-43, 62-63
control 62
generation 62
monitoring 62
landfill gas management 20, 40-42
advection 41
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gascontrol 41
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gas production 40
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potential problems 40
landfill gas migration 41 - 42

passive venting 42

physical barriers 42

suction driven extraction 42
landfill gas monitoring 79 - 82

spiking surveys 80
landfill management plan 51
landfill site capacity 28
landfill siting criteria 17
landfill types 3
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hazardous waste 3

industrial waste 3

municipal solid waste 3
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|leachate
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factors affecting generation 32
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generation 60
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(HELP) 35

monitoring 61, 65
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recirculation 38

water balance equation 34
leachate characteristics 31

anaerobic phase 31

facultative organisms 31
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New Zealand landfills 32
leachate collection and removal systems 35 - 38
|leachate management 20
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leachate treatment and disposal 39 - 40
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on-site treatment technologies 40

spray irrigation 40
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liner designs 36
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management plan 51
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monitoring of landfills 65

N

noise 59
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notified application 11
nuisance control 57
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P

physico-chemical water quality 74
prohibited wastes 53
putrescible waste 31

Q

quality assurance/quality control 46

R

random load inspections 54
record keeping 55
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retention and liner systems, leachate 35
Resource consents
application process 11
coastal permits 8
discharge permits 6
dischargeto air 6
dischargetoland 6
discharge to water 6
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Resource Management Act (1991) 1,5
administrative enforcement 10
civil enforcement 10
enforcement orders 10
offence provisions 10
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S

sampling protocols
analysis 72
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methods and equipment 72
QA/QC requirements 72
storage and transport 72

sediment quality 74

site access criteria 52
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siteinvestigations 14-15

site selection 13-17
consultation 14, 16
desk-top study 14
economic assessment 14, 15
Site investigations 14

site stability 18
siting criteria 17, 25
staffing 51

strategic waste management issues 13
stormwater control 61
subsurface gas monitoring 80
surface gas monitoring 80
ambient air sampling 81
flame ionisation detection 81
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instantaneous surface monitoring 81
integrated surface sampling 81
visual inspection 80
surface hydrology 18
surface water and stormwater management 30, 61
surface water monitoring
detection limits 77
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sampling and analytical protocols 76

Whole Effluent Toxicity (WET) test 74
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Territorial Authorities
designations 9
district plans 9
functions 6
topography 19
Town and Country Planning Act 8
Toxicity Characteristic Leaching Procedure (TCLP) 53
training 51
trigger levels 78-79
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vermin 59
visual impacts 55
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Waste Analysis Protocol 55
waste acceptance criteria (WAC) 52
waste classification 2

cleanfill material 2

hazardous waste 3

industrial waste 3

municipal solid waste 3
waste compaction 55
waste disposal application 53
Water and Soil Conservation Act (1967) 8
water permits 7
whole effluent toxicity testing 74
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